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Objectives: This study examined the secular trends in anthropometric changes and the nu-
tritional transition among Korean infants and school-aged children, while evaluating the ef-
ficacy and constraints of existing state-led nutritional policies. Ultimately, it proposes a
“systems-centered” nutrition strategy, aligned with the United Nations Children’s Fund
(UNICEF) Nutrition Strategy 2020-2030, to ensure health equity for future generations.
Methods: We reexamined comprehensive national health statistics, including school health
examination data (1965-2024) and the Korea National Health and Nutrition Examination
Survey (1998-2023). Additionally, Dietary Screening Test results from 126,768 young chil-
dren (2021-2024) were reviewed. These quantitative findings were synthesized through a
narrative review of South Korean pediatric nutrition policies and UNICEF’s global strategic
frameworks.

Results: While Korean children have historically experienced rapid secular growth, this has
decelerated in the 2000s. Conversely, the prevalence of obesity has surged along with
stagnant underweight rates. Dietary problems such as insufficient vegetable intake and
frequent consumption of sweet snacks were also found, accelerating the “triple burden” of
malnutrition. Policies such as school lunches, NutriPlus program, and Center for Children’s
Foodservice Management have demonstrated great success in reducing nutritional risks
and improving dietary habits. However, existing fragmented programs face limitations in
comprehensively addressing regional disparities or blind spots and in providing tailored nu-
tritional management.

Conclusion: A paradigm shift is imperative to fundamentally resolve these multidimension-
al nutritional crises. Moving beyond fragmented programs, we need to adopt a “sys-
tems-centered” approach integrating health, education, and welfare ecosystems. Key policy
recommendations include establishing a continuous life-cycle health database, introducing
artificial intelligence and FoodTech-driven precision nutrition coaching, and fostering a
healthy food environment through public-private partnerships within a community integrat-
ed care network.

Keywords: infant; children; nutritional status; dietary intake; nutrition policy

INTRODUCTION

Infancy, early childhood, and school-age represent critical windows of rapid
physical and cognitive development, during which nutritional status constitutes
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a pivotal determinant of lifelong health and quality of
life. Historically, the Republic of Korea emerged from a
post-war emergency relief phase and, in tandem with
remarkable economic growth, has achieved substan-
tial improvements in children’s physical development.
However, the nation is now confronted with a new and
complex juncture—quantitative dietary abundance
coexisting with nutritional imbalance—amid the struc-
tural demographic crisis of severely low birth rates and
population aging. While the primary public health ob-
jectives of the past centered on alleviating poverty and
preventing skipped meals, contemporary society faces
the “triple burden” of malnutrition, wherein stunting,
micronutrient deficiencies, and overweight/obesity
coexist simultaneously [1]. Addressing this multifacet-
ed nutritional challenge necessitates a departure from
the fragmented, piecemeal policies of the past toward a
sophisticated, life cycle-tailored nutrition strategy that
encompasses the entire national system. The present
study reviews the secular trends in physical growth and
nutritional status among Korean infants and school-
aged children from the past to the present, examines the
achievements and limitations of major nutrition policies
implemented to date, and, building upon the paradigm
shift articulated in United Nations Children’s Fund’s
(UNICEF’s) “Nutrition Strategy 2020-2030,” proposes
directions for the advancement of a Korea-specific nu-
trition strategy [2].

METHODS

Ethics statement

As this study is a narrative review, it did not require insti-
tutional review board approval or individual consent.

Study design

This study was a non-systematic, narrative review de-
signed to comprehensively examine secular changes
in physical growth, nutritional status, dietary behavior,
and related nutritional policies among Korean infants
and school-aged children. Drawing on long-term accu-
mulated national statistics, policy documents, and aca-
demic literature, its purpose was to discuss the achieve-
ments and limitations of domestic child nutrition policy
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and explore future directions.

A literature search was conducted using PubMed,
DBpia, KISS, and Google Scholar. Official statistics and
policy documents were retrieved from the websites of
the Ministry of Education, School Health Information
Center, Korea Disease Control and Prevention Agen-
cy, Korea National Health and Nutrition Examination
Survey (KNHANES), National Health Insurance Ser-
vice, Ministry of Health and Welfare, Ministry of Food
and Drug Safety, and UNICEEF. Search terms included

” ous ” u

combinations of “Korea,” “infants,” “preschool chil-

dren,” “school-aged children,” “obesity,” “underweight,’
“growth,” “school meals,” “NutriPlus,” “Center for Chil-
dren’s Foodservice Management (CCFSM),” and “nutri-
tion policy,” along with their Korean-language equiva-
lents. The search period extended from the inception of
relevant programs to the present to capture long-term
trends; however, literature pertaining to policy out-
comes and recent dietary changes was primarily drawn
from publications issued after 2000. The inclusion crite-
ria were as follows: (1) official reports, nationally repre-
sentative statistics, and academic papers addressing the
nutritional status and dietary behavior of Korean infants
and children; (2) official reports, policy documents, and
academic papers concerning child-targeted nutrition
policies; and (3) strategic documents from international
organizations, such as UNICEE Selected literature was
synthesized according to the target age group, policy
type, key outcomes, limitations, and policy implications.

SECULAR TRENDS IN PHYSICAL GROWTH AND
NUTRITIONAL STATUS AMONG KOREAN INFANTS
AND SCHOOL-AGED CHILDREN

The height and weight of Korean children and ado-
lescents have undergone pronounced generational
changes over the past several decades. According to
anthropometric data from the Korean Pediatric Soci-
ety, between 1965 and 2005, the mean height of 7-year-
old children increased by 12.4 cm in boys and 11.7 cm
in girls, while mean weight increased by 7.7 kg in boys
and 6.4 kg in girls—representing a period of remarkable
physical growth. Generational changes were even more
pronounced during puberty, a period of accelerated
growth. Among 13-year-old boys, height increased by

https://doi.org/10.5720/kjcn.2026.00115
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18.6 cm over the same interval, while among girls, the
greatest increase of 15.5 cm was observed at age 12
years, suggesting a progressive advancement in the age
of pubertal onset [3-9] (Fig. 1). However, since the 2000s,
the rate of increase in mean height and weight has vis-
ibly decelerated, whereas the prevalence of overweight
and obesity has increased sharply [5-9]. Based on a
sample analysis of national school health examination
data using the body mass index (BMI) percentile crite-
ria, the combined prevalence of overweight and obesity
among elementary school students increased from
14.6% in 2007 to 33.3% in 2024, whereas the obesity rate
alone rose markedly from 5.2% to 18.0%. Notably, the
obesity rate among boys has increased steeply, widen-
ing the sex gap in obesity prevalence [5-9]. In contrast,
the underweight rate among elementary school stu-
dents during the same period fluctuated within a range
of approximately 4%-6%, with no clear directional trend
[5-9] (Fig. 2). The definition of obesity as BMI > 95th
percentile and overweight as BMI 85th to 95th percen-
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tile has been maintained since 2007, preserving basic
year-to-year comparability. Nevertheless, it should be
noted that the national pediatric growth charts were re-
vised in 2017, at which time the 95th percentile BMI-for-
age threshold was adjusted downward and the criterion
of BMI > 25 kg/m” was removed from the definition of
obesity; therefore, caution is warranted in interpretation
[10]. Despite this caveat, the upward trend in elemen-
tary school obesity rates observed within the same na-
tional statistical framework is difficult to attribute solely
to changes in measurement criteria and is therefore
interpreted as reflecting a genuine increase.

Studies analyzing data from the National Health
Screening Program for Infants and Children have re-
ported somewhat divergent patterns in the younger age
group. Between 2007 and 2017, the prevalence of over-
weight and obesity among children aged 50-60 months
remained stable or declined, while the proportion
classified as suspected underweight among those aged
30-36 months trended upward, vividly illustrating the
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Fig. 1. Secular trends in the height of Korean children. (A), (C) Anthropometric survey data by the Korean Pediatric Society and the
Ministry of Health and Welfare [3-4]. (B), (D) National school health examination data by the Ministry of Education [5-9].
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Fig. 2. Long-term trends in the prevalence of obesity and underweight among Korean elementary school children. (A) Prevalence
of obesity (BMI = 95th percentile) (data by the Ministry of Education) [5-9]. (B) Prevalence of underweight (BMI < 5th percentile)

(data by the Ministry of Education) [5-9]. BMI, body mass index.

coexistence of obesity and underweight [11].

Structural differences in the care environment and
food context may underlie the divergent obesity trends
between infancy and school age. During infancy and
early childhood, meals are relatively more controlled
by caregivers in home, day care, and preschool settings;
moreover, caregivers’ dietary competency and social
support reportedly exert a significant influence on the
nutritional status of preschool-aged children [12]. More
recently, institutional feeding at childcare facilities un-
der the guidance of registered dietitians or the CCFSM
has been reported to partially compensate for poor di-
etary quality. Indeed, analysis of KNHANES data from
2016 to 2019 found that children aged 3-5 years utilizing
daycare center meals had higher intakes of protein, thi-
amine, niacin, potassium, and iron at lunch and lower
intakes of sugars and fat than that of non-users [13]. In
contrast, from the school-age period onward, children
are increasingly exposed to food environments of their
own choosing—including convenience stores and snack
bars near schools, food delivery services, processed
snacks, demanding after-school academy schedules,
and rising use of smart devices—all of which may be
associated with higher consumption of high-calorie
snacks and convenience foods, as well as reduced phys-
ical activity [14]. This suggests that in infancy and early
childhood, caregiver dietary competency and childcare
facility meal management have relatively greater ex-
planatory power for nutritional status, whereas in the
school-age period, school and community food envi-
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ronments become comparatively more influential.
Nevertheless, the coexistence of obesity/overweight
and underweight was evident in both age groups, and
the underlying cause of this nutritional imbalance can
be traced to dietary behavior. According to national
health statistics, the proportion of young children clas-
sified as having inadequate nutrient intake—defined
as energy intake below 75% of the estimated energy
requirement combined with intake of calcium, iron,
vitamin A, and riboflavin below the estimated average
requirement—has generally trended downward; howev-
er, among elementary school students, this proportion
has shown a tendency to increase in recent years, while
vegetable intake among elementary school students has
declined [15] (Fig. 3). Furthermore, analysis of Dietary
Screening Test data collected through the CCFSM from
126,768 children, aged 1-5 years, between 2021 and
2024 revealed that 44% consumed vegetables once daily
or less and 33.2% consumed dairy products four times
per week or less. Conversely, 40% consumed sweet
snacks five or more times per week, reflecting wide-
spread dietary problems [16]. Particularly noteworthy
is the evidence of regional disparities in health and di-
etary problems as well as a direct association between
lifestyle factors, including late bedtime, meal frequency,
smartphone use during meals, and dietary intake pat-
terns [16]. Children who went to bed late consumed
ramen noodles, fast food, and sweet snacks significantly
more frequently; moreover, those eating two or fewer
meals per day were also more likely to consume ramen,

https://doi.org/10.5720/kjcn.2026.00115
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Fig. 3. Long-term trends in the prevalence of inadequate nutrient and vegetable intake in Korean children. (A) Prevalence of inade-
quate nutrient intake: the proportion of the population whose energy intake is less than 75% of the estimated energy requirement
and whose intake of calcium, iron, vitamin A, and riboflavin is less than the estimated average requirement, as reported in Korea
Health Statistics 2023 [15]. (B) Vegetable intake as reported in Korea Health Statistics 2023 [15].

noodle dishes, and sweet snacks at higher frequencies
[16]. This underscores the urgent need for multidimen-
sional management that moves beyond fragmented ap-
proaches to comprehensively consider the environment
and individual characteristics of each child.

ACHIEVEMENTS AND CHALLENGES OF MAJOR
DOMESTIC NUTRITION POLICIES

Nutrition policy for Korean children has evolved gradu-
ally in response to the demands of each era. For school-
aged children, the post-war period of the 1950s-1960s
involved relief feeding supported by foreign aid; begin-
ning in 1972, an experimental phase of school self-reli-
ant meals was initiated through on-site school cooking.
Following the enactment of the School Meals Act in
1981, school meals became institutionalized and fully
expanded between the 1990s and 2002 [17, 18]. This
development of the school meal system is credited with
contributing substantially to the prevention of meal
skipping and the improvement of children’s physical de-
velopment. From 2003 onward, a modernization phase
restructured the school meal management framework:
hygiene standards were strengthened, nutrition teach-
ers were deployed, school health promotion programs
were expanded beyond mere meal management, and

https://doi.org/10.5720/kjcn.2026.00115

nutrition and dietary education was reinforced [17, 18].

In addition to school-related legislation, the Special
Act on Safety Management of Children’s Dietary Life-
style and Support for Diet Education Act were enacted
to implement policies aimed at creating a healthy food
environment. Since 2010, free school meals have been
expanded incrementally; efforts to achieve detailed
improvements in school meal management, such as
comprehensive school meal safety measures, have
been pursued in parallel with policies targeting sodium
and sugar reduction, contributing to broader health
management goals [17, 18]. These efforts have resulted
in improvements in the food environment within and
around schools: implementation of the sodium reduc-
tion policy from 2010 onward, resulted in a measurable
decrease in sodium intake among school-aged children
[15].

In this manner, the school meal program has been
developed both quantitatively and qualitatively, and
has become established as a universal system operating
in most elementary, middle, high, and special schools
nationwide. Reportedly, students attending schools
with meal programs demonstrate higher nutritional
knowledge, consume a greater variety of side dishes at
lunch, and exhibit better dietary balance [19]. Further-
more, consuming school meals at lunch is associated
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with higher nutrient intake and dietary quality [20, 21].
However, recent studies have documented dietary prob-
lems including meal skipping and declining vegetable
intake, indicating that school meals alone have limited
capacity to change overall dietary behavior; moreover,
the proportion of schools meeting all nutritional stan-
dards remains low, and that actual meal consumption
rates require improvement [22-25]. Accordingly, it has
been argued that continuous improvement is needed—
not only in providing high-quality meals, but also in
monitoring actual student intake, reducing food waste,
improving the dining environment, considering menu
choice options, and strengthening nutrition education
[19, 23-27].

For infants and young children, UNICEEF child relief
programs providing powdered milk and nutritional
supplementation were implemented in the 1950s, ma-
ternal and child health services were stipulated in the
Public Health Center Act, and regional maternal and
child health centers were established in the 1980s [28,
29]. However, the role of maternal and child health
programs primarily focused on normal delivery assis-
tance, general health management, and registration
management of pregnant women and infants, making it
difficult to characterize this period as systematic infant
nutritional management [29]. Breastfeeding promotion
programs, including the designation of baby-friendly
hospitals, were implemented in the 1990s [29]. A pivotal
national policy shift toward the systematic nutritional
management of infants and young children occurred
after 2000, when sophisticated institutional mecha-
nisms were established to address nutritional inequities
among vulnerable populations and ensure dietary safe-
ty.

Most notably, the NutriPlus program—targeting
pregnant women, infants, and young children whose
nutritional status is compromised by physiological and
environmental factors—was piloted over 3 years from
2005 to 2007 before being expanded nationwide [30].
This program, which provides nutritional education and
tailored supplementary foods, has been consistently
evaluated as a successful initiative, with annual perfor-
mance assessments documenting substantive effects,
including reductions in anemia prevalence and a de-
crease in the proportion of infants classified as nutri-
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tionally at-risk based on anthropometric measures, such
as underweight and stunting. In the 2024 performance
analysis, a 66.9% reduction in anemia prevalence was
reported among participants following program enroll-
ment, and the proportion of infants with total nutrition-
al risk based on anthropometric assessment decreased
by 48.5%. Marked improvements in dietary adequacy,
nutritional knowledge, and attitudes were also observed
[30]. The effectiveness of the NutriPlus program has
been corroborated not only in program reports, but also
in select external academic studies based on regional
public health center evaluations [31-35]. However, some
studies have reported a tendency for anemia prevalence
and rates of inadequate nutrient intake to increase over
time following program completion, suggesting that
post-program follow-up and long-term tracking are
essential to sustain program effects. In recent years, the
program has adapted to contemporary changes by in-
cluding overweight and obesity as new nutritional risk
factors for participant eligibility and introducing online
education modules [30]. Nevertheless, the most signif-
icant limitation identified for this national program is
that only a small fraction of eligible participants actu-
ally enroll owing to insufficient budgetary and human
resources. Outstanding challenges include enhancing
the supplementary food delivery system, establishing a
framework for strengthening individualized nutritional
management, improving the professional competency
of program staff, and identifying strategies to ensure the
continuity of program effects.

In 2008, the Special Act on Safety Management
of Children’s Dietary Lifestyle was enacted, and the
CCFSM was established at the local government level
and progressively expanded. With the mandatory regis-
tration of facilities without on-site dietitians taking effect
in 2020, the nationwide establishment was completed in
2022, with centers now operating in every local govern-
ment [36]. The centers systematically support hygiene
and nutritional management at small-scale childcare
facilities, such as daycare centers and preschools that
lack registered dietitians; conduct regular on-site visits;
and conduct educational programs tailored to children,
food service staff, facility directors, and teachers. The
establishment of these centers is of considerable signif-
icance in that it has created a bidirectional nutritional
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management network the NutriPlus program provides
support and management at the household and indi-
vidual levels, while the CCFSM provides management
at the institutional level [36]. Satisfaction with center
support has been reported to be above 90%, and out-
comes, including improvements in hygiene scores and
children’s dietary habits, such as handwashing, have
been documented [16, 37]. Previous studies have also
reported improvements in the degree to which insti-
tutional menus meet recommended nutrient intakes,
dietary diversity, and nutrient intake following center
support [16, 38, 39]. The fact that systematic dietary ed-
ucation targeting young children has been implemented
in earnest through these centers is also of considerable
significance. However, there is need to develop a com-
prehensive outcome evaluation framework [13].

As described above, each program implemented to
improve the nutritional status and dietary behavior of
infants and children has been successfully operated,
with substantive outcomes reported. Nevertheless,
concerns have been raised regarding the need to secure
employment stability and improve working conditions
for program staff. In addition, these programs face the
imperative of advancing from the concept of fragment-
ed program operations and universal support to a more

sophisticated, person-centered, customized service that
reflects the multidimensional characteristics of the tar-
get population (Table 1).

GLOBAL PARADIGM SHIFT IN NUTRITION
STRATEGY AND FUTURE DIRECTIONS FOR INFANT
AND SCHOOL-AGE NUTRITION POLICY IN KOREA

Against the backdrop of the current crisis, in which
more than one-third of children worldwide face the
double or triple burden of malnutrition—encompassing
stunting, micronutrient deficiencies, and overweight/
obesity—the global nutrition paradigm is undergoing
a fundamental transformation. Through its Nutrition
Strategy 2020-2030, UNICEF has expanded its vision
toward a world in which all children, adolescents, and
women fully realize their right to nutrition, transitioning
from a past emphasis on a single “program-centered
approach” to a multi-sectoral “systems-centered ap-
proach,” and extending its goal from mere “survival”
achieved through the treatment of deficiency to en-
suring that children can “thrive” with healthy diets [2].
The Republic of Korea, where the importance of the
health of each child of the next generation is growing in
the context of severely low birth rates and population

Table 1. Historical overview of nutrition policies for school-aged children and infants/young children in Korea

Period Nutrition policies for school-aged children Nutrition policies for infants and young children

1950-1970 -Foreign aid-supported school feeding programs -UNICEF milk powder and nutritional supplementation pro-
grams
-Maternal and child health services stipulated in the Public
Health Center Act

1970-1980 -Transition to school-operated meal services and on-site

meal preparation
1980-1990 -Enactment of the School Meals Act -Establishment of regional maternal and child health centers

1990-2000 -Nationwide expansion of school meal services

-Breastfeeding promotion programs, including the designation
of baby-friendly hospitals

-Introduction and nationwide expansion of the NutriPlus pro-
gram

-Enactment of the Special Act on Safety Management of -Enactment of the Special Act on Safety Management of Chil-

2000-2010 -Deployment of school nutrition teachers
-Introduction of the school health promotion concept
Children’s Dietary Lifestyle
-Enactment of the Support for Diet Education Act
Since 2010  -Expansion of free school meals

-Comprehensive school meal safety measures
-Sodium reduction initiative
-Sugar reduction initiative

dren’s Dietary Lifestyle

-Establishment and gradual expansion of the Center for Chil-
dren’s Foodservice Management

UNICEF, United Nations Children’s Fund.
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aging, is also at a juncture where existing fragmented
and siloed public health policies must be reorganized.
Drawing on the core transition strategies proposed by
UNICEF and considering Korea’s specific context, we
propose the following strategies for constructing a per-
son-centered system.

First, a system-based approach is required, rather
than one centered on individual programs. UNICEF em-
phasizes that the five core systems—food, healthcare,
education, water and sanitation, and social protection—
must work in an interconnected manner to achieve nu-
tritional improvement [2]. Mapping Korea’s major poli-
cies for infants and school-aged children onto UNICEF’s
five-system framework, the school meal program and
the CCFSM correspond to the food, education, and san-
itation systems; the NutriPlus program, infant and child
health checkups, and other health promotion programs
at public health centers correspond to the food, health
care, and social protection systems; and nutritional
support and food access programs targeting vulnerable
populations correspond to the social protection system.
However, these systems currently tend to operate in
fragmentation as separate program units, and a frame-
work for continuously managing a child’s nutritional
risk across the life course and living space has not been
sufficiently established. Therefore, future policies must
move beyond the expansion of individual programs to-
ward a transformation in which food, health, education,
sanitation, and social protection systems share infor-
mation and coordinate roles with a single child at the
center. Just as has been done for older adults, children
too should be served within a local government-cen-
tered “community integrated care” ecosystem, in which
health care, welfare, and educational services are organ-
ically linked with nutritional services, so as to build the
infrastructure necessary for the integrated delivery of
services needed by each individual.

Second, continuous monitoring and management
across the life course is required rather than manage-
ment segmented by individual developmental periods.
UNICEF’s nutrition strategy emphasizes a “whole-of-
life-cycle approach” extending beyond the previous
focus on the first 1,000 days of infancy to encompass
the school-age and adolescent periods [2]. In Korea,
information management for participants in individual
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programs, health screening, and statistical data for each
age group are currently disconnected and unlinked,
thereby making it difficult to provide person-centered
customized services in such a context and limiting the
early identification of children facing nutritional risks
during life-course transitions. Therefore, it is necessary
to explore mechanisms for establishing a “life transi-
tion-linked nutrition database’, connecting data from
maternal and lactation period checkups, infant and
toddler checkups, school-age and adolescent checkups,
and adult health and nutrition surveys. The National
Bio-Big Data Integration Project currently underway in
Korea should be leveraged by reorganizing dietary and
health-related surveys conducted on children and ex-
amining the feasibility of linkages with the bio-big data
platform. It is essential that diet-related information,
a critical element of bio-big data, be accumulated in a
thorough and systematic manner. Realizing this requires
careful consideration of the concurrent legal and insti-
tutional constraints. The current National Integrated
Bio-Big Data initiative operates under the joint directive
of four government ministries and is designed to link
data based on participant consent [40, 41]. However,
linking child nutritional data entails numerous practi-
cal challenges, including differences in consent scope
across datasets, inter-ministerial governance issues, and
procedures for pseudonymized data linkage and release
[40-43]. Future policy must, therefore, be developed
as a phased implementation strategy that goes beyond
simple data linkage to address the reorganization of the
consent framework, establishment of standardized data
structures, development of pseudonymized data linkage
procedures, and clarification of interministerial respon-
sibilities and collaborative mechanisms.

Third, a context-specific rather than a uniform ap-
proach must be adopted. As discussed above, the
analysis of dietary behavior among Korean infants and
school-aged children revealed differences in nutritional
status and dietary problems according to region and
local government type (based on population size and
fiscal self-reliance), and the characteristics of dietary
problems varied according to factors such as lifestyle
patterns and temperament [16]. For instance, even
when a child exhibits a pattern of high sweet snack
consumption and nutritionally imbalanced meals, the
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underlying causes and appropriate approaches differ
among individuals. Therefore, it is necessary to move
beyond universal education and standardized services
toward nutritional support that analyzes the character-
istics and root causes specific to each region and indi-
vidual, enabling truly tailored interventions.

Fourth, public-private partnerships must be estab-
lished to ensure that nutritional management is both
sustainable and effective. This is not only an essential
element for the quantitative and qualitative expansion
of services, but may also be a critical factor in shaping
public awareness and creating environments that sup-
port healthy dietary behavior. Government efforts alone
are insufficient to control the vast food environment to
which children are exposed daily, including the perva-
sive influence of the media. In line with UNICEF’s trend
toward expanded private sector collaboration, Korea
must strengthen its partnerships with the food industry,
educational technology companies, and other private
sector actors.

Fifth, investment in and research on the realization
of “hyper-personalized precision nutrition” utilizing
cutting-edge technological innovation and artificial in-
telligence (AI) are necessary. Advanced healthcare tech-
nologies must be integrated to address the increasingly
diverse characteristics and nutritional challenges faced
by children. Technologies for measuring dietary intake
and food exposure—including Al-based monitoring
of food waste and vegetable and fruit consumption in
children’s meal settings—are currently being piloted
[44-46]. Al technologies are expected to contribute to
personalized services in multiple ways. Given that in-
dividual lifestyle characteristics such as eating speed,
sleep duration, and smartphone use during meals exert
a profound influence on dietary behavior [16], the de-
velopment of technologies capable of acquiring granu-
lar real-time behavioral data for the early identification
of nutritional risk is imperative. Al-based hyperperson-
alized nutrition coaching holds considerable potential
in its capacity to precisely characterize children’s di-
etary behavior and lifestyle patterns; however, the use
of children’s data requires a higher level of ethical pro-
tection than that applicable to adults. Korea’s Personal
Information Protection Act requires the consent of a
legal representative and notification in an easily com-
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prehensible format for the processing of personal infor-
mation of children under 14 years of age [47], whereas
the National AI Ethics Standards identify privacy pro-
tection, minimization of bias and discrimination, data
governance, accountability, safety, and transparency as
the core requirements [48]. Similarly, the World Health
Organization emphasizes human oversight, risk man-
agement, and transparency in the application of Al in
health care [49], and the Convention on the Rights of the
Child enshrines the “best interests of the child” as the
paramount principle in policies and services affecting
children [50]. Accordingly, Al-based nutritional services
targeting children must be designed to incorporate the
principles of data minimization, restriction of use be-
yond the original purpose, algorithmic bias auditing,
interpretable feedback, and human oversight systems
that allow expert intervention. Through research on the
resolution of current technological limitations, potential
personal information, and ethical concerns, it is im-
perative to advance toward an intelligent management
system capable of providing children and their caregiv-
ers with hyperpersonalized, tailored assessment, and
coaching.

