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AIMS AND SCOPE

The Korean Journal of Community Nutrition is the official peer-reviewed journal of the Korean Society of Community Nutrition. It was
launched in 1996. The previous primary titles were Jiyeog sahoe yeong-yang hag-hoeji (pISSN 1226-0983) from vol. 1, no. 1 to vol 3.
no. 5, and Daehan Jiyeok sahoe yeong-yang hakoeji (pISSN 1226-0983, eISSN 2287-1624) from vol. 4, no. 1 to vol. 27 no. 4. The En-
glish title (parallel tilte) was Korean Journal of Community Nutrition from vol. 4, no. 1 to vol. 27 no. 4. The Korean Journal of Com-
munity Nutrition has been the current primary title since October, 2022 (eISSN 2951-3126). The abbreviated title of the journal is Ko-
rean ] Community Nutr. It is published bimonthly in February, April, June, August, October and December. It began to be published
only as an e-journal from 2022.
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Objectives: Obesity rates are rapidly rising in Korea. Weight control is highly involved in obe-
sity treatment. This study aimed to explore research trends related to weight control
through keyword network analysis. By focusing on journals indexed in the Korea Citation In-
dex (KCl), this study highlights trends specific to Korea, offering insights that reflect the
country’s unique cultural and policy contexts in weight control research.

Methods: This study collected keywords from weight control-related papers published in
the KCI journal over the past 20 years. Keywords were cleaned through Textom (2024),
and the relationships between key research issue frequency analysis, structural character-
istics, and keywords were identified using Textom, UCINET6, and NetDraw.

Results: Over the past 20 years, 40 to 50 studies related to weight control have been con-
ducted each year. The Korean Journal of Community Nutrition had the largest number of
published articles. Keyword frequency analysis showed that ‘obesity’ had the highest fre-
quency. And the analysis of degree centrality and betweenness centrality, the keyword
‘obesity’ ranked the highest. CONCOR analysis identified four clusters: preventive health
care, health management, physical health, and personal development.

Conclusion: The results of this study showed that weight control research reflecting the
characteristics of the times has been steadily progressing in relation to the rapidly increas-
ing obesity in Korea, and when developing policies or setting research directions related to
weight loss in the future, research should be conducted in a prospective manner by subdi-
viding it according to groups and interests.

Keywords: big data; journal article; body weight

INTRODUCTION

Economic development has led to changes in dietary and lifestyle habits, in-
creasing overweight and obese populations. Currently, obesity increases the risk
of various metabolic diseases [1], increases the prevalence of chronic diseases [2],
reduces the quality of life and has negative mental and psychological effects [3].
The World Health Organization has classified obesity as a disease that requires
long-term treatment in 1996 [4]. The higher the body mass index and waist cir-
cumference, the higher the annual medical costs and the shorter the life expec-
tancy compared to those of a normal weight [5].
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As the risk of obesity becomes more recognized, inter-
est in weight control is also increasing. The prevalence
of obesity among Korean adults increased from 30.9%
in 2013 to 37.2% in 2022, and in particular, the preva-
lence of obesity in men (37.7% in 2013 > 47.7% in 2022)
increased faster compared to women (25.1% in 2013 >
25.7%). The rate of attempting weight loss was higher
in women, with 61.9% for men and 71.8% for women in
2022 [6].

Maintaining a stable weight is about maintaining a
balance between energy intake and energy expenditure
[7]. Weight control is effective by creating a so-called
negative energy balance by reducing energy intake and
increasing energy expenditure. But indiscriminate di-
eting is popular due to expectations of weight control,
the influence of mass media, and social and cultural
obsession with thinness, which can lead to not only nu-
tritional deficiencies but also mental problems, such as
anorexia and bulimia [8, 9].

Regarding weight control, academic interest, and var-
ious studies are continuing in terms of diet, nutrition,
exercise, and medicine. In particular, the number of pa-
pers in the field of food science and nutrition research
related to weight control is increasing, expanding the
scope of research to include diet therapy, nutrient in-
take related to weight control, and dietary behavior.

Recently, with the development of big data processing
technology, it has become possible to efficiently analyze
data and add new interpretations to existing data [10],
and methods for examining research trends have be-
come more diverse using network analysis. In the exist-
ing research trend analysis study, the researcher sets the
analysis criteria and categorizes them. I have organized
the research materials. This method has the advantage
of being able to organize them systematically according
to the researcher’s intention, but it has the disadvantage
of having concerns about the researcher’s values inter-
fering, which may hinder validity or generalization [11].
Additionally, while previous studies examining research
trends have been performed using only surface-lev-
el analyses, such as the number of papers, research
methods and subjects, and research topic classification
through content analysis, network analysis has the ad-
vantage of focusing on relational characteristics formed
by keywords, co-authors, and references of papers [12],
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allowing for more visual derivations and confirmations
of analysis results. When analyzing research trends in
network analysis, the text used is mainly extracted from
the title, table of contents, abstract, author keywords
(subject terms), and the main text [13]. Among these,
keywords are not only important elements that charac-
terize the content of the paper but are also used as index
terms for information retrieval, making them suitable
for analyzing research trends. Also, while existing cluster
analysis mainly focuses on the characteristics of indi-
vidual objects, CONCOR analysis repeatedly calculates
correlations to derive structural equivalence, making it
easier to understand relationships between keywords
and providing insight [14].

Analyzing research trends is an important indicator
for examining the academic development of the field,
allowing for a comprehensive understanding of re-
search results and suggesting developmental directions
for future research. Until now, research trends on obesi-
ty related to exercise [15], research trends on obesity in
children and adolescents [16], research on diet aware-
ness using big data analysis [17], and a semantic net-
work analysis of research trends on adolescent dietary
life [18] have been actively conducted. However, there
is currently no data on research trends related to weight
control.

This study focuses on Korea Citation Index (KCI)
journals to capture domestic research trends in weight
control. The KCI database provides a comprehensive
repository of academic work conducted within Korea,
enabling an analysis tailored to the unique societal and
cultural contexts of the country. Therefore, this study
first examines the frequency of keyword appearance in
studies published on the topic of weight control over
the past 20 years to identify key research topics related
to weight control research. In particular, by dividing
the research period into 10-year units, we aim to derive
differences in issues and research trends by era. We also
examine the network patterns between these major
keywords and the ranking of keywords with dominant
central or mediating roles among keywords. These anal-
ysis results will allow us to more intuitively understand
the relationships between keywords, and we will be able
to develop new research topics on weight control in the
future by combining keywords with strong centrality

https://doi.org/10.5720/kjcn.2024.00269
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and mediating properties. Finally, we will cluster similar
keywords through CONCOR analysis based on keyword
correlations to easily understand the types of weight
control research over the past 20 years and derive impli-
cations for research scope, research policy, and the pos-
sibility of convergence research. The research questions
(RQ) of this study are as follows:

RQ1: What are the core research topics and the trends
of research by period as seen from the keyword appear-
ance frequency of “weight control”-related research
published in KCI journals from 2004 to 2023 (divided by
10 years)?

RQ2: What are the structural characteristics and re-
lationships between keywords as examined by network
analysis (network properties, centrality, CONCOR) cen-
tered on keywords with high frequency of appearance
in RQ1?

METHODS

Ethics statement

This study was a review article analyzing keywords of al-
ready published researches and was not a study on human
subjects, so it was not subject to Institutional Review
Board.

1. Study design

This was a systematic review. It was described according
to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement (https://www.
prisma-statement.org/).

2. Data collection and cleaning

The data collection and cleaning process in presented
in Fig. 1. Data were collected from the KCI (www.kci.
go.kr) database on April 22, 2024, from articles conduct-
ed over the past 20 years with the keywords ‘weight con-
trol OR weight management’ (search period: January 1,
2004-December 31, 2023). A total of 1,336 articles were
collected in the first round, and 1,147 were selected for
the final analysis, excluding studies with off-topic stud-
ies and missing keywords or abstracts.

Data cleaning involved two phases. First, keywords
were extracted from the collected 1,147 articles. A total
of 2,063 keywords were extracted, including duplicates.
Data were refined to ensure the accuracy of keyword
network analysis and to interpret the results clearly.
The collected keywords were analyzed using text min-
ing with Textom (2024) and the Espresso K method,
which account for compound nouns and proper nouns.
‘Weight control’ or ‘Weight management, which were
used as search terms, were judged to be difficult to give
meaning to the structural properties and centrality
analysis, so they were removed. Similar concepts (e.g.,
‘Food behavior, ‘Eating behavior, ‘Dietary behavior’ >
‘Dietary behavior’) were unified into one keyword. ‘Di-
etary behavior’ and ‘Nutrition education’ were unified
by removing spaces. This process was reviewed by three
food science and nutrition experts.

3. Statistical analysis

The data collected through KCI was refined and fre-
quency analyzed using the TEXTOM (2024) program,
and network analysis, including centrality analysis, was

* KCI registration or higher (n=4) or abstracts (n = 1)

Identification Screening Eligibility Included
KCI database use Exception Textom use Data cleaning
e ) . _ * Collection of keywords e
* Keywords ‘weight control .| * Off-topic studies (n = 184) N : _| ¢ Unify similar concepts
. \ > . . > presented in 1,147 > )
OR weight management * Missing keywords articles articles ¢ Exclude meaningless

words

Articles n = 1,336 Articles n = 189

Keywords n = 2,063 Keywords n = 1,320

Fig. 1. Flow chart of data collection and cleaning process.
KCI, Korea Citation Index.

https://doi.org/10.5720/kjcn.2024.00269
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conducted using UCINET6. Frequency analysis was
conducted on keywords related to weight control based
on the refined data, and a 50 x 50 1-mode matrix data
set was created. The specific procedure for keyword
network analysis performed are as follows. First, the
number of nodes, density, average connection distance,
average connection strength, number of components,
diameter, and network concentration were examined to
identify structural properties among weight control-re-
lated keywords. Second, a single-sample mean differ-
ence test using the bootstrap method was conducted
to statistically test the structural characteristics of the
keyword network, such as density and centrality. Third,
degree and betweenness centrality were analyzed to
examine the centrality of keywords within the keyword
network. Fourth, CONCOR analysis was conducted to
identify the network structure of subgroups.

RESULTS

1. Trends in academic journal articles

Over the past 20 years, 40 to 50 academic journal arti-
cles on weight control have been published each year.
The top 20 rankings of journals with the most publica-
tions related to weight control over the past 20 years are
presented in Table 1. The Korean Journal of Community
Nutrition (168 articles) had the largest number of pub-
lished articles, followed by The Journal of the Korean So-
ciety of Food Science and Nutrition, The Journal of Korea
Academia-Industrial Cooperation Society, The Journal
of Life Science, The Journal of Nutrition and Health, and

Table 1. Number of published articles by journal

The Korean Journal of Physical Education. In the top 20,
food and nutrition-related journals (Rank 1, 2, 5-1, 7,
13-1) accounted for the most with five; there were four
physical activity-related journals (Rank 5-2, 17-1, 19-
1, 19-2) and four medical and health-related journals
(Rank 8, 9, 10, 11).

2. Keyword frequency analysis

The frequency analysis results for the extracted key-
words showed that ‘Obesity’ was the most frequent
keyword with 255 occurrences, which was more than
twice as frequent as the second-ranked keyword ‘Body
mass index’ (BMI), which was noted 102 times. This
was followed by ‘Exercise; ‘Health, ‘Diabetes mellitus,
‘Body image, ‘Dietary behavior, ‘Dietary habit, ‘Nutrient
intake, ‘Stress, and ‘Body composition’ (Table 2). Words
related to factors affecting weight, such as ‘Exercise,
‘Dietary behavior, ‘Stress, and ‘Lifestyle’; words related
to health indicators, such as ‘Diabetes mellitus, ‘Body
composition, ‘Hypertension, ‘Metabolic syndrome,
‘Blood lipid; and ‘Leptin’; and words related to research
subjects, such as ‘Child, ‘Infant; and ‘College student,
ranked in the top 50.

Relatively recent research trends were compared
with previous research trends in Table 3 by dividing
the last 20 years into 10-year periods, the first period
(2004-2013) and the second period (2014-2023). As
a result of examining the top 10 keywords according
to the survey period, in the first period, ‘Obesity’ (134
times) appeared the most, followed by ‘BMI, ‘Exercise,
‘Nutrient intake, ‘Body image, ‘Dietary behavior, ‘Child,

Rank Journal name Number  Rank Journal name Number

1 The Korean Journal of Community Nutrition 168 11 Korean Journal of Family Medicine 20

2 Journal of the Korean Society of Food Science 70 12 The Korean Journal of Sport 19
and Nutrition

3 Journal of Korea Academia-Industrial Cooper- 52 13-1 Journal of the East Asian Society of Dietary 18
ation Society Life

4 Journal of Life Science 34 13-2  Journal of Wellness 18

51 Journal of Nutrition and Health 32 13-3  The Journal of the Korea Contents Association 18

5-2 The Korean Journal of Physical Education 32 16 Journal of Digital Convergence 16

7 The Korean Journal of Food and Nutrition 31 17-1  Exercise Science 15

8 Journal of Obesity & Metabolic Syndrome 28 17-2  Korean Journal of Health Psychology 15

9 Clinical and Experimental Pediatrics 25 19-1 Korean Journal of Sport Science 14

10 Korean Journal of Health Promotion 21 19-2  The Korean Society of Sports Science 14

448 https://doi.org/10.5720/kjcn.2024.00269
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Table 2. Frequency analysis related to weight control keyword

Rank Keyword  Frequency Rank Keyword  Frequency Rank Keyword  Frequency Rank  Keyword Frequency

1 Obesity 255  14-1 Weight loss 42 27-1 Female 23 35-6 Cholesterol 19
2 BMI 102 14-2  Nutrition 42 27-2  Self-esteem 28 35-7 Risk factor 19
education
3 Exercise 100 16 Diet 37 27-3 Blood lipid 23 42-1 Dance 18
4 Health 73 17 Infant 34 30 Self-efficacy 22 42-2  Age 18
5 Diabetes 59 18 Hypertension 31 31-1 College 21 44 Body fat 17
mellitus student
6 Body image 58 19 Nutrition 30 312 Dietary 21 45-1  Insulin 16
knowledge attitude
7 Dietary 56 20 Depression 28 31-3 Physical 21 45-2  Antioxidant 16
behavior activity
8-1 Dietary habit 51 21-1 Health 26 34 Leptin 20 47 Satisfaction 15
behavior
8-2  Nutrient 51  21-2 Physical 26 35-1 Weight con- 19 48-1 Eating 14
intake fitness trol behavior disorder
10-1 Stress 50 23-1 Metabolic 25 35-2 Appearance 19 48-2  High school 14
syndrome student
10-2 Body 50 23-2 Body shape 25 35-3 Management 19 48-3  Perception 14
composition behavior
12 Child 48 25-1 Lifestyle 24 35-4 Blood 19
pressure
13 Weight 47 252 Muscle 24 35-5 Training 19

BMI, body mass index.

Table 3. Frequency of keywords related to weight control by research period

1st period (2004-2013) 2nd period (2014-2023)
Rank Keyword Frequency Rank Keyword Frequency Rank Keyword Frequency Rank Keyword Frequency
1 Obesity 134 11 Health 27 1 Obesity 121 11-1 Infant 18
2 BMI 72 12 Weight 26 2 Exercise 52 11-2  Weight loss 18
3 Exercise 48 13-1  Weight loss 24 3 Health 46 11-3 Muscle 18
4 Nutrient 42 13-2  Body 24 4 BMI 44 14-1  Body image 17
intake composition

5 Body image 41 15 Nutrition 23 5-1 Stress 34 14-2  Dietary 17

knowledge behavior

6 Dietary 39 16 Blood lipid 21 5-2 Body com- 26 16-1 Appearance 14
behavior position

7-1 Child 38 17 Hypertension 18 7-1 Weight 21 16-2 Female 14

7-2 Diabetes 38 18-1  Diet 16 7-2 Diabetes 21 18-1  Weight control 13
mellitus mellitus behavior

7-3 Dietary 38 18-2  Stress 16 7-3 Diet 21 18-2 Hypertension 13
habit

10 Nutrition 30 18-3 Infant 16 10 Depression 18 18-3 Dietary habit ig
education

BMI, body mass index.

‘Diabetes mellitus; ‘Dietary habit, ‘Nutrition education’ and ‘Depression’

in order. In the second period, ‘Obesity’ had the highest

frequency, followed by ‘Exercise, ‘Health, ‘BMI, ‘Stress, 3. The structural form of the network

‘Body composition, ‘Weight, ‘Diabetes mellitus, ‘Diet, The network structure was analyzed focusing on the

https://doi.org/10.5720/kjcn.2024.00269 449
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Fig. 2. The overall network of weight control keywords.
BMI, body mass index.

top 50 keywords by frequency, and visualized using
NetDraw as shown in Fig. 2. The number of nodes was
50, density was 0.433, average connection strength was
21.240, average connection distance was 1.567, compo-
nent was 1, diameter was 3, and network centrality was
54.8%. This shows that each keyword is associated with
an average of 1.56 other keywords, and all keywords are
connected with a maximum of three keywords. Using
the bootstrap method to test the statistical significance
of the entire network for weight control keywords re-
vealed that the average of the sampling distribution was
1.1975, the standard error was 0.1983, and Z = 5.9765.
The probability that the test statistic was observed to be
higher than the absolute value of the Z-score was 0.0002,
indicating that the relationships between data within
the network were statistically significant at the 5% level.

4. Degree centrality and betweenness centrality analysis

Centrality analysis was conducted to examine the in-
fluence of major keywords on the network (Table 4).
Degree centrality refers to the extent to which a keyword
is directly connected to other keywords. A higher value
indicates that the keyword has many connections and
plays a central role in the overall network structure. As a

450

n
N\
| ==

Mc
=7

-4 holesterol
" 7

dietarybehavior:alt

~ = hypertension
physicalfitness

riskfactor

result, ‘Obesity’ (0.959) > ‘BMI’ (0.898) > ‘Health’ (0.776)
> ‘Exercise’ (0.714) = ‘Stress’ (0.714). Betweenness cen-
trality is an indicator that measures how much a node
acts as a mediator or intermediary in the network re-
lationships between other nodes. The top 5 keywords
with high rankings were ‘Obesity’ (0.075) > ‘BMI’ (0.059)
> ‘Health’ (0.050) > ‘Stress’ (0.035) > ‘Exercise’ (0.027).
There were some changes in the frequency rankings,
but most of them were the same keywords as the degree
centrality.

5. CONCOR analysis related to weight control

CONCOR analysis was performed to cluster studies with
similar keywords related to weight control and iden-
tify their characteristics (Table 5). Cluster 1 includes
keywords such as ‘Weight control behavior, ‘Satisfac-
tion, ‘Stress, ‘Self-efficacy, ‘Nutrition knowledge, and
is named the ‘Preventive healthcare’ cluster. Cluster 2
includes keywords such as ‘Weight loss; ‘Weight, ‘Risk
factor, ‘Lifestyle, and ‘Health, and is named the ‘Health
management’ cluster. Cluster 3 includes ‘Training,
‘Physical fitness, ‘Obesity, and ‘Metabolic syndrome,
and is named the ‘Physical health’ cluster. Cluster 4
includes keywords such as ‘Self-esteem, ‘Management

https://doi.org/10.5720/kjcn.2024.00269
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Table 4. Centrality for keywords related to weight control

Degree centrality

Betweenness centrality

Rank Keyword Centrality Rank Keyword Centrality Rank Keyword Centrality Rank Keyword Centrality
1 Obesity 0.959 11 Diabetes 0.551 1 Obesity 0.075 11 Self-esteem 0.017
mellitus
2 BMI 0.898 12 Nutrient 0.531 2 BMI 0.059 12 Nutrient 0.015
intake intake
3 Health 0.776 13 Self-esteem 0.531 3 Health 0.050 13 Weight loss 0.014
4 Stress 0.714 14 Weight loss 0.510 4 Stress 0.035 14 Diet 0.014
5 Exercise 0.714 15 Nutrition 0.510 5 Exercise 0.027 15 Dietary habit 0.012
education
6 Dietary 0.633 16 Diet 0.510 6 Weight 0.026 16 Female 0.011
behavior
7 Body 0.592 17 Child 0.490 7 Dietary 0.023 17 Nutrition 0.011
image behavior education
8 Body com- 0.571 18 College stu- 0.490 8 Diabetes  0.021 18 Child 0.011
position dent mellitus
9 Dietary 0.571 19 Physical 0.469 9 Body 0.018 19 College stu- 0.010
habit fitness image dent
10 Weight 0.959 20 Body shape 0.469 10 Body com- 0.018 20 Physical 0.009
position fitness
BMI, body mass index.
Table 5. CONCOR analysis of keywords related to weight control
Clusters Keywords Number
Preventive healthcare =~ Weight control behavior, Satisfaction, Stress, Self-efficacy, Nutrition knowledge, Perception, Physi- 19

cal activity, Nutrient intake, Infant, Health behavior, High school student, Dance, Dietary behavior,
Dietary attitude, Dietary habit, Body shape, College student, BMI, Depression

Health management Weight loss, Weight, Risk factor, Lifestyle, Health, Hypertension, Nutrition education, Diet, Diabetes 17
mellitus, Exercise, Cholesterol, Child, Body fat, Blood lipid, Antioxidant, Age

Physical health Training, Physical fitness, Obesity, Metabolic syndrome, Muscle, Leptin, Insulin, Blood pressure, 9
Body composition

Personal development  Self-esteem, Management behavior, Female, Eating disorder, Appearance 5)

BMI, body mass index.

behavior, and ‘Female, and is named the ‘Personal de-
velopment’ cluster.

DISCUSSION

Body weight is determined by energy intake and ener-
gy expenditure, and weight control requires changes
in diet, physical activity, and behavior [19]. Analysis of
journal article publication trends showed that research
on weight control is being conducted in various aspects,
such as fields of food science and nutrition, exercise,
medicine, and health. In particular, food science and
nutrition-related journals ranked highest in the number
of published articles, as diet plays an important role in
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major strategies for weight management. The fact that
the ‘The Korean Journal of Community Nutrition’' ranked
first shows that community-centered nutrition research
plays an important role in weight control. This finding
reflects the emphasis on nutrition research in Korea but
should be interpreted with caution as the contribution
of specific studies to weight control strategies requires
further validation. The inclusion of four journals related
to physical activity in the top 20 shows a high awareness
that diet and physical activity are necessary for effec-
tive weight management. The high rank of medical and
health-related journals also reflects the medical com-
munity’s strong interest in understanding and solving
weight-related problems. The analysis of publication
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trends by year suggests that weight control continues
to be an important research topic due to the need for
effective intervention methods against the continuous
increase in obesity rates in Korea [20].

Keyword frequency analysis results showed that re-
search on the relationship between weight control and
the prevention or treatment of major chronic diseases
such as ‘Obesity, ‘Diabetes mellitus, ‘Hypertension, and
‘Metabolic syndrome,; which are on the rise in Korea [20],
is actively underway. There are many ways to determine
weight status [21], and as a result of this study, BMI,
which uses height and weight and is known to have a
high correlation with body fat, was widely used in stud-
ies. Also, the necessity of ‘Exercise, ‘Dietary behavior,
‘Dietary habit, and ‘Nutrient intake’ in practicing weight
control was recognized, and research on these was ac-
tively conducted. The original meaning of weight con-
trol includes both gaining and losing weight through in-
tentional efforts [22], but the results of this study showed
that ‘Weight loss’ was the main concern. Additionally,
this result shows a difference from the results of ‘Exer-
cise, ‘Health, ‘Menu, and ‘Effect, which were obtained
by collecting data using diet search terms on ‘Naver’ in
one year (2015) [23]. This difference appears to be due
to differences in analysis data. The prevalence of obesity
among children and adolescents in Korea was 16.2%
in the 8th National Health and Nutrition Examination
Survey (2019-2021), which was significantly lower than
the adult obesity rate (37.2% in 2022) [5]. Nevertheless,
the fact that this study focused on the early years of life,
such as ‘Children’ and ‘Infants, reflects the need for
early treatment due to the long-term negative effects of
childhood obesity [24]. Therefore, it is necessary to ac-
tively utilize the research results in health and nutrition
education in kindergartens and elementary schools as a
policy. Meanwhile, research on adults with high obesity
rates, especially those aged 40-49 and men, was insuffi-
cient, , so actual research on these subjects is needed.