CONCLUSIONS

Nutrition during infancy and the school-age period
constitutes a core driver that determines not only in-
dividual health outcomes but also the future potential
of the nation as a whole. The Republic of Korea has
achieved remarkable generational improvements in
physical growth since the 1960s and developed suc-
cessful state-led programs, including school meals and
NutriPlus program. However, in the face of the complex
triple burden of malnutrition characterizing contempo-
rary society, a structural leap that transcends the mere
expansion of fragmented programs is required. The val-
ues of a “systems-centered framework” and the “guar-
antee of life-cycle continuity” articulated in UNICEF’s
2020-2030 Strategy align precisely with the future
direction of Korea’s child nutrition policy. Moving for-
ward, it is imperative to build an environment in which
children can readily make healthy choices—through the
construction of an integrated big-data health platform
that connects fragmented information; the delivery of
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hyperpersonalized and tailored services incorporating
innovative technologies such as Al; organic multi-min-
isterial collaboration; and active partnerships with the
private sector, including the food industry. Building on
the accumulated achievements of public health and
nutrition policy, the time has come to achieve a second
and third leap forward through the construction of a
precise, person-centered system. This study drew on
UNICEF’s global strategy as a reference; however, it did
not incorporate a cross-national comparative analysis
or systematic literature review. As a narrative review
aimed at proposing future nutrition policy directions
based on past achievements, the policy recommenda-
tions presented may have limitations with respect to
generalizability.
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Objectives: This review examines the nutritional challenges among Korean adolescents
and young adults from life-course and behavioral science perspectives and proposes an in-
tegrated, community-based nutrition strategy for this critical transitional period.

Methods: A narrative review was conducted following the Scale for the Quality Assessment
of Narrative Review Articles guidelines. Literature published between January 2015 and
June 2025 was retrieved from PubMed, Google Scholar, and Research Information Sharing
Service using keywords related to adolescent and young adult nutrition, life course ap-
proaches, behavioral nutrition, and personalized nutrition. Policy documents from the World
Health Organization, Food and Agriculture Organization of the United Nations, United Na-
tions Nutrition, and Korean government agencies were also included. A total of 40 referenc-
es (32 peer-reviewed articles and 8 policy reports) were analyzed.

Results: Korean adolescents and young adults exhibited high rates of skipping breakfast (>
38.3%), obesity, and excessive sodium and sugar intakes, with disparities driven by socio-
ecological determinants. The Developmental Origins of Health and Disease framework
highlights adolescence as the “second window of plasticity” for reshaping long-term health
trajectories. Two behavioral frameworks were synthesized: the Formation-Maintenance
Model, distinguishing adolescent (Learn-Practice) and young adult (Sustain) stages, and
the socioecological nutrition model, addressing multi-level influences on dietary behavior. A
structural discontinuity in public nutrition support, termed the “School-to-Society Nutrition
Gap,” was identified. Community-based, participatory, and digitally integrated interventions
showed strong potential for sustaining behavioral change.

Conclusion: A personalized life-course nutrition strategy based on a Learn-Practice-Sustain
framework was proposed. A Community-Linked Circular Nutrition Model was presented to
bridge the gap between school-based and community-level nutrition systems, emphasizing
nutrition equity and digital engagement as key drivers of sustainable health outcomes.

Keywords: adolescents; young adults; life-course nutrition; behavioral nutrition; communi-
ty-based personalized nutrition

INTRODUCTION

The United Nations (UN)-Nutrition Strategy 2022-2030 establishes a coordinated
framework for UN agencies to address all forms of malnutrition, with the vision
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of “a world free from all forms of malnutrition where all
people achieve their full potential in health and well-be-
ing” [1]. The strategy outlines two overarching goals:
ensuring consistent joint action and implementation of
nutrition policy across the UN system, and promoting
coherent policies and approaches to nutrition challeng-
es at national, regional, and global levels [1]. Account-
ability mechanisms are embedded within the frame-
work through biennial workplans, a midterm review,
and an end-term evaluation, providing a structured
cycle of planning, implementation, and assessment [1].
This approach aligns with the World Health Organi-
zation (WHO)’s Global Action Plan for the Prevention
and Control of Noncommunicable Diseases (NCDs)
2013-2020, which identifies unhealthy diet as a primary
modifiable risk factor for NCDs including cardiovascu-
lar diseases, cancer, chronic respiratory diseases, and
diabetes, and provides governments with a policy road-
map to reduce the global burden of these conditions [2],
thereby reinforcing nutrition as a foundational dimen-
sion of sustainable public health.

Food choice is increasingly understood as a behavior-
al construct shaped by interactions among individual,
social, and environmental determinants [3]. In particu-
lar, the dietary behaviors of adolescents are influenced
by intrapersonal, socio-physical, and macro-level envi-
ronmental factors [4], and nutritional status during this
period constitutes a critical determinant of health and
cognitive development across their lifespan [5].

Although adolescence (10-19 years) and young
adulthood (20-29 years) represent pivotal transitional
periods during which health behaviors are formed and
consolidated, these life stages have historically been
underrepresented in existing nutritional policy frame-
works [6]. Nutritional status during this period exerts
long-term effects not only on the risk of chronic disease
in adulthood, but also on cognitive function, academ-
ic and occupational attainment, and socioeconomic
productivity [6, 7]. In this context, Hargreaves et al. [7]
emphasized that nutrition interventions targeting ad-
olescents and young adults extend beyond health pro-
tection to directly influence the national developmental
potential, calling for a fundamental reordering of policy
priorities. Azzopardi ef al. [8] showed that investing in
adolescent health, particularly in low- and middle-in-
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come countries, is cost-effective and can reduce inter-
generational health inequities.

The life-course perspective and Developmental Ori-
gins of Health and Disease (DOHaD) theory posit that
early developmental environments are primary deter-
minants of subsequent health trajectories [9, 10]. More
recent scholarship has reframed adolescence and young
adulthood as a “window of opportunity” during which
existing health trajectories may be actively modified
and reshaped [9, 10]. Notably, the nutritional environ-
ment during this period may influence gene expression
through epigenetic mechanisms [11], and these effects
may extend beyond the individual and affect the health
of subsequent generations. To our knowledge, few re-
views have attempted to integrate life-course theory,
behavioral science, and community-based nutrition
systems within a unified conceptual framework tailored
to adolescents and young adults. This review responds
to that gap by proposing an integrative framework link-
ing these domains.

In light of these considerations, the present study
applied a narrative review methodology [12] with three
principal aims: (1) to examine the nutritional status and
key nutritional challenges of Korean adolescents and
young adults from integrated life-course and behavioral
science perspectives; (2) to analyze the structural de-
terminants of the nutritional management gap arising
during the school-to-society transition; and (3) to de-
velop a conceptual community-based, life-course per-
sonalized nutrition strategy model to address this gap.
Ultimately, this review seeks to inform evidence-based
strategies for extending healthy life expectancy and
strengthening sustainable population health systems.

METHODS

Ethics statement

This study was conducted as a narrative review based ex-
clusively on previously published literature. It did not in-
volve the collection, use, or analysis of human partici-
pants, biological specimens, or identifiable personal data.
Accordingly, institutional review board (IRB) approval
was not required for this study.

https://doi.org/10.5720/kjcn.2026.00129
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Study design

This study employed a narrative review methodology
to comprehensively synthesize evidence on life-course
nutrition, behavioral science, and community-based
nutrition strategies [12, 13]. To ensure methodological
rigor and transparency of reporting, the Scale for the
Quality Assessment of Narrative Review Articles (SAN-
RA) guidelines [12] and the narrative review procedures
proposed by Sukhera [13] were adopted as reference
frameworks. The six evaluative criteria of SANRA were
operationalized as follows. The importance of the top-
ic and the aims of the review were explicitly stated in
the Introduction. The literature search strategy was
described in detail, including databases, search terms,
and screening procedures. References were selected
to balance peer-reviewed evidence and policy reports.
Scientific reasoning was derived through integrated life-
course, behavioral, and community-based perspectives.
Evidence synthesis was presented in tabular form (Table
1) [14] and as a conceptual framework (Fig. 1).

A literature search was conducted using PubMed,
Google Scholar, and Research Information Sharing Ser-
vice for studies published between January 2015 and
June 2025; seminal references on the DOHaD frame-
work [9, 10] and life-course nutrition [15] were addi-
tionally included regardless of publication date because
of their conceptual relevance. The English-language
search terms were as follows: (“adolescent nutrition” OR
“young adult nutrition”) AND (“life-course nutrition”
OR “community nutrition strategy”) AND (“behavioral
nutrition” OR “personalized nutrition” OR “DOHaD”).
The Korean-language search terms included “adoles-

” o«

cent nutrition’, “young adult nutrition strategy’, “life-
” u

course nutrition’, “community nutrition’, and “dietary
behavior”. The inclusion criteria were as follows: (1)

studies focusing on adolescents (10-19 years), young
adults (20-29 years), or life-course studies encompass-
ing these age groups; and (2) peer-reviewed articles and
policy reports from authoritative institutions addressing
nutritional status, dietary behavior, nutrition strategies,
or community-based interventions. Case reports, ir-
relevant studies, and duplicate sources were excluded.
Literature selection was conducted using a two-stage
screening process comprising a title/abstract review
and full-text evaluation. The final corpus comprised 40
references (32 peer-reviewed articles and eight policy
reports), which were classified and synthesized under
four thematic domains: (1) life-course nutrition theory,
(2) behavioral science-based dietary behavior models,
(3) DOHaD and the strategic positioning of adolescence
and young adulthood, and (4) case studies of commu-
nity-based nutrition strategies. Narrative synthesis was
performed through thematic organization and critical
interpretation [12, 13].

STRATEGIC IMPORTANCE OF ADOLESCENCE AND
YOUNG ADULTHOOD: THEORETICAL RATIONALE

Adolescence and young adulthood as strategic life-
course periods

Adolescence and the transition to adulthood, broadly
spanning from age 10 through the mid-to-late twenties,
represent critical developmental stages during which
health behaviors and lifestyle patterns are formed and
internalized [16, 17]. Dietary behaviors established
during this period shape dietary trajectories that persist
into adulthood, thereby exerting enduring effects on
health across the lifespan [18]. The concept of “emerging
adulthood” (18-25 years) proposed by Arnett [17] char-
acterizes this stage as a distinct developmental phase

Table 1. Major nutrition risk indicators among Korean adolescents and young adults

Indicator Adolescents (10-19 years)

Young adults (20-29 years)

Interpretation

Breakfast skipping  38.3% (2023)
Obesity prevalence

Sodium intake
2,000 mg/day)

40.3% (2023)

16.2% (middle/high school, 2023) 29.6% (2023)

Irregular eating patterns and increased
risk of nutritional imbalance

Continuous increase over the past de-
cade; higher prevalence in males

2,950 mg (exceeding WHO limit of 3,204 mg (exceeding WHO limit of Associated with processed foods and
2,000 mg/day)

food delivery consumption

Based on Korea Disease Control and Prevention Agency [14].
WHO, World Health Organization.

https://doi.org/10.5720/kjcn.2026.00129
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Fig. 1. Community-linked circular nutrition model for adolescents and young adults, illustrating the integration of life-course stag-
es, community-linked ecosystems, and core implementation principles.

situated between adolescence and full adulthood—a
period in which dietary behaviors and health habits are
autonomously shaped yet have not been fully consoli-
dated. Given that repetitive dietary behaviors become
internalized as habits and routines [19], nutritional in-
terventions during this period have important implica-
tion across the life course.

Adolescence and young adulthood constitute a com-
plex transitional period marked by concurrent neuro-
development, hormonal changes, and expansion of
social roles. Nutritional imbalances during this period
may exert sustained adverse effects on major physio-
logical systems, including the endocrine system, brain
development, gut microbiome, and immune function
[20, 21]. Dietary behaviors during this stage are further
shaped by the interaction of individual factors (nutri-
tional knowledge, food preferences, and autonomy), in-
terpersonal factors (family influence and peer pressure),
and environmental factors (school meal programs, food
service environment, and food accessibility) [3].
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Accordingly, effective nutritional interventions re-
quire multi-level and integrated strategies rather than
single-dimensional approaches. @verby et al. [21] ad-
vocated understanding nutrition within a life-course
framework spanning molecular mechanisms to social
determinants of health, underscoring the far-reaching
consequences of adolescent and young adult nutritional
environments for later health trajectories.

Extension of the Developmental Origins of Health and
Disease framework to adolescence

The DOHaD theory is based on the premise that adult
diseases are shaped by the nutritional environment
experienced during fetal development and early child-
hood [15]. Gluckman et al. [9] and Hanson & Gluckman
[10] established the theoretical foundation of DOHaD
by demonstrating that early developmental environ-
ments constitute a primary mechanism that determines
subsequent health and disease trajectories. Subsequent
studies have revealed that these mechanisms operate

https://doi.org/10.5720/kjcn.2026.00129
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via epigenetic pathways [11].

More recent studies have extended the DOHaD
framework to encompass adolescence, redefining this
period as the “second window of plasticity” [20, 22].
Tohi et al. [20] emphasized that adolescence and young
adulthood represent a phase in which dietary behaviors
and social roles are reconfigured along with biological
reorganization. Furthermore, this period has been iden-
tified as the critical juncture at which the intergenera-
tional transmission of NCDs may be interrupted.

Through a systematic review, Tohi et al. [22] con-
firmed that adolescents are capable of understanding
and internalizing the DOHaD concept, suggesting that
education-based nutritional interventions can operate
effectively in this population. This implies that nutri-
tional interventions can function not only as risk factor
reduction strategies but also as agents capable of trans-
forming health trajectories. This extension of DOHaD
represents a conceptual advancement from biological
programming-focused approaches toward a broader
notion of “developmental redesign” that incorporates
behavioral and environmental factors [9, 10, 20]. Conse-
quently, adolescence and young adulthood are recon-
ceived not as periods requiring passive prevention, but
as strategic windows for the active reshaping of health
trajectories.

The School-to-Society Nutrition Gap conceptualized
in this study functions as a structural factor that con-
strains this opportunity for health trajectory reshaping.
Therefore, policy interventions to address this gap have
significant implications for the practical application of
the extended DOHaD theory.

CURRENT NUTRITIONAL STATUS AND KEY
NUTRITIONAL CHALLENGES IN KOREAN
ADOLESCENTS AND YOUNG ADULTS

Current nutritional risk patterns in Korean adolescence
and young adults

According to the 2024 Korea National Health and Nu-
trition Examination Survey conducted by the Korea
Disease Control and Prevention Agency, the nutritional
risks faced by Korean adolescents and young adults
are not isolated problems but rather manifest as struc-
turally interconnected patterns [14]. The prevalence
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of breakfast skipping has steadily increased, reaching
38.3% among adolescents and 40.3% among young
adults (20-29 years). The prevalence of obesity is 16.2%
among middle and high school students (2023) and
29.6% among young adults, reflecting a tendency for
unhealthy dietary behaviors established during adoles-
cence to accumulate in young adulthood [14].

The proportion of individuals in the 20-29 years age
group exceeding the WHO-recommended sodium in-
take limit (< 2,000 mg/day) reached 40.3%, while free
sugar intake demonstrated an upward trend alongside
increased consumption of ultra-processed foods and
food delivery services (Table 1) [14]. These patterns are
not unique to Korea; Moore Heslin & McNulty [6] iden-
tified irregular meal patterns, excessive consumption
of ultra-processed foods, and insufficient fruit and veg-
etable intake as common manifestations of nutritional
vulnerability across multiple national contexts.

These indicators collectively suggest a sequential risk
pathway characterized by breakfast skipping, irregular
meal patterns, consumption of high-energy, high-so-
dium, and high-sugar foods; and elevated metabolic
risk [14, 17]. Adolescence and young adulthood are in-
herently periods of lifestyle instability due to academic
pressures, employment preparation, and social transi-
tion—factors that further amplify this risk trajectory.

Nagata ef al. [23] demonstrated that nutritional imbal-
ances during early adolescence are closely associated
with socioeconomic factors, including socioeconomic
status, racial and ethnic backgrounds, and family struc-
ture, extending beyond individual food preferences.
Food accessibility and choice are further constrained by
differences in home, school, and community environ-
ments, thereby intensifying dietary inequality. In par-
ticular, among socioeconomically disadvantaged young
adults, access to nutritious foods is limited by cost and
time constraints, with consistently greater nutritional
imbalances reported in this subgroup [24-26].

These findings suggest that nutritional challenges
during adolescence and young adulthood represent
complex public health issues in which living environ-
ments and social structures function as co-determi-
nants, extending far beyond the realm of individual
choices. Consequently, effective interventions require
an integrated approach that encompasses not only in-
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dividual-level education but also food environment and
policy reforms [3, 6].

THE SCHOOL-TO-SOCIETY NUTRITION GAP: A
STRUCTURAL ANALYSIS

The current nutritional management system in Korea
operates primarily within a school-based framework for
adolescents, grounded in the School Meals Act [27] and
the 4th Basic Plan for Dietary Life Education (2025-2029)
[28]. However, following the transition to higher edu-
cation or employment, public nutritional support be-
comes markedly reduced, resulting in a structural gap
across this life-course transition [16].

In this review, this discontinuity is conceptualized
as the “School-to-Society Nutrition Gap.” This concept
refers to the structural discontinuity whereby systematic
nutritional management provided through school meal
programs and health education during adolescence is
abruptly reduced as individuals transition into young
adulthood, and institutional policy support undergoes
substantial contraction.

Existing constructs such as “nutrition transition” [2]
and “dietary trajectory” [17, 18] have tended to focus
primarily on individual-level changes in dietary be-
havior and their outcomes. In contrast, the conceptual
framework proposed in this study is distinguished by
attributing such changes to structural discontinuities at
the policy and environmental levels, conceptualizing
the absence of life-course continuity in public nutrition
support systems, rather than individual dietary behav-
ior, as a primary underlying mechanism.

Although young adulthood is characterized by ex-
panded autonomy, it paradoxically represents a period
during which nutritional status deteriorates [6, 17].
This is attributable to the compounding effects of en-
vironmental changes—including independent living,
irregular schedules, financial constraints, and time lim-
itations—in the absence of an adequate public nutrition
support system to replace the protective environment
formerly provided by families and schools. Winpenny
et al. [29] demonstrated through longitudinal research
that major life transitions such as university enrollment,
independent living, and entry into employment were
significantly associated with adverse changes in dietary
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trajectories. Utter et al. [30] further reported that cook-
ing skills during emerging adulthood predict long-term
dietary behavior, underscoring the need for a structural
support framework that sustains and reinforces these
competencies following social transitions.

Nam et al. [31] identified structural limitations in the
current school meal-based nutritional management sys-
tem, particularly its failure to extend coverage beyond
adolescence. Likewise, the WHO [16] identified policy
gaps during the adolescent-to-adult transition and em-
phasized continuity in community-based nutrition sup-
port. The United Nations Children’s Fund (UNICEF) [32]
further argued from a systems-thinking perspective that
insufficient community-level food environment inter-
vention following school-age education may perpetuate
this gap.

This evidence suggests that the School-to-Society Nu-
trition Gap represents a pivotal point of discontinuity
in life-course nutritional management and highlights
the need for a continuous and integrated nutritional
management system capable of bridging this structural
divide.

BEHAVIORAL SCIENCE FRAMEWORKS FOR
NUTRITIONAL BEHAVIOR

The Formation—Maintenance Model
According to a systematic review by Nakabayashi et
al. [33], which examined TTM-based nutritional in-
terventions in adolescents, dietary behavior change is
considered stable when initiated in the action stage and
sustained for a minimum of 6 months during the main-
tenance stage. The longitudinal findings of Winpenny
et al. [29] further demonstrated that major life transi-
tions—including university enrollment, independent
living, and entry into employment—are significantly
associated with adverse changes in dietary trajectories.
Chong [18] suggested that such dietary trajectories
represent structural patterns formed over the course of
life, whereas Arlinghaus & Stang [19] emphasized the
process through which repetitive behaviors become in-
ternalized as habits and routines.

Drawing upon these theoretical foundations, this re-
view proposes “Formation-Maintenance Model” as a
conceptual framework to explain nutritional behavior
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during the present study proposes adolescence and
young adulthood. This model integrates (1) the stage-
based behavioral change process of the TTM [33], (2)
dietary trajectory changes associated with life-course
transitions [17, 18], and (3) the habituation process of
repetitive behaviors [19]. Whereas the existing TTM
focuses primarily on the stages of individual behavioral
change, the proposed model extends this perspective
by explaining the processes of behavioral formation
and maintenance in a continuous manner that reflects
the life-course transition from adolescence to young
adulthood. Moreover, unlike existing constructs such as
“nutrition transition” or “dietary trajectory”—which pri-
marily describe resultant changes in dietary patterns—
the present model is conceptualized as a framework for
explicating the processes through which dietary behav-
iors are formed and maintained.

The Formation stage (primarily adolescence) rep-
resents the phase during which dietary behaviors are
initially learned (Learn) and practiced (Practice) for
the first time, while core dietary habits are established
through neurodevelopment and expanding social re-
lationships. The Maintenance stage (primarily young
adulthood) constitutes the phase during which estab-
lished behaviors are sustained (Sustain) in daily life.
However, the risk of behavioral disruption increases
during this period owing to environmental changes,
such as independent living, employment, and irregu-
lar schedules [17, 19]. In particular, the life-transition
points identified by Winpenny et al. [29] can be reinter-
preted as critical transition points that demarcate the
Formation and Maintenance stages.

Consequently, nutritional strategies targeting ado-
lescents and young adults must be designed to extend
beyond facilitating behavioral formation and simulta-
neously structure the environmental conditions and
support systems necessary for sustained behavioral
maintenance. This approach is consistent with the life-
course integrated perspective proposed by @verby et al.
[21], which encompasses factors ranging from molecu-
lar mechanisms to social determinants of health.

The Socio-ecological Nutrition Model

The determinants of dietary behavior in adolescents
and young adults are shaped by the interaction of in-
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dividual (biological, psychological, and behavioral),
interpersonal (family influence, peer pressure), envi-
ronmental (school meal programs, food accessibility),
and macro-level (media, food marketing, policy) factors
[3, 4]. This multi-level determinant structure implies
that dietary behavior change requires multi-level, rather
than single-level interventions [3]. The WHO [34] has
also emphasized the importance of youth-centered par-
ticipatory food environment improvement strategies.

In the present study, the socio-ecological perspective
is applied to nutritional behavior and reformulated
as an analytical framework designated as the “So-
cio-ecological Nutrition Model.” In contrast to existing
socio-ecological models, which primarily focus on
broadly explaining health behaviors, this model is spe-
cifically designed to explain, in an integrated manner,
the multi-level factors influencing the formation and
maintenance of dietary behaviors during adolescence
and young adulthood.

Nagata et al. [23] demonstrated that structural fac-
tors—including racial, ethnic, and socioeconomic
background—exert a significant influence on dietary
behavior formation, illustrating that dietary behaviors
are shaped within sociostructural contexts that extend
beyond individual choice. Given that peer group in-
fluences and social norms play particularly important
roles in dietary behavior formation during adolescence
[19], participatory nutritional education utilizing peer
leaders and social norm-based interventions have been
proposed as effective strategies. Furthermore, given that
engagement functions as a critical mediating variable
in digital behavioral interventions change interventions
[35], tailored intervention designs that reflect the digi-
tal access patterns and usage characteristics of young
adults are essential. From a systems thinking perspec-
tive, the UNICEF [32] emphasize that the effectiveness
of socio-ecological approaches is maximized when
integrated with regional food systems and extended to
community-level implementation strategies. Thus, the
proposed model provides a practical foundation for di-
etary behavior changes in adolescents and young adults
through a multi-level intervention structure that con-
nects the individual, social, environmental, and policy
domains.

133



Jung-Hyun Kim

Theoretical integration of behavioral science
frameworks

The two behavioral science frameworks proposed in
this study—the Formation-Maintenance Model and the
Socio-ecological Nutrition Model—constitute the the-
oretical foundation of the Community-Linked Circular
Nutrition Model. These frameworks explain nutritional
behavior across temporal and spatial dimensions, and
the proposed model is derived from the integration of
these two axes.

The Formation-Maintenance Model explicates the
processes by which nutritional behaviors are “formed
(Learn-Practice)” and “maintained (Sustain)” during
the life-course transition from adolescence to young
adulthood, thereby providing the theoretical basis for
the three-stage Learn-Practice-Sustain structure, which
serves as the temporal life-course axis adopted in the
proposed model. Meanwhile, the Socio-ecological
Nutrition Model elucidates the multi-level structure
through which dietary behaviors are shaped across the
individual, interpersonal, environmental, and policy
levels. The WHO [34] has also emphasized the impor-
tance of youth-centered participatory approaches to im-
proving food environments and nutrition outcomes for
adolescents. Moreover, given that engagement functions
as a critical mediating variable for behavioral change in
digital interventions [35], digital platforms serve as im-
portant intervention hubs for nutritional strategies tar-
geting young adults. This rationale provides the basis for
the spatial ecological axis of the proposed model, which
comprises the interconnected settings of schools, public
health centers, families, digital platforms, universities,
and workplaces.

These two axes interact throughout the life-course
transition process, and the School-to-Society Nutrition
Gap may be interpreted as a structural discontinuity
occurring at a juncture where both the temporal and
spatial axes are simultaneously weakened. In Korea, a
school-centered nutritional management system based
on the School Meals Act [27] and the 4th Basic Plan for
Dietary Life Education [28] has been established; how-
ever, as Kim [36] noted, this system has limited extensi-
bility to young adulthood, thereby engendering struc-
tural gaps.

The Community-Linked Circular Nutrition Model
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proposed in the present study accordingly functions
as an implementation framework that centrally coor-
dinates community-based interventions and connects
diverse settings in a circular manner, with the aim of
compensating for this structural discontinuity. Evidence
indicates that community-based nutritional interven-
tions targeting adolescents are effective for improving
nutrition outcomes [37] and can address multiple nutri-
tion-related problems simultaneously [38], supporting
the practical relevance of the proposed model.

In conclusion, the proposed model provides a frame-
work for translating behavioral science theories into
community-based nutrition policy and implementation
strategies through the integration of the temporal axis
(life-course-based behavioral change) and spatial axis
(multi-level environmental intervention).

IMPLEMENTATION AND LIMITATIONS OF
COMMUNITY-BASED NUTRITION STRATEGIES

School-based nutritional management policy: achieve-
ments and structural limitations
Korea’s nutritional management policy for adolescents
is structured around the School Meals Act, Special Act
on Safety Management of Children’s Dietary Life, and
Basic Plan for Dietary Life Education. Article 5, Para-
graph 1 of the School Meals Act stipulates nutritional
standards, including macronutrient distribution ratios
(carbohydrate:protein:fat = 55%-65%:7%-20%:15%-
30%) [27], whereas the 4th Basic Plan for Dietary Life
Education (2025-2029) identifies “sustainable dietary
patterns” and “school-community integration” as core
strategic directions [28]. These developments are im-
portant policy advances that correspond to the forma-
tion stage of dietary behavior during adolescence.
However, Kim et al. [36] has noted that current school
meal nutritional standards do not adequately reflect
the rapid growth and evolving dietary environment of
contemporary adolescents. The WHO [34] and UNICEF
[32] have similarly identified the structural limitations
of school-centered policies, which remain concentrated
in adolescence and fail to ensure the continuity of nutri-
tional management into young adulthood. These limita-
tions illustrate that the School-to-Society Nutrition Gap
is structurally embedded at the policy level, underscor-
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ing the need for expansion toward a continuous nutri-
tional management system that encompasses the entire
life course.