A comparison of research trends over the past 20 years
in two 10-year periods revealed a change in research
focus, although ‘Obesity; ‘BMI, and ‘Exercise’ remained
important research topics in both periods. The top
keywords in the first period were ‘Nutrient intake,; ‘Di-
etary behavior, and ‘Dietary habit, which suggests that
research on nutritional management related to weight
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control was actively conducted. However, in the second
period, mental health factors such as ‘Stress’ and ‘De-
pression’ emerged as top keywords, which is thought to
reflect the perception that obesity is a chronic disease
that is difficult to manage without holistic treatment [25].
This suggests that mental health factors are increasingly
being recognized as critical variables in obesity man-
agement within domestic studies. Therefore, when con-
ducting research related to weight control in the future,
integrated research on the holistic aspect needs to be
actively conducted, and a holistic integrated treatment
approach should also be attempted when establishing
health policies related to obesity treatment.

In both centrality analyses, ‘Obesity, ‘BMI, ‘Health,
‘“Exercise; and ‘Stress’ were the top five keywords. These
keywords were also major keywords in frequency
analysis. In particular, ‘Obesity’ ranked highest in both
centrality indices, which means that ‘Obesity’ is closely
connected to other keywords in the network and plays
an important intermediary role between them. These
results suggest that a deep understanding of obesity-re-
lated factors is needed for future weight control-related
research and policy establishment.

Preventive health care (Cluster 1) in the CONCOR
analysis includes psychological factors such as stress,
self-efficacy, and depression, which suggests that re-
search and policies on mental health management,
especially for students, are needed in preventive health
care. For effective health management in Cluster 2,
multidisciplinary research on nutrition education, diet,
exercise, and clinical trials should be conducted. Phys-
ical health (Cluster 3) refers to the fact that physical ac-
tivity, such as strength training, plays an important role
in the management of obesity and metabolic syndrome.
Personal development (Cluster 4) refers to the aspect
where an individual’s psychological and emotional
growth leads to management behavior and is linked to
weight management. These results clarify the direction
of research related to weight management according to
target or interest, thereby enabling a more systematic
and specific approach when establishing weight man-
agement strategies in Korea.

Limitations
This study had some limitations. First, since only the
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keywords of KCI-listed journal papers were analyzed,
unpublished papers or papers different from the search
terms may have been omitted. Second, there is a pos-
sibility that the researcher’s subjectivity may have in-
tervened in decision-making during the data cleaning
process. Third, the analysis was limited to keywords,
which may not fully capture the depth and context of
each study. Fourth, the focus on KCI journals excludes
international perspectives, potentially limiting the gen-
eralizability of the findings.

Conclusion

This study is significant in identifying the change pro-
cess and structural relationships of research over the
past 20 years through keyword network analysis related
to weight control. The results of this study showed that
weight control research reflecting the characteristics of
the times has been steadily progressing in relation to the
rapidly increasing obesity, and suggested that weight
control research should be actively conducted in the fu-
ture from an overall perspective related to weight loss in
Korea. The results of the CONCOR analysis are expected
to be helpful in segmenting groups when developing
policies or setting research directions related to weight
control. However, concrete evidence and examples of
how these findings can be implemented into policies
are still required.
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Objectives: A campus-based intervention to enhance food literacy (FL) and establish exer-
cise habits among college students was developed and the program’s effectiveness was
evaluated.

Methods: The 13-session program was developed based on the transtheoretical model
and social cognitive theory. Junior and senior students majoring in food and nutrition and
physical education were asked to participate as mentors, with freshmen and sophomores
from varied majors as mentees. The program encompassed food, nutrition, and exercise
lessons including cooking sessions. Data were collected via pre- and post-program surveys
using a questionnaire consisting of items on FL and nutrition behaviors and physical fit-
ness measurements.

Results: Among 39 participants (35.9% male, 64.1% female), the overall FL score in-
creased significantly from 64.1 to 70.6 post-program (P = 0.001). Significant increases
were observed in the nutrition and safety (P < 0.001), cultural and relational (P = 0.023),
and socio-ecological (P = 0.001) domains, as well as knowledge (P = 0.001), self-efficacy (P
= 0.013), attitude (P < 0.001), and behavior (P = 0.005) items in three domains of FL. Ad-
ditionally, meal duration increased significantly (P = 0.007) and sit-up performance among
female showed a meaningful change (P = 0.046). Changes in dietary behaviors significant-
ly progressed (P = 0.015) while that in exercise habits approached a marginal significance
(P = 0.053) after the intervention.

Conclusion: The results reveal positive changes in FL and some modifications in eating
habits, although the program had limited effects on physical activity and fitness measure-
ments. These findings suggest that strategic approaches to foster exercise behavior chang-
es in college students are required. This pilot program can serve as foundational data for
improving and expanding multicomponent health promotion programs for this population.

Keywords: food; literacy; students; nutrition; exercise
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INTRODUCTION

College students are in a transitional phase from ado-
lescence to adulthood [1, 2]. This intermediate devel-
opmental stage is characterized by increased physical
and mental activities, independence, autonomy, and re-
sponsibility [3, 4]. Irregular eating habits formed during
this phase can persist in adulthood and trigger diverse
health problems in later life [5]. Therefore, it is crucial to
establish appropriate eating habits in college students
and ensure that they receive balanced diet [6]. However,
many college students are uninterested in health-relat-
ed issues and healthy habits. They often do not recog-
nize the importance of balanced diet [7] but even when
they do apprehend the significance, implementing such
beneficial habits becomes challenging because of cam-
pus living environments, irregular personal routines,
and economic difficulties [8, 9].

The social distancing measures imposed during the
COVID-19 pandemic affected every population globally
with limited outdoor activities, closed exercise facilities,
and increased online classes for students. For college
students, these measures resulted in poor nutrition
and lack of physical activity [10] and adversely impact-
ed their health, with consequences such as emotional
stress, decreased immunity, and weight gain. College
students tend to prioritize convenience and taste over
health and nutritional value of their food choices and an
increase in the consumption of high-calorie foods, de-
livery food, ready-to-eat meals, and processed foods has
been observed since the pandemic [11-13]. In addition,
an excessive intake of calories and sodium and imbal-
ances in essential nutrients have been reported because
of irregular meals, skipping breakfast, and high alcohol
consumption among this population [11].

Physical activity helps reduce the risk of chronic
diseases by lowering blood pressure and body fact
and better controlling blood sugar, making it one of
the most effective ways to prevent cardiovascular and
mental diseases and improve overall fitness [14]. How-
ever, approximately 28% of adults worldwide and over
half of the university students in South Korea do not
meet the World Health Organization’s physical activity
guidelines, which recommend at least 150 minutes of
moderate-intensity activity per week. The participation
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rate of Korean adults in physical activities has declined
over the last seven years [15]. The physical activity of
college students tends to decrease because of new living
environments and increased time spent on academic
and extracurricular activities, raising the risk of obesity
and chronic disease [16-19]. Therefore, it is crucial to
understand the patterns of physical activities in which
college students engage and to actively encourage them
to exercise regularly [20].

Food literacy (FL) encompasses the ability to select,
understand, and utilize appropriate foods. FL plays a
pivotal role in promoting healthy dietary choices and
preventing chronic diseases [21-23] and its significance
has grown substantially in recent years. Among young
adults, enhanced FL is particularly crucial as it fosters
healthy eating habits that support disease prevention
and long-term health maintenance [24, 25]. While the
importance of FL interventions among college students
is well-recognized, research in this field, especially in
South Korea, remains in its early stages. Furthermore,
there is limited evidence on the effectiveness of FL
interventions that incorporate exercise components.
Understanding how complementary strategies, such as
establishing regular exercise habits, can enhance the
overall health outcomes of FL interventions among col-
lege students warrants further investigation [23, 26, 27].

Ko et al. [26, 27] designed a campus-based interven-
tion program to strengthen FL in college students and
support them in forming healthy eating habits. This
program was developed to align with the campus en-
vironment and students’ lifestyle patterns, aiming to
improve FL and promote healthier eating habits among
college students. The present study builds on this previ-
ous study and aims to develop a pilot multicomponent
intervention program through hands-on experiences of
all the aspects of FL and exercise training [28, 29]. The
program tested whether it is feasible and acceptable for
college students to combine FL and exercise compo-
nents with the help of senior students in one curriculum
during one semester.
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METHODS

Ethics statement

The written informed consent was obtained from all par-
ticipants. This study was conducted with the approval of
the Research Ethics Committee of Hallym University In-
stitutional Review Board (HIRB-2021-009-3-RRRR).

1. Study design

This study was conducted as a one-group, pre-post in-
tervention pilot study and reported in accordance with
the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) statement, available at
https://www.strobe-statement.org/.

2. Intervention overview

This pilot study was conducted from September to
December 2023, targeting 39 university students aged
19-29 who were enrolled at a university in Chuncheon,
Gangwon Province. Participants were recruited from
July to August 2023 via popular mobile apps frequently
used by college students. The study initially recruited 40
applicants through online platforms, of whom 39 satis-
fied the eligibility criteria and provided informed con-
sent, resulting in an effective recruitment rate of 97.5%.
Among these, 35 participants completed the post-inter-
vention assessments, yielding a final completion rate
of 89.7%. Students with specific medical conditions or
eating disorders requiring special dietary management
or those who had difficulty engaging in general physical
activities were excluded. The sample size was deter-
mined using the average FL score and standard devia-
tion from the previous study [27], with calculations per-
formed using G*power 3.1.9.7 software, accounting for a
10% dropout rate, an alpha of 0.05, and a power of 0.80.
This study employed a one-group, pre-post intervention
design to evaluate the effects of a pilot program aimed
at improving FL and physical activity among college
students. The survey was administered online through
Google Forms, with a pre-survey and physical fitness
assessment in September and a post-survey and phys-
ical fitness assessment in December. Participants were
compensated with a gift certificate worth approximately
4,000 KRW when they completed post-intervention
survey. The program was offered as a 3-credit interdisci-
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plinary course through the Department of Food Science
and Nutrition and the Department of Physical Educa-
tion.

3. Program design

This study developed and implemented a program
based on the transtheoretical model (TTM) and social
cognitive theory (SCT). Based on SCT, practical sessions
were organized with 3rd and 4th-year students enrolled
in the Departments of Food and Nutrition and Physical
Education as mentors and 1st and 2nd-year students
majoring in various subjects as mentees. Each group
comprised between six and seven members and the
participant cohort was divided into a total of six groups.
Mentors underwent three training sessions including a
pre-orientation meeting and worked with instructors to
design and execute group programs for mentees. The
stage of change of every participant was assessed during
the initial phase of the program and mentors offered
tailored advice on nutrition and exercise based on the
individual assessments. Mentors helped their mentees
advance their self-efficacy through practical activities
and conducted group activities to help mentees learn
and reinforce new behaviors.

4. Intervention components and implementation

The 13 sessions of the intervention program are over-
viewed as follows. Session 1 oriented the participants
to the program, and Session 2 covered balanced eating
habits using a dietary guideline. A simple individual
nutrition assessment using Nutrition Quotients survey
questionnaire was implemented in Session 3 to diag-
nose the dietary habits of the participants and engage
them in discussions on the desired dietary improve-
ments [30, 31]. During Session 4, the participants were
divided into two segments: one group made salads and
learned about vegetarianism, animal welfare, and food
storage and preparation, while another group partic-
ipated in a yoga class. Session 5 reversed the focus of
Session 4, alternating the cooking and exercise seg-
ments. In Session 6, the participants were encouraged to
practice the contents from previous session as a group,
with modification for their groups’ own needs. Par-
ticipants were invited to engage in a forest experience
in Session 7 aimed at reducing their academic stress,
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which included a board game centered on environmen-
tal conservation and tree planting activities. Session 8
featured a lecture by a sports expert on the principles of
exercise and customized exercise methods for different
body types. In Session 9, participants developed a meal
plan based on dietary guidelines and participated in
group cooking sessions led by peer mentors. This ses-
sion also emphasized the importance of mindful eating,
encouraging participants to increase the time spent on
each meal. Session 10 included a lecture by an expert
on emotional eating, and students learned how to keep
meal record and address their emotions while choos-
ing food. Sessions 11 and 12 required students to use
exercise equipment as well as engage in biweekly group
activities on zero-waste cooking. Session 13 concluded
the program with a feedback session and a certificate
ceremony (Table 1).

5. Measurements

The survey items of FL were from the 2021 Seoul Food
Survey [32]. The questionnaire has been reported to
have a Cronbach’s alpha of 0.82 for internal consistency
reliability and demonstrated construct validity through
factor analysis in previous studies. The FL scale com-
prised 33 items classified into three domains: nutrition
and safety (14 items), cultural and relational (8 items),
and socio-ecological domain (11 items). The nutrition
and safety domain assessed the ability of respondents
to acquire, understand, and utilize knowledge related
to food and nutrition, and cooking competency. The
cultural and relational domains evaluated the interest
and understanding participants exhibited toward food
culture and probed their pursuit of enjoyment and
meaning through food, their gastronomic curiosity, and
their contribution to personal and community wellbe-
ing through food. The socio-ecological aspect measured
the ability of participants to understand and value di-
verse social and ecological outcomes related to food
choices, including their awareness of food-related in-
equalities. This section also included items on environ-
mental sustainability, animal welfare, fair trade, and the
relationships between food choices and climate crisis.
For each of the three domains, questions were further
categorized into subcomponents of knowledge, self-ef-
ficacy, attitude and behavioral skills to capture changes
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in sub-elements of FL. Responses were rated on a five-
point scale (1: strongly disagree, 5: strongly agree) [32].

Physical fitness assessments were conducted in ac-
cordance with the grading criteria established by the
university’s fitness experts at the Department of Physical
Education, utilizing standardized tools and procedures
to ensure reliability and validity. A total of 38 students
participated in the pre-program assessment and 35
students completed the post-program assessment, with
three dropouts due to personal injuries. Participants un-
dertook four types of tests both before (September) and
after (December) the intervention, measuring muscular
endurance (sit-ups), explosive power (vertical jump),
flexibility (sit-and-reach), and cardiorespiratory endur-
ance (step test). Each assessment method was validated
in peer-reviewed studies [33], and measurements were
conducted using standardized procedures to ensure
consistent and accurate results.

Participants performed as many sit-ups as possible
in one minute starting from the signal, lying on a mat
with their legs bent at an angle of 70°-80°, feet secured
in ankle straps, and arms crossed over their chest. Sit-
ups (HMS-103; HMS Medical Systems) were measured
as repetitions per 60 seconds and recorded on a log.
Participants stood on a measuring pad for the vertical
jump, their feet shoulder-width apart, their knees bent
at around 90°, and jumped vertically at the signal. They
were required to land on the pad without bending their
knees while they were in the air. The vertical jump was
recorded in 0.1-second intervals using the equilibri-
um measurement device (HMS-108A; HMS Medical
Systems). The sit-and-reach test required participants
to sit barefoot with their legs extended and feet flexed.
Participants were then asked to reach forward as far as
possible and press the measurement device. Sit-and-
reach (HMS-101; HMS Medical Systems) was measured
in 0.1 cm increments. Finally, male participants used a
box with 40 cm height and female participants used a
box with 35 cm for the step test, stepping up and down
in time with a Harvard step rhythm. After three min-
utes, the participants sat on the box for 3 minutes and
30 seconds and measured their pulse rate. Heart rates
were recorded three times immediately after the exer-
cise (1-1.5 minutes, 2-2.5 minutes, and 3-3.5 minutes).
The measurement tools included the step box, a mobile
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Table 1. Overview of the pilot food literacy and exercise program for college students

FL components

Session” Topic or PA Time Content Main in-class activity
Session 1 Introduction to food Al? 1 hour - Describing the flow of the health - Orientation to the health
literacy and exercise promotion program combining FL  promotion program
program and exercise
- Each group comprised 2 mentors
and 3 or 4 mentees
- Establishing individual and group
goals
Session 2 Dietary guidelines: NS 2 hours - Discussion healthy bodies and the - Learning dietary guideline
components of role of nutrition intake
healthy meals - Creating balanced diet using a
food balance wheel
Session 3 My nutritional status NS 2 hours - Using the NQ questionnaire to un- - Simple nutrition assessment
derstand individual's food intake  using NQ questionnaire
- Assessing my own food intake
quality
Session Making a healthy NS, CR 2 hours - Making a salad bowl using sweet - Learning about vegetarian
4-5 meal: a bowl of pumpkin and ricotta cheese diets and animal welfare
salad - Increasing awareness of vegetari-
anism and animal welfare
Mind control through PA 90 minutes - Learning about controlling stress - Yoga practice
a yoga session through yoga
Session 6 Group cooking and NS, CR 2 hours - Cooking and exercising in groups - Group sessions for cooking
exercising - Group meal planning using veg- and exercising
etarian and animal welfare prod-
ucts (Kito gimbap)
- Engaging in yoga and physical
activities
Session 7 Mind control through SE 1 day - Field trip to the rural areas of the - Understanding environmen-
forest experience regjon tal protection through a
- Board game activities forest experience
- Tree planting
Session 8 The exercise my body PA 90 minutes - Identify your body type - Learning exercises suitable
needs - Understanding exercise methods  for specific body types
Session 9 Nutritional diets NS, CR 2 hours - Attending a lecture on nutrient-bal- - Cooking practice using meal
anced diets plans
- Designing a meal with balanced
nutrients
Session 10  Emotional eating NS, CR 2 hours - Writing diet logs - Emotional eating and eating
- Understanding eating psychology ~ PSychology
Session Do you understand SE 2 hours - How to reduce food waste - Group cooking
11-12 zero-waste? - Cooking a meal with minimal food
waste
Creating exercise PA 90 minutes - Making habits of participating in - Weight training
habits physical activity
Session 13 Course completion - 1 hour - Sharing personal experiences of - Group feedback
ceremony the course
Additional Mentor-mentee indi- PA 1 hour - Mentor explains exercise methods - Group exercise
activity vidual activities and conducts group workouts (run-

ning, walking, basketball)

FL, food literacy; PA, physical activity; NS, nutrition and safety FL; CR, cultural and relational FL; SE, socio-ecologijcal FL; NQ, nutrition quotient.
“The class is divided into two groups for session 4-5, 11-12.
PAll: nutrition and safety FL + cultural and relational FL + socio-ecologjcal FL.
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application used to guide the step test procedure, and
a stopwatch. The physical efficiency index (PEI) of the
participants was calculated through scores recorded in
0.1-point increments using the following formula [33]:

PEI=D/(2xP) x 100

D: the duration of step exercise (seconds),

P: the sum of heart rates measured in three intervals (1-
1.5,2-2.5, 3-3.5 minutes).

Dietary and exercise activity sheets based on the TTM
were designed for this study, and participants complet-
ed these sheets three times (in Sessions 1, 10, and 15).
The developed activity sheets included the change stag-
es of precontemplation, contemplation, preparation,
action, and maintenance. Participants rated their level
of agreement with each item on a 5-point scale (1: pre-
contemplation, 5: maintenance).

6. Statistical analysis

Initially, this study measured the three subdomains of
FL using a five-point scale. The responses were then
recoded and standardized to a 4-point scale to make it
easier to present as a 100-point scale. The overall tally
was obtained by summing the scores from the three
subdomains and then dividing this number by three to
convert it to a 100-point scale. The Wilcoxon signed-
rank test, a non-parametric test, was used to compare
the pre- and post-intervention results and to assess
the differences in mean FL and physical fitness scores
based on the demographic characteristics of the par-
ticipants. Statistical analysis was performed using Stata
17.0 (StataCorp LLC), with the significance level set at P
<0.05.

RESULTS

1. Sociodemographic characteristics

Table 2 presents the demographic characteristics of the
study participants. The total sample of 39 college stu-
dents included 14 male (35.9%) and 25 female (64.1%).
Of them, 13 students (33.3%) were food and nutrition
majors. In terms of living arrangements, 13 students
(33.3%) lived independently, 12 (30.8%) lived with their
families, and 12 (30.8%) resided in dormitories.
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2. Changes in food literacy levels

Table 3 displays the pre- and post-intervention FL level
changes according to subdomains. The overall FL score
increased significantly from 64.1 points at the baseline
to 70.6 points post-intervention (P = 0.001). Specifically,
all subdomains showed statistically significant improve-
ments: nutrition and safety (P < 0.001), cultural and
relational (P = 0.023), and socio-ecological (P = 0.001).
The subcomponents of FL also demonstrated significant
improvements: knowledge (P = 0.001), self-efficacy (P =
0.013), attitude (P < 0.001), and behavior (P = 0.005).

3. Changes in eating habits

Table 4 shows the changes in eating habits from pre-
and post-intervention assessments. Meal frequency and
late-night snack consumption did not show significant
changes. However, the frequency of eating breakfast
with others increased from 1.3 times at the baseline to
1.4 times post-intervention, a statistically significant
value (P = 0.044). Moreover, the average time spent on
each meal increased significantly from 18.7 minutes
at the baseline to 21.0 minutes post-intervention (P =
0.007). The meal venue analysis revealed no significant
changes in visits to convenience stores (P = 0.568), use
of delivery food (P = 0.849), restaurants (P = 0.184), ca-
tering (P = 0.242), ready-to-eat meals (P = 0.822), and
home-cooked meals (P = 0.766).

4. Changes in physical activity and physical fitness
Table 5 displays the outcomes of the pre- and post-in-

Table 2. Sociodemographic characteristics of the participants

Characteristic Participant (n = 39)
Total 39 (100)
Sex

Male 14 (35.9)

Female 25 (64.1)
Department

Food and nutrition 13(33.3)

Others 26 (66.7)
Household types

Living with family 12 (30.8)

Dormitory 12 (30.8)

One person households 13 (33.3)

Others 2 (5.1)
n (%).
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Table 3. Changes in food literacy scores from pre- and post-intervention assessments by sub-domains and sub-elements

Variable Pre-intervention Post-intervention P-value”
All FL? 64.1+12.6 70.6£13.5 0.001
Nutrition and safety 67.9 + 13.7 74.6 +13.0 <0.001
Cultural and relational 63.2+16.3 67.7 £ 15.5 0.023
Socio-ecologijcal issues 61.1+15.7 69.5+ 174 0.001
Scores for sub-elements®
Knowledge 204 +£4.0 226+4.6 0.001
Self-efficacy 19.7 £ 2.9 20.6+2.8 0.013
Attitudes 52.5+8.2 56.6 +8.4 <0.001
Behavioral skills 255+4.2 272 +4.3 0.005
Mean + SD.

FL, food literacy.

“Wilcoxon signed-rank test for pre- and post-intervention comparisons effected for each group; P < 0.05.
PAll FL score: This score encompasses the nutritional and safety, cultural and relational, and socio-ecological dimensions of FL.
ISubelements: The full FL domain was reclassified into four categories: knowledge, self-efficacy, attitude, and behavioral skills.

Table 4. Changes in eating habits from pre- and post-interven-
tion assessments

Pre- Post-

. o . P-value”
intervention intervention

Eating habit

Meal frequency (times

per week)
Breakfast 1.4+20 15+18 0.560
Lunch 46+1.4 46+14 0.964
Dinner 50+1.1 51+1.2 0.493
Frequency of eating with
others (times per week)
Breakfast 1.8 & OB 1.4+0.5 0.044
Lunch 1.8 = 05 1.3+0.5 >0.999
Dinner 1.1+£0.3 1.1+0.3 0.964
Frequency of late-night
shacking
1 times per week 19+0.8 20+09 0.760
Average per-meal 187+70 21.0+6.9 0.007
duration (min)
Meal location (times per
week)
Convenience store 26+1.6 24+1.4 0.568
Delivery food 15+1.2 i ds .8 0.849
Restaurant 25+14 28+ 1.7 0.184
Group catering 11+1.8 08+14 0.242
Ready-to-eat meals 16+16 1.6+18 0.822
Home-cooked meals 3.0+3.0 Sl £ 88 0.766

Mean + SD.
“Wilcoxon signed-rank test for pre- and post-program comparisons ef-
fected for each group; P < 0.05.
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tervention of physical activity and physical fitness test.
No significant differences were observed in vigorous
physical activity (P = 0.064), flexibility exercises (P =
0.404), or strength training (P = 0.909). Male did not
show significant pre- and post-intervention changes (P
= 0.624) in the sit-up test but female demonstrated a sig-
nificant post-intervention increase (P = 0.046) in their
physical fitness. Neither male (P = 0.344) nor female (P =
0.526) demonstrated statistically significant changes in
the vertical jump test. Similarly, neither male (P = 0.861)
nor female (P = 0.427) showed significant differences in
the sit-and-reach test, and no significant changes were
observed in the step test for both male (P = 0.937) and
female (P = 0.280).