Domestic and international case studies: transition to-
ward participatory and integrated strategies
Nutritional programs targeting adolescents and young
adults, both domestically and internationally, have in-
creasingly shifted from knowledge transmission models
to participatory and integrated approaches. Ranisavl-
jev et al. [38] demonstrated that community-based,
multi-strategy interventions hold promise for address-
ing complex nutritional problems involving undernu-
trition, overnutrition, and micronutrient deficiencies
among adolescents in low- and middle-income coun-
tries. In particular, multicomponent approaches inte-
grating nutrition education, physical activity, and food
supplementation showed improvements in at least one
nutritional outcome in the majority of included studies.

The WHO [34] has recommended youth-centered,
participatory food environment improvement strate-
gies, identifying digital platforms, peer leadership, and
community linkages as core elements. Furthermore,
given that engagement functions as a critical mediating
factor for intervention effectiveness in digital behavioral
change programs [35], tailored intervention designs that
reflect the digital usage characteristics of young adults
are particularly important.

Among international case studies, the National Health
Service in the United Kingdom operates an adolescent
healthy lifestyle program integrating online consulta-
tions, peer leadership, and family engagement, and has
implemented a mobile application-based intervention
model that integrates nutrition, physical activity, and
sleep [34, 38].

In contrast, within the scope of this narrative review,
evidence for sustained, community-based integrated
nutritional intervention programs targeting Korean
adolescents and young adults was limited. While some
school-centered or short-term educational programs
exist, community-linked integrated intervention models
that account for life-course transitions have not been
sufficiently developed or documented. This scarcity of
domestic empirical evidence supports the view that the
School-to-Society Nutrition Gap represents not merely
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a theoretical abstraction, but also a structural deficit ob-
servable in actual policy and practice contexts. This also
identifies the core policy space in which the proposed
Community-Linked Circular Nutrition Model can be
applied.

Common features shared by international case stud-
ies include integrated lifestyle approaches; utilization of
digital technologies; linkages across individual, social,
and environmental dimensions; and the establishment
of partnerships among policy, community, and indus-
try stakeholders [37, 38]. Participatory and integrated
strategies have been identified as essential elements for
inducing sustainable behavioral change. However, the
effectiveness of such programs may vary according to
national food culture, socioeconomic context, and insti-
tutional infrastructure [32].

Accordingly, future research in Korea should pursue
the development of community-based integrated nutri-
tional intervention models that account for life-course
transitions, accompanied by long-term follow-up stud-
ies to evaluate their effectiveness. This constitutes an
important agenda for the empirical validation and ex-
tension of the proposed model.

A LIFE-COURSE PERSONALIZED COMMUNITY
NUTRITION STRATEGY MODEL

The present study integrates the Formation-Main-
tenance Model, the School-to-Society Nutrition Gap
framework, and the extended DOHaD conceptual-
ization to propose the “Community-Linked Circular
Nutrition Model” as a strategy for reshaping the health
trajectories of adolescents and young adults.

The adolescent and young adult nutrition paradigm
has undergone a progressive shift—from deficiency pre-
vention, through food environment and overnutrition
concerns, to a contemporary emphasis on sustainability
and health equity (Table 2) [39, 40]. The UNICEF [32]
have similarly advocated for approaches that integrate
adolescent nutrition with local food systems.

Longitudinal studies by Winpenny et al. [29] and
Chong [18] demonstrated that dietary trajectories un-
dergo rapid changes at major life transition points,
which simultaneously constitute critical windows of
opportunity for intervention. Accordingly, the present
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Table 2. Paradigm shift in adolescent and young adult nutrition: past, present, and future

Era Key characteristics

Policy and academic focus

Keywords Strategic direction

Past Deficiency prevention

Present Food environment and

overnutrition focus nomics, digital tools

Future

ty-focused Al-based coaching

Nutrient intake, school meals, growth Quantity/deficiency
Food environment, behavioral eco-

Sustainability- and equi- Nutrition security, sustainable diets, Sustainability/equity

How much to eat (supply-focused)
Environment/overnutrition What, why, and how to eat

Personalized nutrition coaching

Based on Willett et al. [39] and United States Department of Agriculture [40].

Al, artificial intelligence.

study proposes a life-course personalized nutrition
strategy structured around the Learn-Practice-Sustain
framework (Fig. 1).

The Learn stage (adolescence) represents the phase
during which foundational nutrition knowledge and
dietary habits are developed through school meal pro-
grams, nutrition education, and family participation
[41]. The Practice stage (transition from adolescence to
young adulthood) represents the phase during which
real-world dietary practices are shaped across univer-
sity, occupational, and community settings, and social
support networks emerge [19, 29]. The Sustain stage
(young adulthood) represents the phase during which
established behaviors are maintained over the long
term through digital platforms and behavioral feedback
mechanisms, supporting long-term behavioral stability
[32].

To operationalize this strategy, the Communi-
ty-Linked Circular Nutrition Model proposed in the
present study is grounded in an ecosystem connecting
schools, public health centers, families, digital plat-
forms, universities, and workplaces [32, 37]. The model
is guided by four core principles—Sustainability, Eq-
uity, Integration, and Digital Connectivity—with each
setting performing different functions according to its
corresponding life-course stage. For example, schools
and public health centers serve as primary hubs during
the Learn stage, universities during the Practice stage,
and workplaces during the Sustain stage. Notably, fam-
ilies and digital platforms fulfill a “bridging” function
that spans all stages, ensuring the continuity of support
throughout the life course.

In digitally delivered nutritional interventions, en-
gagement is a key determinant of effective behavior
change [35]. Accordingly, mobile applications, social
networking services, gamification, and peer-based
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support strategies may play important roles in fostering
participation among adolescents and young adults and
sustaining behavioral change [38]. Nagata et al. [23] em-
phasized the need to address digital access disparities
in the design of digital interventions, noting that socio-
economic structural factors are deeply embedded in
dietary behaviors.

For personalized nutrition strategies to be effective,
nutritional equity must be integrated as a foundational
principle. The WHO [34] has emphasized equitable ac-
cess to healthy diets, while UNICEF [32] has argued that
equity-based food environments are important founda-
tions for sustainable healthy dietary patterns. This prin-
ciple aligns with Sustainable Development Goals (SDGs
2,3,and 10) [34].

Nutrigenomics and omics-based personalized nutri-
tion [42] are considered future developmental directions
of the model proposed in this study, rather than the
core current components. Although these technologies
may enable a more precise intervention design when
integrated with community-based nutritional strategies,
their application necessitates careful consideration of
issues related to accessibility and health equity [22, 42].

CONCLUSIONS

This study is a narrative review presenting conceptual
models derived from theoretical and policy integration
rather than empirically validated intervention frame-
works. Accordingly, their effectiveness warrants future
verification through community-based interventions
and longitudinal cohort studies. The principal conclu-
sions of this review are as follows:

First, adolescence and young adulthood represent
the “second window of plasticity” as delineated by the
DOHaD framework—a strategic window during which
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health trajectories may be reshaped [20, 22]. Arnett’s
[17] concept of emerging adulthood substantiates the
developmental distinctiveness of this period, and the
extended DOHaD perspective emphasizes that nutri-
tional interventions constitute a public health strategy
extending beyond individual health to interrupt the in-
tergenerational transmission of NCDs [9, 10, 20].

Second, Korean adolescents and young adults ex-
hibit structurally interconnected nutritional risk pat-
terns, encompassing breakfast skipping, obesity, and
excessive sodium and free sugar intake [14], which
reflect the complex interplay of socioepidemiological
factors and food environments [23, 25]. In particular,
a School-to-Society Nutrition Gap exists during the
transition from school-based nutritional support to
community-based services [16, 27, 36], necessitating
the development of a continuous life-course nutritional
management system.

Third, the Formation-Maintenance Model proposed
in this study integrates adolescence and young adult-
hood into a continuous process of behavioral change
[17, 19, 33], with the three-stage Learn-Practice-Sus-
tain strategy providing a practical foundation for the
formation and maintenance of health behaviors. Key
implementation strategies can be summarized as fol-
lows: (1) constructing a behavioral formation structure
grounded in school, family, and community linkages;
(2) enhancing digitally participatory interventions; (3)
developing peer- and family-centered social support
systems; (4) developing tailored messaging centered on
key nutrients and food choices; (5) establishing staged
evaluation frameworks; and (6) securing long-term sus-
tainability through policy, financial, and infrastructure
foundations [6, 7, 19, 32, 35, 37, 41].

Fourth, the Community-Linked Circular Nutrition
Model is grounded in a multi-level ecosystem connect-
ing schools, public health centers, families, digital plat-
forms, universities, and workplaces, guided by the core
principles of Sustainability, Equity, Integration, and Dig-
ital Connectivity [32, 37]. By integrating nutrition equity
as a central axis, the model aligns with SDG 2, 3, and
10 and the WHO [34] Nutrition for Health Framework.
Nutrigenomics and omics-based personalized nutrition
approaches are regarded as future developmental direc-
tions rather than core current components, and require
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careful application with due consideration of issues of
accessibility and health equity [22, 42].

Future research should acknowledge that the mod-
els proposed in this study are conceptual frameworks
grounded in a narrative review and therefore require
systematic empirical verification. To this end, (1) qua-
si-experimental studies applying community-based
nutritional interventions should be conducted to evalu-
ate intervention effects; (2) longitudinal cohort studies
tracking the life-course transition from adolescence
to young adulthood should be conducted to verify the
sustainability of behavioral change; (3) mixed-methods
research to elucidate the causal relationship between
engagement and dietary behavior change in digital plat-
form-based interventions should be undertaken; and (4)
equity-focused evaluations targeting socioeconomically
disadvantaged populations should be undertaken to
evaluate the differential effects and applicability of the
proposed interventions.

Additionally, the development of differentiated tar-
get strategies reflecting Korea’s unique socioeconomic
and cultural context is warranted, along with follow-up
research to evaluate the applicability and scalability
of community-based multi-strategy interventions [37,
38]. Based on this accumulated evidence, the practical
feasibility and policy utility of the proposed model in
the present study should be verified through a phased,
systematic process.

In conclusion, adolescence and young adulthood may
be understood as a period of active health trajectory
reshaping, and life-course-based integrated nutrition
strategies represent a critical direction for extending
healthy life expectancy and strengthening sustainable
public health systems.
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Objectives: This study aimed to develop a NOVA-based scoring approach for evaluating ul-
tra-processed food (UPF) intake among Korean adults and to examine its performance.
Previous studies have reported that young adults have the highest levels of UPF consump-
tion. Accordingly, this study focused on adults aged 19-40 years and developed scoring
components reflecting dietary patterns specific to Korean eating habits.

Methods: Using 24-hour dietary recall data from adults aged 19-40 years in the Korea Na-
tional Health and Nutrition Examination Survey (2021-2023), foods were classified ac-
cording to the Korean-adapted NOVA system. The top 10 food groups accounting for = 80%
of cumulative UPF-derived energy were selected to construct the scoring components. The
tool was operationalized using food frequency questionnaire (FFQ) data from the Gangwon
cohort study (2022-2024). Intake frequencies were converted into scores ranging from O
(“rarely or never”) to 5 (“ 1 time/day”), and summed to generate the NOVA-UPF score
(range: 0-50).

Results: Among 237 young adults (aged 20-49 years), the mean NOVA-UPF score was
22.9 * 8.3. A positive association was observed between the NOVA-UPF score and FFQ-
based UPF energy intake (Spearman’s p = 0.629, P < 0.001). Cross-classification showed
that 51.9% were classified into the same tertile and 94.9% into the same or adjacent ter-
tiles, with a weighted kappa coefficient of 0.279.

Conclusion: This NOVA-based scoring approach may serve as a preliminary tool for assess-
ing UPF intake in Korean young adults. Further refinement and rigorous validation using
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quantitative dietary assessment methods and more diverse populations are required be-

fore broader application.

Keywords: food, processed; nutrition surveys; surveys and questionnaires; diet surveys

INTRODUCTION

Recent domestic and international studies describe ul-
tra-processed foods (UPFs) as products manufactured
using industrially processed food (PF) ingredients and
a wide range of additives [1]. These foods are charac-
terized by high energy density and increased added
sugar, sodium, and saturated fat contents, while being
low in dietary fiber and micronutrients [1]. Several epi-
demiological studies have reported that excessive UPF
consumption increases the risk of major chronic dis-
eases, including obesity [2], dyslipidemia [3], metabolic
syndrome [4, 5], and coronary and cerebrovascular dis-
orders [6]. Further, diets high in UPFs increase sugar, fat,
and sodium intake, thereby lowering overall diet quality
and emerging as an important public health concern [1,
7,8].

The NOVA classification system is a representative
framework for classifying foods according to their level
of processing [9]. It categorizes foods and beverages
into four groups based on the purpose and extent of
industrial processing: (1) minimally PF, (2) processed
culinary ingredients, (3) PE, and (4) UPF [1]. In Korea,
UPF consumption has steadily increased due to dietary
westernization and the widespread availability of con-
venience foods, with particularly high intake observed
among young adults [10-12]. This age group has irregu-
lar eating schedules due to academic or work demands
and prefers convenient, palatable foods, making them
more likely to consume PFs [11, 13]. Such trends reflect
changing food consumption patterns among young
adults and emphasize the need for early identification
and monitoring of the health impacts of UPF intake.

Globally, several countries have developed and vali-
dated UPF intake assessment tools tailored to their di-
etary environments, and practical instruments for rap-
idly assessing UPF consumption are currently employed
in Brazil, Senegal, Colombia, and other countries [14-
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17]. However, in Korea, a standardized and simplified
assessment tool remains unavailable to evaluate UPF
intake. Most studies rely on complex dietary assessment
methods, including 24-hour recalls or food frequency
questionnaires (FFQs), which require substantial time,
cost, and analytical effort [15, 16]. Further, the rapidly
evolving food environment has created a gap in up-to-
date data that can capture new dietary patterns and the
changing trends in UPF consumption [14, 17]. There-
fore, the development of a standardized tool that en-
ables quick and simple assessment of UPF intake at the
population level is warranted.

The need for a simplified UPF assessment approach
reflecting Korean dietary habits has been recognized;
however, existing international UPF tools are largely
based on Western dietary patterns and may not ad-
equately capture the characteristics of Korean food
consumption [18]. For example, traditional fermented
condiments, such as Doenjang and Gochujang, are
widely used as household cooking ingredients, but their
commercial production may involve added sugars and
seasonings, thereby making their level of processing
nontrivial [19]. These considerations emphasize the
need for developing a Korea-specific scoring approach
that accounts for the unique characteristics of Korean
dietary culture.

In this context, the present study serves as an initial
step toward constructing a UPF intake scoring tool
suitable for Korea. The NOVA-UPF scoring tool was
developed as an FFQ-derived scoring approach based
on selected food items relevant to UPF consumption,
rather than as a standalone questionnaire. Major UPF
food groups commonly consumed by young adults—
who exhibit relatively high UPF intake—were first iden-
tified using 24-hour recall data from the Korea National
Health and Nutrition Examination Survey (KNHANES,
2021-2023) and applying the Korean-adapted NOVA
classification. The association between the constructed
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score and the proportion of energy from UPFs was ex-
amined using FFQ data from the Gangwon Obesity and
Metabolic Syndrome (GOMS) cohort study (2022-2024)
to provide preliminary evidence on its performance in
the Korean population.

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-2021-077-2-RR-CR-R-
CR-R).

1. Study design

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

2. Data collection

This cross-sectional study developed a simplified NO-
VA-based scoring tool for assessing UPF intake among
young Korean adults and evaluated its performance.
The study comprised two phases (Fig. 1).

Phase 1 used 24-hour dietary recall data from the KN-
HANES (2021-2023), a nationwide survey that annually
assesses the health and nutritional status of a randomly
selected representative sample of the Korean population
through health examinations and nutrition surveys. This
phase aimed to identify UPF items consumed by young
adults. Food items were classified according to the
NOVA food classification system [18, 19]. Food groups
with high contributions to total energy intake were ex-
tracted among the identified UPFs, and the foundational
components of the scoring tool included the top 10 food
groups that collectively accounted for > 80% of cumu-
lative energy contribution. A total of 4,285 adults aged
19-40 years were initially included, whereas individuals
with missing data or implausible daily energy intake (<
500 keal or > 5,000 kcal; n = 426) were excluded, leading
to a final analytic sample of 3,859 participants.

Phase 2 used FFQ data from the GOMS cohort collect-
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ed between 2022 and 2024. The GOMS study is an ongo-
ing observational cohort designed to investigate dietary
and lifestyle determinants of obesity and metabolic
health among Korean adults in Gangwon province [20].
The GOMS study employed a dish-based semiquan-
titative FFQ developed in 2009 to assess usual dietary
intake over the preceding year, covering 112 food and
dish items [21]. Participants reported the frequency
of consumption across nine categories, ranging from
“never or less than once per month” to “three times per
day,” along with standard portion sizes. The FFQ has
been previously validated and demonstrated acceptable
reproducibility and validity [21]. In the present study, al-
coholic beverages were excluded from the NOVA classi-
fication, resulting in 109 items included in the analysis.
In the FFQ, food items were categorized based on pro-
cessing level using the NOVA system to assess UPF in-
take [19]. Scores for the NOVA-UPF tool were calculated
using the UPF list identified in the 24-hour recall analy-
sis, whereas the FFQ-based UPF energy proportion was
used as a reference indicator for assessing tool perfor-
mance. This study analyzed 237 adults aged 20-49 years
(65 men and 172 women). Individuals with insufficient

PHASE 1 PHASE 2

24-hour dietary recall FFQ
(KNHANES, 2021-2023) (GOMS, 2022-2024)

! |

3,859 young adults 237 adults
(19-40 years) (20-49 years)

I |
v

Korean NOVA classification

|
v v

Identification of top 10 Development of the
UPF groups NOVA-UPF scoring tool

| |

Evaluation of NOVA-UPF score performance

Fig. 1. Diagram of data analysis employed in the development
and performance evaluation of the NOVA-UPF scoring tool.
KNHANES, Korea National Health and Nutrition Examination
Survey; FFQ, food frequency questionnaire; GOMS, Gangwon
Obesity and Metabolic Syndrome; UPF, ultra-processed food.
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literacy, moderate or severe cognitive impairment, or
participation in other clinical or observational studies
were excluded [20].

3. Assessment of UPF intake and performance evaluation

1) Identification of UPF food groups using 24-hour recall
data

To reflect contemporary dietary patterns, the present
study used 24-hour dietary recall data from the KN-
HANES (2021-2023) to identify UPF food groups con-
sumed by Korean adults aged 19-40 years. The 24-hour
dietary recall method requires respondents to report all
foods and beverages consumed over the previous day
[22].

All reported food items were classified into the four
NOVA processing levels (Groups 1-4) following the
framework proposed by Monteiro et al. [23]. Given that
the original NOVA criteria may not fully capture domes-
tic food manufacturing processes or consumption con-
texts in Korea, a secondary classification was conducted
using the Korean-adapted NOVA guidelines, which
consider commonly consumed traditional foods such as
kimchi, fermented soybean pastes, and side dishes [18].

Foods were re-examined using updated information
on cooking methods, product names, brand informa-
tion, food types, nutrient composition (particularly
sugar and sodium content), and ingredient lists to
better reflect recent changes in the industrial food sup-
ply [18, 19]. The classification process was conducted
through expert panel discussions involving specialists
in nutritional epidemiology, and discrepancies were
resolved through iterative deliberation until consensus
was reached. Among the classified foods, only those
categorized as ultra-processed (Group 4) were retained
as candidate UPF items. A total of 2,081 food items were
initially evaluated, of which 949 were classified as UPFs.

Among the identified UPF items, food groups with
high contributions to total daily energy intake were se-
lected. The contribution of each UPF food group to total
UPF-derived energy intake was calculated and ranked.
Cumulative energy contribution was identified by se-
quentially summing energy contributions in descending
order, and food groups accounting for approximately
80% or more of cumulative UPF-derived energy were se-
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lected as the final candidates for inclusion in the scoring
tool [24].

2) Scoring of the tool using the FFQ

The NOVA-UPF scoring tool was developed based on
24-hour dietary recall data from the 2021-2023 KN-
HANES, using the top 10 food groups that accounted
for > 80% of cumulative UPF-derived energy as scoring
components. FFQ food items were grouped by match-
ing them to these 10 UPF food groups identified from
the contribution analysis and the list of foods classified
as NOVA Group 4 [19]. Details of how FFQ items corre-
spond to each scoring component are provided in Sup-
plementary Table 1.

The consumption frequency of each grouped FFQ
item was scored using the frequency categories of the
FFQ administered in the GOMS cohort (2022-2024).
Frequency responses were converted into scores rang-
ing from 0 (“rarely or never”) to 5 (“= 1 time/day”)
based on a six-point scale. The scores of all items were
summed to generate an individual’s NOVA-UPF total
score, with higher scores indicating higher UPF con-
sumption levels.

3) Assessment of tool performance

The performance of the NOVA-UPF scoring tool was
assessed by evaluating its association with the propor-
tion of energy intake from UPFs (%kcal), derived from
FFQ data. Each FFQ item was classified according to the
NOVA processing level following established criteria
[19], and the percentage of total energy intake attribut-
able to UPFs was calculated for each participant. This
FFQ-based UPF energy proportion (%kcal) was utilized
as the reference indicator.

To examine the extent to which the tool captured
relative UPF intake, Spearman’s rank correlation co-
efficients were calculated between NOVA-UPF scores
and the FFQ-based UPF energy proportion. In addition,
both measures were categorized into tertiles to evalu-
ate agreement in classification, and cross-classification
analyses along with the weighted kappa coefficient were
used to assess concordance between the two indicators.
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4. Assessment of sociodemographic and lifestyle
characteristics

Education level was classified into “middle school or
below,” “high school graduate,” and “college or above.”
Household income was categorized into “< 2 million
KRW per month,” “2-4 million KRW,” and “> 4 million
KRW.” Household composition was classified as sin-
gle-person or multi-person households. Alcohol con-
sumption was categorized as current drinking (yes/no),
whereas smoking status was classified as never smoker
(lifetime consumption < 100 cigarettes), former smoker,
or current smoker. Physical activity was assessed follow-
ing the World Health Organization guidelines, which
recommend at least 150 minutes of moderate-intensity
physical activity or 75 minutes of vigorous-intensity
activity per week. Vigorous-intensity activity time was
multiplied by two and combined with moderate-inten-
sity time to identify total activity, after which partici-
pants were categorized into “none,” “insufficient,” and
“sufficient” activity levels [25, 26].

5. Statistical analysis

KNHANES is based on a stratified, clustered, and sys-
tematic sampling design, and all statistical analyses
were conducted by accounting for sampling weights,
stratification variables, and clustering variables. The
proportion of energy intake from UPFs (%kcal) was cal-
culated and categorized into tertiles using the 24-hour
dietary recall data from KNHANES (2021-2023). Socio-
demographic characteristics and major variables of par-
ticipants were summarized using descriptive statistics
based on the GOMS cohort (2022-2024). Consumption
frequencies for the FFQ data for each food group were
converted to scores of 0 to 5, and these were summed
to obtain the NOVA-UPF total score. Total scores were
expressed as means and standard deviations, and dif-
ferences across sociodemographic and lifestyle factors
were assessed using independent t-tests and one-way
analysis of variance.

Spearman’s rank correlation coefficient was used to
examine the correlation between the NOVA-UPF score
and the FFQ-based proportion of energy intake from
UPFs. Further, both the NOVA-UPF score and the FFQ-
based UPF energy proportion were categorized into ter-
tiles, and cross-classification analysis was conducted to
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assess the degree of agreement between the two indica-
tors. The proportions of participants classified into the
same tertile, adjacent tertiles, and opposite tertiles were
calculated. Agreement between the two classifications
was further evaluated using the weighted kappa coeffi-
cient. Stata MP version 17.0 (StataCorp LLC.) was used
for all statistical analyses.

RESULTS

1. Comparison of energy intake (%) from subgroups
of UPF in terms of gender among adults aged 19—40
years: KNHANES in 2021-2023

Table 1 presents the adjusted mean percentage of ener-
gy intake from UPF subgroups among adults aged 19-40
years according to gender. Overall, noodles and pasta
dishes contributed the largest proportion of UPF-de-
rived energy intake (16.0%), followed by soda and bev-
erages (15.0%), breads and bakery products (13.4%),
seasonings and condiments (10.2%), and traditional
sauces (9.0%). Significant gender differences were ob-
served in several subgroups. Men had higher energy
contributions from noodles and pasta dishes (17.1% in
men and 14.1% in women, P < 0.001), traditional sauces
(9.8% and 8.1%, P = 0.013), processed meat and pack-
aged meat products (10.1% and 7.1%, P < 0.001), and
convenience or ready-to-eat foods (5.5% and 4.2%, P =
0.011). Women had higher contributions from breads
and bakery products (15.7% in women and 11.3% in
men, P < 0.001), snack foods (8.0% and 4.7%, P < 0.001),
frozen desserts or ice cream (3.1% and 2.0%, P = 0.001),
and dairy products (5.4% and 3.0%, P < 0.001). No sig-
nificant gender differences were observed for the re-
maining UPF subgroups. Detailed characteristics of par-
ticipants according to tertiles of ultra-processed foods
energy intake are provided in Supplementary Table 2.

2. Cumulative contribution of UPF subgroups based
on 24-hour dietary recall data from adults aged 19-40
years: KNHANES in 2021-2023

Fig. 2 illustrates the cumulative contribution of detailed
UPF subgroups to total UPF energy intake based on 24-
hour recall data. The major contributing subgroups
included noodles and pasta (15.4%), beverages (14.9%),
and breads and baked goods (13.6%), which together
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NOVA-based UPF scoring tool in Korean adults

Table 1. Comparison of energy intake (%) from UPF subgroups according to gender among adults aged 19-40 years in the KN-

HANES (2021-2023) (n = 3,859)

UPF subgroups (%kcal) Total (n = 3,859) Men (n = 1,726) Women (n = 2,133) P-value
Noodles and pasta dishes 16.0 £ 0.5 171 £ 0.7 141+ 0.6 <0.001
Soda, beverages 15.0+0.4 15.7 £ 0.6 142 £ 0.5 0.060
Breads and bakery products 13.4+0.4 11.3+0.6 15.7 + 0.6 <0.001
Seasonings and condiments 10.2+0.3 10.3+0.4 101 +0.4 0.705
Traditional sauces 9.0+0.3 9.8+0.5 81+0.4 0.013
Processed meat and packaged meat products 8.6+0.3 10.1+0.5 71+0.4 <0.001
Snack foods 6.3+0.3 47+04 80+04 <0.001
Convenience or ready-to-eat foods 49+0.3 55+04 42 +0.3 0.011
Dairy products 42 +0.2 3.0+03 54+0.3 <0.001
Cocoa and chocolate products 35+0.2 34+04 3.6+0.3 0.581
Processed fish and seafood products 28+0.2 2.7+0.2 2.8+0.2 0.772
Frozen desserts or ice cream 25+0.2 20+0.2 31+£0.3 0.001
Processed agricultural products 26+0.2 28+0.3 24+0.2 0.285
Dietary supplements 0.8+0.1 1.0+0.2 05+0.1 0.059
Jams and spreads 0.2+0.0 0.2+0.0 0.3+0.0 0.131
Processed rice cakes 0.2+0.0 0.2+0.1 0.2+0.1 0.783
Edible oils and fats 0.2+0.1 0.1+0.0 0.1+0.0 0.980
Pickled or preserved foods 0.1+0.0 0.1+0.0 0.0+0.0 0.459
Food additives 0.0+£0.0 0.0+£0.0 0.0+0.0 0.361
Sugars and sweeteners 0.0+£0.0 0.0+£0.0 0.0+ 0.0 0.318

Adjusted mean + SE from multivariate regression models.
All values, except for the total energy intake, are expressed as %kcal/day.

All estimates were calculated using sampling weights to account for the complex survey design of KNHANES.

P-values indicate overall differences according to gender.

UPF, ultra-processed food; KNHANES, Korea National Health and Nutrition Examination Survey.

accounted for approximately 44% of total UPF energy
intake. Seasoning products (10.3%), traditional sauces
(8.7%), processed meats (8.3%), and snack foods (6.6%)
followed, all of which demonstrated relatively high con-
tributions.

Conversely, chocolate products (3.6%), frozen des-
serts and ice cream (2.7%), processed seafood (2.8%),
and dairy products (4.4%) contributed smaller propor-
tions. Dietary supplements, jams, processed rice cakes,
fats and oils, pickled products, food additives, and sug-
ars each accounted for < 1% of total UPF energy intake.
Overall, the top eight UPF subgroups contributed > 80%
of total UPF-derived energy.

3. Scoring criteria for NOVA-UPF items according to
consumption frequency

Table 2 shows the scoring criteria for each item includ-
ed in the NOVA-UPF scoring tool. The consumption

https://doi.org/10.5720/kjcn.2026.00059

frequency for each food group was categorized into six
levels, scored from 0 (“rarely or never”) to 5 (“> 1 time
per day”). The same scoring criteria were applied to
all 10 major UPF food groups, including noodles and
pasta, beverages, breads and baked goods, seasoning
products, processed sauces/pastes, processed meats,
snack foods, ready-to-eat or convenience foods, dairy
products, and chocolate products. An individual’s to-
tal NOVA-UPF score was calculated by summing the
scores across all food groups, with a possible total score
ranging from 0 to 50. Higher total scores indicate more
frequent UPF consumption.

4. General characteristics of study participants in terms
of gender based on the FFQ among adults aged 20-49
years from the GOMS cohort study in 2022-2024

Table 3 shows the characteristics of the 237 participants,
comprising 27.4% (n = 65) men and 72.6% (n = 172)
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Fig. 2. Cumulative contribution of UPF subgroups based on 24-hour dietary recall data among adults aged 19-40 years in the KN-
HANES (2021-2023) (n = 3,859). UPF, ultra-processed food; KNHANES, Korea National Health and Nutrition Examination Survey.

Table 2. Scoring criteria for NOVA-UPF items according to consumption frequency
NOVA-UPF score

Food group Rarely or 1-3 1 2-4 5-6 >1 NOVA-UPF

never times/month time/week times/week times/week time/day score range
Noodles and pasta dishes 0 1 2 3 4 5 0-5
Soda, beverages 0 1 2 8 4 5 0-5
Breads and bakery products 0 1 2 3 4 5 0-5
Seasonings and condiments 0 1 2 3 4 5 0-5
Traditional sauces 0 1 2 3 4 5 0-5
Processed meat and packaged meat products 0 1 2 3 4 5 0-5
Snack foods 0 1 2 3 4 5 0-5
Convenience or ready-to-eat foods 0 1 2 3 4 5 0-5
Dairy products 0 1 2 3 4 5 0-5
Cocoa and chocolate products 0 1 2 3 4 5 0-5
Total possible score Total possible NOVA-UPF score: 0-50

UPF, ultra-processed food.
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women. Significant gender differences were observed
in education level and smoking status (P = 0.011 and
P < 0.001, respectively). Among men, 81.5% had a col-
lege-level education or higher, compared with 61.6% of
women. Further, the proportion of current smokers was
significantly higher among men (35.9%) than among
women (8.8%).

Conversely, no significant gender differences were ob-
served in marital status, household income, household
type, alcohol consumption, or physical activity level (P

> 0.05). Overall, 82.7% of participants were married or
living with a partner, and 67.1% had attained a college
education or higher. Further, 60.3% reported a monthly
household income exceeding 4 million KRW. Current
drinkers accounted for 76.8% of the sample, whereas
current smokers represented 16.2%. Regarding physi-
cal activity, 35.4% met the recommended activity level,
whereas 43.9% reported no physical activity and 20.7%
reported insufficient activity.

Table 3. General characteristics of study participants according to gender based on FFQ data among adults aged 20-49 years in the

GOMS cohort study (2022-2024) (n = 237)

Variables Total (n = 237) Men (n = 65) Women (n = 172) P-value
Total 237 (100.0) 65 (27.4) 172 (72.6)
Marital status 0.925
Spouse, including common-law partner 196 (82.7) 54 (83.1) 142 (82.6)
Without a spouse®” 41 (17.3) 11 (16.9) 30 (17.4)
Education level 0.011
< Middle school 5(2.1) 0(0.0) 5(2.9)
High school 73(30.8) 12 (18.5) 61 (35.5)
2 College 159 (67.1) 53 (81.5) 106 (61.6)
Household income per month (million KRW) 0.913
<2 17 (7.2) 4(6.2) 13 (7.6)
2-4 77 (32.5) 22(33.9) 55 (32.0)
>4 143 (60.3) 39 (60.0) 104 (60.5)
Household type (n = 236) 0.976
Single member 22(9.3) 6(9.2) 16 (9.4)
Non-single 214 (90.7) 59 (90.8) 155 (90.6)
Smoking status (n = 234) <0.001
Never smoker” 171 (73.1) 29 (45.3) 142 (83.5)
Former smoker 25 (10.7) 12 (18.8) 13 (7.7)
Current smoker 38(16.2) 23 (35.9) 15 (8.8)
Drinking status 0.287
Current drinking 182 (76.8) 53 (81.5) 129 (75.0)
Current abstainer” 55 (23.2) 12 (18.5) 43(25.0)
Recommended PA levels® 0.160
No PA Level 104 (43.9) 23(35.4) 81 (47.1)
Insufficient or inactive PA levels 49 (20.7) 18 (27.7) 31(18.0)
Recommended PA level 84 (35.4) 24 (36.9) 60 (34.9)

n (%).
P-values between groups were identified using chi-squared tests.
Sample sizes vary depending on the variables.

FFQ, food frequency questionnaire; GOMS, Gangwon Obesity and Metabolic Syndrome; PA, physical activity.
“Without a spouse: individuals who are separated, divorced, widowed, or never married.

2)
3),
4)

sity physical activity.
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Never smokers: those who have smoked < 100 cigarettes over their lifetime.
Current abstainer: no lifetime experience of alcohol consumption or no alcohol intake during the past year.
Recommended PA level: engaging in at least 150 minutes per week of moderate-intensity physical activity or 75 minutes per week of vigorous-inten-
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5. Mean NOVA-UPF scores according to general char-
acteristics of participants aged 20—49 years from the
GOMS cohort study, 2022—-2024

Table 4 shows the NOVA-UPF scores according to par-
ticipants’ general characteristics. The mean NOVA-UPF
score for all participants was 22.9 + 8.3 (range: 0-50),
and no significant difference was observed between
men and women (P = 0.500). Similarly, NOVA-UPF
scores did not significantly differ according to age, mar-
ital status, education level, household income, house-
hold type, smoking status, drinking status, or physical
activity level (P > 0.05). Overall, the distribution of
NOVA-UPF scores remained relatively consistent across
all subgroups.

6. Cross-classification of participants by tertiles of UPF
energy intake (%) and NOVA-UPF scores using the FFQ
from the GOMS cohort study in 2022-2024

Table 5 presents the cross-classification of participants
by tertiles of the NOVA-UPF scores and FFQ-based UPF
energy intake (%kcal). Overall, 51.9% of participants
were classified into the same tertile, and 94.9% were
classified into the same or adjacent tertiles, while 5.1%
were classified into opposite tertiles. The weighted
kappa coefficient was 0.279 (standard error = 0.046). In
addition, a positive correlation was observed between
the NOVA-UPF score and FFQ-based UPF energy intake
(Spearman’s p = 0.629, P < 0.001).

DISCUSSION

This study examined the performance of a Korean
NOVA-based UPF scoring tool developed to rapidly as-
sess UPF intake among Korean adults. Analysis of 24-
hour dietary recall data from the KNHANES identified
noodles, beverages, breads, seasoning products, and
processed sauces/pastes as major contributors to UPF
energy intake, which were subsequently used to con-
struct the scoring components. The NOVA-UPF score
was positively correlated with the proportion of energy
intake from UPFs (%kcal) derived from the FFQ (Spear-
man’s p = 0.629, P < 0.001). Cross-classification of ter-
tiles showed that the largest proportion of participants
was classified into the same tertile for both measures.

A notable strength of this study is that the develop-
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Table 4. Mean NOVA-UPF scores according to general charac-
teristics of participants in the GOMS cohort study (2022-2024)
(n=237)

Variables NOQ/(;AO—“L%JPF P-value
Age (year) 0.610
20-29 21.3+71
30-39 23.6+8.7
40-49 228+8.3
Gender 0.500
Men 23.5+8.6
Women 22.6+8.2
Marital status 0.907
Spouse, including common-law 229+8.2
partner
Without a spouse” 22.7+87
Education level 0.259
< Middle school 24.8 + 8.7
High school 21.6+8.2
> College 23.4+8.3
Household income per month 0.373
(million KRW)
<2 22.1+10.0
24 21.9+78
>4 235+83
Household type 0.388
Single member 215+ 10.0
Non-single 23.1+8.1
Smoking status 0.343
Never smoker” 22.8+8.3
Former smoker 25.0+94
Current smoker 220+ 76
Drinking status 0.959
Current drinking 229+8.2
Current abstainer” 22.8+87
Recommended PA levels” 0.584
No PA Level 22.7+8.7
Insufficient or inactive PA levels 24074
Recommended PA level 225+83

Mean * SD.

P-values were obtained from an independent t-test or one-way ANOVA.

UPF, ultra-processed food; GOMS, Gangwon Obesity and Metabolic

Syndrome; PA, physical activity.

Without a spouse: individuals who are separated, divorced, widowed,
or never married.

?Never smokers: those who have smoked < 100 cigarettes over their
lifetime.

ICurrent abstainer: no lifetime experience of alcohol consumption or
no alcohol intake during the past year.

“Recommended PA level: engaging in at least 150 minutes per week
of moderate-intensity physical activity or 75 minutes per week of vig-
orous-intensity physical activity.
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Table 5. Cross-classification of participants by tertiles of UPF energy intake (%) and NOVA-UPF scores based on FFQ data in the

GOMS cohort study (2022-2024) (n = 237)

NOVA-UPF score

UPF consumption (%kcal) : : Total
T4 (lowest) T2 (middle) T3 (highest)

T1 (lowest) 53 (67.1) 20 (25.3) 6 (7.6) 79 (100)

T2 (middle) 23(29.1) 32 (40.5) 24 (30.4) 79 (100)

T3 (highest) 6 (7.6) 27 (34.2) 46 (58.2) 79 (100)

Total 82 (34.6) 79 (33.3) 76 (32.1) 237 (100)

n (%).

The weighted kappa coefficient for agreement across tertiles was 0.279.

Spearman’s correlation coefficient = 0.629, P < 0.001.

UPF, ultra-processed food; FFQ, food frequency questionnaire; GOMS, Gangwon Obesity and Metabolic Syndrome.

ment of the scoring components accounted for the
unique characteristics of Korean dietary culture. Foods
such as seasoning products and fermented sauces are
widely consumed in Korea and traditionally classified
as minimally processed. However, modern commercial
production frequently incorporates added sugars, flavor
enhancers, and stabilizers, thereby complicating classi-
fication according to NOVA criteria [27, 28]. These char-
acteristics are not fully captured in Western-developed
assessment tools [14-17], highlighting the importance
of incorporating Korea-specific dietary features into tool
development.

Previous international studies have reported positive
correlations between NOVA-based UPF scores and
reference indicators of UPF intake [14, 15]. In Senegal,
a validation study demonstrated a positive linear rela-
tionship between score categories and mean UPF intake
from repeated 24-hour recalls (P < 0.001) [15]. Similarly,
a study of young women in Colombia reported a posi-
tive linear association between NOVA-UPF scores and
the percentage of energy from UPFs (P < 0.001) [16].
Although those studies used repeated 24-hour recalls
as reference measures and the present study used FFQ-
based indicators, the consistent positive associations
across different dietary assessment methods suggest
that NOVA-based scoring approaches may have poten-
tial for ranking individuals according to relative UPF
intake. The present findings provide preliminary sup-
port for the use of a simplified NOVA-based scoring tool
within FFQ-based research contexts.

International UPF assessment tools generally empha-
size Western-typical UPFs, including breads, fast foods,
chocolate, and sugary beverages [14-16]. In contrast,

https://doi.org/10.5720/kjcn.2026.00059

our analysis showed that Korean adults derive substan-
tial UPF energy not only from noodles, beverages, and
breads but also from seasoning products and processed
sauces/pastes. These differences reflect culturally dis-
tinct dietary patterns and contribute to structural vari-
ation in tool design between Korean and Western con-
texts. Direct comparisons across tools should therefore
be interpreted with caution.

In Korea, UPF consumption has been increasing,
particularly among young adults [11, 12]. The rise of sin-
gle-person households has increased demand for con-
venience and ready-to-eat foods [12, 29], and exposure
to food-related content and marketing through social
media may further influence UPF consumption [12, 30-
32]. Considering these trends, systematic approaches
for monitoring UPF intake are needed. The observed as-
sociation between the NOVA-UPF score and FFQ-based
UPF energy intake suggests that this scoring tool may
have potential as a preliminary assessment approach in
FFQ-based epidemiologic studies. The tool should be
interpreted as an FFQ-derived summary score rather
than an independently administered dietary assessment
instrument.

Limitations

This study has several limitations. First, both the NOVA-
UPF score and the reference indicator were derived
from FFQ data, indicating that the evaluation reflects
internal consistency rather than true external valida-
tion. This may have contributed to a modest overes-
timation of the observed association, and validation
against quantitative dietary assessment methods such
as repeated 24-hour recalls was not performed. In ad-
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dition, the weighted kappa coefficient indicated only
fair agreement between the score-based classification
and FFQ-derived UPF intake tertiles, suggesting limited
exact concordance between the 2 measures. However,
the relatively low proportion of extreme misclassifica-
tion indicates that the tool may still have potential for
ranking individuals according to relative UPF intake
rather than for precise classification. Second, the study
sample primarily comprised young adults, limiting gen-
eralizability to middle-aged or older populations. Third,
participants were recruited from a specific geographic
region, and caution is warranted when extrapolating
the findings to the broader Korean adult population. Fi-
nally, scoring components were derived from UPF food
groups identified using national 24-hour recall data;
however, the ongoing diversification of UPF products in
Korea suggests that the tool may not fully capture all rel-
evant UPF categories. Further refinement and validation
may be needed as food consumption patterns evolve.

Conclusion

This study evaluated the performance of a Korean
NOVA-based scoring tool developed to assess UPF
consumption among Korean adults. The tool was con-
structed by identifying major UPF-contributing food
groups from national 24-hour dietary recall data and
incorporating food categories reflecting Korean dietary
characteristics. The positive association observed be-
tween the NOVA-UPF score and FFQ-based UPF energy
intake suggests that the score may capture relative dif-
ferences in UPF consumption among individuals. This
study represents a preliminary analysis to explore the
feasibility of applying a structured NOVA-based scoring
approach within existing FFQ-based cohort data. These
findings indicate that the tool should be considered a
preliminary assessment approach. Further refinement
and rigorous validation using quantitative dietary as-
sessment methods and more diverse populations are
required before broader application.
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Objectives: This study evaluated the intake status of key macronutrients and micronutri-
ents (calcium, magnesium, iron, and vitamin D) among Korean older adults and investigat-
ed their associations with frailty and its individual components.

Methods: Data from 1,246 participants (aged = 65 years) in the 9th Korea National Health
and Nutrition Examination Survey (2022-2023) were analyzed. Participants were classi-
fied into Robust, Pre-frail, and Frail groups based on a modified version of the Fried frailty
phenotype (unintentional weight loss, exhaustion/fatigue, muscle weakness, slow gait
speed, and low physical activity). Nutrient intake levels were categorized into tertiles. Multi-
variable logistic regression was used to estimate odds ratios (ORs) for frailty. Model 1 was
adjusted for age, sex, and total energy intake. Model 2 included additional adjustments for
socioeconomic factors (household composition, household income) and function-related
factors (aerobic physical activity, chewing difficulty, and disease status).

Results: Total energy intake differed significantly across frailty groups in both Model 1 (P =
0.011) and Model 2 (P = 0.043). In the fully adjusted model, participants in the highest
tertile of iron intake (T3) had 35% lower odds of frailty compared to those in the lowest ter-
tile (T1) (OR = 0.65; 95% confidence interval [Cl], 0.44-0.96). Iron intake maintained the
strongest independent association with reduced odds of muscle weakness (T3 vs. T1: OR
= 0.45; 95% Cl, 0.28-0.71). Furthermore, higher protein intake per kilogram of body
weight (T3) was significantly associated with lower odds of slow gait speed (OR = 0.53;
95% Cl, 0.33-0.87) in the minimally adjusted model. Vitamin D, calcium, and magnesium
were not significantly associated with overall frailty after full adjustment.

Conclusion: Insufficient intake of protein and iron is associated with increased odds of frail-
ty and its functional components in Korean older adults. These findings underscore the
critical need for evidence-based nutritional interventions and policy development to prevent
and manage frailty at the population level.

Keywords: frailty; elderly; Korea; nutrient status; protein

INTRODUCTION

Globally, many countries—including Korea—are experiencing rapid demograph-
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ic shifts driven by low birth rates and population aging.
In 2025, Korea attained super-aged society status, with
individuals aged 65 and older comprising 20.3% of the
total population; this proportion is projected to reach
29.9% by 2035 and 40.1% by 2050 [1]. Japan reached this
milestone in 2005 [2], and United Nations (UN) projec-
tions indicate that the global proportion of older adults
will surpass 20% by 2070 [3]. These demographic shifts
underscore an urgent need for comprehensive, multi-
faceted strategies to address the health and well-being
of older adults at both national and international levels.

Frailty is characterized by heightened vulnerability
to external stressors resulting from diminished phys-
iological reserves with advancing age; it is a pivotal
determinant of adverse health outcomes and increased
morbidity [4, 5]. Importantly, frailty differs from inevita-
ble physiological aging in that it is potentially reversible
and preventable. Evidence indicates that frailty can be
mitigated through modifiable lifestyle factors, such as
improved nutritional intake, regular physical activity,
and smoking cessation [5-7]. Nutritional management,
in particular, is central to maintaining physical function
and is essential for both the prevention and manage-
ment of frailty.

According to the 2020 Dietary Reference Intakes for
Koreans [8], a substantial proportion of individuals aged
75 and older consume protein below the estimated
average requirement: 40.5% of males and 59.9% of fe-
males. Insufficient intake of key micronutrients, partic-
ularly calcium, is also more prevalent in this age group
compared to other age cohorts [8]. Such nutritional defi-
ciencies are mechanistically linked to frailty. Communi-
ty-based research [9] has demonstrated that insufficient
intakes of protein and vitamin D are associated with
significantly increased risks of frailty, with odds ratios
(ORs) of 2.4 and 1.6, respectively. Moreover, a system-
atic review [10] indicates that frailty risk is exacerbated
by the combined effects of multiple micronutrient de-
ficiencies. Calcium, magnesium, and iron are essential
for neuromuscular signaling, skeletal integrity, and oxy-
gen transport; inadequate intake can exacerbate muscle
weakness and exhaustion, both clinical hallmarks of
frailty [10]. A meta-analysis of over 30,000 participants
further identified low serum vitamin D levels as an inde-
pendent biomarker of frailty risk [11]. Collectively, these
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findings highlight the necessity of integrated nutritional
management—addressing both the quantity and quality
of protein intake and ensuring micronutrient balance—
for effective frailty prevention.

Despite these insights, research specifically investigat-
ing the relationship between nutrient intake and frailty
among Korean older adults remains limited. Building
upon prior evidence [8-11], the present study aims to
comprehensively assess the intake status of macronu-
trients and specific micronutrients (calcium, magne-
sium, iron, and vitamin D) in this population, utilizing
data from the 9th Korea National Health and Nutrition
Examination Survey (KNHANES IX, 2022-2023). Fur-
thermore, it seeks to elucidate the associations between
the intake levels of these nutrients and individual frailty
components.

METHODS

Ethics statement

This study used data from the KNHANES IX (2022-2023).
In KNHANES, written informed consent was obtained
from all participants and/or their legal guardians. The
KNHANES protocol was approved by the Research Ethics
Review Committee of the Korea Disease Control and Pre-
vention Agency (IRB Nos. 2018-01-03-4C-A and 2022-11-
16-R-A). The present study was a secondary analysis of
publicly available, de-identified KNHANES data; there-
fore, no additional ethical approval was sought, and addi-
tional informed consent was not required.

1. Study design

This investigation employed a cross-sectional design
utilizing government-approved, nationally representa-
tive data. The study is reported in accordance with the
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidelines (https://www.
strobe-statement.org/).

2. Study population

Data were sourced from the KNHANES IX (2022-2023).
Of the initial 3,502 participants aged > 65 years, exclu-
sions were made for: (1) diagnosed chronic kidney dis-
ease (n = 479) due to its impact on nutrient metabolism;
(2) missing data for any key variables, including frailty
phenotype components, socioeconomic factors, func-
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tion-related factors, or nutrient intake (n = 1,766), using
a complete-case analysis to uphold data integrity; and
(3) implausible energy intakes (< 500 or > 5,000 kcal/day;
n = 11), which may bias nutritional analysis. After these
exclusions, 1,246 participants remained for the final
analysis.

3. Variables and measurements

1) Frailty assessment

Frailty was evaluated using the five criteria established
by Fried et al. [12], adapted to accommodate the avail-
able variables in the KNHANES and following validated
protocols from previous studies [13-16] to ensure meth-
odological consistency. The five components assessed
were: unintentional weight loss, exhaustion/fatigue,
muscle weakness, slow gait speed, and low physical
activity. Muscle weakness was defined according to
the Asian Working Group for Sarcopenia (AWGS) 2019
guidelines [17], thereby enhancing physiological rele-
vance for the Korean older adult population. Compo-
nent definitions were as follows:

A. Unintentional weight loss: self-reported loss of > 3
kg or more within the past year [13-15].

B. Exhaustion/fatigue: self-reported experience of
feeling “very much” stress in daily life [13-15].

C. Muscle weakness: handgrip strength < 28 kg for
males or < 18 kg for females, as defined by the
AWGS 2019 guidelines [17].

D. Slow gait speed: assessed using the EuroQol-5
Dimension mobility dimension, where partici-
pants reported: “having some problems in walking
about” or being “confined to bed” [13-15].

E. Low physical activity: walking < 120 minutes per
week [15].

Based on these criteria, participants were classified as
frail (= 3 criteria), pre-frail (1-2 criteria), or robust (0 cri-
teria). For analyses examining the association between
nutrient intake tertiles and frailty risk, the pre-frail and
frail groups were combined into a non-robust category
(= 1 criterion).

2) General characteristics

General characteristics were derived from the KN-
HANES health questionnaire and categorized as socio-
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economic factors (household composition, household
income) and function-related factors (aerobic physical
activity, chewing difficulty, and disease status).

Household composition was classified as single-per-
son or multi-person. Household income (quartiles),
aerobic physical activity (active/inactive), and chewing
difficulty (comfortable/uncomfortable) followed the
original KNHANES definitions. Disease status was cate-
gorized as “absent” or “present,” with the latter defined
as having at least one of the following: hypertension,
diabetes, dyslipidemia, or obesity (BMI > 25 kg/m” ac-
cording to Korean criteria). Obesity was included due
to its strong association with chronic metabolic disease.
Grouping these factors enabled a comprehensive as-
sessment of participants’ overall health status.

3) Nutrient intake

Dietary intake was assessed using 24-hour recall data,
with a focus on nutrients frequently insufficient in older
adults—protein, vitamin D, calcium, magnesium, and
iron. For macronutrients, the percentage of total energy
intake from carbohydrate, protein, and fat (E%) was cal-
culated and compared with the acceptable macronutri-
ent distribution ranges (AMDR) to assess adequacy. To
characterize intake distribution, daily nutrient amounts
were categorized into tertiles: lowest (T1), middle (T2),
and highest (T3).

4. Statistical analysis
All statistical analyses were conducted using SAS soft-
ware (version 9.4; SAS Institute Inc.), with statistical
significance set at P < 0.05. The complex sampling de-
sign of KNHANES was addressed by applying integrated
weights, strata, and clusters in accordance with the KN-
HANES multi-year data integration guidelines. For the
combined 2022-2023 dataset, integrated weights were
calculated. Specific sampling weights were assigned
depending on the analysis: household and health inter-
view/examination weights (wt_hs/itvex) and nutrition
survey weights (wt_ntr) were used for analyses of gen-
eral characteristics and nutrient intake, while integrated
health and nutrition survey weights (wt_tot) were used
for analyses involving associations with frailty compo-
nents.

To compare characteristics across frailty groups, con-
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tinuous variables were reported as means + standard
errors (SE) and assessed using complex samples linear
regression. Categorical variables were presented as
frequencies and percentages and compared using the
Rao-Scott chi-square test. Row percentages were used
to indicate the prevalence of each frailty status within
subgroups.

Nutrient intakes across frailty groups were compared
using two adjusted models. Model 1 was adjusted for
age, sex, and total energy intake; Model 2 included fur-
ther adjustments for socioeconomic factors (household
composition, household income) and function-related
factors (aerobic physical activity, chewing difficulty,
disease status). Total energy intake was excluded from
the covariates when analyzing energy intake or mac-
ronutrient energy contribution ratios (E%) to prevent
over-adjustment, as it is inherently accounted for in
these variables. Bonferroni correction was applied for
post hoc comparisons.

Associations between nutrient intake tertiles and frail-
ty risk, as well as its individual components, were evalu-
ated using complex samples multiple logistic regression
to estimate ORs and 95% confidence intervals (CIs).
The lowest tertile (T1) served as the reference group for
comparisons. While all nutritional variables—including
the AMDR for macronutrients—were initially screened,
analyses of individual frailty components focused on
nutrients (such as protein, vitamin D, and iron, etc.)
with established biological and statistical relevance for
a more targeted investigation.