5. TTM-based stages of change in diet and exercise
behavior

Table 6 presents the results of the TTM-based stages
of change in diet- and exercise-related behavior be-
fore and after the intervention. The stage of change in
dietary habits increased significantly from a baseline
average of 2.7 to 3.1 post-intervention, indicating a shift
from the contemplation stage to the preparation stage
(P = 0.015). In contrast, the stage of change in exercise
habits increased from 3.0 to 3.4, but this change ap-
proached statistical significance without advancing to
the action stage, remaining within the preparation stage
(P =0.053). All 39 participants attended all scheduled
sessions of the program, confirming its feasibility. After
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Table 5. Changes in frequencies of physical activities and phys-
ical fitness from pre- and post-intervention assessments

Table 6. Changes in values of the stages of change model’
from pre- and post-activity assessments

Pre- Post-

Pre- Post-

Variable . . . P-value” Variable . . . . P-value®
intervention intervention intervention intervention
Physical activity Dietary habits 2.7+10 31+10 0.015
(frequency per week) Exercise 3.0+1.2 34+11 0.053
Inte_n§e p))hysical 24+1.8 1.8+15 0.064 Mean + SD.
acthlty2 "Wilcoxon signed-rank test for pre- and post-activity comparisons ef-
Flexibility exercise 21+21 1.7+1.7 0.404 fected for each group; P < 0.05.
Strength exercise 14+19 13+18 0.909 "The average values of the stages of change model: 1 = precontempla-
Physical fitness tion, 2 = contemplation, 3 = preparation, 4 = action, and 5 = mainte-
assessment nance.
Sit-ups (number/min)®
Male 455+89 452+10.6 0.624
Female 254+63 27.8+59 0.046 very few nutrition intervention programs are current-
Vertical jump (sec)” ly offered to college students in Korea, and research
Male 302+12.3 338+80 0344 on FL is even more scarce [23]. This study is based on
FETIEL 188+45 193:48 0526 the previous study that designed and implemented FL
Sit-and-reach (cm)® .
improvement program for college students on cam-
Male 8.9£106 39:86 0861 us [26, 27] and developed further to enhance FL and
Female 89+106 81+98 0427 PUs 15, . ope
establish exercise habits in college students. In-depth
Step test (steps per
min)® interviews conducted by previous studies identified that
Male 56.5+6.7 582+9.8 0.937 existing programs did not adequately address the lack
Female 60.5+78 593+71 0.280 of cooking practice and the importance of exercise [27].
Mean + SD.

“Wilcoxon signed-rank test for pre- and post-program comparisons ef-
fected for each group; P < 0.05.

JIntense physical activity: Physical activities that are very strenuous or
cause heavy breathing, such as running, swimming, cycling, and hiking.
IA sit-up measurement device was used to count the number of sit-ups
performed in one minute.

YA Sargent jump tester was utilized to measure the vertical jump height
and physical efficiency index (PEl) was calculated.

%A flexibility tester was employed to measure flexibility via a sit-and-
reach test.

9A step test measurement device was used to obtain the values to cal-
culate the PEL

the completion of the entire program, the satisfaction
evaluation showed a high level of satisfaction, with an
average score of 8.26 out of 10.

DISCUSSION

This pilot study aimed to develop and evaluate an inter-
vention program focused on FL and physical exercise
for college students in the Gangwon region, South Ko-
rea. College students need to receive proper nutrition
education to form healthy eating habits and reduce
the risks of chronic diseases later in life [7]. However,
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This study sought to bridge this gap by designing a pi-
lot program incorporating more cooking practices and
forming beneficial exercise habits with the help of peer
groups. In addition, the program was conducted as a
part of classes held on campus and was designed to en-
hance self-efficacy through mentor-mentee interactions
over the course of a semester. The study aimed to test
whether this multicomponent program can be feasible
and acceptable among students and to test any impact
on enhancements of FL and physical activities.

The general participant characteristics revealed that
33.3% lived independently, confirming that single-per-
son households represented the primary living arrange-
ment of college students. Previous studies have indicat-
ed that single-person households exhibit higher rates
of skipping breakfast, eating out, and alcohol consump-
tion than multi-person households [11, 34]. The 2021
Seoul Food Survey also disclosed that single-person
households evinced lower scores in the nutrition and
safety domain in FL scores than multi-person house-
holds [32, 35]. Currently, despite Seoul and other local
governments have implemented relevant programs
targeting single-person households, there is insufficient

https://doi.org/10.5720/kjcn.2024.00248



Food literacy and exercise program

data evaluating their effectiveness [36, 37]. This study
emphasizes the need for well-designed evaluation pro-
grams for FL among this population.

The analysis of FL levels by subdomain in this study
revealed significant improvements across all three sub-
domains and their subcomponents among participants,
consistent with previous studies showing that nutrition
programs lead to improvements in FL. domains [38]. Our
previous study also successfully showed the increased
knowledge and the overall score of FL among interven-
tion participants. However, it is noteworthy that the pre-
vious program failed to show significant improvement
when compared to control group [27]. Additionally,
aside from knowledge, their study observed no signif-
icant changes in the domains of self-efficacy, attitude,
and behavior. These results suggest that while targeted
FL program could enhance food-related knowledge
within the intervention group, more effort is needed to
produce larger and more sustainable outcomes in terms
of fostering self-efficacy, attitudes, and behaviors.

The study found that the participants did not increase
their physical activity as much as expected after partic-
ipating in the program. College students find it difficult
to engage in physical activities because they lack the
time and because of their paucity of knowledge about
exercise [39]. Also, programs focusing on developing
physical activity habits in college students remain scant.
Therefore, it is important to develop programs and offer
continuous monitoring support to help college students
maintain regular exercise habits despite busy academic
schedules.

According to the fitness assessment, only female
showed a statistically significant improvement in sit-
ups (P = 0.046) after the intervention. This may be due
to female tend to be more influenced by social environ-
ment and support, which was one of the main strategies
of this pilot program [40]. To effectively enhance fitness
for both male and female, universities need to integrate
sustainable exercise programs into their academic
schedules, leveraging existing extracurricular activities,
students-initiated events, and capstone projects [41,42].
Developing programs that promote healthy eating and
exercise habits, along with continuous monitoring of
their effectiveness, can help create a campus environ-
ment where students can participate in regular physical
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activities and improve their fitness despite their busy
academic schedules.

This study confirmed that the stages of change for diet
and exercise improved within a relatively short period
after the 13-session intervention program, suggesting
that such programs can initiate positive behavioral
changes if provided for longer period of time. However,
some participants remained in the preparation stage for
both dietary and exercise changes and did not advance
to the action stage. This stage is characterized by the
intention to make changes without actions, making it
likely that concrete behavioral changes may not follow.
Previous studies emphasize that moving program par-
ticipants from the preparation to the action stage often
requires at least six months of sustained TTM-based
interventions. This will reinforce behavioral changes
and achieve substantial lifestyle modifications [43,44].
In this study, the 13-session TTM-based intervention
program revealed significant improvements in the stag-
es of dietary change, while the stages of exercise change
showed a marginal significance. These results suggest
that greater benefits could be achieved if continuous
support and interventions are provided at each stage.

Limitations

One of the limitations of this study is that the pilot pro-
gram was conducted with a small number of students
from one university in the Gangwon region without
control groups, making it difficult to generalize the re-
sults to college students nationwide and to confirm the
causality of the effect. Although the 13-session health
promotion program effectively improved overall FL
score, it was limited in promoting the sustained prac-
tice of healthy behaviors. Additionally, while the study
aimed to measure changes in physical ability through
objective indicators, it has been confirmed that a long-
term and rigorous study of at least six months is neces-
sary to assess the impact of the intervention on physical
activity. Despite of limitations, this study shows some
potential that this type of multicomponent health pro-
motion program can be implemented as a part of cur-
riculum on college campus and the results are showing
some potentials.
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Conclusion

This 13-session of multicomponent intervention
showed that curriculum-based intervention on college
campus can be feasible and may be effective in improv-
ing FL and participants’ motivation toward healthier
food and exercise choices. It is meaningful that integrat-
ed nutrition and exercise interventions are still rare on
college campuses. Specifically, this study demonstrated
the improvement of FL among participants and the high
completion rates. Findings indicate that while the in-
tervention programs effectively enhance FL and dietary
habits, additional strategies are necessary to promote
changes in physical activity and fitness measurements.
Future research should explore specific and effective
strategies to improve dietary habits through enhanced
FL and increase physical activity among larger group of
college students.
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Objectives: This study investigated the nutritional differences between sweet and salty
shacks and beverages in South Korea (Korea) and the United States (US). Nutritional con-
tent and healthiness were determined using back- and front-of-package nutrition labeling
(FOPNL) systems.

Methods: Three snack and three beverage categories popular in Korea and the US were
selected. Statistical data were used to determine the top 10-15 best-selling products in
each category in each country. The selected products included chips (n = 15), cookies (n =
10), chocolate (n = 13), carbonated drinks (n = 10), fruit juices/drinks (n = 10, 5/5), and
energy drinks (n = 10). The study excluded products that were artificially sweetened. Nutri-
tional information and percentages of fruit and vegetable content in each product were col-
lected from brand websites and grocery stores in each country. The FOPNL system was
used to assess the healthiness of the products, which included multiple traffic light labels,
a Health Star Rating, and a Nutri-Score.

Results: Overall, Korean snacks contained significantly more protein, total fat, saturated
fat, and cholesterol than US snacks. However, the US chips and carbonated drinks con-
tained more sodium, while the US energy drinks contained more caffeine than Korean
products. The serving size of US carbonated drinks was significantly larger than that of Ko-
rean drinks, whereas the serving size of US chips was smaller than that of Korean prod-
ucts. The FOPNL system classified the majority of products as ‘less healthy.’

Conclusion: Our results suggest that Korean and US food manufacturers should improve
the nutritional quality and/or serving size of commonly consumed food products. Policy-
makers in both countries should work to improve the presentation of nutrient information
on nutrition labels to assist consumers in making healthier food choices.

Keywords: nutrition labeling; nutritional value; serving size; snacks
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INTRODUCTION

Food choices and eating habits have changed dramati-
cally in many countries around the world over the past
several decades [1]. Similar to other developing nations,
South Korea (Korea) has undergone a nutrition transi-
tion with economic growth, industrialization, urban-
ization, and globalization [2]. The traditional low-fat,
high-fiber Korean diet has been replaced by processed
foods high in fats and added sugars [3]. This dietary
transition is particularly evident in beverage consump-
tion, with non-alcoholic beverage intake increasing
more than fourfold between 1998 and 2018 [3]. Addi-
tionally, snacks account for a larger proportion of daily
calories, rising from 14% in 1998 to 19% in 2016-2018.
Within these snacks, the contribution of calories from
ultra-processed foods increased significantly from 31.8%
to 62.6% over the same period [4]. These ultra-pro-
cessed snacks are often high in calories, added sugar,
fats, and sodium [5]. Therefore, excessive consumption
of snacks, particularly sweet and salty snacks, can result
in overconsumption of calories, sugars, fats, and sodi-
um, which are known to increase the risk of obesity and
metabolic diseases [5-7].

Efforts to reduce sodium and sugar intake are critical
components of public health strategies worldwide [8,
9]. In Korea, various policies aimed at reducing sugar,
fat, and sodium consumption have been implement-
ed [10-12]. These initiatives focus on public education
and collaboration with the food industry to reformulate
products. Such policies have achieved measurable suc-
cess, including a significant decrease in trans fat content
in snack foods and a reduction in sodium intake among
the Korean population. The Ministry of Food and Drug
Safety (MFDS) in Korea continues to work with the food
industry to further reduce sodium and sugar levels in
processed foods. Similarly, in the United States (US),
there was a marked reduction in the sodium content of
packaged foods and beverages from 2000 to 2014 [13].

The World Health Organization recommends imple-
menting nutrition labeling policies to help people make
healthier food choices, with the goal of preventing obe-
sity and noncommunicable diseases [14]. Studies have
shown that reading nutrition labels is associated with
improved diet quality [15-17]. Specifically, individuals
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who reported reading nutrition labels were more likely
to practice healthier eating habits [18, 19]. However, a
2022 survey in Korea revealed notable gaps in nutrition
label awareness and usage [20]. Although 57.6% of Kore-
an adults reported being aware of nutrition labels, com-
prehension rates were substantially lower at 25.7%, and
utilization of these labels during processed food selec-
tion was limited to 21.3% [20]. In both Korea and the US,
nutrition labels are currently printed in small letters and
numbers on the back of food packages [21]. Evidence
suggests that the complexity of numerical information
and its placement on the back of the package can make
it difficult for consumers to understand and use the la-
bel effectively [22].

In an effort to help consumers make healthier food
choices, easy-to-understand symbols and color-coded
labels have recently been introduced on the front of the
packages [23]. More than 30 countries have adopted
voluntary or mandatory front-of-packages nutrition
labeling (FOPNL) systems [24]. Generally, FoPNL can
be categorized into nutrient-specific and summary in-
dicator systems. The examples of FOPNL systems are
presented in Fig. 1 [25, 26]. The multiple traffic light
(MTL) nutrition label, a type of nutrient-specific sys-
tem, is used in several countries, including the United
Kingdom (UK) [25]. The MTL label employs traffic light
colors (red, amber, green) to indicate high, medium,
and low levels of fat, saturated fat, sugars, and salt, as
shown in Fig. 1A. The use of MTL label has been shown
to help consumers to make healthier food choices [27,
28]. Several other summary indicator systems have been
developed based on formulas that take into account
the nutritional composition of the product. The Health
Star Rating (HSR) system, used in Australia and New
Zealand, rates products from 0.5 stars (least healthy)
to 5 stars (most healthy), as shown in Fig. 1B. The Nu-
tri-Score (NS), developed in France and used in some
European countries, displays an estimate of healthiness
with letters from A (most healthy) to E (least healthy)
in different colors, as illustrated in Fig. 1C. A is green, B
is light green, C is yellow, D is amber, and E is red. The
label shows all five letters in different colors, but the
letter indicating the value of the product is made larger.
Evidence supports FoPNL as an effective public health
intervention, demonstrating positive impacts on both
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Nutritional content of snacks and beverages

0 Each serving (150g) contains

HEALTH STAR

e

of an adult’s reference intake
Typical values (as sold) per 100g: 697kJ/ 167kcal

Fig. 1. Examples of front-of-package nutrition labeling.

ﬂb—'
1.0g 2.1g |645mg| 8.0g L_A‘
PER 100g J

Adapted from Department of Health and Social Care [25] and Food Standrards Australia New Zealand [26].

consumer food choices and industry-driven product
reformulation [29, 30].

Some summary indicator systems, such as HSR and
NS, can rank packaged foods based on their nutritional
composition. Dunford ef al. [31] reported considerable
variability in the healthiness of packaged foods and
beverages across countries using the HSR, with prod-
ucts in middle-income countries like China and India
being less healthy than those in high-income countries
like the US and the UK. While Korea has implemented
policies to reduce trans fat, sodium, and sugar content
in processed foods, no comparative analysis has been
conducted to evaluate the nutritional quality of Korean
snacks and beverages relative to similar products in oth-
er countries. This study aimed to compare the nutrition-
al differences between sweet and salty snacks and bev-
erages in Korea and the US. The comparison was based
on the back-of-package nutrition labeling (BoPNL) data
and the FoPNL systems, including MTL, HSR, and NS.

METHODS

Ethics statement

Ethics approval was not required as no human subjects
were involved in this study.

1. Study design

This study was conducted as a cross-sectional study. It
was described in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement, available at https://www.
strobe-statement.org/.

2. Selection of snacks and beverages

The study compared snacks and beverages between
Korea and the US. Snacks included three categories:

https://doi.org/10.5720/kjcn.2024.00290

chips, cookies, and chocolate, and beverages included
three categories: carbonated drinks, fruit juice/drinks,
and energy drinks [32, 33]. Korean products were se-
lected based on brand sales ranking from retail point-
of-sale data for major processed foods, as disclosed by
the Korea Agro-Fisheries and Food Trade Corporation
[34]. When a store brand which refers to a distributor’s
own brand was included in the top rankings, additional
product was selected through Naver DataLab. This plat-
form provides search volume data for keywords within
specific categories over a given period. In this study,
additional popular products were identified based on
click trends in shopping categories, such as carbonated
beverages, during 2023. The best-selling US products
were selected based on the sales rankings released by
Statista. When additional product selection by category
was needed, the rankings of best-selling products from
Amazon’s website in July 2023 were used. The selected
products included chips (n = 15), cookies (n = 10), choc-
olate (n = 13), carbonated drinks (n = 10), fruit juice/
drinks (n = 10; 5/5), and energy drinks (n = 10) in each
country. Artificially sweetened products were excluded.

3. Nutritional analysis of the products by the BoPNL
The nutrition information of selected products were
collected from brand websites or grocery stores in each
country. The most recent nutritional values per 100 g (or
100 mL) for energy (kcal), total carbohydrates (g), sugar
(g), protein (g), total fat (g), trans fat (g), saturated fat
(g), cholesterol (mg), and sodium (mg) as well as serv-
ing size were obtained. Trans fat content can be labeled
as ‘0’ if it is less than 0.2 g per serving in Korea and less
than 0.5 g in the US. Due to the difficulty in estimating
exact amounts, trans fat was excluded from the analysis.
Additionally, the percentage of fruit and vegetable con-
tent in fruit juice/drinks was collected.
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4. Assessment of the healthiness of the products by the
FoPNL criteria

The healthiness of the products was assessed using the
criteria of MTL, HSR, and NS. Products were classified
by the number of red lights based on the MTL criteria.
A healthiness score was calculated for each product
following the method described by Sacks ef al. [35]. One
point was allocated for each green label, two points for
each amber label, and three points for each red label.
To calculate the total score, all four traffic-light labels
were summed, resulting in a possible score range of 4
to 12 points for each product. A lower score indicated
a healthier product, and products scoring 7 points or
more were classified as ‘less healthy’

The HSR was calculated using a calculator based on
the guide [36]. Each product was classified according to
the HSR food category, and scored by considering the
positive factors, such as protein, fiber, and fruit/vegeta-
ble/nut/legume (FVNL) content, and negative factors,
such as energy, saturated fat, sugar, and sodium. A
lower score reflects a healthier product. Products were
assigned from 0.5 to 5.0 stars, with half-star increments
based on their scores. Products with a HSR below 3.5
stars were classified as ‘less healthy’

The updated algorithm for calculating the NS has
been described [37]. Positive points (0-10 points) were
assigned for unfavorable variables such as energy,
sugar, saturated fat, and sodium, while negative points
(0-5 points) were assigned for favorable variables such
as protein, fiber, and FVNL percentage. The final score
ranged from -15, indicating highest nutritional quality,
to 40, indicating lowest nutritional quality. The score
was then converted to a corresponding color and letter
grade. For general foods, scores ranging from -15 to -1
are categorized as dark green (A) for the best nutritional
quality, 0 to 2 as light green (B), 3 to 10 as yellow (C), 11
to 18 as orange (D) and 19 to 40 as red (E) for the worst
nutritional quality. For beverages, only water is allowed
to be graded as A. The NS calculator for the updated al-
gorithm was used to calculate product scores [38].

5. Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics 29 (IBM Co.). Continuous variables, such as
nutrients and serving size, were presented as median,
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minimum, and maximum values. The Mann-Whitney
U test was used to compare variables between the two
countries. The frequency and percentage of products
for the grades of MTL, HSR, and NS were calculated. A
P-value of < 0.05 was considered statistically significant.

For data visualization, heatmaps and swarm plots
were created using python (version 3.9, Python Software
Foundation, 2021). In the swarm plots, data points were
distributed horizontally to avoid overlapping data and
to facilitate intuitive comparisons of differences be-
tween the two countries.

RESULTS

1. Nutritional content of snacks and beverages popular
in Korea and the US

Nutritional content and serving sizes of sweet and salty
snacks, including chips, cookies, and chocolate, are
shown in Table 1. The median energy content per 100
g and serving sizes of 38 Korean and US snacks were
similar: 526.1 kcal and 500.0 kcal, and 31.0 g and 30.0
g, respectively. Among the categories analyzed in this
study, US chips had the highest median sodium content
at 678.6 mg/100 g, and US chocolate had the highest
median sugar content at 51.1 g/100 g. On the contrary,
Korean chocolate had the highest total fats and saturat-
ed fats at 32.4 g/100 g and 17.5 g/100 g, respectively. Ko-
rean chips had significantly higher sugar (P < 0.05) and
saturated fat (P < 0.01), but lower sodium (P < 0.01) per
100 g, compared to US chips. The median serving size of
Korean chips was larger than that of US chips (P < 0.01).
Korean cookies contained significantly higher energy (P
< 0.01) and saturated fat (P < 0.01) per 100 g, but lower
carbohydrates (P < 0.05) and sugar (P < 0.05) per 100 g
than US cookies. Korean chocolate had higher energy
(P < 0.01), protein (P < 0.01), fat (P < 0.05), saturated
fat (P < 0.01), and cholesterol (P < 0.05) per 100 g than
US chocolate. When the three snack categories were
combined, Korean snacks were significantly higher in
protein (P < 0.01), fat (P < 0.05), saturated fat (P < 0.001),
and cholesterol (P < 0.05) per 100 g than US snacks.

The nutritional content and serving sizes of beverag-
es, including carbonated drinks, fruit juice/drinks, and
energy drinks, are shown in Table 2. Korean carbonat-
ed drinks were significantly lower in saturated fat (P <
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Table 1. Nutritional content per 100 g and serving size of sweet and salty snacks in South Korea and US

. Chips Cookies

Variable

KOR (n = 15) US (n = 15) KOR (n = 10) US (n = 10)
Energy (kcal) 520.0 (466.7 to 765.0) 514.3 (392.9 to 571.4) 510.6 (480.8 to 587.0) 468.7 (421.1t0 561.4)"
Carbohydrates (g) 62.8 (50.0to 71.4) 60.0 (53.6to 71.4) 60.2 (33.3t0 76.9) 67.6 (57.9t0 73.5)
Sugars (g) 0(0.0t0 31.7) 8(0.0to 7.1)™" 31.7 (8.310 38.0) 36.8 (24.0to 41.2)"
Protein (g) 7(3.31t013.3) 1 (1.8t0 13.0) 7 (1.91t08.5) 7(26t071)
Total fat (g) 26.7 (18.31t0 38.0) 28.6 (8.91t0 35.7) 26.1(13.3t0 39.1) 20.3(15.810 31.6)
Saturated fat (g) 7(4.810 14.0) 4(0.0t020.0)" 15.1 (6.7 t0 21.9) 0(1.0t0 12.3)"
Cholesterol (mg) 0 (0.0t0 30.0) 0(0.0t00.0) 13.1(0.0to 76.9) 0 (0.0to0 107.1)
Sodium (mg) 500.0 (50.0 to 700.0) 678.6 (321410 1,171.4)"  274.6 (152.2 t0 625.0) 349.1 (176.5 to 400.0)
Serving size (g) 30.0 (30.0 to 60.0) 28.0 (19.0 t0 35.0)"" 32.0(22.0t0 52.5) 34.0 (25.0t0 57.0)

) Chocolate Snacks (total)

Variable
KOR (n = 13) US (n = 13) KOR (n = 38) US (n = 38)

Energy (kcal) 550.0 (477.8 10 732.2)  500.0 (312.5t0 571.4)"" 526.1 (466.7 t0 765.0)  500.0 (312.5 to 571.4)
Carbohydrates (g) 58.8 (48.3to 71.4) 60.6 (50.0 to 83.3) 60.0 (33.3t0 76.9) 64.3 (50.0 to 83.3)
Sugars (g) 46.2 (21.2 to 71.4) 51.1 (29.8 t0 69.0) 27.5 (0.0 to 71.4) 33.8 (0.0 t0 69.0)
Protein (g) 8 (5.8t0 11.8) 1(1.5t109.5)" 9 (1.91t0 13.3) 1(1.51t013.0)"
Total fat (g) 32.4(22.210 44.6) 23.9(0.0t0 35.7)" 28.1 (13.3 10 44.6) 24.6 (0.0t0 35.7)"
Saturated fat (g) 17.5 (11.1t0 28.6) 10.8 (0.0 t0 20.0)"” 13.5 (4.8 10 28.6) 9(0.0t0 20.0)™"
Cholesterol (mg) 14.7 (8.1 10 35.3) 3(0.0t019.2) 7 (0.0to0 76.9) 0(0.0to 107.1)"
Sodium (mg) 116.3 (60.0 to 463.0) 142.9 (47.6 to 316.7) 348.5 (50.0 to 700.0) 350.7 (47.6 to 1,171.4)
Serving size (g) 34.0 (15.0 to 56.0) 33.0(26.0t0 58.7) 31.0 (15.0 to 60.0) 30.0 (19.0 to 58.7)

Median (minimum to maximum).
KOR, South Korea; US, United States.
YP<0.05,"P<0.01,""

0.01), cholesterol (P < 0.01), and sodium (P < 0.01) per
100 mL, and serving sizes (P < 0.05) than US products.
US fruit juice/drinks had significantly higher saturated
fat and cholesterol than Korean products (P < 0.01 for
both) even though the differences were small. US energy
drinks contained significantly more caffeine than Kore-
an energy drinks (P < 0.01). When the three categories
were combined, US beverages had significantly higher
saturated fat (P < 0.001) and cholesterol (P < 0.001) per
100 mL than Korean beverages, along with larger serving
sizes (P < 0.05). However, Korean beverages contained
significantly more total fat than US beverages (P < 0.05).

2. Healthiness of snacks and beverages assessed by
MTL1abels

The classification of snacks by the number of red traffic
lights each product received using MTL labeling criteria
is presented in Table 3. All products received at least
one red light of the four nutrients: fat, saturated fat, sug-
ar, and sodium. In both countries, 60% of chips had two
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P < 0.001. Significant difference between Korea and US by the Mann-Whitney U test.

red lights, and 70% of cookies had three red lights. No-
tably, all Korean chocolate had three red lights, whereas
three out of 10 US chocolates had only one red light.
Almost all sweet and salty snacks were classified as ‘less
healthy’

The distribution of traffic light colors for nutrients in
snacks and beverages is shown in Fig. 2. In both coun-
tries, red lights were most frequently observed for sugar,
fat, and saturated fat, while amber lights were most
common for sodium in snacks. The percentage of red
lights for sugar was similar in Korean and US snacks.
However, the percentages of red lights for fat and satu-
rated fat were higher in Korean snacks compared to US
snacks, whereas the percentage for sodium was higher
in US snacks. For beverages, only the sugar content was
compared between the two countries, as levels of fat,
saturated fat, and sodium were generally low. Amber
lights were the most common for sugar in beverages,
and the percentage of red lights was higher in US bever-
ages compared to Korean beverages.
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Table 2. Nutritional content per 100 mL and serving size of beverages in South Korea and US

Variable Carbonated drinks Juice/fruit drinks

KOR (n = 10) US (n = 10) KOR (n = 10) US (n = 10)
Energy (kcal) 443 (32.0t0 54.1) 42.0 (36.6 t0 47.2) 426 (22.6 t0 55.3) 43.8(33.31058.3)
Carbohydrates (g) 11.2 (8.0to 13.5) 11.3 (9.0to0 12.8) 11. 3 (5.6 t0 13.7) 11.3 (8.8 t0 15.4)
Sugars (g) 11.2 (8.0 t0 13.0) 11.3(9.0t0 12.8) 5 (5.1t0 12.6) 10.2 (7.1 to 14.6)
Protein (g) 0(0.0t0 0.4) 0.0 (0.010 0.0) 0(0.0t0 1.0) 0.0 (0.010 0.8)
Total fat (g) 0(0.0t00.2) 0.0 (0.010 0.0) 0(0.0t0 0.4) 0.0 (0.0t0 0.0)
Saturated fat (g) 0(0.0t0 0.0) 0.1(0.0t0 0.1)"" 0(0.0t0 0.0) 1(0.0t0 0.1)"
Cholesterol (mg) 0(0.0t0 0.0) 0.1(0.0t00.1)" 0(0.0t0 0.0) 1(0.0t00.1)"
Sodium (mg) 2(0.0t09.6) 15.4 (8.3 10 20.0)” 13.9 (0.0to 70.0) 2(0.0t0 20.8)
FVNL (%) - - 70.0 (3.0 to 100.0) 57.5 (5.0 to 100.0)
Serving size (mL) 250.0 (215.0t0 355.0)  357.5(222.0t0 500.0)™  200.0 (180.0t0 340.0)  240.0 (177.0 to 240.0)

. Energy drinks Beverages (total)

Variable

KOR (n = 10) US (n = 10) KOR (n = 30) US (n = 30)
Energy (kcal) 47.2 (38.0 to 65.6) 45.1 (21.1to 87.5) 45.5 (22.6 to 65.6) 44.7 (21.1 to 87.5)
Carbohydrates (g) 11.4 (9.0 t0 16.3) 11.6 (5.1t0 22.5) 11.2 (5.6 t0 16.3) 11.4 (5.1t0 22.5)
Sugars (g) 11.1(8.7 to 15.9) 11.0 (4.6 t0 22.5) 10.9 (5.1 10 15.9) 11.0 (4.6 t0 22.5)
Protein (g) 3(0.0t00.3) 0.0 (0.0t0 0.3) 0(0.0t0 1.0) 0(0.0t0 0.8)
Total fat (g) 0(0.0t00.2) 0.0 (0.0t0 0.0) 0(0.0t0 0.4) 0(0.0t0 0.0)"
Saturated fat (g) 0(0.0t0 0.0) 0.0 (0.0t0 0.1) 0(0.0t0 0.0) 1(0.0t0 0.1)™"
Cholesterol (mg) 0(0.0t0 0.0) 0.0 (0.0t0 0.1) 0(0.0t0 0.0) 1(0.0t0 0.1)™"
Sodium (mg) 25.7 (0.0 to 76.9) 32.4 (0.0 to 154.2) 11.2 (0.0 to 76.9) 15.0 (0.0 to 154.2)
Caffeine (mg) 28.2 (13.0 to 42.0) 31.9 (24.0to 45.1)"" - -
Serving size (mL) 355.0 (250.0t0 355.0)  406.5 (237.0 to 473.0) 250.0 (180.0t0 355.0)  355.0 (177.0 to 500.0)"

Median (minimum to maximum).
KOR, South Korea; US, United States; FVNL, fruit/vegetable/nut/legume.

ek

TP<0.05, "P<0.01,

P < 0.001. Significant difference between Korea and US by the Mann-Whitney U test.

Table 3. Classification of snacks by the number of red traffic light labels using MTL label criteria

No. of red traffic lights

Variable Less healthy”
0 1 2 3 4
Chips
KOR (n = 15) 0(0.0) 1(6.7) 9 (60.0) 4 (26.7) 1(6.7) 15 (100.0)
US (n = 15) 0(0.0) 2(13.3) 9 (60.0) 4 (26.7) 0(0.0) 15 (100.0)
Cookies
KOR (n = 10) 0 (0.0) 1(10.0) 2(20.0) 7 (70.0) 0(0.0) 10 (100.0)
US (n = 10) 0(0.0) 2(20.0) 1(10.0) 7 (70.0) 0(0.0) 10 (100.0)
Chocolate
KOR (n = 13) 0(0.0) 0(0.0) (0.0) 3(100.0) 0(0.0) 13 (100.0)
US (n=13) 0(0.0) 3(23.1) (7.7) 9(69.2) 0(0.0) 11 (84.6)
Total
KOR (n = 38) 0(0.0) 2(5.3) 11 (28.9) 24 (63.2) 1(2.6) 38 (100.0)
US (n = 38) 0(0.0) 7 (18.4) 11 (28.9) 20 (52.6) 0(0.0) 36 (94.7)
n (%).

MTL, multiple traffic light; KOR, South Korea; US, United States

YGreen light = 1, amber light = 2, red light = 3 for fat, saturated fat, sugar, and sodium. Total possible score ranges from 4 to 12. Foods were consid-
ered less healthy if the score was = 7.
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3. Healthiness of snacks and beverages assessed by HSR
and NS

The distribution of HSR profile score and NS of snacks
and beverages in Korea and the US is shown in Fig. 3.
Korean chips and cookies had significantly higher HSR
scores, indicating that they were less healthy than US
chips and cookies. Most cookies and chocolate received
0.5 or 1 star. Only one US juice received 3 stars, while all
other snacks and beverages received 2.5 stars or below.
All products analyzed in this study were classified as
‘less healthy, with HSR values below 3.5 out of 5.0 stars.
There were no significant differences in the distribution
of raw NS scores of snacks and beverages between Ko-
rea and the US.

When all three categories were combined, approx-
imately 70% of Korean snacks and beverages had 0.5
stars, compared to 44.7% of US snacks (Fig. 4). For NS,
more than 70% of snacks and beverages in both coun-
tries received an E grade, the least healthy rating, and
especially, 94.7% of Korean snacks received an E grade.
None of the analyzed products qualified for either an A
or B grade.

DISCUSSION

We observed significant differences in the nutritional
profile of popular snacks and beverages between Korea

3
g

and the US. Overall, Korean sweet and salty snacks had
significantly higher protein, fat, saturated fat, and cho-
lesterol than US snacks. Conversely, US products had
significantly larger serving sizes for carbonated drinks,
and higher caffeine content in energy drinks than Kore-
an counterparts.

It was unexpected that Korean snacks were signifi-
cantly higher in fat and saturated fat compared to US
snacks. The median fat and saturated fat content of US
cookies were 20.3 g/100 g and 8.0 g/100 g, respectively,
whereas Korean cookies contained 26.1 g/100 g and 15.1
g/100 g. In a previous study on Polish cookies [39], the
mean fat content was 20.2 g and saturated fat was 9.1 g,
similar to US products but lower than Korean products.
The mean saturated fat content of Tirkiye’s chips and
chocolate was 8.6 and 17.6 g, similar to those of Korean
products [40]. Following successful reduction initiatives
in Korea, most processed foods now report zero trans fat
content per serving. However, reformulation strategies
targeting a single nutrient may lead to unintended in-
creases in other nutrients [41], with particular concern
regarding the potential replacement of trans fats with
saturated fats [42]. Therefore, reformulated products
should be monitored comprehensively, focusing on
multiple nutrients rather than a single nutrient. Further-
more, it is also important to pay attention to the quality
of fat in food products as some oils, such as cold pressed

2 5:3 23.7 0.0 769 0.0 15.8 18.4 15.8 0.0 0.0
. 0
KOR us KOR us KOR us KOR us KOR us
Sugar Fat Saturated fat Sodium Sugar
Snacks Beverages
(n=38) (n=30)

Fig. 2. Distribution of traffic light colors for nutrients in snacks and beverages.

KOR, South Korea; US, United States.
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*P < 0.05, a significant difference between Korea and US by the Mann-Whitney U test.
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Fig. 4. Distribution of HSR and Nutri-Score grade for snacks and beverages.

KOR, South Korea; US, United States.

and extra virgin olive oils, have beneficial health effects
over highly processed oils, such as refined sun flower
and palm oil [43]. Monitoring the type and quality of fats
used in food production is crucial for improving overall
diet quality.

US chips and carbonated drinks had more sodium
than Korean products. We found that US beverages
contained much higher levels of sodium compared to
the beverages of the same brand sold in Korea. Previous
studies have also demonstrated that sodium contents in
US products were higher than in other countries, even
within the same brand [31, 44, 45]. These findings indi-
cate that while US products have achieved notable de-
creases in sodium content [13], there remains potential
for additional sodium reduction efforts.

The caffeine content in energy drinks was significantly
lower in Korea than in the US. The MFDS in Korea has
implemented regulatory policies to reduce excessive
caffeine consumption, particularly among adolescents.
Beverages containing more than 15 mg of caffeine per
100 mL must be labeled as high-caffeine beverages,

https://doi.org/10.5720/kjcn.2024.00290

with the total caffeine content clearly displayed. In ad-
dition, a pilot project was conducted to display warning
messages about caffeine consumption on the shelves
of high-caffeine beverages in convenience stores [46].
These policies may have contributed to the lower caf-
feine content found in Korean energy drinks compared
to the US products.

Serving sizes for carbonated drinks were significantly
larger in the US than in Korea, whereas serving sizes
for chips were larger in Korea than in the US. Large
serving sizes of foods and beverages, particularly ener-
gy-dense snacks, have been shown to increase energy
intake, which may increase the risk of weight gain [47,
48]. Therefore, reducing the serving sizes of snacks and
beverages could serve as an important policy to reduce
obesity rates by regulating energy consumption.

In our study, more than 50% of 38 snacks in both
countries received three of the four possible red lights
according to MTL criteria, only 0.5 or one star by the
HSR system, and more than 70% were graded E by the
NS. Notably, more Korean snacks received lower grades
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by HSR and NS compared to US snacks. A comparative
study on the healthiness of packaged foods and beverag-
es across countries using the HSR system found that the
products in middle-income countries were less healthy
compared to those in high-income countries [31]. They
suggested that high-income countries like the US may
have healthier packaged foods due to greater consumer
demand for nutritious products, more health-focused
policies and programs, and greater food industry initia-
tives to develop healthier products. Therefore, efforts
should be made to improve the nutritional quality of
packaged food products in Korea through policy initia-
tives, industry engagement, and consumer education
programs.

Since 2009, Korea’s MFDS has implemented nutri-
tional standards to identify ‘high-calorie, low-nutrient
foods’ among children’s favorite foods to prevent child-
hood obesity and promote healthy eating habits [49].
However, this policy has several limitations. First, since
the standards are based on serving size, manufacturers
can avoid the ‘high-calorie, low nutrient food’ designa-
tion simply by adjusting serving size. For example, one
standard for snacks is ‘foods exceeding 17 g of sugar and
less than 2 g of protein per serving’ Second, products
can be exempt from the classification if they contain at
least 2 g of protein per serving, even if they are high in
calories, saturated fat, or sugar. This may explain why
Korean snacks tend to have higher protein content com-
pared to US snacks. When these standards were applied
to the products in our study, only five US products and
two Korean products among snacks were classified as
‘high-calorie, low-nutrient foods. Compared to other
FoPNL, this standard does not seem to classify nutrient
quality as strictly. Nevertheless, nearly all carbonated
beverages, energy drinks, and fruit drinks except one
or two in each category were classified as ‘high-calo-
rie, low-nutrient foods’ because they are low in protein
and high in sugar. Third, there is no requirement for
this information to be displayed on product packaging.
Therefore, the policy defining ‘high-calorie, low-nutri-
ent foods’ is unlikely to significantly influence children’s
food choices or promote healthier eating habits. In addi-
tion, Korea introduced a voluntary MTL labeling system
for children’s foods in 2011 [23]. However, participation
by food manufacturers has been limited. Therefore,
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effective strategies are needed to encourage manufac-
turers’ participation in government policies aimed at
both providing healthier food products and facilitating
informed consumer choices.

Recently, the Biden-Harris Administration prioritized
nutrition labeling in the National Strategy on Hunger,
Nutrition, and Health, advocating for the implementa-
tion of a FoPNL [50]. In response, the Food and Drug
Administration is currently proposing a FoPNL system
for foods and beverages ‘high-in’ nutrients associated
with chronic diseases [51]. This initiative is expected to
help Americans more easily understand nutritional in-
formation on food products.

We compared the nutrient content and healthiness of
snacks and beverages popular in Korea and the US and
observed some statistically significant differences. Our
results suggest that food manufacturers in Korea and
the US may need to make positive changes regarding
the quality and serving sizes of snacks and beverages to
reduce the negative health effects of their consumption.

Limitations

Our study has some limitations. We only compared a
limited number of products in each category, so it is dif-
ficult to ensure representativeness. However, we focused
on best-selling products within each category, and the
nutrient content of each category was comparable to the
values published in other studies. Another limitation is
that the nutrient content was extracted from product la-
bels, which may not always accurately reflect the actual
composition of the products. Further research studies
with a larger number of snack and beverage items con-
sumed in each country is needed to improve the scien-
tific validity of our results.

Conclusion

Korean snacks overall had significantly higher lev-
els of protein, total fat, saturated fat, and cholesterol
compared to US snacks. Most snacks and beverages
analyzed in this study were classified as ‘less healthy’
by MTL, HSR, and NS. Our findings suggest that both
Korean and US food manufacturers should improve the
nutritional quality and/or serving size of commonly
consumed snacks and beverages. In addition, policy-
makers in both countries should work to improve the
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presentation of nutrient information on nutrition labels
to assist consumers making healthier food choices.
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Objectives: We aimed to analyze trends in growth and nutrient intake patterns in Korean
toddlers and preschoolers and generate data for international comparisons of early child-
hood growth status.

Methods: Overall, 3,661 children aged 1-4 years were included. This study used the data
from the 5th-8th Korea National Health and Nutrition Examination Survey. The weight-for-
height, height-for-age, weight-for-age, and body mass index-for-age z-scores of the partici-
pants were calculated using the World Health Organization 2006 child growth z-score refer-
ence cutoff points. The 24-hour recall method was used to determine dietary intake, which
was assessed according to the Dietary Reference Intakes for Koreans. All statistical analy-
ses were conducted and weighted according to a complex sample design.

Results: Most Korean toddlers and preschoolers demonstrated normal growth, with an in-
creasing trend noted over the survey period. Concurrently, the prevalence of overweight de-
creased. The mean intake of energy from fat exhibited an upward trend, paralleling that of
protein and fat. Conversely, the intake of several essential micronutrients declined. The
prevalence of nutritional inadequacy showed significant variation throughout the survey pe-
riod: the proportion of inadequacy in carbohydrate intake decreased, whereas those of
iron, vitamin A, thiamin, niacin, and vitamin C increased.

Conclusion: South Korea is making significant progress in supporting toddlers and pre-
schoolers, as evidenced by consistent increases in the proportion of children with normal
growth and decreases in the prevalence of malnutrition. Future research should focus on
exploring dietary patterns and analyzing specific food groups that are essential for promot-
ing optimal growth and nutritional status in children.

Keywords: child; nutritional status; World Health Organization; growth charts

INTRODUCTION

Childhood is a critical period for growth and development that lays the foun-
dation for health and well-being. Adequate nutrition during early childhood is
essential for healthy growth and development [1]. In 2022, an estimated 45.0 mil-
lion children aged < 5 years (6.8%) suffered from wasting, and 13.7 million (2.1%)
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experienced severe wasting. Additionally, in 2019, at
least 340 million children under 5, or one in every two,
had micronutrient deficiencies [2, 3].

Malnutrition in early childhood can have severe and
long-lasting consequences. Wasting in children weak-
ens their immune system, making them more suscep-
tible to illnesses and death. Those who survive often
face growth restrictions and long-term developmental
issues. Micronutrient deficiencies adversely affect sur-
vival, growth, immunity, and brain development [4-6].
Overweight or obese children are likely to suffer from
low self-esteem, poor mental health, and a higher risk
of noncommunicable diseases, such as cardiovascular
disease, in adulthood [7]. Currently, 37 million children
aged < 5 years globally are overweight, marking an in-
crease of almost 4 million since the year 2000 [2]. South
Korea has seen a rise in childhood obesity rates due to
significant socioeconomic changes over the past few
decades that have altered dietary patterns and lifestyle
behaviors, affecting the growth and nutritional status of
children [8]. The prevalence of obesity among children
aged 2-18 years increased from 8.6% in 2001 to 9.8% in
2017 [9].

Changes in the stages of the nutrition transition have
exacerbated disparities in nutrient intake across the
population. The Korea National Health and Nutrition
Examination Survey (KNHANES) data (2009-2011) in-
dicated that children aged 1-5 years from lower-income
households were more likely to have elevated weight-
for-height and faced a higher risk of inadequate intake
of micronutrients such as thiamin and vitamin C com-
pared to their higher-income counterparts [10]. A study
on calcium intake among Korean children and adoles-
cents (aged 1-18 years) revealed that 75.0% experienced
inadequate intake, with the prevalence increasing
significantly from toddlers (45%-55%) to adolescents
(78%-86%) [11].

Undernutrition in Korea appears to have been largely
resolved and is now a primary concern in developing
nations. However, continuous monitoring and analysis
of growth trends and nutrient intake patterns among
Korean children remains essential because of the dy-
namic nature of their dietary habits and lifestyle be-
haviors. We aimed to provide an updated and compre-
hensive analysis of these trends in Korean toddlers and
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preschoolers, contributing to the generation of inter-
nationally comparable data for cross-national research
and policy insights.

METHODS

Ethics statement

Written informed consent was obtained from all partici-
pants and/or their guardians for the survey. The survey
procedures and protocols were approved by the Institu-
tional Review Board (IRB No. 2010-02CON-21-C,
2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-
4C, 2013-12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A,
2018-01-03-2C-A, 2018-01-03-5C-A). The survey was con-
ducted in accordance with the guidelines outlined in the
Declaration of Helsinki.

1. Study design

This cross-sectional study was conducted in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines (https://
www.strobe-statement.org/).

2. Study subjects
This study used nationally representative data from
KNHANES for the following periods: 5th (2010-2012),
6th (2013-2015), 7th (2016-2018), and 8th (2019-2021).
Conducted by the Korea Disease Control and Preven-
tion Agency, KNHANES serves as a national surveillance
system tasked with evaluating the health and nutritional
status of Koreans. It gathers comprehensive data regard-
ing participants’ demographic, social, health, and nutri-
tional statuses through three primary surveys: a health
interview, health examination, and nutrition survey [12].
The sampling plan utilized a stratified multistage
clustered probability sampling design. This study con-
centrated on toddlers and preschoolers aged 1-4 years
(n = 3,859). Participants lacking height, weight, house-
hold, or nutritional intake data (n = 162) and those with
implausible energy intake (< 1st and > 99th percentile,
n = 36) were excluded, yielding a final sample of 3,661
toddlers and preschoolers.

3. Anthropometric assessment

Height and weight were measured following a standard-
ized protocol during health examinations. Participants
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wore light clothing without shoes, and their weight was
measured to the nearest 0.1 kg using a GL-6000-20 scale
(G-Tech International Co., Ltd.). The height was mea-
sured to the nearest 0.1 cm. The caregivers were asked to
remove the children’s socks, shoes, and hair ornaments
before the measurements. Children who could stand
were measured using a seca 274 (seca), whereas those
aged < 2 years were measured in the supine position
using a seca 416 (seca). The World Health Organization
(WHO) 2006 child growth z-score reference cutoff points
were used to classify children’s growth and nutritional
status [13, 14]. The weight-for-height z-scores (WHZ),
height-for-age z-scores (HAZ), weight-for-age z-scores
(WAZ), and body mass index (BMI)-for-age z-scores
(BAZ) were calculated using the WHO Anthro software
(version 3.2.2; WHO) [15]. The WHO classification is as
follows:

a. Nutritional status based on WHZ
Wasted: < -2

Normal: > -2 to 2

Overweight: > 2

b. Nutritional status based on HAZ
Stunted: < -2

Not stunted: > -2

c. Nutritional status based on WAZ
Underweight: < -2

Normal: > -2 to 2

Overweight: > 2

d. Nutritional status based on BAZ

Wasted: < -2

Normal: > -2 to 2

Overweight: > 2

4. Nutritional assessment

The nutritional survey employed a 24-hour recall meth-
od. Nutrient intake was evaluated based on age-specific
intake reference values from the 2020 Dietary Reference
Intakes for Koreans (KDRIs) and the 2010 KDRIs for vi-
tamin A intake during the 5th and 6th surveys [16, 17].
The prevalence of nutrient inadequacy was determined
as the percentage of children whose nutrient intake fell
below the estimated average requirement (EAR). The
EARs used in this study are shown in Table 1.
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5. Statistical analysis

Sample weights were derived using a complex survey
design, nonresponse rate, and post-stratification, then
applied to all analyses to represent the Korean pop-
ulation. Data are presented as weighted percentages
and standard errors (SE) for categorical variables, and
weighted mean and SE for continuous variables. Gen-
eral characteristics were analyzed using the Rao-Scott
chi-square test for categorical variables and analysis
of variance for continuous variables, with subsequent
Bonferroni testing if significant differences were detect-
ed. Complex sample analysis employed the Rao-Scott
chi-square test to compare children’s growth status dis-
tribution and nutrient intake below the EAR based on
survey timing. Linear trends were analyzed using a Gen-
eral Linear Model for continuous variables and Logistic
Regression for categorical variables to assess changes in

Table 1. Dietary reference intakes for Korean children aged 1-4
years

Nutrients Age (year)
1-2 3-5

Total energy (kcal/d) 900 1,400

From protein (%) 7-20 7-20

From carbohydrate (%) 55-65 55-65

From fat (%) 20-35 15-30
Protein (g/d) 15 20
Carbohydrate (g/d) 100 100
Calcium(mg/d) 400 500
Phosphorus (mg/d) 380 480
Iron (mg/d) 4.5 5
Vitamin A

7th-8th survey (ug RAE/d) 190 230

5th-6th survey (ug RE/d) 200 230
Thiamin (mg/d) 0.4 0.4
Riboflavin (mg/d) 0.4 0.5
Niacin (mg NE/d) 4 5
Vitamin C (mg/d) 30 35

All nutrient intakes were evaluated based on the 2020 dietary refer-
ence intakes for Koreans, except for vitamin A in the 5th-6th surveys,
which were assessed using the 2010 dietary reference intakes for
Koreans. The estimated average requirements (EAR) were used for all
nutrients except total energy, which was compared with the estimated
energy requirements (EER). Energy from the three macronutrients
was compared with the acceptable macronutrient distribution range
(AMDR).

RAE, retinol activity equivalent; RE, retinol equivalent; NE, niacin equiv-
alent.
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consumption and growth status over time. All analyses
were conducted using IBM SPSS software version 27
(IBM Co.). The level of statistical significance was set at
a=0.05.