RESULTS

1. General characteristics

The distribution of participant characteristics by frailty
status is detailed in Table 1. Among the 1,246 partici-
pants, 518 (41.6%) were classified as robust, 655 (52.6%)
as pre-frail, and 73 (5.8%) as frail. The mean age was
72.3 years, with age increasing significantly across frailty
groups (P < 0.0001). The prevalence of frailty was higher
in those aged > 75 years (9.4%) than in those aged 65-74
years (2.7%) (P < 0.0001). Frailty status differed signifi-
cantly by sex (P < 0.001): males were more likely to be
robust (50.4%), while females were more likely to be
pre-frail (54.7%) or frail (6.5%). Notably, the prevalence
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of frailty in females (6.5%) was nearly double that ob-
served in males (3.6%).

Regarding household composition, single-person
households represented 31.5% of the robust, 61.3% of
the pre-frail, and 7.2% of the frail groups (P < 0.0001).
The proportion of frail participants was also significant-
ly higher among those with lower household income
(P <0.0001).

Participants reporting chewing difficulty had a higher
prevalence of frailty (9.1%) compared to those without
chewing difficulty (3.4%) (P < 0.0001). Within the frail
group, the proportions of individuals with aerobic phys-
ical inactivity and with at least one chronic disease were
significantly higher than among physically active or dis-
ease-free participants (P < 0.05).

2. Nutrient intake

Table 2 summarizes daily nutrient intakes according
to frailty status. In Model 1 (adjusted for age and sex),
mean total daily energy intake was highest in the robust
group (1,691.57 kcal), followed by the pre-frail (1,668.46
kcal) and frail (1,489.75 kcal) groups, with a significant
difference among groups (P = 0.011). This trend persist-
ed in Model 2, which additionally adjusted for socio-
economic (household composition, household income)
and function-related factors (aerobic physical activity,
chewing difficulty, disease status), remaining statisti-
cally significant (P = 0.043). The proportion of energy
derived from carbohydrates (E%) was highest in the frail
group (68.14%; P = 0.035 in Model 1), although this dif-
ference was not significant after full adjustment in Mod-
el 2 (P = 0.133). Notably, iron intake was lowest in the
frail group (7.75 mg) compared to the pre-frail (9.04 mg)
and robust (9.10 mg) groups, a difference that remained
significant in both Model 1 (P < 0.001) and Model 2
(P=0.001).

3. Nutrient intake status and frailty risk

Table 3 displays the associations between nutrient intake
tertiles and the odds of frailty. In Model 1 (adjusted for
age, sex, and energy intake), participants in the high-
est tertile (T3) for protein intake per kilogram of body
weight, vitamin D intake, and iron intake exhibited sig-
nificantly lower odds of frailty compared to those in the
lowest tertile (T1). However, after further adjustment for
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Table 1. General characteristics of the study population

Variables Total (n = 1,246) Robust (n =518)  Pre-frail (n = 655) Frail (n = 73) P-value”
Age (year) 72.3+0.2 71.3+0.3 729+0.2 75.5+0.7 < 0.0001
Age group (year)
65-74 789 375 (49.3) 391 (48.1) 23(2.7) < 0.0001
275 457 143 (35.2) 264 (55.3) 50 (9.4)
Sex
Male 571 276 (50.4) 272 (46.1) 23(3.6) <0.001
Female 675 242 (38.7) 383 (54.7) 50 (6.5)
Household composition
Single-person households 273 82 (31.5) 169 (61.3) 22 (7.2) < 0.0001
Multi-person households 973 436 (46.7) 486 (48.4) 51 (4.9)
Household income (quartile)
Low 541 172 (33.7) 326 (59.0) 43 (7.3) < 0.0001
Middle low 388 176 (46.8) 195 (49.3) 17 (3.9)
Middle high 196 9 (51.4) 8 (44.2) 9(4.4)
High 121 71 (58.0) 6 (37.7) 4 (4.3)
Aerobic physical activity”
Inactive 835 289 (36.5) 481 (56.4) 65 (7.1) < 0.0001
Active 411 229 (58.1) 174 (40.2) 8 (1.6)
Chewing difficulty
Not uncomfortable 843 398 (50.2) 413 (46.4) 32(3.4) <0.0001
Discomfort 403 120 (30.6) 242 (60.3) 41 (9.1)
Disease status®
Absent 261 134 (51.1) 112 (42.9) 15 (6.0) 0.033
Present 985 384 (42.1) 543 (52.9) 58 (5.0)

Mean % SE, n, or n (%).

YP-values indicate overall differences across robust, pre-frail, and frail groups.

?Aerobic physical activity was classified as “Active” (= 150 minutes of moderate-intensity activity, > 75 minutes of vigorous-intensity activity, or an
equivalent combination per week, where 1 minute of vigorous activity equals 2 minutes of moderate activity), and “Inactive” (not meeting these crite-

ria).

¥Disease status was classified as “present” for participants diagnosed with at least one of the following: hypertension, diabetes, dyslipidemia, or

those identified with obesity (body mass index = 25 kg/m?).

socioeconomic and function-related factors in Model 2,
only the association with iron intake remained statistical-
ly significant. Specifically, participants in the highest iron
intake tertile (= 9.8 mg/day) had 35% lower odds of frail-
ty compared to those in the lowest tertile (< 6.3 mg/day)
(OR =0.65; 95% CI, 0.44-0.96; P = 0.031).

4. Nutrient intake and frailty-related criteria

Table 4 presents the ORs for individual frailty compo-
nents according to nutrient intake tertiles. In Model
1, participants in the highest protein intake group (>
1.1 g/kg/day) had significantly lower odds of muscle
weakness (OR = 0.58; 95% CI, 0.35-0.96; P = 0.036) and
slow gait speed (OR = 0.53; 95% CI, 0.33-0.87; P = 0.011)

https://doi.org/10.5720/kjcn.2026.00038

compared to those in the lowest intake group. Addition-
ally, higher total energy and vitamin D intakes were as-
sociated with reduced odds of slow gait speed, whereas
higher calcium intake (T3) was linked to lower odds of
muscle weakness. However, these associations were no
longer significant in Model 2, which included additional
adjustments for socioeconomic and function-related
factors.

In contrast, iron intake maintained a consistent, inde-
pendent association with muscle weakness. The highest
iron intake tertile (T3) was associated with a 60% lower
odds of muscle weakness in Model 1 (OR = 0.40; 95% CI,
0.25-0.64; P < 0.001) and a 55% lower odds in Model 2
(OR = 0.45; 95% CI, 0.28-0.71; P = 0.001). Although high-
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Table 3. Associations between nutrient intake tertiles and the odds of frailty among older adults

Variables” Category Model 17 Model 2%
Total energy intake (kcal/day)® 1 (< 1,306.6) 1.00 (ref.) 1.00 (ref.)
2 (1,306.6-<1,825.2) 0.83(0.59-1.15) 0.86 (0.61-1.22)
3(21,825.2) 0.78 (0.56-1.09) 0.92 (0.65-1.30)
Carbohydrate (E%)® 1(<61.2) 1.00 (ref.) 1.00 (ref.)
2 (61.2-<70.6) 1.12(0.82-1.53) 1.09 (0.78-1.52)
3 (2 70.6) 1.35 (0.96-1.91) 1.13(0.81-1.59)
Protein (E%)” 1(<12.8) 1.00 (ref.) 1.00 (ref.)
2 (12.8-<15.6) 0.87 (0.62-1.21) 1.02 (0.73-1.44)
3 (2 15.6) 0.83(0.59-1.18) 1.00 (0.70-1.45)
Fat (E%)” 1(<14.2) 1.00 (ref.) 1.00 (ref.)
2 (14.2-<20.8) 0.76 (0.56-1.04) 0.92 (0.67-1.26)
3(220.8) 0.72(0.51-1.03) 0.84 (0.60-1.19)
Protein (g/kg/day) 1(<0.8) 1.00 (ref.) 1.00 (ref.)
T2 (0.8-<1.1) 0.70 (0.49-0.99)" 0.79 (0.57-1.11)
3(211) 0.64 (0.42-0.99)" 0.80 (0.52-1.23)
Vitamin D (ug/day) 1(<0.7) 1.00 (ref.) 1.00 (ref.)
2(0.7-<2.7) 0.80 (0.55-1.17) 0.88 (0.61-1.26)
T3(22.7) 0.68 (0.47-0.97)" 0.78 (0.55-1.11)
Calcium (mg/day) 1 (< 348.7) 1.00 (ref.) 1.00 (ref.)
2 (348.7-<570.2) 0.99 (0.65-1.49) 1.06 (0.72-1.57)
3(2570.2) 0.87 (0.58-1.32) 1.08 (0.72-1.60)
Magnesium (mg/day) 1 (< 248.1) 1.00 (ref.) 1.00 (ref.)
2 (248.1-<355.4) 0.80 (0.54-1.17) 0.87 (0.59-1.26)
3(2355.4) 0.78 (0.51-1.18) 0.92 (0.59-1.43)
Iron (mg/day) 1(<6.3) 1.00 (ref.) 1.00 (ref.)
2 (6.3-<9.8) 0.83 (0.57-1.20) 0.88 (0.61-1.28)
3(29.8) 0.53(0.36-0.79)" 0.65 (0.44-0.96)"

QOdds ratio (95% confidence interval).
The lowest tertile (T1) served as the reference group.

The non-robust group comprises the combined pre-frail and frail groups; the robust group is used as the reference category.

YNutrients were categorized into tertiles (T1-T3) based on their distribution within the study population.

Model 1: Adjusted for age, sex, and total energy intake. Model 2: Model 1 plus adjustments for socioeconomic factors (household composition,
household income) and function-related factors (aerobic physical activity, chewing difficulty, disease status).

IMotal energy intake was excluded from the adjustment variables when analyzing energy intake or macronutrient energy proportions (E%) to prevent

multicollinearity.
‘P<0.05, “P<0.0L

female Korean older adults do not meet these recom-
mendations, consistent with previous studies [8, 30, 31].
Furthermore, as frailty progressed, carbohydrate intake
exceeded the recommended range (50%-65% of total
energy intake) [32], with the frail group averaging above
the 65% upper limit in both models (68.14% and 66.70%,
respectively). Frailty prevalence was highest among
those in the highest carbohydrate intake tertile, suggest-
ing that frailty progression is linked to a macronutrient
imbalance—an overreliance on carbohydrates relative

https://doi.org/10.5720/kjcn.2026.00038

to protein and fat. Such quantitative and qualitative di-
etary imbalances may promote involuntary weight loss
and functional decline, creating a cycle that accelerates
the progression of frailty [7, 33, 34]. Although protein
intake is a recognized factor in frailty [35, 36], its inde-
pendent association disappeared after full adjustment
(Model 2), indicating substantial confounding by socio-
economic and functional variables. Thus, interventions
should address both energy quantity and nutrient qual-
ity, with a focus on adequate protein intake to prevent
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Odds ratio (95% confidence interval).

“Model 1: Adjusted for age, sex, and total energy intake. Model 2: Model 1 plus adjustments for socioeconomic factors (household composition, household income) and function-related factors

activity: < 120 minutes/week of walking time; 4) slow gait speed: difficulty walking or bedridden most of the day; 5) exhaustion: self-reported feeling “very much” stress in daily life. The num-
(aerobic physical activity, chewing difficulty, disease status).

Outcomes were defined as follows: 1) Weight loss: self-reported = 3 kg loss in the past year; 2) muscle weakness: handgrip strength < 28 kg in males and < 18 kg in females; 3) low physical
bers and percentages in parentheses under the column headers indicate the number and percentage of participants (n, %) exhibiting each component.

The lowest tertile (T1) served as the reference group. The non-robust group comprises the combined pre-frail and frail groups; the robust group is used as the reference category.

“Total energy intake was excluded from the adjustment variables when analyzing energy intake or macronutrient energy proportions (E%) to prevent multicollinearity.

“P<0.05, "P<0.01, ""P<0.001.
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frailty.

Among micronutrients, only iron intake remained in-
dependently associated with frailty after adjusting for all
confounders. Although associations with protein and vi-
tamin D were no longer significant in the fully adjusted
model, participants in the highest iron intake tertile (T3)
had 35% lower odds of frailty compared to those in the
lowest tertile (T1). This enduring association suggests
that iron deficiency may serve as an independent risk
factor, not merely a consequence of reduced dietary or
protein intake. Our findings also confirmed that lower
iron intake was significantly associated with deficits in
muscle strength and gait speed. These results are con-
sistent with the Concord Health and Aging in Men Proj-
ect, which found that higher iron intake reduced frailty
risk by 48% even after controlling for dietary quality and
protein intake [37]. Iron plays a distinct physiological
role relative to protein, serving as a cofactor for mito-
chondrial oxidative phosphorylation and facilitating ox-
ygen transport via hemoglobin and myoglobin [13, 37].
Consequently, iron deficiency can impair muscle bio-
energetics and oxygen delivery, leading to fatigue and
reduced gait speed before clinical anemia manifests [38,
39]. Thus, maintaining adequate iron status is essential
for optimal physical function [40, 41] and serves as a key
regulator that complements protein’s structural role in
frailty prevention [37].

In the age- and sex-adjusted model, higher intakes of
energy, protein, and vitamin D were associated with re-
duced risk of functional vulnerability, such as impaired
gait and muscle weakness, consistent with previous
studies [42-44]. However, these associations did not
persist after full adjustment, suggesting the importance
of multifaceted influences and nutrient interactions in
maintaining physical function among older adults.

In summary;, frailty prevention in older adults requires
comprehensive nutritional strategies. While macronu-
trients like protein build the structural foundation for
muscle, our results underscore the unique, independent
role of iron in overall frailty and in functional domains
such as muscle strength and gait speed. Although not
all components of frailty were associated with nutrient
intake, the sustained significance of iron underscores its
central role in maintaining physical performance.

These findings suggest that nutritional assessment
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and interventions in older adults should prioritize both
qualitative and quantitative factors, specifically mon-
itoring iron status as an independent target alongside
total nutrient intake. Further longitudinal research is
warranted to determine the impact of combined nutri-
tional interventions on delaying frailty progression.

Limitations

Several limitations of this study should be acknowl-
edged. First, the relatively small number of participants
in the frail group (n = 73) may have reduced statistical
power to detect more subtle associations and limited
the generalizability of the results. Second, the cross-sec-
tional study design precludes establishing causality,
and the potential for reverse causality—where physical
decline influences nutrient intake—cannot be excluded.
Thus, longitudinal studies are warranted to clarify the
observed temporal relationships. Third, dietary intake
was assessed using a self-reported 24-hour recall meth-
od, introducing the risk of recall bias and potential dis-
crepancies between reported and actual intake.

Despite these limitations, this study offers import-
ant contributions by providing a detailed analysis of
frailty, subdivided into its individual components, and
highlighting the critical role of nutrition in key physical
function indicators—specifically, muscle strength (grip
strength) and gait speed (walking speed). Drawing on
integrated intervention frameworks from the United
States [45] and Japan [46], and standardized nutrition-
al screening policies in the United Kingdom [47] and
Australia [48], there is a clear need for South Korea to
establish a comprehensive intervention strategy. Such
a strategy should integrate screening, service linkage,
and functional indicator-based evaluation. The present
findings provide foundational data to inform and guide
public health policies targeting older adults in Korea.

Conclusion

Preventing or delaying frailty in older adults necessitates
a multifaceted approach that extends beyond caloric
supplementation alone. Comprehensive nutritional in-
terventions and supportive policy measures should pri-
oritize enhancing the quality of protein intake—to pro-
vide the structural basis for maintaining muscle mass—
and optimizing iron status, which is a critical functional
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regulator of physical performance. Implementing such
integrated strategies is essential for effectively preserv-
ing physical function and reducing the burden of frailty
at the population level.
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Objectives: To assess whether the use of free meal services is associated with diet quality
among older adults living alone in Incheon, Korea, by comparing the Nutrition Quotient for
the Elderly (NQ-E), index of nutritional quality (INQ), and mean adequacy ratio (MAR).
Methods: A cross-sectional survey was conducted from March 5 to April 24, 2025 using
one-to-one interviews and partially self-administered questionnaires. After excluding cases
with missing responses or energy intake of < 500 kcal/day, 119 participants were ana-
lyzed (56 men and 63 women). A single 24-hour recall was used to calculate INQ and MAR.
NQ-E was evaluated using total and subdomain scores. Group comparisons and sex-strati-
fied multiple linear regression analyses were performed.

Results: Diet-quality indicators were higher among service users than among non-users.
INQ for thiamin and riboflavin was significantly higher in men than in women. Meanwhile,
INQ for zinc, vitamin A, riboflavin, and folate was higher in women than in men. In both sex-
es, MAR was higher among users than among non-users (men: 0.8 £ 0.2 vs. 0.6 = 0.2;
women: 0.7 £ 0.2 vs. 0.5 £ 0.2; P < 0.001 for all). Differences in NQ-E total scores were
small. Among women, the practice subdomain score was higher in users than in non-users
(66.0 £ 16.4 vs. 55.2 £ 15.5; P = 0.016), and the proportion in upper grades was greater
(P = 0.030). Regression analysis showed that service use was negatively associated with
NQ-E in men (P = 0.007) and positively associated with MAR in women (P = 0.010).
Conclusion: Use of free meal services was associated with improved diet quality, as reflect-
ed by MAR and INQ for specific nutrients, and with higher NQ-E practice scores observed in
women than in men. Policies should prioritize food-insecure groups and support sustained
participation.

Keywords: aged; independent living; food services; nutrition assessment
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METHODS

Ethics statement

The written informed consent was obtained from all par-
ticipants or their guardians for the survey. The study pro-
tocol was approved by the Institutional Review Board of
Inha University (IRB No. 241125-9A).

1. 24
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Free meals and nutrition for older adults alone

Table 1. General and physical characteristics of study participants

. Total Men 1) Total Women 1)
Variable (n = 56) Users Non-users  P-value (n=63) Users Non-users  P-value
(n=32) (n=24) (n=233) (n=30)
Number of participants 56 (100) 32 (57.1) 24 (42.9) - 63 (100) 33(52.4) 30 (47.6) -
Age (year) 76.2+6.8 753+6.8 775+ 6.7 0.277 81.8+6.8 828+56 80.7+77 0.324
Education level <0.001 0.307
No formal education 5 (8.9) 5(15.6) 0(0.0) 14 (22.2) 7(21.2) 7 (23.3)
Elementary school graduate 9(16.1) 5(15.6) 4 (16.7) 2 (34.9) 13(39.4) 9 (30.0)
Middle school graduate 12 (21.4) 12 (37.5) 0(0.0) 17 (27.0) 6(18.2) 11 (36.7)
High school graduate 20 (35.7) 6(18.8) 14 (58.3) 10 (15.9) 7(21.2) 3(10.0)
University graduate 9(16.1) 4 (12.5) 5 (20.8) 0(0.0) 0(0.0) 0(0.0)
Graduate school or above 1(1.8) 0(0.0) 1(4.2) 0(0.0) 0(0.0) 0(0.0)
Housing ownership type <0.001 <0.001
Owned 29 (51.8) 6(18.8) 23 (95.8) 29 (46.0) 8(24.2) 21 (70.0)
Lease 4(7.) 4 (12.5) 0 (0.0) 10 (15.9) 5(15.2) 5(16.7)
Monthly rent 18 (32.1) 17 (53.1) 1(4.2) 20 (31.7) 16 (48.5) 4 (13.3)
Facility 2(3.6) 2(6.3) 0(0.0) 0(0.0) 0 (0.0) 0(0.0)
Unknown 3(5.4) 3(9.4) 0(0.0) 4 (6.3) 4(12.1) 0(0.0)
Economic status 0.001 0.293
Very good 2(3.6) 1(3.1) 1(4.2) 0(0.0) 0(0.0) 0(0.0)
Good 6 (10.7) 3(9.4) 3(12.5) 7(11.2) 4(12.) 3(10.0)
Average 31(55.4) 12 (37.5) 19 (79.2) 32(50.8) 16 (48.5) 16 (53.3)
Poor 15 (26.8) 14 (43.8) 1(4.2) 21 (33.3) 13 (39.4) 8(26.7)
Very poor 2(3.6) 2(6.3) 0 (0.0) 3(4.8) 0(0.0) 3(10.0)
Frequency of contact with fami- 0.276 0.091
ly/friends
Hardly ever 7 (12.5) 6(18.8) 1(4.2) 7(11.1) 4(12.1) 3(10.0)
1-2 times a month 9 (16.1) 3(9.4) 6 (25.0) 3(4.8) 1(3.0) 2(6.7)
1-2 times a week 14 (25.0) 7(21.9) 7(29.2) 15 (23.8) 4(12.) 11 (36.7)
Almost every day 22 (39.3) 14 (43.8) 8(33.3) 33 (52.4) 22 (66.7) 11 (36.7)
Several times a day 4(7.2) 2(6.3) 2(8.3) 5(7.9) 2(6.1) 3(10.0)
Meal preparation ability 0.398 0.071
Not difficult at all 26 (46.4) 14 (43.8) 12 (50.0) 35 (55.6) 23 (69.7) 12 (40.0)
Slightly difficult 15 (26.8) 8 (25.0) 7(29.2) 20 (31.7) 8(24.2) 12 (40.0)
Fairly difficult 8(14.3) 7(21.9) 1(4.2) 7(11.1) 2(6.1) 5(16.7)
Almost unable 5(8.9) 2(6.3) 3(12.5) 1(1.6) 0(0.0) 1(3.3)
Completely unable 2(3.6) 1(3.1) 1(4.2) 0(0.0) 0(0.0) 0(0.0)
Number of chronic diseases 0.259 0.718
None 11 (19.6) 8 (25.0) 3(12.5) 3(4.8) 1(3.0) 2(6.7)
1 chronic disease 16 (28.6) 9(28.1) 7(29.2) 18 (28.6) 8(24.2) 10 (33.3)
2 chronic disease 12 (21.4) 4 (12.5) 8(33.3) 13 (20.6) 7(21.2) 6 (20.0)
3 or more chronic diseases 17 (30.4) 11 (34.4) 6 (25.0) 9 (46.0) 17 (51.5) 12 (40.0)
Height (cm) 165.6+5.6 165.0+6.6 166.4+3.7 0.405 154.0 +56 152.8+6.3 155.3+4.6 0.085
Weight (kg) 649+74 64.4+89 655148 0.435 542+93 532%70 55.3+11.4 0.490
BMI (kg/m?)? 0.730 0.110
Underweight 1(1.8) 1(3.1) 0(0.0) 6(9.5) 2(6.1) 4 (13.3)
Normal 23 (41.1) 13 (40.6) 10 (31.3) 27 (42.9) 13(39.4) 14 (46.7)
Pre-obese 17 (30.4) 10 (31.3) 7(29.2) 17 (27.0) 13 (39.4) 4 (13.3)
Obese Class | 13(23.2) 6(18.8) 7(29.2) 11 (17.5) 5(15.2) 6 (20.0)
Obese Class Il 2(3.6) 2(6.3) 0(0.0) 2(3.2) 0 (0.0) 2(6.7)
Obese Class llI 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
n (%) or Mean + SD.

BMI, body mass index.

YP-values were estimated using Fisher’s exact test and the Mann-Whitney U test.

Obesity classification: underweight (< 18.5 kg/m?), normal (18.5-22.9 kg/m?), pre-obesity (23.0-24.9 kg/m°), obesity class | (25.0-29.9 kg/m°),
obesity class Il (30.0-34.9 kg/m?), and obesity class Ill (= 35 kg/m?).
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Table 2. Nutritional quality indices (INQ, MAR) from 24-hour dietary recall

. Total Men ,  Total Women 9
Variable (n = 56) Users Non-users ~ P-value (n=63) Users Non-users ~ P-value
(n=32) (n=24) (n=33) (n=30)
INQ?
Protein (g) 1.3+0.3 1.3+04 1.2+0.3 0.655 1.1+0.3 1.2+0.2 1.1+0.3 0.165
Ca (mg) 1.0+04 11+04 09+04 0.132 0.7+0.3 0.7+04 0.6+0.3 0.536
P (mg) 1.8+04 1.8+04 19+0.3 0.529 1.4+0.3 1.4+0.2 1.3+04 0.322
Fe (mg) 21+1.7 20+0.8 21+25 0.055 1.6+05 1.7+0.6 14+04 0.074
Zn (mg) 09+0.3 09+03 0.9+0.3 0.817 09+0.3 1.0+0.3 0.8+0.4 0.012
Vitamin A (ug RAE) 0.8+0.7 09+09 0.6+0.5 0.180 0.7+0.6 0.9+0.7 05+04 <0.001
Vitamin B, (mg) 1.3+04 1.3+04 1.2+0.3 0.037 1.3+05 1.4+05 1.2+05 0.296
Vitamin B, (mg) 1.1+£05 1.2+0.6 1.0+0.3 0.024 1.1+0.3 1.2+0.3 1.0+04 0.019
Vitamin Bg (Mg) 0.3+0.3 0.3+0.3 0.3+0.3 0.791 0.2+0.2 0.2+0.2 0.2+0.2 0.231
Vitamin By, (Mg) 15+12 15+14 14+10 0.631 12+18 0.8+0.5 15+25 0.308
Niacin (NE) (mg) 1.0+04 09+04 1.1+0.3 0.059 09+0.3 09+04 0.8+0.3 0.052
Vitamin C (mg) 1.2+2.0 1.3+23 11+1.7 0.132 0.9+09 09+09 0.8+1.0 0.104
Folate (DFE) (pg) 1.0+£0.6 1.1+0.7 1.0+£0.5 0.631 0.8+04 09+04 0.7+0.3 0.032
MAR? 0.7+02 08+02 06+02 <0001 06+02 07402 05402 <0.001
Mean + SD.

INQ, index of nutritional quality; MAR, mean adequacy ratio; ug RAE, ug retinol activity equivalent; NE, niacin equivalent; DFE, dietary folate equivalent.

YP-values were estimated using the Mann-Whitney U test.

JINQ was calculated as the ratio of nutrient intake per 1,000 kcal to the recommended intake per 1,000 kcal.
INutrient adequacy ratio (NAR) was calculated by dividing nutrient intake by the recommended intake, with values restricted to 1. MAR represents
the mean NAR across 13 nutrients: protein, calcium, phosphorus, iron, zinc, vitamin A, vitamin Bj, vitamin B,, vitamin B, vitamin B,,, niacin, vitamin C,

and folate.
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Table 3. Total and subdomain scores and levels of the NQ-E

- Total Men 1) Total Women 1)
Variable (n = 56) Users Non-users  P-value (n=63) Users Non-users  P-value
(n=32) (n=24) (n=33) (n=30)
NQ-E score
Nutrition Index 539+152 50.2+145 589+149 0.051 56.2+135 59.3+12.0 52.8+14.4 0.107
Balance 478 £20.2 44.0+19.0 53.0+209 0143 523+175 559+176 484+169 0.132
Moderation 53.3+372 457+372 63.3+353 0.098 61.2+33.3 54.1+32.0 69.0+334 0.162
Practice 63.7+181 61.3+21.3 66.8+125 0337 609+16.7 66.0+16.4 552+155 0.016
NQ-E score (level) 0.354 0.590
High 22 (39.3) 10 (31.3) 12 (50.0) 29 (46.0) 17 (51.5) 12 (40.0)
Medium 21 (37.5) 13 (40.6) 8(33.3) 22 (34.9) 11 (33.3) 11 (36.7)
Low 13 (23.2) 9(28.1) 4(16.7) 12 (19.0) 5(15.2) 7(23.3)
Balance score (level) 0.615 0.242
High 21 (37.5) 12 (37.5) 9(37.5) 28 (44.4) 18 (54.5) 10(33.3)
Medium 20 (35.7) 10 (31.3) 10 (41.7) 25 (39.7) 11 (33.3) 14 (46.7)
Low 15 (26.8) 10 (31.3) 5(20.8) 10 (15.9) 4(12.1) 6 (20.0)
Moderation score (level) 0.329 0.141
High 23 (41.1) 11 (34.4) 12 (50.0) 28 (44.4) 11 (33.3) 17 (56.7)
Medium 13 (23.2) 7(21.9) 6 (25.0) 26 (41.3) 17 (51.5) 9(30.0)
Low 20 (35.7) 14 (43.8) 6 (25.0) 9(14.3) 5(15.2) 4 (13.3)
Practice score (level) 0.243 0.030
High 21 (37.5) 11 (34.4) 10 (41.7) 15 (23.8) 12 (36.4) 3(10.0)
Medium 19 (33.9) 9(28.1) 10 (41.7) 24 (38.1) 12 (36.4) 12 (40.0)
Low 16 (28.6) 12 (37.5) 4 (16.7) 24 (38.1) 9(27.3) 15 (50.0)
Mean = SD or n (%).

NQ-E, Nutrition Quotient for the Elderly.

YP-values were estimated using the chi-square test or Fisher's exact test (if expected counts < 5) for categorical variables, and the Mann-Whitney U

test for continuous variables.

Table 4. Multiple linear regression of the NQ-E in relation to free meal service use

WA (unstan(?ardized) 92 (standardized) t RIS
Men (Intercept) 45.059 22.649 1.990 0.052
Use of free meal service -11.170 3.948 -0.368 -2.829 0.007

Adjusted R = 0.390, F = 5.389
Women (Intercept) 37.161 25.796 1.441 0.155
Use of free meal service 1.323 3.657 0.05 0.362 0.719

Adjusted R? = 0.220, F = 3.180

NQ-E, Nutrition Quotient for the Elderly; B, unstandardized coefficient; SE, standard error; 3, standardized coefficient; t, t-statistic testing.
The model was adjusted for age, education level (ref.: rarely/never attended school), energy intake, food security status (ref.: sufficient quantity and
variety), breakfast frequency (ref.: 5-7 days/week), contact frequency (ref.: rarely/almost never), and physical difficulty (ref.: none/no effect on eat-

ing).
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Table 5. Multiple linear regression of the MAR in relation to free meal service use

Variable (unstan(?ardized) = (standardized) t Prvalue
Men (Intercept) 0.736 0.209 - 3.5625 <0.001
Use of free meal service 0.064 0.036 0.180 1.757 0.085
Adjusted R* = 0.623, F = 12.364
Women (Intercept) 0.696 0.277 - 2.513 0.015
Use of free meal service 0.105 0.039 0.251 2.684 0.010

Adjusted R?* = 0.635, F = 14.468

MAR, mean adequacy ratio; B, unstandardized coefficient; SE, standard error; (3, standardized coefficient; t, t-statistic testing.
The model was adjusted for age, education level (ref.: rarely/never attended school), energy intake, food security status (ref.: sufficient quantity and
variety), breakfast frequency (ref.: 5-7 days/week), contact frequency (ref.: rarely/almost never), and physical difficulty (ref.: none/no effect on eat-

ing).

Table 6. Perceived health, nutrition, and diet-related factors by free meal service use

. Total Men 10 Total Women 1
Variable (n = 56) Users Non-users  P-value (n=63) Users Non-users  P-value
(n=32) (n=24) (n=233) (n=30)
Perceived health status 0.179 0.017
Very poor 5(8.9) 4 (12.5) 1(4.2) 3(4.8) 0(0.0) 3(10.0)
Poor 10 (17.9) 7(21.9) 3(12.5) 21(33.3) 10 (30.3) 11 (36.7)
Fair 15 (26.8) 6(18.8) 9 (37.5) 18 (28.6) 9(27.3) 9 (30.0)
Good 19 (33.9) 9(28.1) 10 (41.7) 13 (20.6) 6(18.2) 7 (23.3)
Very good 7 (12.5) 6(18.8) 1(4.2) 8(12.7) 8(24.2) 0 (0.0)
Perceived nutritional status 0.330 0.031
Very poor 1(1.8) 1(3.1) 0 (0.0) 2(3.2) 1(3.0) 1(3.3)
Poor 4(7.1) 4 (12.5) 0 (0.0) 14 (22.2) 3(9.) 11 (36.7)
Fair 28 (50.0) 14 (43.8) 14 (58.3) 30 (47.6) 16 (48.5) 14 (46.7)
Good 17 (30.4) 9(28.1) 8(33.3) 10 (15.9) 7(21.2) 3(10.0)
Very good 6 (10.7) 4 (12.5) 2(8.3) 7(11.1) 6(18.2) 1(3.3)
Perceived economic factors 0.041 0.013
Not at all influential 16 (28.6) 10 (31.3) 6 (25.0) 13 (20.6) 11 (33.3) 2(6.7)
Hardly influential 13(23.2) 3(9.4) 10 (41.7) 6 (9.5) 1(3.0) 5(16.7)
Neutral 12 (21.4) 7(21.9) 5(20.8) 20 (31.7) 8(24.2) 12 (40.0)
Influential 13 (23.2) 10 (31.3) 3(12.5) 17 (27.0) 11 (33.3) 6 (20.0)
Very influential 2(3.6) 2(6.3) 0(0.0) 7(11.1) 2(6.1) 5(16.7)
Perceived social factors 0.084 0.121
Not at all influential 29 (51.8) 16 (50.0) 13 (54.2) 32 (50.8) 21 (63.6) 11 (36.7)
Hardly influential 14 (25.0) 5(15.6) 9 (37.5) 7(11.1) 2(6.1) 5(16.7)
Neutral 6 (10.7) 4 (12.5) 2(8.3) 11 (17.5) 5(15.2) 6 (20.0)
Influential 5(8.9) 5 (15.6) 0 (0.0) 10 (15.9) 5(15.2) 5(16.7)
Very influential 2(3.6) 2(6.3) 0 (0.0) 3(4.8) 0(0.0) 3(10.0)
Perceived physical factors 0.349 0.117
Not at all influential 24 (42.9) 14 (43.8) 10 (41.7) 24 (38.1) 17 (51.5) 7 (23.3)
Hardly influential 8(14.3) 4 (12.5) 4 (16.7) 6 (9.5) 4(12.1) 2(6.7)
Neutral 11 (19.6) 4 (12.5) 7(29.2) 10 (15.9) 4(12.1) 6(20.0)
Influential 11 (19.6) 8(25.0) 3(12.5) 18 (28.6) 6(18.2) 12 (40.0)
Very influential 2(3.6) 2(6.3) 0(0.0) 5(7.9) 2(6.1) 3(10.0)
n (%).

YP-values were estimated using Fisher’s exact test.
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Fig. 1. Perceived health, nutritional status, and diet-related factors according to free meal service use among men and women.
P-values were estimated using the Mann-Whitney U test. Perceived health and nutritional status were rated on a 5-point likert
scale: 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = very good. Perceived economic, social, and physical factors were rated on a
5-point likert scale: 1 = very influential, 2 = influential, 3 = neutral, 4 = hardly influential, 5 = not at all influential. ‘P < 0.05, ""P <

0.01.
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Objectives: This study aimed to investigate the current status of nutrition management and
digital utilization, the demand for e-learning nutrition education, and the factors influencing
e-learning nutrition education among older adults.

Methods: A total of 500 older adults aged 65-84 years, registered as panelists with a pro-
fessional survey agency, participated in an online survey. Chi-square and independent
samples t-tests were used to examine gender differences. Correlations between partici-
pants’ general characteristics and the major variables were analyzed. Based on the results,
a moderated regression analysis was conducted to identify how the general characteristics
significantly associated with the intention to use e-learning nutrition education functioned
as moderators.

Results: Significant gender differences were observed in nutrition education experience, in-
terest and practice of nutrition management, barriers, and digital device utilization (all P <
0.05). Exploratory factor analysis identified four sub-factors for education needs: ‘Self-di-
rected well-being practice education’, ‘Dietary therapy for major chronic diseases’, ‘Nutri-
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tion strategy for longevity and anti-aging’, and ‘Enhancing nutrition literacy education’. In
Model 1, the need for digital education, interest in nutrition management, and gender were
significantly associated with usage intention (all P < 0.05), whereas health-promoting be-
havior showed marginal significance (P = 0.06). Although the Model 2 interaction was sig-
nificant, the change in explanatory power was negligible (Delta R* = 0.003), and all interac-
tion terms were non-significant (P > 0.05), indicating that the relationships are not moder-

ated by gender.

Conclusion: Although older adults exhibited high interest in nutrition management, their ex-
perience with nutrition education was limited. Significant gender differences in educational
needs and health-promoting behaviors highlight the importance of tailored strategies. En-
hancing digital accessibility and providing gender-specific, competency-based content are
essential to effectively translate interest into behavioral change. This study underscores the
importance of integrating gender-specific approaches, individual digjital competencies, and
inducement of health-promoting behaviors when developing e-learning nutrition education

programs for older adults.

Keywords: education, distance; aged; needs assessment; health literacy; health behavior
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METHODS

Ethics statement

This study was approved by the Institutional Review
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202411-SB-169-01). All participants were informed of the
study purposes and protocols, and they provided written
informed consent.

1. G184

B A3 g dEFA AE STROBE (Strengthening

the Reporting of Observational Studies in Epidemiology) 211
A HE #arsto] 7]&st 9 tHhttps://www.strobe-statement.

2

2 Ao lcOH g 7|5 b Fe] Sl
et 15 8FEE wepstaat AERAF A7 IHEHALR
I JEE Dol fFste] 2025 59 20247 59 24U7HA]
& 5979 A= A& Pk AT L Bg 71

180

S5 1,792,865 Y % =] v 654 o4 854] mjgk
o :9lo A, ATLEE AHgo] 15t B WS olds
o] AAR YT 4 9l A2 H|EE HE3Z(nonprobability
sampling) W] & & FEFZ(purposive sampling)S 53]
AR E At FE 7)== G-power 3.1.9.7 softwareE AR-&-5}o]
x* tests (goodness-of-fit tests: contingency tables) 7]& a3}t

71(w) = 0.3, F-95=(a) = 0.05, AAH = 0.952 Hg5}o] At
Eoton, AEE 4 HE S 280000 2 RAE F
o S8 50080 S8 AR et glo] BE HF 24 A=
= g8Hqtt

Fle

2 B4e el 4, o], AXAY, BEHE, A
gro] 57 garow AR 2T ABAHY A
Likert 53 H=(1g: 48 124 ghet, 55 )9 I9the
83to] A9t

0.
0
I
(e
Hr o
rlo
4
M
1o
™
N
N,
[o
o
ol
nY
N
N
=
%,
ik
oQ
>,
[o
o
D)

by
>,
FT)
i)
[ |o
ull
>
2
oft
Sk

= [e] L
o 2 E7= 6719 ok 8]le®
A AR 65, 25 2
5%35}o] & 3583507 LA
o & ikert 57 H=(17d: A5 184 Yo}, 57:
ol IHChE ol-gate] ARSI o, FHo] 35-17580| 1
57l 242 AYEAWY $9 A/t 22 AR o4
=}

R K
s
)

ol >I—A
)
2
i
R
ol
o

[>
M o
=
[
i
L3R
ul
et
9‘?"“
J‘.:
rO
r_l

Mg of o ok
oS

59 ol

M
o
fo =
i?g jale}
Mo =
=

03_15

N

[°)

)

m>~

rl'

3) Y| HE A LXE FYus 27
HAE 7le geFmel diet el ATES 24
o AAATL4-271E TR HES YaoiE 2
Az} o] BAof B3 £ =4S FolT &
sei). o ol, ‘A7 Eiz ool Vet Y o
CAIIY e EAR AP F2 ofE HUS Fol 4%
Belo] tfet ARE QoAU R A Jelon TA
SHA| ofsE FaLAt sATE ERE T 654 o4 854 ulRt
LolE ez Hgst AP A (focus group interview;
FGI) Z27H28]5 wtgsto] A& £ 715ttt FGI W&
4 2y, FofAs diFES Id¥uns FHo] FEorler,
9ol e ABfolle F2 Bl AAA(E L) A o] F
ozl Ao FRIHU. oo gL % e AR, wS Al
T 7NHE == = 3t Fojz}E0] gofF
ERER R g Ol Yo U 8902

RS -1 X

https://doi.org/10.5720/kjcn.2026.00010


https://www.strobe-statement.org/
https://www.strobe-statement.org/

Needs assessment for digital nutrition education

2 =EH0] ol FFHE Al 7lE ool ¥t E¥E =
Folgich. W FoIAES gAD 7lut JFmeo] dsf At
oz FFZH =g B uj=t 1‘4 Ad S 2
Wl Bawoh FF oA E 2T BYE W5l
5 579 2der . o] ¥ %‘%h’&ﬂ THE, bAd
FFLSE FA 345, UAE FFuS HA Ase, tAd
FYRE AT B4 ATE, AL 7 AMGgL 2 g
2=, AL 7R A7 g 25 o] Fe FE9] A
9 Likert 53 AL (13 A8 1% gt} 54: wj$ 12chE

ALg3to] AL,

4) CxIE 17| 28
ZA O] ATLEE o] §AIE9t HEHEE Totely] st
of wutl 7]7] 2§ % ol 85o] ek AYATL9-321% 3
TG B UAY A7l0] e 314 A8 54, A
9 717 A8 2 AR, TXE 77 B8 FE 59 22702 7
B9t o] B FTH ATLEE A8 5, AL 7)7] AL
29 AE 2L Likert 58 HE(: 45 184 ek, 59
v T THE F8sto] AT

4. X2 2N

Z=21% 22X SPSS Statistics ver. 29.0.2.0 (IBM Co.)& A&
stlom, BAE 59442 P < 0.052 Zostqict. Attt
o] dvhy B4, 4y A" € gxE IS 87k, o
A4 717] 8= B4 9o Rl 9 7EARNS A
Aottt g3t o Jod Aol & HlmEAsH] flal 51
72 -3 L 7holAlE A ol&ste] A5t tAE
7|8t G S A Q= T 1 AUBAE e E &

AR FEES I50Hreduction)s’] Y FAE BAS &
3t B gRIEAS AAHt 81FE2 1-F4k(eigen

value) 1.0 oA 7|&0. & 47]19] 82l0]
# 9= 1.050-7.8070] AT}, 29l 7+ =4
A (Varimax) SV 941 AFg19LT, 34 P
TZ2E HE R Qi 37 HPE AFESte] 1& A9
FAERE Hlwskleh ZF aQlo] Z3hE Z3E9 82l A
Z(factor loading)2 0.507-0.832 Ao &2 Lt} 3 FEE0]
7} 910 AAsHA 43S SRlskial, HA| 74 #4F A
WL 67.183% AT 354 (communality) o] T 0.4 o]4F
O 8 YERT, W 7He] A o RE A5 flste] B2
251 (Kaiser-Meyer-Olkin; KMO) X9} Bartlett -84 A
< AAsH WA A ASE 9ol Cronbach’s ot AHE-
sto] A= BAS S3skelth. S4FEE9] Cronbach’s gt
2 AAH R 0.8 o] =2 AFEE Houg 2 ¢
A8 ZHAEE Y Q4L A Ao Beselnis)
A7l i BH(EE, 9, TRFDT 7 AT

%ﬂ ‘RiEU% , ALk

https://doi.org/10.5720/kjcn.2026.00010

23 Pearson9] ArA —E—Z\i(Pearson correlation analysis)S
AXelge 0)% YA F)u Jokag olgolajo] aAH 8
Qg vetely] 9o 2 AR ARAL Axsleich. B2 R 9
A WA ATEA AT F4uoe) foju)e dwiol
U Y ST SRR BY T

3t o) g olgs e, AZENB)
= £olsle] RIS ST S WA TAAE 4
o9z 5] 72 Susel g A

F7hz wstel 4Eeol 9

_|.4

ZF2-g}(interaction term)<

vIg 37K St

RESULTS

e

1. CHXIS] YU £
AT GAe] Autd E42 Table 13} 2}, ti/dAe] A4
2 GAT} oA ZF 2507(50.0%)°] a1, B A2 68.29 (£
3369t W& 2 AEH = sty EYo] 2669
(53.2%) 0. & 7P Wokth. AFA oA A&o] 1667(33.2%),
1HT} AH717F 1607 (32.0%) 2.2 thAHS] 50% ol/do] A&/
A71/AHe AFsts AR Uyt A3 ==
oA AA HFAES Hat 3.56 (£ 0.43)F 02 Yehal, &
JETt of oA ARSHAY] B FEo] =A U THt
= -2.102, P < 0.05). o]ojA] thidA}pe] AtAsto 2= 1EY
214 (31.1%), oA AEZ 179%(26.0%), T 9678(13.9%)
Y ol FAFer AWEAH, G849 F* 1EY
(34.8%), Fc(16.4%), BITH7.4%)0l A4 of/d9] I EU(27.5%),
‘:“_rn(u 6%), HITH6.5%) HISHT AA o= &A vehd vt
A, oJA9] o] AR AEZ(30.6%), 23171 ATH7.1%)2] H]Z0]
HET 2 PSS Bof 8 7H AES R Kot &}

12 215t th(x* = 22.038, P < 0.01).

¢}

2. BYE| HE) H HZ : Sl
ATHAAY] FFS A, T I, JFHY o7,
FEHE &4, L Fofglle] waf =A 5} ANE ¥
e Ad dgo s ¥y °§

Aol s A AA 5
ool JFuS HY H|E % L“*Oﬂ HloH 4oz =9kt
(P < 0.05). A hIA=9] FFHe] I Pt 52 3.64
(£ 0.74)F0]0x A BT 3.54 (£ 0.75)4, oJ4 BH 3.73
(£ 0.73)7 o2 Y} g9 HE7} H ve A4S &
4 UATHP < 0.01). FFEe] A 79| FL, AA A}
Z 65.8%7F “AHstal i 1 ERlon, o4(72.8%)°] B
(58.8%)Er} Wol AHstil = AL YERHTHP < 0.001).

r.rP.
[m
0x
02
09
e
I
>
r
rok
olor

181



Hae-Song Yoo, et al.

Table 1. General characteristics

Variables Men (n = 250) Women (n = 250) Total (n = 500) xQ/t-vaIue
Age (year) 68.66 + 3.65 67.93 + 3.00 68.29 + 3.36 6.024"
60s 173 (69.2) 197 (78.8) 370 (74.0)
70s 72 (28.8) 50 (20.0) 122 (24.4)
80s 5(2.0) 3(1.2) 8(1.6)
Education 20.940""
Middle school or below 4(1.6) 8(3.2) 2(2.4)
High school 58 (23.2) 102 (40.8) 160 (32.0)
College or university 150 (60.0) 116 (46.4) 266 (53.2)
Graduate school or above 38(15.2) 24 (9.6) 2 (12.4)
Residence area 13.149"
Seoul 71 (28.4) 95 (38.0) 166 (33.2)
Incheon/Gyeonggi 9 (31.6) 81 (32.4) 160 (32.0)
Daejeon/Sejong/Chungcheong 0 (12.0) 22 (8.8) 2 (10.4)
Busan/Ulsan/Gyeongnam 2 (12.8) 18 (7.2) 0 (10.0)
Daegu/Gyeongsang/Gangwon (11 2) 17 (6.8) 5 (9.0)
Gwangju/Jeolla/Jeju 0 (4.0) 17 (6.8) 7 (5.4)
Diagnosed conditions”? 22.038"
Hypertension 117 (34.8) 97 (27.5) 214 (31.1)
Hyperlipidemia 71 (21.1) 108 (30.6) 179 (26.0)
Diabetes mellitus 55 (16.4) 41 (11.6) 6 (13.9)
Obesity 25 (7.4) 23 (6.5) 8 (7.0)
Gastrointestinal diseases 15 (4.5) 25(7.1) 0 (5.8)
Others 10 (3.0) 15 (4.2) 5(3.6)
No disease 43 (12.8) 44 (12.5) 87 (12.6)
Total® 336 (100.0) 353 (100.0) 689 (100.0)
Health promotion activities® 3.52+0.44 3.60 +0.42 3.56 +0.43 -2.102"
Mean + SD or n (%).

Health promotion activities: 35 items; total score range, 35-175 points.

“Multiple choice.

?This multi-item scale allows multiple responses for the seven diagnosed conditions.
3’Percentages are based on total responses, not respondents (n = 250 per gender); thus, the sum of n values exceeds the sample size due to multi-

ple responses.
“Measured on a 5-point Likert scale (1 = not at all, 5 = very much).
‘P<0.05,"P<0.01,""
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P < 0.001 by chi-square test or independent t-test.

1} Ad 71 B3x0] 2}o]& YJeERHTH? = 33.035, P < 0.001).
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Table 2. Current status of nutrition management

Variables Men (n=250) Women (n=250) Total (n = 500) x2/t-value
Experienced in nutrition education 45 (18.0) 68 (27.2) 113 (22.6) 6.048"
Interest in nutrition management 3.54+0.75 3.73+0.73 3.64 +0.74 -2.796"
Practicing nutrition management 147 (58.8) 182 (72.8) 329 (65.8) 10.887""
Sources of nutrition information® 1.552

Internet 82 (55.8) 98 (53.8) 180 (54.7)

TV/radio 26 (17.7) 38(20.9) 64 (19.5)

Family/friends/colleagues 20 (13.6) 27 (14.8) 47 (14.3)

Hospital/public health center 13 (8.8) 15 (8.2) 28 (8.5)

Newspaper/magazine/book 6 (4.1) 4(2.2) 10 (3.0)

Total 250 (100.0) 250 (100.0) 500 (100.0)
Nutritional management obstacles”* 33.035"

Difficulty maintaining nutrition management alone 84 (17.7) 105 (22.8) 189 (20.2)

Difficulty assessing own nutrition management 88 (18.6) 93 (20.2) 181 (19.4)

Difficulty determining relevance of nutrition information 81 (17.1) 56 (12.1) 137 (14.6)

Lack of information in nutrition management 61 (12.9) 33(7.2) 94 (10.1)

Financial difficulty in food purchasing 36 (7.6) 51(11.1) 87 (9.3)

Lack of knowledge about food and nutrition 46 (9.7) 29 (6.3) 5 (8.0)

Uncertainty about starting nutrition management 31(6.5) 26 (5.6) 7 (6.1)

Lack of time for nutrition management 14 (3.0) 19 (4.1) 3(3.5)

Difficulty understanding related terms 0.6) 4(0.9) 7 (0.7)

Others 0.8) 6 (1.3) 10 (1.1)

No barriers 26 (5.5) 39(8.5) 5 (7.0)

Total® 474 (100.0) 461 (100.0) 935 (100.0)
? (%) or Mean + SD.

Measured on a 5-point Likert scale (1 = not at all, 5 = very much).
Only respondents who practiced nutrition management were included.
Results are based on multiple choice.
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P < 0.001 by chi-square test or independent t-test.

This multi-item scale allows multiple responses for the eleven nutritional management obstacles.
Percentages are based on total responses, not respondents (n = 250 per gender); thus, the sum of n values exceeds the sample size due to multi-
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Table 3. Digjtal device usage behaviors

Variables Men (n = 250) Women (n = 250) Total (n = 500) xz/t-value

Subjective digital skills” 3.59 £ 0.65 3.60+£0.72 3.59+0.68 -0.131

Digital function use
Receiving messages 250 (100.0) 250 (100.0) 500 (100.0) 0.000
Sending messages 249 (99.6) 250 (100.0) 499 (99.8) 1.002
Information searching & retrieval 249 (99.6) 249 (99.6) 498 (99.6) 0.000
Photo or video shooting 249 (99.6) 247 (98.8) 496 (99.2) 1.008
Default setting 244 (97.6) 237 (94.8) 481 (96.2) 2.681
Data transfer & sharing 240 (96.0) 240 (96.0) 480 (96.0) 0.000
Wireless internet setup 239 (95.6) 232 (92.8) 471 (94.2) 1.794
Video viewing 230 (92.0) 238 (95.2) 468 (93.6) 2.137
App search & installation 236 (94.4) 219 (87.6) 455 (91.0) 7.057"
Social media 202 (80.8) 187 (74.8) 389 (77.8) 2.605
Accommodation/medical reservation 177 (70.8) 155 (62.0) 332 (66.4) 4.339"
Others 1(4.5) 0(0.0) 1(1.8) 3.996
Total” 250 (100.0) 250 (100.0) 500 (100.0)

Difficulties in using digital devices
Personal data consent 311+111 3.07£1.15 3.09+1.13 0.356
Difficulty remembering passwords 2.66 +1.16 244 +1.07 255+1.12 2.205"
Unwilling to install apps 243 +1.05 2.64 £1.07 2.50+£1.02 -2.191"
Unfamiliar with smartphone terms 240+ 1.00 259+ 1.03 253+ 1.07 -2.064"
Redirected to unwanted screen 2.31+0.99 2.41 +0.97 2.36 + 0.98 -1.093
Difficulty operating smartphone 2.18 +0.83 2.35+0.89 2.27 £ 0.86 -2.183"
Difficulty reading content 2.16 +0.87 2.06 +0.89 2.11+0.88 1.221
Unsure where to click 1.96 +0.81 2.00 £ 0.86 1.98 £ 0.83 -0.482
Accidental payment from wrong touch 1.98 + 0.89 1.90 + 0.81 1.94 + 0.85 1.107
Total 2.36+0.71 2.38£0.69 2.37+£0.70

n (%) or Mean + SD.
“Measured on a 5-point Likert scale (1 = not at all, 5 = very much).

2’Percentages are based on the number of respondents for each gender (n = 250) and refer to the “Yes” responses for each individual item.

“P<0.05, ""P < 0.01 by chi-square test or independent t-test.
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Table 4. Factor analysis of needs for digital-based nutrition education topic (n = 500)

Variables” Values Factor loading Cronbach’s a (ségrieann\ézl,u"/i)
Factor 1. Self-directed well-being practice education 3.41+0.76
Supplement education 3.64 + 0.87 0.607 0.861 7.807 (45.923)
Functional food education 3.59 +0.90 0.540
Hydration management 3.48 £ 0.95 0.725
Digestive disorder management 3.43+0.98 0.813
Constipation management 3.31+1.07 0.773
Preferred food education 299+ 1.16 0.528
Factor 2. Dietary therapy for major chronic diseases 3.76 + 0.82
Hyperlipidemia management 3.94 +0.91 0.655 0.812 1.351 (7.949)
Hypertension management 3.87+1.01 0.774
Diabetes mellitus management 3.81+1.02 0.798
Obesity management 342 +1.13 0.507
Factor 3. Nutrition strategy for longevity and anti-aging 4.00 £ 0.03
Dementia prevention management 4.17 £0.88 0.566 0.826 1.213 (7.136)
Muscle loss management 4.00+0.81 0.758
Arthritis management 3.93+0.87 0.647
Inflammation prevention management 3.92+0.80 0.798
Factor 4. Enhancing nutrition literacy education 3.59+0.04
Nutrition information evaluation training 3.78 +0.79 0.696 0.835 1.050 (6.174)
Major nutrients education 3.50+0.94 0.818
Major foods education 3.50+0.95 0.832
Total 3.66 + 0.64

Mean + SD.
“Measured on a 5-point Likert scale (1 = not at all, 5 = very much).