RESULTS

1. Sociodemographic characteristics

Table 2 summarizes the sociodemographic characteris-
tics of the participants. The distribution trend over the
survey period was observed for household income (P <
0.001). This study included toddlers and preschoolers,
with 47.4% aged 1-2 years and 52.6% aged 3-4 years.
The gender distribution showed that 51.4% of the par-
ticipants were boys. Based on geographical distribution,
more than half of the children (85.8%) resided in urban
areas, whereas 14.2% lived in rural regions. Moreover,
40.6% of participants were from lower-income house-
holds, while 59.4% belonged to upper-income house-
holds. Household income trends indicated an increase
in the upper-income category and a decrease in the
lower income.

2. Nutritional characteristics
Anthropometric data revealed significant patterns of
physical growth across the survey period, as shown

in Table 3. Both height (P < 0.01) and weight (P <0.05)
significantly increased during the survey period. How-
ever, only height showed a consistent upward trend (P
< 0.001), with an average value of 94.6 cm. Weight aver-
aged 14.7 kg but did not show a clear upward trend. BMI
analysis revealed a significant decrease (P < 0.001) over
time, which was consistent with the observed decreas-
ing trend (P < 0.001). The mean BMI was 16.3, indicat-
ing a reduction in BMI over the survey duration.

Statistically significant differences were noted in nu-
trient intake during the survey period. These differences
were marked in total energy derived from protein (P
< 0.01), carbohydrate (P < 0.001), and fat (P < 0.001),
as well as in the intake of protein (P < 0.01), fat (P <
0.001), calcium (P < 0.05), phosphorus (P < 0.01), iron
(P < 0.001), vitamin A (P < 0.001), thiamin (P < 0.001),
riboflavin (P < 0.001), niacin (P < 0.05), and vitamin C
(P < 0.01). Increasing trends were noted in the intake of
total energy (P < 0.05), total energy derived from fat (P <
0.001), protein (P < 0.05), and fat (P < 0.001) during the
survey period. Conversely, the total energy derived from
carbohydrates (P < 0.001) and most micronutrients
showed declining trends over time, especially phospho-
rus (P < 0.001), iron (P < 0.001), vitamin A (P < 0.001),
thiamine (P < 0.001), niacin (P < 0.001), and vitamin C (P
<0.001).

Table 2. Sociodemographic characteristics of Korean children aged 1-4 years across survey periods (n = 3,661)

Survey period

Variables P-value”
Total 5th (2010-2012) 6th (2013-2015) 7th (2016-2018) 8th (2019-2021)

Age (year) 0.072
1-2 47.4 (0.9) 51.1 (1.8) 471 (1.7) 46.9 (1.8) 43.9 (2.3)
3-4 52.6 (0.9) 48.9 (1.8) 52.9 (1.7) 53.1(1.8) 56.1(2.3)

Gender 0.931
Boy 51.4 (0.9) 52.4 (1.8) 51.4 (1.8) 50.8 (1.7) 50.9 (2.3)
Girl 48.6 (0.9) 47.6 (1.8) 48.6 (1.8) 49.2 (1.7) 49.1 (2.3)

Region 0.447
Urban 85.8(1.2) 85.3(2.3) 83.7 (2.6) 85.6 (2.7) 89.3 (1.9)
Rural 14.2 (1.2) 14.7 (2.3) 16.3 (2.6) 14.4 (2.7) 10.7 (1.9)

Household income® <0.001
Lower 40.6 (1.1) 47.8 (1.9) 36.3(2.1) 41.4(2.1) 36.5 (2.7)
Upper 59.4 (1.1) 52.2 (1.9) 63.7 (2.1) 58.6 (2.1) 63.5 (2.7)

% (SE).

All values were weighed and analyzed considering the complex sample design.

By Rao-Scott chi-square test.

2Household income based on the KNHANES standards (lower: lower to middle lower, Upper: middle upper to upper).
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Table 3. Nutritional characteristics of Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value® P-trend®
(2010-2012) (2013-2015) (2016-2018) (2019-2021)

Anthropometry
Height (cm) 94.6+0.1 93.6+0.3 94.4+0.3° 94.7+0.3" 96.0 + 0.4° 0.001 <0.001
Weight (kg) 14.7 £ 0.0 14.7+0.1° 146 +0.1° 145+0.1° 15.0 £+ 0.1° 0.041  0.135
BMI 16.3+0.0 16.6 + 0.0° 16.2 + 0.0° 16.1+0.0° 16.2+0.0° <0.001 <0.001

Nutrient intake
Total energy (kcal/d) 1216.4+81 1,196.3+174 12047 +14.1 12262+140 1,2436+19.4 0210 0.043
From protein (%) 13.6 £ 0.0 13.8+0.1° 13.3+0.1° 135+04*"  139+0.1° 0.009  0.545
From carbohydrate (%) 62.7 + 0.1 63.9+0.3° 63.1+0.3° 63.3+0.3° 60.1+0.4° <0.001 <0.001
From fat (%) 23.2+01 225+0.3° 229+0.2° 226+0.2° 25.3+0.3° <0.001 <0.001
Protein (g) 41.4+0.3 41.2+0.7°  40.0+0.6" 41.2+05®  435+0.9° 0.005  0.029
Carbohydrate (g) 1901+13  1904+28  190.0+24  1935+23  1858+3.0 0114  0.500
Fat (g) 31.8+0.3 30.4 +0.6° 30.8+0.5° 31.3+0.5° 35.4+0.8° <0.001 <0.001
Calcium(mg) 450.9+55  483.0+12.9° 4233+95° 4574+89° 4382+12.0° 0.035 0.066
Phosphorus (mg) 7265+59  781.8+13.0° 704.7+105° 7049+9.4° 7129+146° 0.001 <0.001
Iron (mg) 6.7+ 0.0 7.0+0.1° 8.0+0.1° 6.4 +0.1c 52+02° <0.001 <0.001
Vitamin A (ug RAE)® 376.7 +6.9 4418 +13.9° 4271+16.6° 324.8+9.9° 297.0+12.6° <0.001 <0.001
Thiamin (mg) 0.86 £ 0.0 0.78 £ 0.0° 1.0+0.0° 0.84 +0.0° 0.70+0.0° <0.001 <0.001
Riboflavin (mg) 1.0+0.0 1.0+0.0° 0.92 +0.0° 1.1+0.0° 11+0.0° <0.001 <0.001
Niacin (mg NE) 75+0.0 8.0+0.1° 7.7+0.1° 70+0.1° 7.2+0.2° 0.012 <0.001
Vitamin C (mg) 635+14 74.5 +3.3° 68.7 +3.2° 50.8 + 1.8° 58.9 +3.0° 0.001 <0.001

Mean + SE. Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

BMI, body mass index; RAE, retinol activity equivalent; NE, niacin equivalent.

1’By ANOVA (P < 0.05 followed by a Bonferroni test).
2By General Linear Model.
I5th & 6th survey measured vitamin A in RE (n = 2,101).

3. Dietary assessment
Table 4 shows notable variations in the prevalence of
nutritional inadequacy for carbohydrate (P < 0.05), cal-
cium (P < 0.05), iron (P < 0.001), vitamin A (P < 0.001),
thiamin (P < 0.001), riboflavin (P < 0.01), niacin (P <
0.001), and vitamin C (P < 0.001). The prevalence of
carbohydrate inadequacy decreased, whereas inade-
quacy in iron (P < 0.001), vitamin A (P < 0.001), thiamin
(P < 0.01), niacin (P < 0.001), and vitamin C (P < 0.01)
increased. The average number of micronutrients con-
sumed below the EAR was 2.17. Among Korean children
aged 1-4 years, the prevalence of micronutrient inad-
equacy based on EAR showed a statistically significant
increasing trend over the survey periods (P < 0.001 for
differences, P-trend = 0.006).

Trends in total energy and fat intake among Korean
children aged 1-4 years were examined (Table 5). The
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proportion of children consuming less than the esti-
mated energy requirement remained relatively stable
over the survey period, ranging 46.1%-49.0%. However,
the proportion of children consuming fat below the
acceptable macronutrient distribution range (AMDR)
decreased significantly from 27.1% in the 5th survey
to 14.3% in the 8th survey (P < 0.001). Conversely, the
proportion of children with excessive fat intake (above
the AMDR) increased significantly from 11.2% in the 5th
survey to 18.2% in the 8th survey (P < 0.01).

4. Growth assessment

Table 6 presents the distribution of growth status among
Korean children, classified by WHO z-scores throughout
the survey periods. The overall average HAZ score was
approximately zero (-0.01), indicating normal height-
for-age growth with slight improvements in subsequent
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Table 4. Trends in inadequate nutrient intakes based on EAR among Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value”  P-trend?
(2010-2012) (2013-2015) (2016-2018) (2019-2021)

Proportion of inadequay3’
Protein 3.3(0.3) 3.5(0.7) 4.3(0.7) 2.7 (0.5) 2.4 (0.5) 0.181 0.102
Carbohydrate 7.2 (0.5) 8.6 (1.2) 8.7 (1.0) 6.1 (0.8) 5.0 (1.0) 0.024 0.006
Calcium 58.2 (1.0) 53.9 (2.0) 61.2 (1.8) 57.5 (1.8) 60.4 (2.6) 0.049 0.118
Phosphorus 12.8 (0.7) 10.2 (1.1) 14.4 (1.3) 13.9 (1.3) 12.8 (1.5) 0.090 0.175
Iron 32.1(0.9) 30.0(1.8) 18.6 (1.4) 30.7 (1.8) 53.3(2.5) <0.001 <0.001
Vitamin AY 31.8 (1.0) 25.3(1.6) 24.4 (1.5) 38.1(1.8) 41.4 (2.7) <0.001 <0.001
Thiamin 10.5 (0.6) 13.3(1.2) 2.6 (0.6) 9.3 (1.0) 18.4 (1.9) <0.001 0.003
Riboflavin 8.9 (0.6) 9.7 (1.1) 12.0 (1.2) 6.6 (0.9) 6.8 (1.2) 0.002 0.007
Niacin 20.3(0.8) 15.8 (1.5) 17.9 (1.3) 23.1(1.5) 25.4(2.1) <0.001 <0.001
Vitamin C 43.0 (1.0) 34.7 (2.0) 44.6 (1.9) 49.0 (1.8) 43.6 (2.5) <0.001 0.001

No. of inadequate micronutrient?  2.17 + 0.0 1.92 + 0.0° 1.95+0.0° 228+0.0° 262+0.0° <0.001 0.006

% (SE) or Mean * SE. Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

EAR, estimated average requirement.

By Rao-Scott chi-square and ANOVA (P < 0.05 followed by a Bonferroni test).

?By Logistic Regression.

*The proportion of the population at higher risk of inadequacy was estimated as the proportion of children with intakes below the EAR.
Y5th-6th survey used 2010 dietary reference intakes for Koreans with vitamin A measured in RE (n = 2,101), while 7th-8th surveys using 2020
dietary reference intakes for Koreans with vitamin A measured in RAE (n = 1,560).

®The number of micronutrients consumed below the EAR.

Table 5. Trends in energy and fat intake relative to EER and AMDR among Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value® P-trend®
(2010-2012) (2013-2015) (2016-2018) (2019-2021)
Total energy
< EER? 47.8 (1.0) 48.7 (1.8) 49.0 (1.8) 472 (1.8) 46.1(2.3) 0.696 0.297
Fat energy
< AMDR" 235 (0.8) 274 (1.7) 256 (1.5) 25.1 (1.5) 14.3 (1.8) <0.001 <0.001
> AMDR? 12.7 (0.7) 11.2 (1.3) 11.0(1.1) 11.4(1.1) 18.2 (2.0) 0.001 0.005
% (SE).

All values were weighed and analyzed considering the complex sample design.
EER, estimated energy requirement; AMDR, acceptable macronutrient distribution range.

"By Rao-Scott chi-square.

?By Logistic Regression.

9< 900 kcal for 1-2 years and < 1,400 kcal for 3-4 years.
Y< 20% for 1-2 years and < 15% for 3-4 years.

9> 35% for 1-2 years and > 30% for 3-4 years.

survey periods. The WAZ remained constant with min-
imal fluctuations, showing higher scores in the initial
and final surveys. The WHZ and BAZ showed decreas-
ing trends over time, suggesting a decline in the preva-
lence of overweight. This analysis underscores the gen-
erally stable growth patterns with notable reductions
in overweight-related metrics (i.e., WHZ and BAZ) over

https://doi.org/10.5720/kjcn.2024.00241

time (P < 0.01).

Among the 3,661 children included in the studies,
over 90% were categorized as having “Normal” growth,
representing the majority of the study participants. The
prevalence of wasting (WHZ < -2) ranged 0.35%-0.44%.
Over time, the proportion of children with normal
growth status increased, reaching its peak in the 7th
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Table 6. Growth assessment of Korean children aged 1-4 years based on WHO z-score” classification of child growth (n = 3,661)

Survey period

Growth assessment Total 5th 6th 7th sth P-value”  P-trend?
(2010-2012) (2013-2015) (2016-2018) (2019-2021)
Weight-for-height z-score
Mean score 046+0.0 067+0.0° 045+0.0° 0.32+0.0° 042+0.0° <0.001 0.007%
Wasted (< -2) 0.35(0.1) 0.27 (0.1) 0.33(0.2) 0.44 (0.3) 0.35(0.2) 0.010 <0.001"
Normal (2 -2 to 2) 93.6 (0.5) 90.6 (1.2) 94.5 (0.8) 94.9 (0.8) 94.5 (1.1)
Overweight (> 2) 6.1 (0.5) 9.1 (1.2) 5.2 (0.8) 4.7 (0.7) 5.1 (1.0)
Height-for-age z-score
Mean score -0.01+0.0 -0.08+0.0° -0.02+0.0° -0.05+0.0° 0.13+0.0° <0.001 0.095
Stunted (< -2) 1.3(0.2) 1.4 (0.4) 1.5 (0.4) 1.8 (0.5) 0.34 (0.2) 0.102  <0.001
Not stunted (= 2 to >2) 98.7 (0.2) 98.6 (0.4) 98.5 (0.4) 98.2 (0.5) 99.7 (0.2)
Weight-for-age z-score
Mean score 0.33+0.0 043+0.0° 0.31+0.0° 020+0.0° 0.38+0.0° 0.004 0.848
Underweight (< -2) 0.17 (0.1) 0.24 (0.2) 0.09 (0.1) 0.34(0.2) 0 0.315 0.070
Normal (2 -2 to 2) 96.0 (0.4) 95.1 (0.9) 96.8 (0.6) 96.3(0.6) 95.5 (1.0)
Overweight (> 2) 3.9(0.4) 4.7 (0.8) 3.1(0.6) 3.3(0.6) 4.5 (1.0)
BMI-for-age z-score
Mean score 0.48+0.0 069+0.0° 046+0.0° 034+00° 042+0.0° <0.001 0.002
Wasted (< -2) 0.40 (0.1) 0.27 (0.1) 0.33(0.2) 0.44 (0.3) 0.59 (0.3) 0.001  <0.001
Normal (2 -2 to 2) 92.6 (0.5) 89.0 (1.2) 93.5(0.9) 94.4 (0.8) 93.6 (1.1)
Overweight (> 2) 7.0 (0.5) 10.8 (1.2) 6.2 (0.9) 5.2 (0.8) 5.8 (1.1)

Mean + SE or % (SE). Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

WHO, World Health Organization; BMI, body mass index.
Y2006 WHO child growth z-score reference cutoff point.

2

By General Linear Model.

)
3)
'By Logistic Regression.

4

survey at 94.9%. The prevalence of overweight children
(WHZ > 2) exhibited a significant decreasing trend (P <
0.001), peaking at 9.1% in the 5th survey, then declining
to 5.2% in the 6th survey and 4.7% in the 7th survey, be-
fore slightly increasing to 5.1% in the 8th survey.

Children with not-stunted growth status (HAZ > -2)
were much more frequent than those with stunted
conditions, with the prevalence of stunting (HAZ < -2)
decreasing from 2010 to 2021 (P < 0.001). The estimated
prevalence of stunting was 1.3%, marginally higher than
other undernutrition categories, which all registered
below 1%: underweight (WAZ < -2) at 0.17%, and wast-
ing (BAZ < -2) at 0.40%. Overweight children ranged
3.9%-7.0% in the overall growth analysis.

The distribution of BAZ among Korean children indi-
cated that the proportion classified as normal condition
steadily increased from the 5th survey (89.0%) to the 7th
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By Rao-Scott chi-square test or by ANOVA (P < 0.05 followed by a Bonferroni test).

survey (94.4%), but slightly declined in the 8th survey
(93.6%). The prevalence of overweight children based
on the BAZ (P < 0.001) showed a decreasing trend, with
a peak of 10.8% in the 5th survey, declining to 6.2% in
the 6th and 5.2% in the 7th surveys, and a slight increase
to 5.8% in the 8th survey.

DISCUSSION

This study utilizes the WHO child growth z-score clas-
sification and nutrient intake data to provide a compre-
hensive overview of growth and nutrient intake trends
among Korean toddlers and preschoolers. A total of
3,661 participants aged 1-4 years were included. Most
Korean children generally exhibited normal growth,
with an increasing trend observed over the survey pe-
riod, accompanied by a decline in the prevalence of
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overweight children. An increasing trend was also noted
in total energy intake, energy derived from fat, and con-
sumption of macronutrients, particularly protein and
fat. Anthropometric data collected during the survey pe-
riod indicated significant trends in the physical growth
of the population. However, a decreasing trend in the
intake of several micronutrients, along with changes in
macronutrient trends, suggests a potential shift in di-
etary patterns among Korean children.

While both height and weight showed significant
increases, the decline in BMI suggests that energy
and protein intake primarily supported linear growth
(height) rather than contributing to overweight preva-
lence. This finding aligns with that of Puentes ef al. [18],
who found that an increase in energy intake, especially
from protein sources, was a critical factor in promoting
linear growth and weight gain among children aged
6-24 months in Guatemala and the Philippines, where
chronic undernutrition is prevalent. Although Korean
children generally do not experience chronic undernu-
trition, the observed trends in their height growth sug-
gest that protein consumption plays a significant role in
promoting linear growth and mitigating the prevalence
of overweight in the context of relatively adequate nutri-
tion. A systematic review of social protection programs
indicated that while income transfers could positively
impact height-for-age, the effect was minor and not
statistically significant unless protein intake increased
significantly [19]. This finding supports the idea that
higher protein intake could promote increased height in
children, as observed in this study. Proteins and amino
acids are crucial for linear growth, facilitating tissue de-
velopment, and supporting metabolic demand. Proteins
enhance the production of hormones, such as insulin
and insulin-like growth factor (IGF)-I, which promote
skeletal growth through endochondral ossification.
Amino acids also play a vital role in the normal growth
and formation of the extracellular matrix by chondro-
cytes, which is essential for skeletal tissue formation
[20, 21]. Fat is an important energy source for normal
growth, brain development, and the absorption of
fat-soluble vitamins, while also influencing growth-re-
lated hormones, such as growth hormone and IGF-I [20,
22].

This study identified several issues related to mi-

https://doi.org/10.5720/kjcn.2024.00241

cronutrient intake among Korean toddlers and pre-
schoolers. The number of inadequate micronutrients
increased significantly during the study period. These
data highlight the trend of declining micronutrient
intake adequacy, particularly for iron, vitamin A, thi-
amine, niacin, and calcium. These findings indicate
the need for targeted nutritional interventions and
education to improve dietary patterns and address the
increasing risk of micronutrient deficiency in Korean
toddlers and preschoolers. Concurrently, the increased
intake of protein and energy from fat (P < 0.001) sug-
gests dietary shifts that may compromise the consump-
tion of micronutrient-rich food sources. As children age,
their calcium consumption increases because calcium
is vital for bone development, especially during growth
periods [23]. However, the declining trend in calcium
intake with age appears to be linked to children’s tran-
sition from a diet primarily centered on milk or formula
to a more diverse diet, potentially reducing calcium-rich
food sources [11].

The proportion of participants with inadequate in-
take of iron, vitamin A, thiamine, niacin, and vitamin C
demonstrated an increasing trend. Globally, the prev-
alence of iron deficiency in children aged < 15 years
rose by 5.52% between 1990 and 2019 [24]. Stevens et
al. [5] observed that the prevalence of iron deficiency in
Korean preschool children aged 6-59 months (32.1%)
exceeded that in children in the UK (31%), Nepal (27%),
and Mexico (18%). This study also noted deficiencies
in micronutrients, such as vitamins A and C, which can
impede iron absorption. Anemia, a frequent clinical
outcome of iron deficiency, impairs children’s cognitive
development, delays motor development, and reduces
their physical functioning and quality of life [25].

In accordance with the 2018 WHO-UNICEF classifi-
cation and its predefined prevalence threshold [26], the
incidence of wasting in Korea is considered very low,
with a threshold of < 2.5% and an observed rate of 0.2%.
In this study, 0.4% of the participants were classified as
having wasting conditions (WHZ < -2). Children with
overweight status (WHZ > 2) accounted for 5.1% of the
participants and were categorized as medium according
to the prevalence threshold. Interestingly, this preva-
lence was slightly lower than the model estimate of 5.4%
reported in the 2023 Joint Child Malnutrition Estimates

487



Annisa Turridha and Jae Eun Shim

(JME) [2]. The prevalence of stunting (HAZ < -2) in this
study was 0.3%, which was lower than the 1.7% model
estimate reported by the JME in 2023 [2].

The prevalence of wasting among Korean children
aged < 5 years has remained low, ranging from 0.3% in
2010-2013 to 0.4% in 2017-2018, significantly lower than
that in other Asian countries. In 2022, wasting preva-
lence was 5.0% in Japan, 2.3% in China (2013), 4.3% in
Iran (2017), and 14.3% in Bangladesh (2014) [2, 27-29].
Korean children’s growth, measured by BAZ scores,
showed changes over the survey periods. The proportion
of children with normal growth increased from the 5th
to the 7th survey but slightly decreased in the 8th survey,
while the overweight prevalence decreased overall but
rose to 5.8% in the 8th survey. In contrast, overweight
rates among children have significantly risen in other
countries [30, 31]: Indonesia (6.2%-16.5% between 2003-
2007), Germany (2.2%-3.0% between 2013-2018), Bel-
gium (9.0%-12.9% between 1999-2006), Cyprus (14.1%-
19.9% between 1999-2016), and Italy (25.4%-37.3%
between 1999-2010). However, despite these trends, its
prevalence in Korea remains relatively low.

The prevalence of overweight children declined from
the 5th to the 7th survey but exhibited a slight increase
in the 8th survey, likely attributable to the coronavi-
rus disease 2019 pandemic during 2019-2021. Similar
trends were observed in Austrian children under 14.4
years, with the prevalence of overweight rising from
16.7% to 20.7%. The pandemic has had significant
health, social, and economic impacts, including in-
creases in sedentary lifestyles and calorie consumption.
Lockdowns, the prohibition of team sports, and restric-
tions on physical activity have contributed to a rise in
overweight [32]. The prevalence of overweight among
children aged < 5 years in Korea is relatively lower than
that in other countries, such as Egypt, where the preva-
lence is 17% [33].

While the increasing trend of children with normal
growth status across survey periods in Korea indicates
a generally stable baseline in terms of health and nutri-
tion, disparities influenced by socioeconomic factors,
community well-being, healthcare effectiveness, and
environmental conditions remain [34]. Studies have
consistently shown that higher socioeconomic status
(SES) is associated with better nutritional outcomes,
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such as increased consumption of healthy foods and
adherence to dietary recommendations. Conversely,
lower SES restricts food choices and elevates the risk of
nutritional inadequacy [35, 36]. For instance, a Finnish
study found higher fruit consumption among children
from families with higher SES [36], while research from
Indonesia, Australia, and Canada demonstrated a
strong correlation between household income and the
prevalence of childhood overweight [37-39]. In South
Korea, children from low-income families tend to be
overweight and deficient in micronutrients, whereas
those from higher-income families generally have lower
BMI and exhibit better adherence to dietary guidelines
[10, 40]. These findings underscore the critical need for
in-depth research to tackle health inequities driven by
socioeconomic disparities and to develop targeted in-
terventions for vulnerable populations.

Limitations

This study encountered several limitations. Firstly,
the dietary data were collected using the 24-hour re-
call method, which might not accurately reflect the
participants’ usual intake. Additionally, since dietary
information was obtained from primary caregivers, it
might not fully encompass meals consumed outside
the home, such as in kindergartens or daycare centers.
Consequently, the data may not fully represent chil-
dren’s total food intake. Moreover, in Korea, nutrient
intake standards are revised every 5 years. Although
this study analyzed data spanning a 12-year period to
observe trends in nutrient consumption and growth,
the findings were compared only with the latest KDRIs.
This approach was adopted to avoid inconsistencies in
the trend analysis due to variations in the survey years
not explicitly addressed. However, an exception was
made for vitamin A, for which dietary assessment was
based on both the 2010 and 2020 KDRIs, necessitated
by the update of the standard unit for vitamin A in 2015.
Despite these limitations, this research is of significant
importance as it utilizes nationally representative data
and explores long-term trends in growth and nutritional
intake among the Korean population.