Kaiser-Meyer-Olkin = 0.919, Cronbach’s a = 0.924, Bartlett’s test of sphericity x° = 4,692.066, df = 136, P < 0.001, total accumulation variance ex-

planation = 67.183%.
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Table 5. Needs for digjtal-based nutrition education modalities

Variables Men (n = 250) Women (n = 250) Total (n = 500) xQ/t-vaIue
Need for education” 3.89+0.62 3.78+0.77 3.83+0.70 1.788
Intention to use education” 3.98 + 0.64 3.81+0.75 3.90 +0.70 2.770™
Educational delivery methods”
Video lecture 3.87+0.64 3.75+0.74 3.81+0.69 1.942
Live online classes 3.59+0.78 3.43+0.84 3.51+0.81 2.212"
Infographics and card news 3.52+0.76 3.43+0.83 3.48 £0.79 1.300
1:1 text message counseling 3.05+£0.82 3.02+£0.83 3.04 £0.83 0.433
In-person lecture 3.04 +0.87 2.99 +0.95 3.02+0.91 0.689
Operating institution 7.044
Local government agencies 136 (54.4) 164 (65.6) 300 (60.0)
Hospital 56 (22.4) 45 (18.0) 101 (20.2)
Senior-related institutions 35 (14.0) 27 (10.8) 2 (12.4)
Colleges and universities 20 (8.0) 12 (4.8) 2 (6.4)
Recommended training duration (per session) 2.662
Less than 5 minutes 5 (6.0) 1(4.4) 6(5.2)
5-30 minutes 176 (70.4) 165 (66.0) 341 (68.2)
30 minutes or more 9 (23.6) 74 (29.6) 133 (26.6)
Total 250 (100.0) 250 (100.0) 500 (100.0)
Mean + SD or n (%).

“Measured on a 5-point Likert scale (1 = not at all, 5 = very much).
“P<0.05, ""P < 0.01 by chi-square test or independent t-test.

Table 6. Pearson correlation coefficients among the predictor variables and intention to use digital nutrition education

Variables 1 2 3 4 ) 6 7 8
1. Gender 1

2. Age 0.108™ 1

3. Education level 0.202™"  -0.056 1

4. Intention to use education 0.123" 0.062  0.057 1

5. Need for education 0.080 0.013  0.049 0.651"" 1

6. Nutrition management interest -0.124"" -0.046 0207 0.280"  0.233"" 1

7. Subjective digital skills -0.006 -0.024 04110”0139  0.137" 0.165"" 1

8. Health promotion activities -0.067 0.073  0.065 0.250""  0.206""  0.422"" 0.225" 1

Pearson correlation coefficients were calculated controlling for gender, age, and educational level.
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Table 7. Moderator regression analysis for factors influencing intention to use digital nutrition education

Model 1 Model 2
Independent variable B Standard 6 . B Standard 6 .
error error

Gender" -0.194 0.067 -0.097 -2.876"  -0.193 0.068 -0.097 -2.859"
Nutrition management interest 0.118 0.038 0.118 3.142" -0.045 0.120 -0.045 -0.373
Need for digital nutrition education 0.596 0.035 0.596 17.103""" 0.617 0123 0.617 5.010""
Subjective digital skills 0.022 0.034 0.022 0.647 0.058 0.116  0.058 0.500
Health promotion activities 0.072 0.038 0.072 1884 0.065 0.124 0.065 0.526
Nutrition management interest x gender 0.108 0.076 0.170 1.434
Need for digital nutrition education x gender -0.012 0.073 -0.020 -0.167
Subjective digital skills x gender -0.020 0.070 -0.033 -0.292
Health promotion activities x gender 0.004 0.077 0.006 0.046
R 0.455 0.458
Adjusted R® 0.449 0.448
F 82.469™" 45.952""
Dependent variable: intention to use digital nutrition education.
YGender coded as men = 1, women = 0.
“P<0.01, P < 0.001.
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Objectives: This study aimed to examine the current status of foodservice management
and nutrition education practices, and the needs for individuals with developmental dis-
abilities in welfare centers in Seoul and Gyeonggij, South Korea, and to compare the differ-
ences according to dietitians’ level of understanding of developmental disabilities.
Methods: A cross-sectional survey was conducted among dietitians working at 65 welfare
centers, and data from 45 centers were analyzed. The questionnaire assessed general
characteristics, foodservice operations, nutrition education practices, perceived needs, and
the understanding of developmental disabilities. Participants were classified into high- (n =
17) and low-understanding (n = 28) groups based on their self-rated understanding of de-
velopmental disabilities. Data were analyzed using IBM SPSS Statistics 29.0 (IBM Corp.).
Results: All centers provided one daily meal (lunch), with one cook serving an average of
116 individuals. Only 11.1% of centers implemented nutrition education, primarily limited
due to insufficient time and low expectations regarding the effectiveness of nutrition edu-
cation. Overall, no significant differences were observed between the two groups in most
aspects of foodservice management and nutrition education practices, although some
specific items showed significant differences. The high-understanding group reported a sig-
nificantly greater perceived need for nutrition education and placed higher importance on
rapport-building and situational response skills. These findings suggest that structural con-
straints, including staffing, budget, and limited resources, may play a greater role than indi-
vidual-level understanding in shaping foodservice and nutrition education practices.
Conclusion: Welfare centers showed limited capacity to provide tailored foodservice and
systematic nutrition education for adults with developmental disabilities. Strengthening
staffing standards, improving foodservice environments, and developing standardized edu-
cational materials that consider communication levels are necessary. Moreover, expanding

https://kjcn.orkr
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professional training opportunities for dietitians and establishing institutional support sys-
tems are essential to enhance sustainable nutrition education practices.

Keywords: intellectual disability; autism spectrum disorder; food services; dietitians; educa-
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METHODS

Ethics statement

Informed consent was obtained electronically from all
participants prior to the online survey. The survey proce-
dures and protocols were approved by the Institutional
Review Board of Myongji University (approval number:
M]JU IRB 2025-05-002). The requirement for written in-
formed consent was waived by the institutional review
board.
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Table 1. General characteristics of participants

Low-understanding High-understanding

Variables (n = 28) (n=17) (n = 45) P-value
Age (year)

20-39 9(32.1) 3(17.6) 12 (26.7) 0.484"

40-49 12 (42.9) 10 (58.8) 22 (48.9)

=250 7 (25.0) 4 (23.6) 11 (24.4)

Mean 41.50 £ 8.46 45.00 £ 5.99 4282 +7.74 0.143%
Workplace location

Seoul 11 (39.3 9 (52.9) 20 (44.4) 0.537

Gyeonggi 17 (60.7) 8 (47.1) 25 (55.6)
Total work experience in welfare facilities (year)

<1 4 (14.3) 0(0.0) 4 (8.9) 0.369

1-4 9 (32.1) 7 (41.2) 16 (35.6)

5-9 9 (32.1) 4 (23.5) 13 (28.9)

> 10 6 (21.5) 6 (35.3) 12 (26.6)

Mean 5.81 + 3.87 786 £5.24 6.58 + 4.49 0.141
Current job tenure (year)

<1 7 (25.0) 1(5.9) 8 (17.8) 0.303

1-4 8 (28.6) 8 (47.1) 16 (35.6)

5-9 10 (35.7) 5(29.4) 15 (33.3)

> 10 3(10.7) 3 (17.6) 6 (13.3)

Mean 5.03 + 3.86 6.24 +4.98 5.49 +4.30 0.368
Employment status

Permanent 18 (64.3) 13 (76.5) 31 (68.9) 0.513

Temporary 10 (35.7) 4 (23.5) 14 (31.1)
Working hours per day (hr)

<8 4 (14.3) 4 (23.5) 8 (17.8) 0.452

>8 24 (85.7) 13 (76.5) 37 (82.2)

Mean 7.71 £ 1.10 726 +1.43 754 +1.24 0.234
n (%) or Mean + SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of

6 items; median = 3.0).
YP-values by chi-square test or Fisher's exact test.

Ip.values by independent t-test or Mann-Whitney U test.

Table 2. Participants’ understanding of developmental disability characteristics

Low-understanding High-understanding

Total

Variables” (n=28) (n=17) (n = 45) P-value®
Definition of intellectual disability 246 +£0.74 4.00 + 0.36 3.04 £ 0.97 <0.001
General characteristics of intellectual disability 2.46 £ 0.69 3.59 £ 0.50 2.89+0.83 <0.001
Eating behavior characteristics of intellectual disability 243 +0.69 3.29 +0.47 2.76 £ 0.74 <0.001
Definition of autism spectrum disorder 2.39+0.73 3.65+0.49 2.87 + 0.89 <0.001
General characteristics of autism spectrum disorder 2.39+0.73 347 +0.51 2.80+0.84 <0.001
Eating behavior characteristics of autism spectrum disorder 2.36 £ 0.67 3.29 + 0.58 2.71+0.78 <0.001
Mean 2.41+0.64 3.54 +0.32 2.84 +£0.77 <0.001
Mean + SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of

6 items; median = 3.0).

“Measured using a 5-point Likert scale based on self-reported ability to explain each item (1 = strongly disagree, 5 = strongly agree).

?P.values by Mann-Whitney U test.
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Table 3. Characteristics of service users in the surveyed facilities
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Total

Variables Low-u(r:\d:zr;tga)ndmg H|gh-u(rr1d=erls;?nd|ng ey Pvalue?
Types of disabilities among service users?
Intellectual disability 28 (100.0) 17 (100.0) 5 (100.0) -
Autism spectrum disorder 25 (89.3) 15 (88.2) 0 (88.9) >0.999
Physical disability 26 (92.9) 13 (76.5) 9 (86.7) 0.179
Neurological disability 22 (78.6) 12 (70.6) 4 (75.6) 0.722
Mental disorder 22 (78.6) 11 (64.7) 3(73.3) 0.325
Language disorder 18 (64.3) 12 (70.6) 0 (66.7) 0.752
Hearing impairment 19 (67.9) 10 (58.8) 9 (64.4) 0.539
Primary disability type®
Developmental disability” 15 (53.6) 13 (76.5) 8 (62.2) 0.215
Others 13 (46.4) 4 (23.5) 17 (37.8)
Primary age group of service users (year)
6-18 2(7.1) 0(0.0) 2(4.4) 0.740
19-39 18 (64.3) 10 (58.8) 28 (62.2)
40-64 7 (25.0) 6 (35.3) 13 (28.9)
> 65 1(3.6) 1(5.9) 2 (4.4)
Communication ability level in developmental disabilities (%)
10-39 5 (17.9) 1(5.9) 6(13.3) 0.665
40-59 7 (25.0) 6 (35.3) 13 (28.9)
60-79 15 (53.6) 9 (562.9) 24 (53.3)
80-100 1(3.6) 1(5.9) 2(4.4)
n (%).

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of

6 items; median = 3.0).

YP-values by chi-square test or Fisher's exact test.
2)

3

YIncludes intellectual disability and autism spectrum disorder.
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'Multiple responses allowed; categories indicate facilities with at least one service user with the respective disability.
'Respondents were asked to select one primary disability type representing the largest proportion of service users.
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Table 4. Food service operational characteristics of the surveyed facilities
Low-understanding High-understanding Total

Variables (n = 28) (n=17) (n = 45) P-value
Daily number of meals served” 162.61 + 84.46 195.29 + 72.10 174.96 + 80.77 0.101°
Daily number of meals served to service users?

< 100 19 (67.9) 6 (35.3) 25 (55.6) 0.062%

> 100 9(32.1) 11 (64.7) 20 (44.4)

Mean 95.61 + 76.76 124.71 + 54.55 106.60 + 70.01 0.049
Type of meals served®

Lunch 28 (100.0) 17 (100.0) 45 (100.0) -

Dinner 1(3.6) 0(0.0) 1(2.2) > 0.999
Food cost per meal (KRW)

< 3,000 6(21.4) 4 (23.5) 10 (22.2) > 0.999

> 3,000 22 (78.6) 13 (76.5) 35(77.8)

Mean 3,517 + 665.72 3,211 +1,027.06 3,402 + 823.44 0.231
Number of cooks

1 16 (57.1) 8 (47.1) 4 (53.3) 0.590

2 8(28.6) 8 (47.1) 16 (35.6)

3 2(7.1) 1(5.9) (6.7)

24 2(7.1) 0(0.0) 2(4.4)

Mean 1.68 + 1.02 1.59 +0.61 1.64 +0.80 0.774
Meals served per cook” 104.51 + 35.52 135.05 + 68.45 116.04 £ 52.02 0.055
Number of food service support staff (excluding cooks)

1-2 7 (25.0) 1(5.9) 8(17.8) 0.083

3-4 9(32.1) 3(17.6) 12 (26.7)

25 12 (42.9) 13 (76.5) 25 (55.6)

Mean 4.86 + 3.56 6.53 +2.52 5.49 + 3.29 0.020

n (%) or Mean + SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of
6 items; median = 3.0).

1’Daily number of meals served includes all meal recipients (e.g., service users, staff, and others).

?Daily number of meals served to service users refers to meals provided to individuals with disabilities only.

Multiple responses allowed.

Calculated as the total number of meals served divided by the number of cooks.

P-values by independent t-test or Mann-Whitney U test.

P-values by chi-square test or Fisher’s exact test.
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Wheelchair-accessible space

Mobility aid circulation space

Signage for individuals with developmental disabilities
Low-noise area

Rest area for individuals with developmental disabilities
Visual guide lines in the serving area

Adaptive eating utensils
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I 200

I 200
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Fig. 1. Proportion of facilities equipped with foodservice-related environmental supports for individuals with developmental disabil-

ities (n = 45; unit: %).

Table 5. Primary considerations in menu planning and perceived importance of menu-planning factors for individuals with develop-

mental disabilities

Low-understanding  High-understanding Total

Variables (n=28) (n=17) (n = 45) P-value”
Primary consideration in menu planning”
User preferences 12 (42.9) 8 (47.1) 20 (44.4) 0.858
Budget 10 (35.7) 4 (23.5) 14 (31.1)
Nutritional requirements 3(10.7) 2(11.8) 5(11.1)
Seasonal factors 2(7.1) 1(5.9) 3(6.7)
Ease of food preparation 1(3.6) 2(11.8) 3(6.7)
Importance in menu planning for developmental disabilities®
Food preferences and acceptability 4.07 + 0.76 453 +0.51 4.24 +0.71 0.048
Appropriate food size 3.75+£0.92 4.00 £0.79 3.84£0.87 0.466
Appropriate food temperature 3.82+0.77 4.00 + 0.61 3.89+0.71 0.528
Dietary restrictions 3.29+1.04 3.71£0.92 344 +101 0.180
Visual presentation of meals 4.04 £0.79 4.29 + 0.68 4.13+0.75 0.296

n (%) or Mean £ SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of

6 items; median = 3.0).
YP-values by Fisher's exact test or Mann-Whitney U test.

IParticipants were asked to select the single most important consideration in menu planning.
Importance of each factor in menu planning for individuals with developmental disabilities was assessed using a 5-point Likert scale (1 = strongly

disagree, 5 = strongly agree).
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Table 6. Current status of nutrition education practices in facilities implementing nutrition education

Low-understanding

High-understanding Total

n 1
Variables (n=2) (n=3) (n=b5) P-value”
Frequency of nutrition education (per year)
Once 2(100.0) 2 (66.7) 4 (80.0) > 0.999
12 times 0(0.0) 1(33.3) 1(20.0
Duration of nutrition education (min)
10-29.9 1 (50.0) 0 (0.0) 1(20.0) > 0.999
30-59.9 1 (50.0) 2(66.7) 3(60.0)
> 60 0 (0.0) 1(33.3) 1(20.0)
Type of nutrition education®
Lecture-based education 2 (100.0) 3(100.0) 5 (100.0) -
Experiential education 0(0.0) 3(100.0) 3(60.0) 0.100
Video-based education 0(0.0) 2 (66.7) 2 (40.0) 0.400
Education using visual materials 1(50.0) 1(33.3) 2 (40.0) > 0.999
Regular provision of nutrition information 1(50.0) 0(0.0) 1(20.0) 0.400
Others 1 (50.0) 0(0.0) 1(20.0) > 0.999
Topics of nutrition education?
Diet-related diseases and obesity 0(0.0) 2 (66.7) 2 (40.0) 0.400
Food refusal and nutritional deficiencies 0(0.0) 1(33.3) 1(20.0) > 0.999
Picky eating 0(0.0) 3(100.0) 3(60.0) 0.100
Others 2 (100.0) 0 (0.0) 2 (40.0) > 0.999
Difficulties in providing nutrition education”
Lack of appropriate teaching methods 0(0.0) 1(33.3) 1(20.0) > 0.999
Communication difficulties 1(50.0) 0(0.0) 1(20.0)
Challenging behaviors 0(0.0) 1(33.3) 1(20.0)
Lack of education materials 1(50.0) 1(33.3) 2 (40.0)

n (%) or Mean + SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of

6 items; median = 3.0).

YP-values by Fisher's exact test.

?Multiple responses allowed.

FParticipants were asked to select the single largest difficulty.
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Table 7. Reasons for not implementing nutrition education and related educational needs for individuals with developmental disabili-
ties

Low-understanding  High-understanding Total

Variables” (n = 26) (n= 14) (n = 40) P-value®
Reasons for not implementing nutrition education”
Lack of knowledge about developmental disabilities 6 (23.1) 2 (14.3) 8 (20.0) 0.852
Lack of educational materials 3(11.5) 1(7.1) 4 (10.0)
Insufficient time 8(30.8) 5(35.7) 13 (32.5)
Low awareness of the importance of nutrition education 1(3.8) 2 (14.3) 3(7.5)
Perceived low effectiveness of nutrition education 6(23.1) 3(21.4) 9 (22.5)
Others 2(7.7) 1(7.2) 3(7.5)
Educational topic needs
Food preoccupation and obesity 7 (26.9) 8(57.1) 15 (37.5) 0.333
Food refusal and nutritional imbalance 4 (15.4) 1(7.1) 5(12.5)
Picky eating 14 (53.8) 5 (35.8) 19 (47.5)
Others 1(3.9) 0(0.0) 1(2.5)
Support needs for nutrition education implementation
Provision of educational materials 17 (65.4) 8 (57.1) 25 (62.5) 0.581
Training programs for nutrition education 5(19.2) 3(21.4) 8(20.0)
Development of educational guidelines 4 (15.4) 2(14.3) 6 (15.0)
Improving awareness among facility managers 0(0.0) 1(7.2) 1(2.5)
n (%).

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of
6 items; median = 3.0).

“For each domain, participants were asked to select the single most important item.

?p-values by Fisher's exact test or Mann-Whitney U test.

Table 8. Perceptions of the need for nutrition education and importance of job competencies for individuals with developmental dis-
abilities

Variables” Low—u(r;dfr;;tse;ndlng ngh—u(rrld::rls;e)indlng (nTthIES) R )
Perceived need for nutrition education
Need for nutritional improvement 3.82+0.72 412 +0.69 3.93+0.72 0.198
Need for nutrition education 3.50+0.63 4.00+0.70 3.69+0.70 0.032
Effectiveness of nutrition education 3.11+£0.78 3.35+0.93 3.20+0.84 0.387
Perceived importance of job competencies
Nutrition counseling skills 3.82+0.81 4.12 + 0.60 3.93+£0.75 0.242
Understanding of characteristics of developmental disabilities 4.25+0.79 4.24 + 0.56 4.24 +0.71 0.687
Communication skills 4.07 £0.76 4.24 + 0.66 413 +£0.72 0.526
Rapport-building skills 3.96+0.74 441 +0.61 413+0.72 0.039
Situational response skills 3.89+0.62 4.35 + 0.60 4.07 + 0.65 0.018
Ability to develop nutrition education materials 3.93+0.66 4,12 +0.60 4.00 £ 0.64 0.377
Mean 3.98+0.63 4.24 + 0.50 4.08 £ 0.59 0.164
Mean + SD.

Low- and high-understanding groups were classified based on the median score of the developmental disability understanding scale (mean score of
6 items; median = 3.0).

Y5-point Likert scale (1 = strongly disagree, 5 = strongly agree).

IP.values by Mann-Whitney U test.

Hop 59k m(P = 0.039), g%t o diet $2%= HA| (P =0.018). & FFof diet F_eoM= = & T 7T
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DISCUSSION
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Objectives: This study aimed to examine whether the dietary quality of congregate lunches
differs according to meal location among older adults and to identify meal settings that
may represent gaps in nutritional oversight. Specifically, this study compared lunchtime nu-
trient intake and adequacy among older adults eating at workplaces, welfare centers, and
religious institutions.

Methods: Data were obtained from the 2018-2021 Korea National Health and Nutrition
Examination Survey. The participants included 487 adults aged > 65 years who reported
consuming lunch at institutional meal sites, including workplaces (n = 187), welfare cen-
ters (n = 145), and religious institutions (n = 155). Nutrient intakes, nutrient adequacy ratio
(NARs), and the mean adequacy ratio were compared using complex-sample general linear
models with Bonferroni post-hoc tests, adjusting for sex, age, and total energy intake.
Results: Socioeconomic characteristics were broadly comparable across groups, but nutri-
ent intake and dietary quality differed according to meal location. In food-group analyses,
meat intake was lowest among participants eating at religious institutions, and dairy intake
also differed significantly across settings. In nutrient adequacy analyses, NAR for carbohy-
drate, thiamin, and niacin differed significantly by meal location. However, except for carbo-
hydrate, most nutrient-specific NAR remained below 1.0 across all groups, indicating insuf-
ficient adequacy relative to one-third of the recommended intake from lunch alone.
Conclusion: The dietary quality of congregate lunches among older adults differed accord-
ing to meal location. Although nutrient inadequacy was common across settings, older
adults eating at religious institutions showed relatively lower adequacy for some nutrients,
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particularly thiamin and niacin. These findings suggest that nutritional support should be
strengthened across congregate meal services, with particular attention to less structured
community-based settings such as religious institutions.

Keywords: aged; nutrition assessment; nutritional status; food services; food assistance
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METHODS

Ethics statement

The KNHANES was conducted with approval from the In-
stitutional Review Board of the Korea Disease Control and
Prevention Agency, and all participants provided written
informed consent. This study was a secondary analysis of
anonymized public data and was exempted from review
by the Institutional Review Board of Ewha Womans Uni-
versity (IRB No. ewha-202508-0024-01).
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Fig. 1. Flow diagram of participant selection.
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Table 1. General characteristics of participants according to meal location

Category WP (n = 187) WC (n = 145) Rl (n = 155) Total (n = 487) P-value”
Sex <0.001
Male 101 (57.0) 69 (46.3) 36 (22.5) 206 (42.9)
Female 86 (43.0) 76 (53.7) 119 (77.5) 281 (57.1)
Age (year) <0.001
<75 169 (91.9) 53 (37.8) 75 (46.8) 297 (61.9)
275 18 (8.1) 92 (62.2) 80 (53.2) 190 (38.1)
Area of residence 0.788
Urban 143 (76.6) 118 (80.4) 119 (77.8) 380 (78.1)
Rural area 44 (23.4) 27 (19.6) 36 (22.2) 107 (21.9)
Education level (n = 469) 0.941
< Elementary school 8(24.1) 44 (22.7) 1(23.6) 153 (23.6)
Middle school 1(8.7) 21 (10.7) 12 (10.4) 4 (9.9)
High school 5(34.9) 31(29.9) 6 (29.3) 122 (31.7)
> College 9(32.2) 43 (36.7) 8(36.7) 0(34.9)
Marital status 0.244
Married 130 (67.9) 95 (60.2) 99 (58.2) 324 (62.6)
Single 57 (32.1) 50 (39.8) 56 (41.8) 163 (37.4)
National basic livelihood security recipient 0.743
Yes 9(4.1) 6 (2.9) 8 (4.4) 23(3.9)
No 178 (95.9) 139 (97.1) 147 (95.6) 464 (96.1)
Personal income quartile 0.497
Low 0 (20.3) 7 (22.7) 6 (19.8) 113 (20.8)
Middle-low 60 (33.8) 9 (21.8) 42(29.1) 131 (28.8)
Middle-high 1(19.8) 0 (28.0) 0 (26.4) 121 (24.3)
High 46 (26.1) 39 (27.5) 37 (24.7) 122 (26.1)
Monthly household income (1,000 KRW) 508.79 + 31.11 532.00 £ 36.50 513.84 +37.01 518.21 +19.48 0.891

n (%) or Mean + SE.
WP, workplace group; WC, welfare center group; RI, religious institution group.
YP-value was determined by chi-square test and complex-sample general linear model.

St ARA, B8 52, BEAH, 7124
A4S B9, YA /HFAEL A AT 1 ol Hol7t ¢

AR P > 0.05). AR tlre] 78.1%7F A M) A% 2. MTRKIALL FBH HZAE

ST, LY $5 T5T SAGL7WI ot ol (34.9%)  ATTHAR] BMISH F4 AAEE Table 20] AA15

P

o] £& WFS AXFAY. ABAHE SNSAT 62.6%= Tk BMI, F0H AAlEe] Bmol B G Ao B
M HOroH, 71 2ABSFA VRS 3.9%gTh. WA, Al o W A4k B A Ag 2k I3t Kol 7k YR P
A2 dukd o2 ARG G A wjF o] fARSE Aoz FRIE% > 0.05). BMI= A& 23.65 + 0.43 kg/m?*, EA AL 22,91
=2 + 0.47 kg/m’, ZWAAT- 23.02 + 0.40 kg/m’Z A H&t 7+
N, R A BEE F4 Gac] watk folg AolE R Aol gdich FuA AL U (50.1%)°] 7}
HYTHEE P < 0.001). AA AR & o44e] Hl&L 57.1% A S &S HAT, W U= (26.4%)0] HE o]tk A
oﬂoq_ Az E_EJ\]H:,LO] 77 5%2 7} =9r1, B A] Zrgke 2401 E_uﬂo].;(] o;-_og ] 43.7%=2 713 _5_—_01-’7 ‘g

AT 53.7%, AAL0] 43.0% 0= Uehdth Ao A9 2 Zuehx] b8 25.4%, EWIY 14.8% <0 & et
e 754 Hlgto] 91.9%z RS A5t vk, B4 4
2 FIALY 754 nlek v RL A4} 37.8%, 46.8%% Ut 3.