Conclusion
This study underscores the necessity of ongoing moni-
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toring and analysis of dietary patterns and growth trends
in Korean children to tackle evolving dietary habits and
lifestyle modifications. Although most Korean children
exhibit normal growth, shifts in dietary patterns, such
as increased energy intake from fat and reduced micro-
nutrient consumption, are concerning. Future research
should concentrate on detailed examinations of dietary
patterns, including specific food groups and their asso-
ciation with SES, to pinpoint the factors that influence
optimal nutrition in Korean children. Additionally, ex-
ploring the impact of micronutrient intake on growth
patterns and related food behaviors can yield valuable
insights. These initiatives are vital for crafting targeted
interventions and policies that foster optimal nutrition
and healthy growth in all children, thereby reducing
disparities and combating malnutrition.
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Primary care nutrition education for type 2 diabetes

Objectives: We investigated the impact of an advanced “Nutrition Education Program” on patients with Diabetes mellitus, type 2
from public health centers enrolled in a primary health care-based chronic disease management project. This 12-week dietary man-
agement program was developed by the Korea Health Promotion and Development Institute. We assessed if this program improved
glycemic control and other health indicators through dietary and nutritional improvements.

Methods: Seventeen patients with Diabetes mellitus type 2 were enrolled in the “Nutrition Education Program.” These patients were
referred to public health centers for lifestyle management based on physician assessments at local clinics that were participating in
a pilot project on primary health care-based chronic disease management. The participants attended the program comprising face-
to-face basic, in-depth, and practical training sessions at the health center during the third, fifth, and seventh weeks, respectively.
Anthropometric measurements, body composition analysis, blood biochemical characteristics, nutritional knowledge, and self-effica-
cy evaluation were performed before and after the program. Data were analyzed using SPSS ver. 28.0.

Results: The mean age of the participants was 62 years, and most participants were female (14, 82.4%). No significant changes in
patients’ anthropometric measurements or body composition were observed after the training. However, significant reductions were
observed in the blood biochemical characteristics, including glycated hemoglobin, total cholesterol, and low-density lipoprotein lev-
els. Additionally, patients’ nutritional knowledge and self-efficacy scores increased significantly.

Conclusions: The “Nutrition Education Program” helped in improving glycemic control and other health indicators in patients with Di-
abetes mellitus type 2. Further research is required to objectively confirm the long-term and sustained effects of the program in a

controlled study.

Trial Registration: Clinical Research Information Service Identifier: KCTO010010.

Keywords: primary health care; chronic diseases; diabetes mellitus, type 2; glycemic control; education
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METHODS

Ethics statement

The informed written consent was obtained from each
participant. The study protocol was approved by the Insti-
tutional Review Board of Kyung Hee University (approval
number: KHGIRB-21-474) and the Clinical Research Infor-
mation Service (approval number: KCT0010010).
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Nutrition Education Program

Conducting education After education

—9 Public Health Center
CLNICO
II II Local Clinic Before the education
Screening Request

Investigation of basic patient
:: “ and using nutrition education
and counseling log.
Conduct nutritional status
assessment for each disease.

information. body measurement

Operating a dietary management
program (3 sessions of education
and practical training, and 2
individual counseling sessions).

* Conducting the final nutritional
assessment. —

-

* Conduct customized management.

»

 Providing information to the
participants regarding the
educational outcomes.

Reply

Fig. 1. Procedure for nutrition education program in collaboration between a clinic and public health center.
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Table 1. 12-Week dietary lifestyle management program for diabetes patients

Week

Section

Content

Method

5"

7™

10

11

12

Pre-assessment and evaluation
(D Customized management

1st basic nutrition education

(@ Customized management

2nd in-depth nutrition education

@ Customized management

3rd practical training”

@ Customized management

4th individual consultation

(® Customized management
(® Customized management

5th individual consultation

¢ Conducting a nutritional status assessment

 Subject basic information and dietary habits survey, etc.

» Guidance for the first session of nutritional education

¢ Encouragement for participation, and the like

* Implementation of basic education

[The Basic principles of dietary management for diabetic patients]
- Diabetes mellitus etiology

- The significance of dietary therapy

- Diabetes and its complications

- Eating a balanced diet regularly

* Results of the first education and personalized management feedback
* Guidance on the second session of nutritional education

* Blood sugar check

¢ Conduct in-depth training

[Blood glucose management in special circumstances]

- When sick, when exercising, and blood sugar management

- Symptoms and management of hypoglycemia

- Considerations for popular folk remedies, etc.

¢ Results feedback from the second session of education and personalized

management
* Guidance on the third session of nutritional practicum education
* Education content reminding
» Guidance for the Third Session of nutritional practical training
[Diabetes taste testing event]
- Portion control experiment with personal meal size
- Exploring adequate meal portions for myself
¢ Personal consultation guide
* Blood sugar check
* Conduct individual education and counseling

* Results feedback from the fourth session of counseling and personalized

management
* Counseling content reminding
¢ Question and answer session
* Personal consultation guide
* Blood sugar check
» Conducting individual education and counseling
¢ The end of the program
 Final management results feedback

Online

Online

Face to face

Online

Face to face

Online

Face to face

Online

Online

Online

Online

Online

"The weeks indicate the “nutrition education program” included in the dietary management program.

71 &l KMO (Kaiser-Meyer-Olkin)@} Bartlett®] T84 44
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T4 A AN E Fou| AEAA 7 245 AoR

=
A
A

4. SAEN

28 (IBM Corp.)S o]-&sto] 4519t 7& BA%:
(mean)¥} FZFHA}(standard deviation), n (%)E HEA|5FT}.

H oA A= 2E glo]E]= IBM SPSS Statistics version
o W\

R o=

Upepge
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1178(64.7%), BT 9]0 &3h= thdAhs 57(29.4%)°1 ATt AARE AZA] Gt 22 7.78004 10.08 0.2 55
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Table 2. Baseline characteristics of patients
& Table 33} o). IAAES] A%, BMI (g/om), it >

(cm) 2 xﬂ 2 dF(body fat mass, kg), AAHHE(%), LSF(kg) !z)r(lable Participant (n = 17)
£ 1% Ao fojuie WskE ®olA] gokeh. ET SBP ke 3176)
(rnran), DBP (mmHg)o| A = -9l ugt k7t ¢lict. Female 14 (82.4)
Age (year) 62.71 £ 6.56

3. SHAMSISHY EN 19-64 10 (58.8)
taAte] EAAsetE EAL W8 A9 AH= Table 4 > 65 7(412)
ot Zo} el A Bel 78 A 6.5%0 4 TS T 6.4%E Classification of obesity”
0.15% ZrAsto] EA o2 g-olu|st HslE HITHP < 0.05). Normal 1(5.9)

]QO]]E % ZYAHE X 79 A 166.4 mg/dLo A 1S Overweight 11 (64.7)

% 151.9 mg/dLO 2 AT -S| AEZ 2= 82.6 mg/dLoﬂ Obesity 5 (29.4)

n (%) or Mean + SD.
A1 56.9 mg/dLE A4S, EAHCRE Foju|dh HslE B 1’l\(l(:zmal 18.5 kg/m*-22.9 kg/m’; overweight, 23 kg/m°-24.9 kg/m>;

AHP < 0.05). I8 35EE, 14e-SYAHE 4 4 obesity, > 25 kg/m?.

Table 3. Changes in anthropometric and body composition characteristics after diabetes education
Participant (n = 17)

Variable P-value”
Before After

Weight (kg) 63.5+10.3 63.7 £ 10.8 0.918
BMI (kg/m?) 251 +2.3 251+25 0.850
Waist circumference (cm) 88.3+73 89.1+8.1 0.582
Body fat mass (kg) 21.8+5.8 21.0+5.6 0.231
Percent body fat (%) 33.4+39 33.1+4.0 0.209
Muscle mass (kg) 38.4+6.2 38.7+6.4 0.378
SBP (mm/Hg) 117.7 £ 11.0 116.9 + 135 0.850
DBP (mm/Hg) 71.2+78 712 +19.0 0.314
Mean + SD.

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure.
YSignificance as determined by Wilcoxon’s signed-ranks test (P < 0.05).
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Table 4. Changes in blood biochemistry after diabetes education

Participant (n = 17)

Variable P-value”
Before After
Fasting plasma glucose (mg/dL) 123.1+21.0 119.8 £ 23.3 0.981
HbA1c (%) 6.5+0.5 6.4+0.5 0.029
Cholesterol
Total cholesterol (mg/dL) 166.4 + 49.7 151.9 + 37.7 0.047
LDL-cholesterol (mg/dL) 82.6 +38.8 56.9 +22.4 0.014
HDL-cholesterol (mg/dL) 58.7 £ 16.3 61.1 +15.7 0.066
Triglyceride (mg/dL) 132.6 +64.4 1756+ 73.4 0.074
Mean + SD.
HbA1c, hemoglobin Alc; LDL, low density lipoprotein; HDL, high density lipoprotein.
Ysignificance as determined by Wilcoxon’s signed-ranks test (P < 0.05).
Table 5. Changes in nutrition knowledge questionnaire after diabetes education
" Participant (n = 17) )
Nutrition knowledge P-value
Before After
Diabetes is caused by a deficiency or lack of insulin. 177+4.4 10.0+ 0.0 0.046
The medication is more crucial than diet or exercise in the treatment of 53+5.1 94+24 0.008
diabetes.
If there are no specific symptoms, treatment may not be necessary for 82+39 10.0 £ 0.0 0.083
diabetes.
If blood sugar levels continue to rise, it can lead to visual impairment or 10.0+ 0.0 10.0 £ 0.0 > 0.999
impaired kidney function.
If there is a high risk of low blood sugar, it is possible to consume a 10.0+ 0.0 10.0+ 0.0 > 0.999
pre-exercise snack.
After taking diabetes medication or receiving an insulin injection, if 94+24 10.0 £ 0.0 0.317
symptoms such as cold sweats, palpitations, hunger, fatigue, trem-
bling hands, and headache occur, patients with diabetes should
consume one tablespoon of sugar (15 g).
Maintaining a normal body weight is important for blood sugar control. 10.0+ 0.0 10.0+ 0.0 >0.999
Diabetic patients should not forego blood sugar monitoring and meals, 77+43 10.0 £ 0.0 0.046
as hypoglycemia may occur after alcohol consumption.
Fruits and vegetables contribute to lowering blood sugar levels. 53+5.1 71+4. 0.083
Mixed grain rice can be consumed in larger quantities compared to 71+4.7 94+24 0.046
white rice.
Nutritional knowledge total score 80.6 + 15.2 95.9+6.2 <0.001

Mean + SD.
YSignificance as determined by Wilcoxon’s signed-ranks test (P < 0.05).
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Table 6. Changes in self-efficacy after diabetes education

Participant (n = 17)

Component P-value”
Before After

| can adhere to dietary practices for blood pressure and blood sugar 39+10 41+0.8 0.157
control.

| can control the amount of meals and keep it constant. 35+0.8 42+0.8 0.002

| can visit the clinic regularly to check the condition of the disease 42 +0.7 44+0.6 0.046
and get a complication check.

| can maintain normal blood pressure and blood sugar levels. 371209 41+0.8 0.035

| can keep my body weight constant. 3.9+0.7 39+0.7 >0.999

| can manage stress or anxiety just as effectively as during normal 34+08 3.8+0.9 0.070
times.

| can ask my family for help when | have poor blood pressure/blood 3.5+0.9 41+0.7 0.015
sugar control.

| can always practice eating blandly. 38+12 42+09 0.023

Self-efficacy total score 29.7£5.0 328+5.2 0.002

Mean + SD.
1’Sign ificance as determined by Wilcoxon'’s signed-ranks test (P < 0.05).
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Objectives: This study aimed to develop and apply a dietary program to reduce sugar intake
among community residents using a Living Lab approach.

Methods: We developed and applied a community-based dietary program to reduce sugar in-
take. Participants were recruited from community organizations, including a children’s food ser-
vice management center, elementary to high schools, a university, a family center, a community
health center, and an elderly welfare center. The dietary program was conducted in two phases;
start and next levels. The start level included a pre-assessment of dietary behaviors and partici-
pation in educational platforms, whereas the next level included activities using educational
platforms, tailored mission and feedback, and pre- and post-surveys. Extension educators at
each community organization implemented the dietary program following organization-specific
guidelines. Changes in participants’ nutrition knowledge, dietary behaviors and perceptions,
self-efficacy, intention to reduce sugar intake, and participants’ program satisfaction were ana-
lyzed using paired t-tests.

Results: In total, 1,238 and 339 individuals participated in the start and next level, respectively.
Participants reported significantly lower scores on dietary behavior items regarding drinking
more juice or soft drinks after program participation (P = 0.009) and craving sweet foods (P =
0.046). They reported a higher intention to take interest in sugar content in food (P = 0.009)
and lower-sugar recipes (P = 0.019), eat less food with high sugar content (P = 0.020), and
drink water or sparkling water instead of soft drinks (P = 0.042). Nutrition knowledge did not
significantly change after program participation. Program satisfaction significantly increased
from the start level to the next level (P < 0.050).

Conclusion: This study showed the potential of using a Living Lab approach to implement com-
munity-wide dietary interventions. Further research is required to evaluate the effectiveness of
the Living Lab approach in various community settings.

Keywords: nutrition education; sugars; diet, healthy
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METHODS

Ethics statement

The study design and survey instruments were reviewed
and approved by the Pai Chai University Institutional Re-
view Board (PCU IRB No.2-1040766-AB-N-01-S-2023-11).
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Table 1. General characteristics of Living Lab participants

Start level Next level
Variable participants participants
(n=1,238) (n=339)

Organization

Center for children’s food- 211 (17.0) 53 (15.6)

service management
Elementary, middle, and 142 (11.5) 11 (3.2)
high school

University 235 (19.0) 54 (15.9)

Family center 484 (39.1) 182 (53.7)

Community health center 151 (12.2) 33(9.7)

Elderly welfare center 15 (1.2) 6 (1.8)
Age (year)”

1-19 406 (32.9) 116 (35.0)

20-29 364 (29.5) 47 (14.2)

30-49 345 (28.0) 128 (38.7)

50-69 103 (8.4) 37 (11.2)

70+ 5(1.2) 3(0.9)
Preference for sweet flavors

in foods”

Strongly like 178 (14.4) 31(9.4)

Like 519 (42.1) 102 (31.0)

Neutral 365 (29.6) 101 (30.7)

Dislike 136 (11.0) 76 (23.1)

Strongly dislike 5 (2.8) 19 (5.8)
Sweetness of foods in usual

diets®

Very sweet 17 (1.4) 10 (3.1)

Somewhat sweet 249 (20.2) 4 (16.5)

Medium 618 (50.1) 154 (47.1)

Not very sweet 286 (23.2) (27 5)

Not at all sweet 3(5.1) 9 (5.8)
n (%).

“Missing; five for start level participants and eight for next level partici-
pants.

Missing; five for start level participants and eleven for next level par-
ticipants.

IMissing; five for start level participants and twelve for next level partic-
ipants.

a3} AetE#Eo] 1,238%, YAEH WA 339F0] Fofst
of ARtEFE Fojx} F YAEHEA] A&HA 0w Hojdh
o2 F 27.4%tt. AEEH I YAEHE BT 7SAH
£ &3l Fofet diidol 7P Wkom(AEEAE: 39.1%, YA
Eg 53.7%), he(AEFEHE: 19.0%, YAEHH 15.9%),
ojolFA A LA E (A EHE: 17.0%, YAEHE
15.6%)2] o]t} o] HdAts ABtEF A= 1-194]
(32.9%), 20-2941(29.5%), 30-494(28.0%)2] 4=0 2 Woroi}
YAEH L 30-494|7} 38.7%2 7 B, 1-1941(35.0%),
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20-294(14.29)9] <01 Itk 419] Bure Folshe Felzpel
vl AebEe AR Tk + Ttk 56.5%)0] UAE
(40.4%)20} o}, Gt MTEs} YA oz e hyRtEol
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@ SEEA ool ALEAN Holueet Faol D
ks S 1go] RolhS 2/ B W + WA v
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| 2 Hel thyHSol el A&H o= Fold 20
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X
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&5, 97 43 MY ool Hat
2R m2 IR A, AR 24 BE S Fold 6213
of 5 A3 T YUY, BB Y, AR5, FF A
A Az o)wo] m2 ol A -F uli AV Table 29} 2
o 9% 49 BE JYALS @Y 2P Fol 1
(9.37 £ 1.90)°] ®]3} o] £9.57 + 1.56) 57}3}2‘124 5
Aoz GofFt Aol gIoltk. IR 43 BA FFH 94
& =4 wEo 3 5 2 Oﬂfﬂ EAH O GOt Wapt 9
A 1;-] U}o] D}-/K]\:]— ‘:'o]—_,]
o+ ALTF o :I_E‘]j o] ?ﬁ( 29 + 1.22)Ht} o] 2(1.89 +
0.93) $-95HA] ABATHP = 0.009). E3 ‘G 42 & ol
A ok TP B ot ZRI Fol A4S +
1.05)X ) ZFo] 3(2.73 + 0.98) 3-2J51A] Z7FHtHP = 0.046).
A% B A7 B HUdE 2ol & 9ol g 1 o
A FT e S 9l (o] A 316 + 1.04, Fo] T 347 &
0.88, P = 0.025), ‘EHstH T% wo] Hx| kS & Qiry
(do] A 3.02 £ 1.11, o] 3336 + 1.01, P=0.034) + &

ol A ﬁilﬂ* ﬂoﬂ T SAHCE ot 3 A < Mert

vebget. @ Rt =
2% 3ol % BAHOZ KO Wb} ek, 2w
o5 ol Ao uls ol 5 S419] FFo| that T ©

(o] A 3.53 + 1.04, Fo] 3394 + 0.87, P = 0.009), F=
Az 2ol ik Tl oJgFEe] A 3.74 £ 1.01, o] &
4.07 + 0.70, P = 0.019), G557} @o| Al&E= 24 A3 A
O (Eo] A 3.77 + 0.78, o] 3 4.03 + 0.60, P = 0.020),
AhgE Al Eolu gk A3 J=(Rre] A 3.98 + 0.93,
o] 423 + 0.76, P = 0.042)7} %-2|5}4] Z7}3ict.

3. D28 OL=E

AEtEY I WAEFW] B o]t 11210 =273 ot
ZL L Table 37} 2t} T2 73 Q2 E 0] RE §Eo|| 4] Fof
A28 AdEH IR YAE D Fol BEET} G514 &
SLeHP < 0.05). E3F AEFEA Fof ARr} ysE o]
e W, FF T2 FoId o] {5t %o
(ZEEHE 3.75 £+ 1.00, YAEZHH 4.18 + 0.82, P < 0.001),

223 Fo] 3 A ANTS g9 98w Ao
EPAtHAEIEH M 3.98 + 0.84, UAEH W 435 + 0.74, P <
0.001).

DISCUSSION

B 7L A9GA8) THU GR AE Fol] I Bae

2 Z A% AR A4 T2 1R RS, Ao

H ElE TliolA edsiel Z219l0] Eakg B, o
S5} A8 )e AT A0 2RI 2 H2

Table 2. Comparison of knowledge, dietary behavior and perception, self-efficacy, and intention to reduce sugar intake before and

after the Living Lab program

Pre-test Post-test

ltem® (n=62) (n=62) P-value

Nutrition knowledge about sugar intake® 937+190 957+156 0.447

Dietary behavior and perception about sugar
| have times of the day when | feel sluggish and lethargic. 3.29+1.14 3.29+1.01 >0.999
| have days when | feel low energy and irritable for no reason. 3.29 £ 1.06 3.16 £+ 1.01 0.375
| occasionally crave very sweet foods. 3.36 + 1.06 3.50 +0.88 0.309
When | see other people eating sweets, | want them too. 292 +1.11 294 +1.01 0.918
| cannot concentrate without sweets. 2.27 £ 1.03 2.23+0.97 0.717
| look for sweet food and snack even after a meal. 2.66 +1.16 2.82+1.07 0.290
| always have sweet treats around. 2.73 +1.06 2.66 + 1.10 0.610
| drink more juice or soft drinks than water. 2.29+1.22 1.89 +0.93 0.009
| eat sweet foods when | am stressed. 2.63+1.19 2.66 +1.17 0.842
| do not want to eat more sweet foods. 245+ 1.05 2.73+0.98 0.046
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Table 2. Continued

Pre-test Post-test

ltem” (n=62) (n=62) P-value

Dietary self-efficacy
| can eat three meals a day at regular times. 3.26 +1.06 3.40 £ 0.98 0.302
| can avoid eating sweet foods or snacks after a meal. 3.61+£0.91 3.69 + 0.97 0.497
| can eat slowly, keeping pace with others. 3.57 +1.05 3.79+0.83 0.056
| can always eat just the right amount without eating too much. 3.69 + 0.84 3.71+0.80 0.890
| can eat food without salt. 3.31+1.10 3.50 + 0.86 0.159
| can avoid snacking after dinner. 3.50£0.95 3.73+091 0.104
| can choose baked or steamed foods instead of fried foods. 3.73+0.81 3.87 £0.80 0.296
| can choose fruits instead of candy or chips and cookies. 3.94+0.70 3.94+0.70 >0.999
| am confident to choose yogurt instead of ice cream. 3.89+0.93 3.90+0.76 0.904
| can choose plain milk or water to drink instead of soft drinks. 4.03+£0.87 4.05 +0.80 0.890

| can distinguish between foods high in sugar and foods low in sugar by reading the 3.81+1.09 3.90 £ 0.69 0.381
nutrition labels.

| can choose not to eat while watching TV or reading a book. 3.81+£0.88 3.61+£0.98 0.208
| can say no when offered tasty food. 3.26+1.13 3.57 £ 1.00 0.071
| can avoid eating a lot of food on special occasions such as birthdays, holidays, etc. 3.02+1.11 3.36+1.01 0.034
| can resist eating when tasty food is in front of me. 3.16+1.04 3.47 £0.88 0.025
| can resist eating food as soon as | get home. 344 +111 3.68 + 0.92 0.141
| can resist eating food when | am bored. 3.52+0.88 3.73+0.711 0.091
| can resist eating food when | am angry. 3.71+1.00 3.71+0.95 >0.999
| can resist eating food when | am anxious or nervous. 3.79 £ 0.96 3.86 +0.87 0.666
| can resist eating food when | feel depressed. 3.65 + 1.06 3.77+0.86 0.409
Intention to reduce sugar intake
| am concerned about the sugars in the foods. 3.53+1.04 3.94 +0.87 0.009
| will be healthier if | eat less sugar. 4.08 + 0.86 4.13 £ 0.80 0.643
| will buy fresh foods rather than processed and instant foods. 3.95+0.91 4.05+0.82 0.490
| will ask for less sweetened food when eating out. 3.52 £ 0.99 3.56 £ 0.99 0.273
| will choose foods with natural flavors and aromas instead of sugary and salty foods. 3.81+£0.99 3.95+0.84 0.289
| will be interested in lower sugar recipes. 3.74 +1.01 4.07 £0.70 0.019
| believe that attempts and interest in reducing sugar intake can lead to social change. 3.87 £ 0.76 4.03+0.83 0.207
| will reduce sugar or replace it with natural or artificial sweeteners when | cook. 3.87+£0.78 4.00+0.81 0.306

| will eat less food with high sugar such as stewed, stir-fried, grilled, or steamed dishes  3.77 £ 0.78 4.03 + 0.60 0.020
that use high level of sugar, corn syrup, and ketchup.

I will drink water or sparkling water instead of soft drinks. 3.98 £ 0.93 423 +0.76 0.042
| will not add sugar or syrup to my coffee or tea. 3.83+1.14 413 +0.78 0.081
| will eat fresh fruit and vegetables. 4.02 £0.93 4.10 £ 0.92 0.512

| will choose foods without added sugar for dessert, such as fruit, milk, and unsweet- 3.97 £0.87 415 +0.81 0.174
ened yogurt.

| will eat fresh fruit for snacks instead of sweets, bread, rice cakes, or ice cream. 3.95 +0.88 3.92 +0.98 0.813

| will not use sugar, honey, corn syrup, or syrup at the table. 3.79 £ 0.96 4.05 +0.91 0.077

| will choose low- or no-sugar products. 3.94 +£0.74 4.00£0.75 0.590

| will read nutrition labels and choose foods that are low in sugar. 3.98 + 0.56 4.05+0.76 0.484

| will use lower sugar recipes when | cook. 3.77£0.78 3.95 + 0.86 0.132
Mean + SD.

P-value by paired t-test.

YAll items, excluding nutrition knowledge, was measured using a 5-point Likert scale from “strongly agree” (scored 1) to “strongly disagree” (scored 5).
IThirteen items were used to assess participants’ nutrition knowledge about sugar intake. One point was given for each correct answer (total score:
0-13).
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Table 3. Participants’ program satisfaction

Strat level participants

Next level participants

Item (n=112) (n=112) P-value
Satisfaction”
Overall satisfaction 3.86 + 0.93 4,22 +0.74 0.001
Program content 3.83+0.89 420 +£0.77 0.001
Interest in program content 3.82+0.91 421 +0.78 0.001
Provided materials 3.94 +0.84 4.25 + 0.80 0.005
Program hours 3.84+£0.87 4.09 £0.82 0.027
Program frequency 3.79+0.85 4,07 £0.81 0.011
Program operation method 3.86+£0.87 4.09 £ 0.80 0.037
Program operation environment 3.84 £0.88 411+081 0.018
Enjoyment of program participation 3.69 + 0.94 4.28 +0.84 <0.001
Willingness to participate in future program? 3.75+1.00 4,18 +0.82 <0.001
Efforts to have healthy diets after program participation® 3.98 +0.84 435+ 0.74 <0.001

Mean + SD.
P-value by paired t-test.

“Measured using a 5-point Likert scale from “very dissatisfied” (scored 1) to “very satisfied” (scored 5).
IMeasured using a 5-point Likert scale from “very unlikely” (scored 1) to “very likely” (scored 5).
IMeasured using a 5-point Likert scale from “not at all” (scored 1) to “very high” (scored 5).
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Objectives: This study aimed to use big data from elementary, middle, and high school lunches to
determine the primary food groups and menu items that contribute to lunch meals through
text-mining and investigate the variations in food groups and menu composition patterns across
different grade levels.

Methods: Between 2021 and 2023, a total of 7,892,456 lunch menus from 17 cities and provinc-
es in South Korea were analyzed using big data from the National Education Information System
(NEIS) system. After undergoing text preprocessing for text-mining, the collected menus were clas-
sified into 34 food groups based on primary ingredients and cooking methods, excluding the types
of rice and kimchi. Subsequently, analyses of term frequency, term frequency-inverse document
frequency (TF-IDF), centrality, and co-occurrence networks were performed on the food group and
menu data.

Results: According to the TF-IDF, the most frequent food group across all grade levels was soup
and seasoned vegetables, whereas milk was the most frequently provided menu. As the grade lev-
el increased, the frequency of grilled and fried food increased. In elementary schools, fruits exhib-
ited the highest centrality, whereas soup had the highest centrality in middle and high schools.
Co-occurrence frequency revealed that the soup-fruit combination was the most common in ele-
mentary schools, whereas soup and seasoned vegetables were most frequently paired in middle
and high schools. The co-occurrence network of food groups and menus further indicated that
menus regularly provided as standard meals and those frequently offered as special meals
formed distinct communities.

Conclusion: This study investigated the food groups and menu provision patterns in school meals
through text-mining techniques applied to large-scale school lunch. The findings may contribute in
enhancing the quality of nutritional management, school foodservice, and menu composition of
school meal programs.

Keywords: school foodservice; school lunch; big data; data mining; co-occurrence network
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METHODS

Ethics statement

This study utilized fully anonymized, publicly available
datasets. The data used in this research do not contain any
personally identifiable information and were anonymized
and made publicly accessible by the data provider. As this
study uses anonymized, publicly available data, it does not
require approval from an Institutional Review Board. The
use of the data adhered to the ethical guidelines and terms
of use provided by the data provider. Before conducting
the study, the terms of use were thoroughly reviewed and
strictly followed.
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Table 2. Frequency of menu on school lunch by subset of school age

IDF 2k 7z 0.350 2 0.324% =55t vl FAlojA &

8 FR%7t Uoteh. Sl et &L TF-IDFE Uehfs
9] S7he] e AdEw xEstEolE S, A 27
2E, TQIojE, Q0|7 oI, FHLANE £7, 87

ZE, Al Qo|RR Ao g eyt 15StnoAE &
. SFEE, AT, QAE, AFCE et 255t ¥
Tth,] Stug4 Hwet g8 AsstudA Aol Fed

i S A-Y} @Zmetol7t Z442) 0.1533 0.097% 4] TF-
IDFE YERtHSupplementary Table 2). ¥HH W2 Sdl 7]
9, 2719k 22 1 vl 2 Shol ATt A9 2070 Hlwol

Euisipdbele g
3. SAZ1 HRel ¢ FAMY 2N
BAEE HEYT B0 A stugo] wet FE2E 34T

No. Elementary school Middle school High school
Menu Frequency  TF-IDF Menu Frequency TF-IDF Menu Frequency TF-IDF
1 Milk 1,113,450 0.858 Milk 108,694  0.350 Milk 154,095 0.324
2  Apple 187,647 0.145  Liquid yogurt 79,981 0.257  Liquid yogurt 120,374 0.253
3 Liquid yogurt 160,359 0.124  Apple 52,226 0.168 Apple 79,639 0.168
4 Pineapple 128,212 0.099 Cucumber salad 50,645 0.163  Yogurt 75,105 0.158
5  Cucumber salad 107,464 0.083 Ssam-jang 48,722 0.157  Ketchup 72,714 0.153
6 Beef and seaweed 106,029 0.082 Pineapple 44,342 0.143  Cucumber salad 71,523 0.150
soup
7  Cherry tomato 101,184 0.078  Tteokbokki 44,253 0.142  Grilled laver 71,273 0.150
8  Ssam-jang 97,538 0.075 Beefandseaweed 41,630 0.134  Pickled radish 68,649 0.144
soup
9 Melon 94,833 0.073  Yogurt 39,786 0.128 Ssam-jang 64,547 0.136
10 Banana 94,158 0.073 Seasoned bean 38,322 0.123  Seasoned bean 61,799 0.130
sprout sprout
11 Tteokbokki 93,382 0.072 Sausage stew 37,437 0.120 Fishcake soup 60,297 0.127
12 Watermelon 87,822 0.068 Fishcake soup 36,721 0.118  Stirfried rice cake 59,078 0.124
13 Seasoned bean 87,563 0.067  Grilled laver 35,403 0.114 Beefand seaweed 55,377 0.116
sprout soup
14  Seasoned spinach 83,559 0.064 Pickled radish 33,432 0.108 Beverage 54,650 0.115
15 Seasoned mung 80,611 0.062  Green onion egg 31,975 0.103  Pineapple 54,198 0.114
bean sprout soup
16 Fishcake soup 78591 0.061 Seasoned spinach 30,890 0.099  Green onion egg 54,182 0.114
soup
17  Grilled laver 77699 0.060 Pork back-bone 30,858 0.099 Sausage stew 51,475 0.108
stew
18 Yukgaejang 77549 0.060 Yukgaejang 30,729 0.099 Banana 50,903 0.107
19 Stir-fried dried 76,318 0.059 Braised chicken 30,655 0.099 Seasoned mung 46,930 0.099
anchovies bean sprout
20 Kiwi 76,009 0.059 Seasoned mung 30,566 0.098 Seasoned spinach 46,332 0.097

bean sprout

Only frequencies of top 20 are listed.
TF-IDF, term frequency-inverse document frequency.
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Table 3. Centrality of food groups on school lunch by subset of school age
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AESIE U HEST BN

S Yotr 7| 9ol &
AATSFA AL A= Table 59 2
7V w2l

o wEeE BYR-FR WEst MY

No. Elementary school Middle school High school
Group Centrality Group Centrality Group Centrality
1 Fruit 0.420 Soup 0.451 Soup 0.456
2 Soup 0.415 Seasoned vegetable 0.416 Seasoned vegetable 0.394
3 Milk and dairy products 0.407 Fruit 0.337 Grilled food 0.312
4 Seasoned vegetable 0.382 Grilled food 0.306 Fruit 0.294
5 Grilled food 0.276 Stir-fried food 0.288 Stir-fried food 0.290
6 Stir-fried food 0.266 Fried food 0.242 Fried food 0.246
7 Fried food 0.192 Steamed food 0.182 Steamed food 0.179
8 Steamed food 0.149 Noodles 0.155 Sauce 0.172
9 Tang 0.148 Tang 0.150 Fermented beverages 0.170
10 Braised food 0.143 Stew 0.147 Noodles 0.161
11 Stew 0.129 Fermented beverages 0.145 Fruit and vegetable 0.157
beverages
12 Noodles 0.122 Milk and dairy products 0.144 Stew 0.143
13 Jang 0.100 Braised food 0.142 Braised food 0.142
14 Fermented beverages 0.091 Fruit and vegetable 0.137 Milk and dairy products 0.142
beverages
15 Raw vegetable 0.079 Sauce 0.133 Salad 0.135
16 Sauce 0.078 Jang 0.120 Tang 0.121
17 Cooked vegetable 0.072 Snack 0.108 Snack 0.113
18 Fruit and vegetable 0.069 Salad 0.103 Jang 0.106
beverages

19 Snack 0.067 Raw vegetable 0.092 Pickles 0.106
20 Salad 0.059 Pickles 0.086 Bakery 0.086

Only frequencies of top 20 are listed.
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Table 4. Centrality of menu on school lunch by subset of school age

No. Elementary school Middle school High school
Group Centrality Group Centrality Group Centrality
1 Milk 0.638 Milk 0.402 Milk 0.412
2 Apple 0.240 Liquid yogurt 0.263 Apple 0.251
3 Pineapple 0.183 Ssam-jang 0.260 Liquid yogurt 0.242
4 Liquid yogurt 0.172 Apple 0.207 Grilled laver 0.237
5 Ssam-jang 0.156 Lettuce wraps 0.198 Ketchup 0.210
6 Cucumber salad 0.154 Cucumber salad 0.196 Yogurt 0.204
7 Banana 0.143 Tteokbokki 0.178 Banana 0.183
8 Beef and seaweed soup 0.143 Seasoned bean sprout 0.168 Ssam-jang 0.172
9 Cherry tomato 0.138 Pineapple 0.163 Scorched rice soup 0.166
10 Tteokbokki 0.131 Beef and seaweed soup 0.148 Cucumber salad 0.161
11 Melon 0.129 Fishcake soup 0.146 Seasoned bean sprout 0.153
12 Seasoned bean sprout 0.125 Grilled laver 0.145 Fruit and vegetable beverage  0.149
13 Watermelon 0.120 Yogurt 0.142 Stir-fried kimchi 0.149
14 Seasoned spinach 0.118 Pickled radish 0.133 Fried egg 0.145
15 Seasoned mung bean 0.116 Sausage stew 0.130 Fishcake soup 0.142
sprout

16 Stir-fried dried anchovies 0.111 Cherry tomato 0.124 Pickled radish 0.141
17 Grilled laver 0.110 Braised chicken 0.123 Lettuce wraps 0.134
18 Kiwi 0.110 Auk-doenjangguk 0.123 Tteokbokki 0.131
19 Yukgaejang 0.109 Seasoned spinach 0.122 Pineapple 0.130
20 Lettuce wraps 0.107 Stir-fried dried anchovies 0.121 Beef and seaweed soup 0.118

Only frequencies of top 20 are listed.
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Table 5. Co-occurrence frequency of food groups on school lunch by subset of school age

No Elementary school Middle school High school
’ Group 1 Group 2 Frequency Group 1 Group 2 Frequency Group 1 Group 2 Frequency
1 Soup Fruit 448,605 Seasoned Soup 187,362 Seasoned Soup 271,969
vegetable vegetable
2 Fruit Milk and dairy 445,365 Soup Fruit 132,327 Grilled food Soup 199,563
products
3 Soup Milk and dairy 438,027 Soup Grilled food 129,315 Soup Stir-fried 196,233
products food
4 Soup Seasoned 415,396 Stir-fried Soup 124,532 Soup Fruit 168,121
vegetable food
5 Seasoned Fruit 394,341 Seasoned Fruit 114,626 Seasoned Grilled food 150,171
vegetable vegetable vegetable
6 Seasoned Milk and dairy 368,855 Seasoned  Grilled food 105,835 Fried food  Soup 145,500
vegetable products vegetable
7 Soup Grilled food 291,552 Soup Fried food 92,022 Seasoned Fruit 133,278
vegetable
8 Soup Stir-fried food 283,887 Soup Steamed food 79,551 Soup Steamed 116,157
food
9 Fruit Stir-fried food 264,892 Seasoned Fried food 78,621 Seasoned  Stir-fried 109,747
vegetable vegetable food
10 Grilled food  Fruit 263,411 Fruit Grilled food 77,878 Seasoned Fried food 109,738
vegetable
11 Grilled food  Milk and dairy 242,703 Seasoned Stir-fried food 75,176 Soup Fermented 107,539
products vegetable beverages
12 Seasoned Grilled food 240,473 Stir-fried Fruit 73,638 Grilled food  Fruit 102,065
vegetable food
13 Stir-fried Milk and dairy 233,425 Seasoned  Tang 68,340 Soup Fruit and 98,699
food products vegetable vegetable
beverages
14 Soup Fried food 192,776 Seasoned  Steamed food 64,363 Grilled food  Stir-fried 97,096
vegetable food
15 Fried food Fruit 182,157 Seasoned  Stew 64,162 Seasoned  Stew 91,207
vegetable vegetable
16 Seasoned  Stir-fried food 171,320 Stir-fried Grilled food 62,342 Seasoned  Steamed 90,475
vegetable food vegetable food
17 Fried food Milk and dairy 167,769 Soup Fermented 61,692 Fruit Stir-fried 90,277
products beverages food
18 Fruit Tang 166,684 Fruit Fried food 59,691 Soup Sauce 88,252
19 Fried food  Seasoned 165,025 Soup Fruit and 59,447 Fried food  Sauce 85,394
vegetable vegetable
beverages
20 Soup Steamed food 163,976 Soup Milk and dairy 54,019 Soup Braised food 83,927

products

Only frequencies of top 20 are listed.
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Hyeyun Kang and Jimi Kim

Fig. 1. Co-occurrence network of food groups on school lunch by subset of school age. (A) Elementary school, (B) middle school, (C)

high school.
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Table 6. Co-occurrence frequency of menu on school lunch by subset of school age

No Elementary school Middle school High school
' Menu 1 Menu 2 Frequency Menu 1 Menu 2 Frequency Menu 1 Menu 2 Frequency
1 Apple Milk 61,451  Ssam-jang Lettuce wraps 13,685 Ssam-jang  Lettuce wraps 21,436
2 Pineapple Milk 48,200 Beef and sea- Japchae 5,401 Apple Milk 11,441
weed soup
3 Liquid yogurt Milk 41,079  Apple Milk 4,976 Milk Banana 11,435
4 Milk Banana 38,419  Tteokbokki  Fishcake 4,404 Milk Scorched rice 10,394
soup soup
5 Milk Cucumber 35,900  Liquid yogurt Milk 4,202 Milk Grilled laver 8,532
salad
6 Cherry toma- Milk 35,274 Pickled radish Liquid yogurt 3,775 Liquid yogurt Pickled radish 6,819
to
7 Milk Ssam-jang 33,315 Banana Milk 3,630 Milk Ketchup 6,782
8 Milk Melon 33,239 Cucumber Milk 3,483 Tteokbokki  Fishcake soup 6,713
salad
9 Milk Beef and sea- 33,182 Pineapple Milk 3,211 Tteokbokki  Pickled radish 6,562
weed soup
10 Watermelon Milk 32,555  Cherry tomato Milk 3,168 Milk Yogurt 6,283
11 Tteokbokki  Milk 29,559  Ssam-jang  Soybean 3,009 Milk Fruit and vege- 5,925
paste stew table beverage
12 Milk Kiwi 29,267  Liquid yogurt Green onion 2,992 Pickled rad- Green onionegg 5,318
egg soup ish soup
13 Milk Seasoned 27,681 Tteokbokki  Pickled radish 2,881 Milk Cherry tomato 5,245
bean sprout
14 Lettuce Ssam-jang 26,665  Beef and sea- Milk 2,864 Milk Fried egg 5,039
wraps weed soup
15 Milk Seasoned 26,576 Cucumber Liquid yogurt 2,788 Ssam-jang  Soybean paste 4,694
spinach salad stew
16 Milk Seasoned 26,547 Pickled radish Green onion 2,684 Liquid yogurt Green onion egg 4,655
mung bean egg soup soup
sprout
17 Milk Yukgaejang 25,977  Tteokbokki  Milk 2,658 Milk Stir-fried kimchi 4,512
18 Milk Grilled laver 25,573  Seasoned Milk 2,620 Milk Pineapple 4,144
mung bean
sprout
19 orange Milk 25,478  Ssam-jang Milk 2,591 Apple Grilled laver 4,051
20 Milk Strawberry 25,413 Grilled laver  Milk 2,583 Cucumber  Liquid yogurt 4,021
salad

Only frequencies of top 20 are listed.
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Hyeyun Kang and Jimi Kim

Fig. 2. Co-occurrence network of menu on school lunch by subset of school age. (A) Elementary school, (B) middle school, (C) high

school.
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Objectives: This study aimed to examine health-related characteristics and chronic disease
risk in middle-aged Koreans based on their fat energy intake ratio.

Methods: We analyzed data from 7,274 Koreans aged 40-64 years using the 7th (2016-
2018) Koreans National Health and Nutrition Examination Survey. Participants were classi-
fied into three groups based on their fat energy intake ratio: insufficient (< 15%), adequate
(15%-30%), and excessive (> 30%). We assessed their socio-demographic characteristics;
lifestyle characteristics; biochemical characteristics; quantitative and qualitative nutrient in-
takes, measured using dietary reference intakes for Koreans and index of nutrition quality
(INQ); and chronic disease risk.

Results: Significant differences were observed between the groups in age, sex, income, ed-
ucation, and residence region. The insufficient group had the highest proportion of older
adults, male, lower income, rural residents, and lower education levels. The groups differed
significantly in lifestyle characteristics, with the insufficient group having the highest rates
of no walking, heavy drinking, smoking, and poor subjective health perception. Biochemical
characteristics in the insufficient group exhibited the lowest levels for fasting blood glucose,
hemoglobin Alc, and triglycerides. Significant differences were found in both the quantita-
tive and qualitative intake of nutrients. The insufficient group had the lowest intake of most
nutrients except fiber, whereas the excessive group had the lowest fiber intake. Based on

https://kjcn.org
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Fat energy ratio and chronic disease risk

the INQ, vitamin A and Ca were the lowest in the insufficient group, and vitamin C and folic
acid were the lowest in the excessive group. The risk of diabetes mellitus and metabolic
syndrome was highest in the deficient group, and the risk of liver cirrhosis was highest in

the excessive group.

Conclusion: Insufficient or excessive fat energy intake ratio negatively affects nutrient in-
take and chronic disease risk. Fat energy intake of 15%-30% is important for improving
nutrient intake and managing chronic diseases, such as diabetes mellitus, metabolic syn-
drome, and liver cirrhosis. We suggest that education and an appropriate social environ-
ment are necessary to ensure this fat energy intake.

Keywords: middle aged; fats; Korean National Health and Nutrition Examination Survey; di-
abetes mellitus; liver cirrhosis
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METHODS

Ethics statement

The informed written consent was obtained from each
participant. The study protocol was approved by the Insti-
tutional Review Board of Korea Disease Control and Pre-
vention Agency (approval number: 2018-01-03-P-A) and
was exempted from IRB review based on Bioethics and
Safety Actin 2016 and 2017.
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SEEY, oL, €5 8484, 5 AdotEd, 444
R £, HDL-ZF|2HE, slE2=ils duEgte
o, B4 71&0] w=t #E EE 2 YERHTH1S, 22-25].
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A, BlERL A, BIERIC, Eobyl, 2jEE&ey], Yok, d4ik 7
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(26, 27], BIRF2 digtulekstalol A AAIRE 71EE o185t

28], 1 9] WL ANZAL AR % AT HSE Agale
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e RSk RE FH0] §O152L P < 0,052 SHL

RESULTS
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Fat energy ratio and chronic disease risk

Table 1. Socio-demographic characteristics by dietary fat energy ratio

2

Variable < 15% 15%-30% > 30% Total X P
Age (years) (n=2,782) (n=3,773) (n=719) (n=17274) 194.865 <0.001
40-49 34.3 47.0 56.6 43.3
50-59 46.7 41.6 35.4 42.8
60-64 19.0 115 8.0 13.8
Sex (n=2,782) (n=3,773) (n=719) (n=7274) 9.176 0.030
Male 51.1 49.2 44.8 49.4
Female 48.9 50.8 55.2 50.6
Personal income (n=2,779) (n=23,765) (n=719) (n=7,263) 46.856 <0.001
Low 28.3 21.6 22.3 24.1
Middle-low 24.7 25.3 24.5 25.0
Middle-high 24.3 26.7 25.1 25.7
High 22.7 26.5 28.2 25.3
Residence region (n=2,782) (n=3,773) (n=719) (n=7274) 73.814 <0.001
Urban 81.6 88.6 89.7 86.2
Rural 18.4 114 10.3 13.8
Education level (n=2,647) (n =3,606) (n=687) (n =6,940) 374.793 <0.001
< Elementary 16.1 6.5 4.0 9.7
Middle 15.3 8.6 8.2 11.0
High 38.6 38.6 32.0 379
2 College 30.0 46.3 55.8 41.3
Marital status (n=2,782) (n=3,773) (n=719) (n=7274) 2.597 0.428
Married 94.2 95.0 94.0 94.6
Unmarried 5.8 5.0 6.0 5.4

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
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Table 2. Lifestyle characteristics by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
Walking (n=2,646) (n=3,605) (n=689) (n=6,940) 31.822 <0.001
Everyday 24.4 26.1 29.6 25.8
4-6 (days/week) 23.7 26.7 25.2 25.5
1-3 (days/week) 30.8 30.2 31.0 30.5
Never 21.1 17.0 14.2 18.2
Alcohol intake (glass) (n=2,755) (n=3,743) (n=716) (n=7214) 36.006 <0.001
0 235 21.3 20.0 22.0
1-2 25.0 28.2 315 27.4
3-6 271 304 26.8 28.9
>7 24.4 20.0 21.6 21.8
Smoking (n=2,753) (n=3,740) (n=716) (n=7,209) 14.914 0.042
Nonsmoker 54.6 56.9 61.0 56.5
Ex-smoker 21.5 221 20.3 21.7
Current smoker 23.9 21.0 18.6 21.8
Subjective health perception (n=2,655) (n=3,616) (n=690) (n=16,961) 50.070 <0.001
Good 24.9 30.8 32.2 28.8
Normal 55.9 54.8 5583 55.2
Bad 19.3 14.4 12.5 16.0
Married 94.2 95.0 94.0 94.6
Unmarried 5.8 5.0 6.0 54

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
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DISCUSSION
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Fat energy ratio and chronic disease risk

Table 3. Biochemical characteristics by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
FPG (mg/dL) (n=2,709) (n =3,693) (n=702) (n=7104) 21.245 0.005
Diabetes (> 100) 10.3 77 7.6 8.6
Prediabetes (70-100) 334 313 30.5 32.0
Normal (< 70) 56.4 61.0 61.9 59.4
HbA1c (%) (n=2,700) (n =3,690) (n=699) (n =7,089) 22.154 0.003
Diabetes (= 6.5) 11.3 8.1 77 9.2
Prediabetes (5.7-6.4) 29.8 29.9 29.1 29.8
Normal (< 5.7) 58.9 62.0 63.3 61.0
BUN (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 1.355 0.870
High (> 22) 8.0 8.5 7.7 8.2
Normal (4-22) 92.0 91.5 92.3 91.7
Creatinine (mg/dL)" (n=2,709) (n =3,693) (n=702) (n=7,104) 4.997 0.376
High (> 1.2/1.1) 2.4 1.9 1.4 2.0
Normal (0.6-1.2/0.5-1.1) 96.5 97.2 97.9 97.0
Low (< 0.6/0.5) 1.2 0.9 0.7 1.0
Triglyceride (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 34.835 <0.001
Very high (= 500) 2.4 2.0 2.2 2.2
High (200-499) 20.8 15.6 16.0 175
Borderline (150-199) 14.4 14.3 13.4 14.3
Normal (< 150) 62.4 68.1 68.3 66.1
Total-cholesterol (mg/dL) (n=2,709) (n=3,693) (n=702) (n=7,104) 5878 0.417
High (= 240) 12,5 13.0 12.9 12.8
Borderline (200-239) 33.7 36.0 33.8 34.9
Normal (< 200) 53.8 51.0 53.3 52.3
HDL-cholesterol (mg/dL) (n=2,709) (n=3,690) (n=702) (n=7,101) 11.781 0.059
High (= 60) 20.0 21.9 23.6 21.4
Borderline (40-59) 59.5 60.3 58.7 59.9
Low (< 40) 20.6 17.8 17.8 18.8
Hemoglobin (g/dL)" (n=2,700) (n =3,690) (n=699) (n =7,089) 3.672 0.591
High (> 17.5/16) 0.9 1.1 1.2 1.0
Normal (13.5-17.5/12-16) 91.2 89.8 90.7 90.4
Low (< 13.5/12) 8.0 9.0 8.2 8.6

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
“The reference values for each variable are presented separately for males and females.
FPG, fasting plasma glucose; HbAc, glycated hemoglobin; BUN, blood urea nitrogen; HDL-cholesterol, high density lipoprotein-cholesterol.
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Table 4. Quantitative nutrient intakes by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total X P
Energy (n=2,782) (n=3,773) (n=719) (n=7274) 52.267 <0.001
<EER 61.1 56.4 46.4 571
> EER 38.9 43.6 53.6 429
Carbohydrate (n=2,782) (n=3,773) (n=719) (n=17274) 72.487 <0.001
<EAR 0.5 0.7 3.1 0.9
> EAR and < RNI 2.7 2.3 5.7 2.8
> RNI 96.8 97.0 91.2 96.3
Protein (n=2,782) (n=3,773) (n=719) (n=7274) 426.653 <0.001
< EAR 313 14.5 9.5 20.1
2 EAR and < RNI 17.9 14.8 9.1 15.4
2 RNI 50.9 70.7 81.4 64.5
Fiber (n=2,782) (n=3,773) (n=719) (n=17,274) 11.648 0.012
<Al 51.1 48.5 54.8 50.0
> Al 48.9 51.5 45.2 50.0
Vitamin A (n=2,782) (n=3,773) (n=719) (n=7274) 249.593 <0.001
< EAR 85.2 717 63.4 75.7
> EAR and < RNI 8.9 15.5 17.8 13.3
2 RNl and < UL 5.9 12.5 17.5 10.6
> UL 0.0 0.3 1.3 0.3
Thiamin (n=2,782) (n=3,773) (n=719) (n=7,274) 64.254 <0.001
< EAR 33.0 25.8 27.7 28.6
> EAR and < RNI 17.8 15.4 14.3 16.1
> RNI 49.2 58.8 58.0 55.2
Riboflavin (n=2,782) (n=3,773) (n=719) (n=7274) 900.708 <0.001
<EAR 50.9 21.7 11.2 31.2
> EAR and < RNI 12.4 10.3 6.3 10.7
> RNI 36.7 68.0 825 58.1
Niacin (n=2,782) (n=3,773) (n=719) (n=7274) 297.528 <0.001
< EAR 54.2 38.3 29.2 43.2
> EAR and < RNI 21.2 23.8 19.6 225
2 RNl and < UL 23.7 36.5 47.7 32.9
2 UL 0.9 1.4 3.6 1.4
Folate (n=2,782) (n=3,773) (n=719) (n=17,274) 52.370 <0.001
<EAR 53.5 45.7 50.4 49.0
> EAR and < RNI 18.3 18.2 179 18.2
> RNl and < UL 27.6 35.6 31.3 32.3
> UL 0.6 0.5 0.4 0.5
Vitamin C (n=2,782) (n=3,773) (n=719) (n=17,274) 14.133 0.033
<EAR 74.0 70.2 70.3 71.6
> EAR and < RNI 9.7 121 111 114
> RNI 16.3 17.7 18.6 17.3
Ca (n=2,768) (n=3,710) (n=696) (n=7174) 254.991 <0.001
< EAR 78.5 60.3 60.0 66.9
2 EAR and < RNI 10.7 18.1 19.7 15.5
2 RNl and < UL 10.5 21.2 19.9 171
> UL 0.3 0.5 0.5 0.4
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Table 4. Continued

Variable <15% 15%-30% >30% Total X P

P (n=2,782) (n=3,773) (n=719) (n=7,274) 242.030 <0.001
< EAR 16.9 7.2 4.6 10.5
> EAR and < RNI 113 7.6 6.1 8.8
= RNI 71.8 85.3 89.2 80.7

Fe (n=2,782) (n=3,773) (n=719) (n=7,274) 31.844 0.002
< EAR 28.0 22.9 225 24.8
> EAR and < RNI 15.8 15.2 14.6 154
> RNl and < UL 55.7 61.6 62.5 59.6
> UL 0.4 0.2 0.4 0.3

K (n=2,782) (n=3,773) (n=719) (n=7,274) 24.960 <0.001
<Al 735 68.3 66.4 70.0
2 Al 26.5 317 33.6 30.0

Na (n=2,782) (n=3,773) (n=719) (n=7,274) 69.401 <0.001
<Al 14.3 10.0 11.6 11.7
> Al and < CDRR 20.6 15.7 15.3 17.4
> CDRR 65.1 74.4 73.1 70.9

%.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
EER, estimated energy requirement; EAR, estimated average requirement; RNI, recommended nutrition intake; Al, adequate intake; UL, tolerable up-

per intake level; CDRR, chronic disease risk reduction intake.

Table 5. Qualitative nutrient intakes by dietary fat energy ratio

Variable < 15% 15%-30% > 30% Total F p
(n=2,782) (n=3,773) (n=719) (n=7274)

INQ
Carbohydrate 2.71+0.01° 2.38+0.01° 1.80 + 0.02° 2.29+0.01 754.096 <0.001
Protein 1.19 +0.01° 1.36 +0.01° 1.43 £ 0.02° 1.33+0.01 147.364 <0.001
Vitamin A 0.49 + 0.01° 0.64 +0.01° 0.74 + 0.04° 0.62 +0.01 69.386 <0.001
Vitamin C 0.75 + 0.02° 0.70 + 0.02° 0.62 +0.03" 0.69 +0.01 8.539 <0.001
Thiamin 118 +0.01° 1.25 +0.01° 1.26 + 0.03° 1.23+0.01 12.682 0.016
Riboflavin 1.04 +0.01° 1.33+0.01° 1.47 £ 0.02° 1.28 £+ 0.01 310.485 <0.001
Niacin 0.91 +0.01° 0.97 £+ 0.01° 1.03 + 0.02° 0.97 £0.01 28.677 <0.001
Folate 0.94 +0.01° 0.95 + 0.01° 0.83+0.02° 0.90+0.01 25.261 <0.001
Ca 0.68 + 0.01° 0.80 + 0.01° 0.76 £ 0.02° 0.75+0.01 53.135 <0.001
P 1.52 +0.01° 1.69 + 0.01° 1.70 + 0.02° 1.64 £0.01 89.699 <0.001
Fe 1.31+0.02 1.34 £0.01 1.30 £0.02 1.32+£0.01 1.697 0.361

Mean + SD.

All estimates were produced using a complex sample analysis with integrated sample weight to represent the Korean population.
Different superscript letters in a row indicate significant difference at a = 0.05 based on a Bonferroni multiple comparison.

INQ, index of nutrition quality.
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Table 6. Odds ratio for chronic disease by dietary fat energy ratio

Variable < 15% (n = 2,782) 15%-30% (n = 3,773) >30% (n = 719) P
Dyslipidemia 1.03 (0.89-1.20)"? 1.00 (reference) 0.99 (0.77-1.26) 0.908
Stroke 1.50 (0.90-2.40) 1.00 1.62 (0.74-3.57) 0.222
Myocardial infarction/angina 1.49 (0.96-2.33) 1.00 0.98 (0.44-2.20) 0.182
Hypertension 1.15 (0.98-1.34) 1.00 1.01(0.78-1.32) 0.231
Diabetes 143 (1.16-1.76) 1.00 0.94 (0.63-1.42) 0.002
Cancer 1.25 (0.72-2.15) 1.00 0.37 (0.10-1.31) 0.117
Cirrhosis 3.62(1.35-9.73) 1.00 5.83 (1.24-27.39) 0.027
Metabolic syndrome 1.28 (1.12-1.45) 1.00 1.13(0.91-1.41) 0.001
Obesity 0.97 (0.86-1.10) 1.00 1.19 (0.98-1.44) 0.156

Y0dds ratio and 95% confidence interval were calculated using logistic regression analyses.

IAdjusted for age and sex.
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4) Abstract: A structured abstract of 250~300 words must
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6) Abbreviations: All abbreviations must be defined in

parentheses at first mention in the text. Abbreviations

used in a table or figure should be defined in their re-

spective table footnote or figure legend.

7) Numbers and measurements: Numbers should be

presented in Arabic numerals. For most measure-

ments, the International System of Units (SI) is recom-
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8) References

« References should be numbered consecutively in the
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¢« When more than one reference is cited at the same
point in the text, they are included in the same brack-
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gov/citingmedicine).

¢ Abbreviations of journal names should be written
according to the international rules for the abbrevia-
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erNew.php).

e Master’s thesis and doctoral dissertation should be
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(1) Journal articles
(D Published journal articles

Authors. Article title. Journal title Year of publication;
Volume(Issue): Start page-Last page.
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<Example> Yon MY, Lee HS, Kim DH, Lee JY, Nam JW, Moon Gl
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(2) Forthcoming journal articles

Authors. Article title. Journal title Year of publication.
Forthcoming.
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<Example> Shim JE. Infant and child feeding practices for
development of healthy eating habits. Proceedings of 2014 An-
nual Conference of the Korean Society of Community Nutrition;
2014 Nov 14; Seoul: p. 195-213.

(6) Articles in magazine or newspaper
(D Magazine articles

Author. Article title. Magaxine title. Year Month: Page.

<Example> Lee BM. Nutrition treatment of hereditary metabol-
ic diseases. Nutrition and Dietetics. 2013 Dec: 12-19.

(2 Newspaper articles
Author or Organization. Article title. Newspaper title.

https://kjcn.org

Year Month Day; Section: Page.

<Example> Lee JH. Sodium reduction need to readjust
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9) Tables and Figures: Tables and Figures must be writ-
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page and placed at the end of the text according to the or-
der cited in the text. Citation of tables or figures in the text
is as Table 1 or Fig. 1. Vertical lines are not used in tables.
A title should be placed at the top of a table or at the bot-
tom of a figure. The footnotes of the table are presented on
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cating levels of significance, P-values should be presented
in the body of each table, and if necessary, symbols can be
used as *, **, ** etc. To indicate the result of multi-range
tests, letters such as a, b, ¢, etc. can be used.
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The code of research ethics
of the Korean Society of Community Nutrition

Enactment Jan 21, 2008

1st revision April 19, 2010
2nd revision March 28, 2014
3rd revision February 28, 2020

I. GENERAL RULES

1. Title
This code is titled as ‘The Code of Research Ethics of the Korean Society of Community Nutrition’

2. Purpose

The purpose of the code is to establish the standard for the research ethics observed by the members of the Korean Soci-
ety of Community Nutrition and the contributors to the Korean Journal of Community Nutrition, and determine the es-
tablishment and operation of the Committee on the Research Ethics (hereafter the ‘Committee’) for fair and systematic
verification in the case of the scientific misconduct.

1. ETHICS CODE FOR A RESEARCHER

3. Integrity of Researcher
A researcher should conduct research and publish research results with research integrity.

4. Inclusion of Scientific Misconduct

(1) Fabrication refers to the act of creating, documenting, or reporting the data or the research results that do not exist.

(2) Falsification refers to the act of creating the documentation that do not match study results by manipulating the re-
search materials, equipment, or procedures or changing or omitting data or research results.

(3) Plagiarism refers to steal others’ ideas, procedures, results, or records without legitimate authorization.

(4) The improper authorship refers to the act which confers authorship on the person without any academic contribu-
tion due to gratitude or seniority, or does not reward with authorship without proper cause to the person who aca-
demically contributes or devotes the research contents or results.

(5) It includes the acts which seriously exceed generally accepted criteria.

5. Prohibition of Duplicate Submission or Duplicate Publication of Research Product
A researcher should not submit or publish the same research results in two different places.

6. Authorship

Contributors who have made substantive intellectual contributions to a paper are given credit as author and authorship

is based on the following four criteria.

(1) Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of
data for the work; AND

(2) Drafting the work or reviewing it critically for important intellectual content; AND

(3) Final approval of the version to be published; AND

(4) Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity
of any part of the work are appropriately investigated and resolved.



7. Record of Published Work

(1) An author should accept the credit for only the accomplishments of the research he/she conducted or contributed to
and take responsibility for them.

(2) The order of the authors (including translators) of articles or other publications should be determined with fairness
according to the extent of the contribution to research regardless of relative positions. Simply being in a particular po-
sition should not guarantee a credit as a co-author, the first author, or a corresponding author. Neither the act of not
crediting the sufficient contribution to research with authorship can be justified. When the contribution to research is
low, a statement of appreciation is expressed in a footnote, a preface, or an acknowledgement.

8. Citation and Reference

(1) An author who cites academic materials should make efforts to describe them accurately and state their sources
clearly. The materials that are obtained from personal communication can be cited with the permission from the re-
searcher who provides information.

(2) When an author cites or makes a reference to others’ words, he/she should state the fact in a footnote, and distinguish
them from his/her original thoughts or results of interpretation.

9. Role and Ethics for a Journal Editor

(1) An editor should request a reviewer with expertise in the field, objectivity, and impartial judgment for the evaluation
of submitted manuscripts.

(2) An editor should not disclose the information about the author or the content of the manuscript until the submitted
manuscript is decided to be published.

10. Role and Ethics for a Reviewer

(1) A reviewer should evaluate the manuscript under review with commitment and impartiality within a specified period
and notify a journal editor of results.

(2) A reviewer should notify a journal editor immediately of the intention to resign from reviewing a manuscript when
he/she believes oneself to be unsuitable for reviewing the manuscript.

(3) A reviewer should evaluate a manuscript with objective criteria and impartiality without consideration of one’s ac-
ademic beliefs or personal relationship with its author. A reviewer should not reject a manuscript without logical
reasons or on the reason that it is in conflict with his/her own view or interpretation, and rate a manuscript without
reading it thoroughly.

(4) A reviewer should respect an author’s personality and individuality as an intellectual and use comments in a polite
and gentle manner as much as possible, and should not use degrading or insulting expressions.

(5) A reviewer should maintain confidentiality of a manuscript under review and should not cite the content of a manu-
script prior to its publication.

I1l. ESTABLISHEMENT AND OPERATION OF THE COMMITTEE

11. Function of the Committee
The Committee reviews and decides the issues below related to the research ethics of the members of the Korean Society
of Community Nutrition.

1. The establishment of the research ethics

2. The prevention and investigation on the scientific misconduct

3. Whistleblower protection and confidentiality

4. Verification on the violation of the research ethics, process of the verification results and follow-up measures

5. Restoration in the honor of the examinee

6. Other issues imposed by the chair of the Committee
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12. Organizing Principles of the Committee

The Committee consists of 5 members. The committee is chaired by the President of the Society and the Editor-in-chief
serves as the associate chair of the committee. The other three are appointed by the President of the Society with the rec-
ommendation from the Executive Board.

13. Report and Receipt of the Scientific Misconduct

The whistle-blower may provide the information to the secretariat of the editorial board in the Korean Society of Com-
munity Nutrition directly or through the telephone, written document or e-mail on the real name. However, if the con-
tents and evidence of the misconduct are specific, the report provided by an anonymous informant is considered as the
case by the real-name person.

14. Authority for Verification and Recommendation of the Committee

The Committee is authorized to conduct an investigation about the allegation of the violation of the ethics code using a
wide range of evidence from informants, the person under investigation, witnesses, and reference materials. The com-
mittee reviews and decides the status of violation of the ethics code based on the results of investigation, and recom-
mends appropriate sanctions to the president based on the decision.

15. Verification Process of the Committee

The verification process for the act of violation of research ethics proceeds in the order of preliminary inquiry, investiga-
tion, and judgment. The investigation should be completed within 6 months. However, when the investigation is unlikely
to be completed within the time frame, the investigation period may be extended with the committee chair’s approval.
When an informant or the person under investigation disagrees with the decision, he/she may file an appeal within 30
days from receiving notification, and the Committee may conduct reinvestigation if necessary.

16. Assurance of Opportunity to Be Heard

The member who is alleged to violate the Code of Research Ethics should be given a written notice of the overview of the
issue under investigation. He/she is guaranteed to have an opportunity to submit a letter of explanation, and as long as
he/she whishes, an opportunity to attend one or more of the Committee meetings in the investigation procedure and
provide an oral explanation.

17. Confidentiality Duty for a Member of the Committee
A member of the Committee shall not disclose the identification of the reporter and the member suspected of the re-
search ethics violation until the final decision is confirmed by the society.

18. Disciplinary Procedures and Content

In the event of proposed disciplinary measures by the Ethics Committee, the committee chair convenes the Executive
Board and makes a final decision on the status and the content of discipline. The member who is determined to have
violated the Code of Research Ethics may be given disciplines including warning, ban on manuscript submission for a
specified period, and suspension or cancellation of membership depending on the severity of the issue, and the article
may be retracted and the results may be disclosed if necessary.

19. Revision of the Code of Research Ethics
Revision procedure of the Code of Research Ethics follows the revision procedure of the code of the Society.
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Author's checklist

Revised in October 15, 2024

Authors’ quick submission checklist
(3% Please include the checklist when submitting the manuscript to the submission site.)

Category Items to review Check
Title page 1. Title - Spelling and typographical errors in paper titles.
- Titles should be written in sentence case, with only the first word of the text and proper-
nouns capitalized. The study design should be included in the title or subtitle.
e.g., Development and Effectiveness Evaluation of the STEAM Education Program on
Food Groups for Kindergarteners
-> Development and effectiveness evaluation of the STEAM education program on
food groups for kindergarteners: a non-randomized controlled study
e.g., Program Evaluation using the RE-AIM Framework: A Systematic Review and Appli-
cation to a Pilot Health Promotion Program for Children
-> Evaluation of the pilot health promotion program for children: a systematic review
2. Author Information - Include all author titles and affiliations, and indicate the position before the affiliation
3. Submission - The title page, the copyright transfer agreement, and IRB approval are all included
when submitting your paper to the submission site by uploading them to the ‘Attach-
ment’ section.
- Remove the cover page including author information from the submitted paper before

submitting
4. ORCID - ORCID should be stated for all authors
e.g., Gildong Hong: https://orcid.org/https://orcid.org/0000-0000-0000-0000
5. Funding e.g., This research was supported by a grant from the National Research Foundation of

Korea (Grant No. 000).
- When there is no funding associated with the manuscript, ‘None.” should be stated.

Abstract 1. Structure - Objectives-Methods-Results-Conclusion
2. Keywords - Three to five keywords are recommended with one or two words except for technical
terms.

- The terminology should be listed, in principle, in MeSH (www.nlm.nih.gov/mesh/
MBrowser.html).

- Keywords are written in lowercase letters except for proper nouns, and keywords are
separated by a semicolon (;).

3. Abbreviations - Abbreviations should only be used if they are repeatedly used throughout the abstract.
If an abbreviation is not used after it has been defined, use the full name instead

- Define an abbreviation the first time it appears in the abstract
Main body 1. Structure - Title page, Abstract, Introduction, Methods (including ethics statement), Results, Dis-
cussion, Conflict of Interest, Acknowledgments, Data Availability References, Tables,
and Figures
- Include ‘Study Design’ in Method, subheadings in Results, and ‘Limitations’ and ‘Con-
clusion’ in Discussion
- Upload tables and figures as a single file and do not separate them

2. Statistical software - Enter the correct type and version of statistical software
e.g., IBM SPSS Statistics 25 (IBM Corp.)

e.g., SAS 9.4 (SAS Institute)

3. Ethics Statement - Authors should present an “Ethics Statement” immediately after the heading “Meth-
ods”. In case of reviews, research notes and educational materials, “Ethics statement”
should be presented after introduction section
e.g., The informed written consent was obtained from each participant. The study protocol

was approved by the Institutional Review Board of *** (approval number: ***).
*|RB approval statement will be included in the final version, but do not include specif-
ic IRB information (e.g., institution name) when submitting.
e.g., Obtainment of informed consent was exempted by the institutional review board.

(continued to the next page)
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(Continued)

Category Items to review Check
4. Conflict of Interest - Conflict of interest must be stated.
e.g., There are no financial or other issues that might lead to conflict of interest.
e.g., Gildong Hong has been an editor since 2021. However, he was not involved in the
review process of this manuscript. Otherwise, there was no conflict of interest.
*Author information will be included in the final version but do not include it when
submitting.
5. Acknowledgments - List individuals who contributed to the writing or research, but do not meet the criteria
for authorship.
e.g., We thank the physicians who performed the sample collection.
*This information will be included in the final version, but do not include it when
submitting.
6. Data Availability - Authors should provide a data availability statement. Providing access to research data
is optional.
e.g., The data that support the findings of this study are openly available in [repository
name e.g “KNHANES”] at http://doi.org/[doi].
7. References - Notation method: [1], [2, 5], [15-20], etc. without spaces before square brackets, when
adding commas between references, add a space after commas.
e.g., research on something [1] or Kim & Lee’s research [2, 5]
- References in the text should be listed in numerical order
- The number of citations for the type of dissertation should not exceed 3.
- Verify that the reference adheres to the KJCN guidelines
8. Other indications - Write numbers and units with a space (50 kg, 600 kcal), but attach % and °C.
such as units - g/dl (X), g/dL (O)
- When indicating P-value, use capital, italic P: e.g., P-value
- Use a en-dash “-" to indicate a range of numbers: e.g., 20-25
- Use comma notation to separate thousands (this also applies to text and tables):
For example, 65,450,000.
9. Tables, figures - Capitalize only the first letter of table and figure titles
- Capitalize only the first letter of variables in the table
- Use lowercase ‘n’ in tables and figures.
- Additional checklists for tables and figures can be found in the section below.
*Examples shown in the tables are based on recent publication, 2024.
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GUIDELINE FOR TABLES AND FIGURES
Please adhere the following guidelines for tables and figures.

1. To indicate the total number of items outside of the table’s body, include it in parentheses at the end of the table’s title.
For example, “Sociodemographic characteristics of children (n = 80)”
2. The table heading should provide a descriptive title for the values presented, rather than simply using “Mean + SD” as
the title.
3. When describing the contents of the table in the text:
(D To present an average value, use Mean + SD or Mean + SE, and be mindful of spacing (e.g., 22.0 + 2.3, with a space
before and after the ‘+’ symbol)
(2 Units should be written in parentheses within the table (e.g., Energy (kcal/day)) instead of next to it (Energy, kcal/
day)
4. Footnotes or legends explanations for tables or figures should be written in English
5. The footnotes or legends should be arranged in the following order: Values displayed as statistical outcomes, statistical
analysis method, indication of significance, etc.
(D The presentation of values of statistical outcomes, such as n (%), Mean + SD, n (%) or Mean * SD, etc, are displayed
in the firstline of the footnote without comment numbers.
(2 Statistical analysis method and significance indication - Both statistical analysis methods and significance are dis-
cussed. - Post-hoc analysis results can only be presented when the ANOVA test yields significant results.
(3 The full name of any abbreviations used in the title or table body should be provided in the footnote.
(® Any other content that requires explanation should be accompanied by corresponding comment numbers, follow-
ing the submission guidelines. Verify that the comment numbers match the numbers indicated in the table body.
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Copyright transfer agreement KIJICN:&

Korean Journal of Community Nutrition

Manuscript Title:

Author(s):

I (We) submit the above manuscript for publication in the Korean Journal of Community Nutrition (KJCN) and confirm
that I (we) have read and agree to all conditions stated below.

1.1 (We) certify that the manuscript is the original work of the authors and is not infringing on anyone else’s copyright.

2. The authors have made substantive intellectual contributions to the manuscript and accept responsibility for the con-
tents of the manuscript together.

3. The manuscript or any part of it has not been published elsewhere (abstracts excluded). The manuscript is not cur-
rently being considered for publication by any other journals and will not be submitted for such review while under
review by the journal.

4. The publisher of the KJCN has the right to oppose the copyright infringement done by others without permission of
the authors and the publisher.

5. The copyright in the manuscript named above will be transferred to the KJCN if the manuscript is accepted. This trans-
fer include the copyright in all forms and media including electronic media (now known or hereafter developed), and

the accompanying interests, in all languages, for the full term of copyright, and all extensions and renewals thereof.

All of the authors read the Copyright Transfer and Statement of Originality, and agree to the above.

Date:

Name: Signature:
Name: Signature:
Name: Signature:
Name: Signature:
Name: Signature:
Name: Signature:
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