SRt Aol B Aol voh JriHoE FO AYFOR T FA] gl BE FR AEZL AT UL K Table 39 A

208 https://doi.org/10.5720/kjcn.2026.00045



Meal site and lunch nutrition in older Koreans

Table 2. Body mass index, self-rated health status, and chewing problems according to meal location

Category WP (n = 187) WC (n = 145) Rl (n = 155) Total (n = 487) P-value”
BMI (kg/m?) 23.65 +0.43 2291 +0.47 23.02 £ 0.40 23.19+0.25 0.553
Self-rated health status (n = 470) 0.695

Very good 4(2.4) 5(3.6) 8 (5.8) 17 (3.8)

Good 7(2.8) 4 (2.5) 3(2.0) 14 (2.4)

Moderate 20 (9.8) 13 (6.9) 17 (11.0) 50 (9.3)

Poor 90 (46.9) 74 (55.1) 76 (49.7) 240 (50.1)

Very poor 48 (27.2) 36 (24.3) 43 (26.8) 127 (26.4)

Average® 3.34 £ 0.08 3.29 + 0.06 3.23+0.07 3.29 + 0.04 0.565
Chewing problems (n = 390) 0.173

Very uncomfortable 4(1.1) 5(3.1) 4(2.3) 13 (2.1)

Uncomfortable 27 (14.8) 24 (17.1) 19 (12.8) 0(14.8)

Moderate 25 (18.5) 13 (12.6) 13 (9.6) 51 (14.0)

Not uncomfortable 2 (29.5) 5(23.8) 4 (21.7) 101 (25.4)

Not uncomfortable at all 53 (36.0) 48 (43.3) 54 (53.7) 155 (43.7)

Average® 3.85 £ 0.09 3.87+0.12 412+0.11 3.95 £ 0.06 0.116
n (%) or Mean + SE.

WP, workplace group; WC, welfare center group; RI, religious institution group; BMI, body mass index.
YP-values were determined by chi-square test for categorical variables and by complex-sample general linear model for continuous variables.
?5-point Likert scale. Higher scores indicate better self-rated health or less chewing difficulty.

Table 3. Comparison of food group intake at lunch according to meal location

Food groups WP (n = 187) WC (n = 145) Rl (n = 155) Total (n = 487) P-value”
Grains (g) 80.55 + 12.27 7213 +3.80 96.04 + 22.97 82.91+5.72 0.156
Potatoes and starch (g) 12.33 +1.39° 1.70 + 1.00%® 6.85 + 1.71° 6.96 + 0.25 <0.001
Sugars (g) 2.97 + 0.46° 0.79 £ 0.73* 0.69 + 0.54° 1.82+0.26 0.016
Beans (g) 12.61 + 1.50 11.71 + 2.97 13.68 + 6.51 12.67 +3.31 0.703
Seeds and nuts (g) 0.76 + 0.16 0.51+0.14 0.40 £ 0.16 0.55 + 0.08 0.163
Vegetables (g) 125.80 + 16.54 111.54 + 12.49 117.99 + 18.05 118.44 + 7.43 0.829
Mushrooms (g) 9.72 + 4.02 13.14 + 0.54 8.21+5.74 10.36 + 3.08 0.415
Fruits (g) 27.50 + 2.52 2456 + 2.53 18.78 + 2.95 24.64 +1.60 0.201
Meats (g) 59.28 + 7.56° 31.68 + 1.28° 13.78 + 4.62° 34.91+2.19 0.003
Eggs (g) 4.51 +2.08 4.61 + 0.00 79.31 + 23.69 29.48 + 7.76 0.105
Seafoods (g) 5.45 + 6.33° 29.93 + 6.58° 7.07 + 6.58° 14.15 + 2.88 0.023
Seaweeds (g) 19.56 + 8.21 33.40 £2.16 25.52 + 1.70 26.16 + 4.02 0.412
Dairy products (g) 24.96 + 2.57% 31.52 + 2.59° 21.51 + 3.04° 2610 + 1.72 <0.001
Drinks (g) 82.97 + 9.99° 79.55 + 10.01° 52.53 + 11.77" 73.02 + 6.61 <0.001

Adjusted Mean + SE

WP, workplace group; WC, welfare center group; R, religious institution group.
YP-values were obtained using a complex-sample adjusted for total energy intake, sex, and age.
“‘Different letters indicate statistically significant differences according to the Bonferroni test.
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Nutrient intakes WP (n = 187) WC (n = 145) Rl (n = 155) Total (n = 487) P-value
Energy (kcal) 599.82 + 41.23 595.85 + 32.02 607.63 + 53.53 601.10 + 23.39 >0.999
Water (g) 25211 + 13.22 251.74 + 13.26 219.04 + 14.03 240.96 + 6.91 0.128
Carbohydrates (g) 88.40 + 2.83 92.48 + 1.89 96.89 + 3.93 9259+ 1.73 0.163
Protein (g) 25.52 + 1.08° 23.30 + 0.63° 21.17 + 0.99" 23.33+0.53 0.008
Fat (g) 15.81 + 1.05 14.77 £ 0.77 13.75 + 1.50 14.77 + 0.66 0.507
Energy contribution (%)

Carbohydrate 62.05 + 1.35 63.28 + 1.25 66.69 + 1.55 64.01+0.79 0.069

Protein 16.29 + 0.55° 15.07 + 0.43% 13.87 + 0.55" 15.08 + 0.28 0.007

Fat 20.05 + 1.14 20.24 + 1.06 18.16 + 1.36 19.48 £ 0.65 0.458
Dietary fiber (g) 712+ 0.40 7.41+0.33 6.95 + 0.35 716 +0.21 0.635
Sugar (g) 11.61 +1.37 11.08 + 1.16 10.54 + 1.45 11.08 + 0.75 > 0.999
Calcium (mg) 135.00 + 11.25 152.16 + 12.56 135.68 + 12.75 140.95 + 6.62 0.744
Iron (mg) 3.72+0.23 3.72+0.28 3.03+0.19 3.49+0.11 0.061
Phosphorus (mg) 340.26 + 11.17° 333.77 £+ 9.49% 300.55 + 12.19° 324.86 +5.72 0.049
Sodium (mg) 1,196.26 +65.72  1,210.45+55.60  1,160.69 + 81.03  1,189.13 + 39.88 >0.999
Potassium (mg) 774.76 + 35.99 796.11 + 32.37 704.86 + 41.62 758.58 + 18.47 0.122
Magnesium (mg) 95.41 + 4.03 98.03 +4.21 88.38 + 4.15 93.94 +2.22 0.204
Vitamin A (ug RAE) 127.46 + 14.73 121.72 + 12.08 93.71 + 11.57 114.30 + 8.11 0.131
Thiamine (mg) 0.49 + 0.03° 0.39+0.02° 0.34 +0.03" 0.41 + 0.02 0.001
Riboflavin (mg) 0.48 +0.03 0.47 + 0.03 0.41 + 0.03 0.45 + 0.02 0.149
Niacin (mg) 4.15 + 0.26° 3.64 +0.18® 3.14 +0.22° 3.65+0.12 0.012
Vitamin C (mg) 14.35 + 1.84 15.94 + 2.36 14.87 + 2.62 15.05 + 1.21 >0.999
Vitamin D (ug) 1.06 + 0.24 1.09 + 0.20 0.88 +0.29 1.01+0.13 > 0.999
Vitamin E (mg) 2.23+0.18 2.1+ 0.09 1.89+0.13 2.08 +0.07 0.251

Adjusted Mean + SE.

WP, workplace group; WC, welfare center group; RI, religious institution group.

YP-values were obtained using a complex-sample adjusted for total energy intake, sex, and age.
*"Different letters indicate statistically significant differences according to the Bonferroni test.
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Table 5. NAR and MAR at lunch according to meal location

Category WP (n = 187) WC (n = 145) Rl (n = 155) Total (n = 487) P-value”

NAR
Carbohydrates 1.77 £ 0.09° 217 + 0.15% 215 +0.13° 2.03+0.06 0.039
Protein 0.80 + 0.03 0.85 + 0.02 0.81+0.03 0.82 +0.01 0.240
Calcium 0.43+0.03 0.48 + 0.04 0.45 + 0.03 0.45 + 0.02 0.505
Iron 0.72+0.03 0.83+0.03 0.79 + 0.03 0.78 + 0.02 0.075
Phosphorus 0.87 £ 0.02 0.91 +0.02 0.84 +0.03 0.87 £ 0.01 0.095
Vitamin A 0.39 + 0.05 0.42 + 0.04 0.49 + 0.05 0.43+0.03 0.296
Thiamine 0.78 + 0.03* 0.86 + 0.02° 0.75 +0.03" 0.80 +0.02 0.012
Riboflavin 0.66 + 0.04 0.73+0.03 0.70 + 0.04 0.70 + 0.02 0.367
Niacin 0.60 + 0.03° 0.69 + 0.03" 0.57 +0.03° 0.62 +0.02 0.009
Folate 0.59 + 0.03 0.63 + 0.04 0.70 £ 0.04 0.64 + 0.02 0.060
Vitamin C 0.32+0.04 0.40 + 0.04 0.44 + 0.04 0.38+0.02 0.050

MAR 0.77 £0.03 0.87 + 0.04 0.85 + 0.04 0.83+0.02 0.100

Adjusted Mean + SE.

NAR, nutrient adequacy ratio; MAR, mean adequacy ratio; WP, workplace group; WC, welfare center group; R, religious institution group.
YP-values were obtained using a complex-sample adjusted for total energy intake, sex, and age.
*"Different letters indicate statistically significant differences according to the Bonferroni test.
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¢ Funding
When there is no funding associated with the manu-
script, “None” should be stated.

<Example>
This research was supported by a grant from the National Re-
search Foundation of Korea (Grant No. ***).

3) Arrangement of research articles: Each manuscript

should be divided into the following sections in the
order: Title page, Abstract, Introduction, Methods,
Results, Discussion, Conflict of Interest, Acknowledg-
ments, References, followed by Tables and Figures.
These section headings and subheadings should be
written in English. In case of educational materials,
the contents of the results and discussion can be
composed of contents, evaluation, and implications.
In the case of a review, unlike the structure of a re-
search articles, it can be described as an introduction,
body, and conclusion. However, a scoping review or
a systematic review should follow the structure of the
research articles.

The journal encourages authors to describe the
study according to the reporting guidelines relevant
to their research design, such as those outlined by the
EQUATOR Network (http://www.equator-network.
org/home/) and the United States National Institutes
of Health/ National Library of Medicine (http://www.
nlm.nih.gov/services/research_report_guide.html).

o Ethics Statement
Authors should present an “Ethics statement” imme-
diately after the heading “Methods” In case of reviews,
research notes and educational materials, “Ethics state-
ment” should be presented after introduction section.

<Example>

The informed written consent was obtained from each par-
ticipant. The study protocol was approved by the Institutional
Review Board of *** (approval number).]

<Example>

Obtainment of informed consent was exempted by the institu-

tional review board.

o Study Design
Authors should present the study design (e.g., de-
scriptive analysis, randomized controlled trial, cohort
study, or meta-analysis) and any reporting guidelines

https://kjcn.orkr

referenced in the "Methods" section.

<Example>
This was a cross-sectional study. It was described according
to the STROBE statement (https://www.strobe-statement.

org/).

¢ Discussion
Authors should interpret the results and provide the
Limitations and Conclusion in the latter part of the
“Discussion” section.

« Conflict of Interest

<Example>

There are no financial or other issues that might lead to con-
flict of interest.

<Example>

Kildong 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.

o Acknowledgments
Describe the person who helped write the thesis or
research but was not appropriate as an author.

<Example>
We thank the physicians who performed the sample collection.

o Data Availability
Authors should provide a data availability statement.
Providing access to research data is optional.

<Example>

The data that support the findings of this study are openly
available in [repository name e.g “KNHANES"] at http://doi.
org/[doi].

4) Abstract: A structured abstract of 250~300 words must

be written in English under the following headings: Ob-
jectives, Methods, Results, and Conclusion. Abstracts
should be accompanied by keywords in English.

5) Keywords: A Three to five keywords are recommend-

ed 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,
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and keywords are separated by a semicolon (;).

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-

mended. The unit symbol should be placed after the

numerical value and a space should be left between

the numerical value and the unit symbol except %, °C.

8) References

« References should be numbered consecutively in the
order in which they appear in the text using Arabic
numerals in brackets.

¢« When more than one reference is cited at the same
point in the text, they are included in the same brack-
et as below.

<Example>
[1-3]or[4, 7]

¢ When the authors’ names of the references are insert-
ed in the text, the last names of the authors are given
in English. When the reference has two authors, both
authors’ names should be joined by ‘&, and when the
reference has more than two authors, the first author’s
name should be given followed by ‘et al’

<Example>
Kim [2], Park & Lee [5], Brown et al. [7]

« Reference list should be given in English in numerical
order corresponding to the order of citation in the text.

e References should follow the National Library of
Medicine (NLM) style guide (http://www.nlm.nih.
gov/citingmedicine).

¢ Abbreviations of journal names should be written
according to the international rules for the abbrevia-
tion (https://www.ncbi.nlm.nih.gov/journals) or Ko-
reaMed (https://www.koreamed.org/JournalBrows-
erNew.php).

e Master’s thesis and doctoral dissertation should be
cited less than three.

iv

(1) Journal articles
(D Published journal articles

Authors. Article title. Journal title Year of publication;
Volume(Issue): Start page-Last page.

<Example> Mo YJ, Kim SB. Sodium related recognition, dietary
attitude and education needs of dietitians working at custom-
ized home visiting health service. Korean J Community Nutr
2014; 19(6): 558-567.

When an article has more than six authors, the names of
the first six authors should be given followed by ‘et al’

<Example> Yon MY, Lee HS, Kim DH, Lee JY, Nam JW, Moon Gl
et al. Breast-feeding and obesity in early childhood - based on
the KNHANES 2008 through 2011-. Korean J Community Nutr
2013; 18(6): 644-651.

(2) Forthcoming journal articles

Authors. Article title. Journal title Year of publication.
Forthcoming.

<Example> Kim YS, Lee HM, Kim JH. Sodium-related eating
behaviors of parents and its relationship to eating behaviors
of their preschool children. Korean J Community Nutr 2015.

Forthcoming.

(2) Books
(D Entire books

Authors. Title. Edition. Publisher; Year of publication. p.
Start page-Last page.

<Example> Park YS, Lee JW, Seo JS, Lee BK, Lee HS, Lee SK.
Nutrition education and counselling. 5th ed. Kyomunsa; 2014.
p. 32-55.

<Example> Ministry of Health and Welfare (KR), The Korean
Nutrition Society. Dietary reference intakes for Koreans 2020:
Minerals. Ministry of Health and Welfare; 2020. p. 25-46.

(2 Book chapter

Chapter authors. Chapter title. In: Editor names, edi-
tors. Book title. Edition. Publisher; Year of publication.
p. Start page-Last page.

<Example> Tamura T, Picciano MF, McGuire MK. Folate in preg-

nancy and lactation. In: Bailey LB, editor. Folate in Health and
Disease. 2nd ed. CRC press; 2010. p. 111-131.
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(3 Translated books
Translators. Translated title(translated version). Edi-
tion. Original language originally written by authors.
Publisher; Year of publication. p. Start page-Last page.

<Example> Mo SM, Kwon SJ, Lee KS. Do you know dining table
of children? (translated version). 1st ed. Japanese original writ-
ten by Adachi M. Kyomunsa; 2000. p. 20-22.

(3) Scientific reports
Authors. Report title. Performing organization; Year of
publication Month of publication. Report No. Report
number.

<Example> Lee YM. A study on development of food safety and
nutrition education program for preschooler. Ministry of Food
and Drug Safety; 2013 Nov. Report No. 13162consumer110.

(4) Thesis and dissertaion
Author. Title. [Book type]. Publisher; Year of publication.
master’s thesis for master degree, dissertation for doc-
toral degree

<Example> Ahn SY. The perception of sugar reduction in nutri-
tion teachers or dieticians in charge of school meals and their
use of added sugar in Seoul. [master’s thesis]. Sookmyung
Women'’s University; 2014.

(5) Conference papers
Authors of paper. Title of paper. Proceedings of Confer-
ence title; Year Month Day; Place of conference: p. Start
page-Last page.

<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.
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Year Month Day; Section: Page.

<Example> Lee JH. Sodium reduction need to readjust
policy. Food and Beverage News. 2014 Sep 29; Sect. A: 1.

(7) Materials on the internet

(D Web sites
Author or Organization. Title [Internet]. Publisher; Year
[cited Year Month Day]. Available from: electronic ad-
dress

<Example> The Korean Society of Community Nutrition. Nutri-
ent story [Internet]. The Korean Society of Community Nutrition;
2007 [cited 2015 May 12]. Available from: http://www.dietnet.
or.kr/

(2 Web page
Author or Organization. Title [Internet]. Publisher;
Year [updated Year Month Day; cited Year Month Day].
Available from: electronic address

<Example> Ministry of Food and Drug Safety. Winter food poi-
soning, be careful of norovirus [Internet]. Ministry of Food and
Drug Safety; 2014 Nov 14 [updated 2014 Dec 11; cited 2015
Feb 1]; Available from: http://www.mfds.go.kr/fm/article/view.
do?articleKey=1245&searchTitleFlag=1&boardKey=4&me-
nuKey=167&currentPageNo=1

9) Tables and Figures: Tables and Figures must be writ-
ten in English, and limited to a maximum of 10 altogether.
Each table and figure should be prepared on a separate
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
Arabic numerals as superscripts 1), 2), 3). In case of indi-
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.

9. PUBLICATION
Once the review process is completed, the manuscript

cannot undergo any modifications in their contents or
changes of the authors. PDF page proofs will be emailed


http://www.dietnet.or.kr/
http://www.dietnet.or.kr/
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&searchTitleFlag=1&boardKey=4&menuKey=167&currentPageNo=1
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Address: 904 Hyundai Hyel, 213-12, Saechang-ro, Yongsan-gu,

Seoul 04376, Korea
within 3 days. The author pays the publication fee for the Tel: +82-2-749-0747

to the corresponding author and should be returned

published paper, including manuscript editing fees, refer- Fax: +82-2-749-0746
ence proofreading fees, and file processing fees. Authors Email: kjcn45@koscom.orkr
who choose to withdraw a manuscript after it has under-
gone peer-review will be charged the review fee.
Any issues not indicated in these instructions will be
reviewed and decided by the Editorial Committee. Any
additional questions or information on manuscript sub-
mission and publication can be clarified by contacting
the editorial office.
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The code of research ethics .
of the Korean Society of Community Nutrition KJCN&

Korean Journal 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.
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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.

https://kjcn.orkr ix



Author's checklist K ] CN &

Korean Journal of Community Nutrition

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.
https://kjcn.orkr Xi




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.

6. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial Li-
cense (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted noncommercial use, distribution,

and reproduction in any medium, provided the original work is properly cited.

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:

https://kjcn.orkr xiii


http://creativecommons.org/licenses/by-nc/4.0

9
ol
A
10
Jim
0x

2 3139 2= tiRHR GALR] FFatal o] ShaA2A, A7t A
AE AR =R AR, =2 A 8] S0l &
c) 270 9Wich2 Y, 49, 6%, 8¥, 10
Sl ,‘?——l';g%% 7 9] mhx|ut oo, AYoff
F719Y, YUY, LS, dFIT, ABE, dGIY,
FEEA, G4 L Q4] e, A8} 78 A9

A1 Fst Hofo] Ali=E(research articles), S (re-
views), A7 (research notes), WA= (educational

materials) 5= A & QU

2. 0 XA

A2t % Mol 1%o] ek oALs] QJorete] slgio]ofof &
1 4 glow, HE] 4 BUSIATNA 9% Bt =
9] 7190l 248 AR £ A 7Fs st

3. #1o &

D) Q=8 A AR et ok 22 ==
¥ EH F ﬂoﬂ tiste] 7Hastal oot HAEd 9
AE 71e ==, AAZR] = 11Z2 PRISMA 710]

=Rl wetoR &

3) AR A QA gt HE M2
TN, AH A ofgr Sofl it =o Bl

4) B8AR: YIS 2] WEI} &8, B AR
w5 AP Sl Bt =2

ofoltjo], &

o

2|

p L=
M
HO

4. 47

1) olFAA: = o S0 SREAY FaEX]
2 Zlo]ofof gttt

2) AAME: 919 ARl= AAA, Am S E 24,
ZHgol 714 E shar, At THEE A9 2ARR} 52
AR o A 523t &polofof gl

3) WA B A9 tido] ARl A-$- A7) Aol
Zksto] w AR Hstofof 5h, AFE $=8517] A 7]
TP A3 (Institutional Review Board; IRB)S]
591 whofof it}

4) olafjBA: A+-E A Hok= Akt 7]t BA1A Ei= 7))

https://kjcn.orkr

KJICN&

Korean Journal of Community Nutrition

(20244 10€ 152 7HH)

A BA7} Q= 75 o1& =0l s 7leshor et

5) +HA E4 A= 2 o3 °q:rl'rrﬂ e ot
of o, & ‘Fquﬂ AFHA g2 ol o
A= FAEEE T (http:// pubhcat1oneth1cs
org/ mternanonal—standards-edltors—and- authors)&
Zgsic)

6) 117“'?-1 2 9] Aol AR E == 7‘11}‘_ = ofglof A

SHO =R Al BE ARk Aol g Mol A

O] Asto] AlE3foF gt

7) 22| 2 E(preprint): & S}I|A|= T TIER AR 5
i =2 8ok gt

Olr

=

5. &(SEX)/HMC(GENDER)O]| CH$t 1124

=R Ao IFS & 5 AE 011}—?; RESH AJ(sex)
= AR ARl AH(genden)E QIAISEAL ofof Tt
ofef W8 =Fof xgstoiof gict,
« 99 7]&olA H(sex)Tt ATl (gender)E THEoto] SHE
27 713t
o A ol g3t o4 EH Jo =2 mglsto] Astal
I AYE v EAste] =g WSt
c A FE Ao R Agt = sheF o= BgRt &
AZ A XSt

6. ==&

WA AR L8215 A A (https://submit-kjcn. or.kr)
o7 AMAPYEIL AAE dautdE A&ttt AR ET}
Z3hE HA|, s AR Ao ZHdE IRB SQUA AR, A
AATYAE= 2] FIAP|E HRud o 2E 3t

k.

ol

7. UE7t &AMt

BN B WHNUS AGHRI AAE FIETL

Bo] ARG AASHES B, AR e
A GFIBIA ) AALEel ket AR BRSIUL
AAAS) ojzdo] uret 3 wA| 24 Hela 6% Qo] Al
Ao A) Lk,


http://publicationethics.org/international-standards-editors-and-authors
http://publicationethics.org/international-standards-editors-and-authors
https://submit-kjcn.or.kr

T 9] AARREY] o] e o= E thE AR

AABHES Sh,

ii

3

il
Sl

A3 FA: Y= MS Y& ARSotY] 32 E o
ZAstt) 24} 27| 11 point, F7ES 200% E= 2
IE ZEL Times New Romanl. &

slo] Z2HSE #V|51H, Y1t

fr

0]

+ ¥=3E AE(Running head) 39 g 507} o]

oz 714

AEE SRS TS I B VA, deeae
Qg 714
CQE AR AEAo R 2R A, B4 A

4

AR AT B YA ADE A, T A

,AAA S0 B et 240] B8 AE B 7
Aol AFHARRI AA]

< AL 24 8l A0S S22 YRR VA, & i

H A

o] A5 Feoant 7IA

WAAR} o] F Foll "7 BAE SIHAR shof £0]
i, &&7|o] g A9 ARtelE 2ol 1), 2), 3=
SIHAZ Bhof Aol whet Zo)aL, digele] %7
stoll 2 AE B afo] Zon, A9t uE
o= 1), 2), 3)& AR St} &Aool whet Z<lct
AR ALA@r, AAL MY, A7 S)e v B
G A gof] (ARt &3t 297t gle Afole ol
S5 7IARI. @A &%) gle nliddante] A¢ S

A, A9, APIES PR A2t

<

o

<ofly

Youngok Kim", Jin-Sook Yoon?", Kil-dong Hong®, Na-ra Kim?

YProfessor, Department of Food and Nutrition, Dongduk Women’s
University, Seoul, Korea

IProfessor, Department of Food and Nutrition, Keimyung University,
Daegu, Korea

9Student, Graduate School of Education, Keimyung University,
Daegu, Korea

“Student, OO High School, Daegu, Korea

s WAIARLY] vy, 4 9 [P S, AT, [AAe-HE
4 714, Asle} AT = 7 FE T 7Y

Kil-dong Hong
...... (=ART|)
Tel: +82-2-749-0747
Fax: +82-2-749-0746

Email: kjicn4b@koscom.or.kr

ORCID (https//orcid.org/)

£ AA= ORCID S84 243} 2915 S-EofoFst
o, o= 55 AAAE &Rlo] BT HS AuE &8
gk 4= Qlok. BE AZe] ORCID S E E=RIE glo]
;7164 11 o= ot 2

<ol
Kil-Dong Hong https://orcid.org/****—##*x—#x s

AFA LW < (Funding)
dfFot= fgo] gl ‘None.” & 7] AgHt,

<ol
This research was supported by a grant from the National Re—

search Foundation of Korea (Grant No. ***).

3) Y119 A Y1) HASS BF GEo = A4t +
AL o33 Ztt. Title page, Abstract, Introduction,
Methods, Results, Discussion, Conflict of Interest,
Acknowledgments, Data Availability, References,
Tables, Figures &0 2 Sto}. o, WA= 2] 49 ZA1et
1Z9] 8-S el =(Contents), B7HEvaluation), AAF
HA(Implications) 9] H&o2 4T & ot F49
Y A=Y A Y AR, BEE AR HHeE
718 4= Qo a3y FAIH S 28 (scoping review)©]
U A A 1&(systematic review)S AF-=R0o] LA
w2fof gttt

E §}35)2]= EQUATOR HIEY A (http://www.equa-
tor-network.org/home/)e} nj=-=HHAY/ZH st
= A http://www.nlm.nih.gov/services/research_
report_guide.html)ol|A] QFHs= H x| 3 of uje} Y1t
£ 5te S ATt

o A7-8-2](Ethics Statement)

https://kjcn.orkr


http://https//orcid.org/
http://www.equator-network.org/home/
http://www.equator-network.org/home/
http://www.nlm.nih.gov/services/research_report_guide.html
http://www.nlm.nih.gov/services/research_report_guide.html

AR " (Method) A7-g2l] Bo) FEo2 7|4
ok gt} RAIE w2 ofefo] AAlehH F4, ATE,
LA 59] Aol AR FEE Mol AT

<o

The informed written consent was obtained from each participant.
The study protocol was approved by the Institutional Review Board
of *** (approval number: IRB&QIHS).

<o

Obtainment of informed consent was exempted by the institu-

tional review board.

A= A|(Study design)
A= "FH(Methods)' A-AA0 AFEA (7] &EA,
FAQ 2T, ISE AT E=vEt 4 5) 4 F1
St B XS A A}

{0y This was a cross—sectional study. It was described according
to the STROBE statement (https://www.strobe-statement.
org/).

2Z(Discussion)
AR = IS ofl4skal "1 H(Discussion)'e] FHEEO]

Limitations ¥ Conclusiona A A3

o]3Al&(Conflict of Interest)

<ofl

There are no financial or other issues that might lead to conflict
of interest.

<o

Kildong Hong has been an editor since 2021. However, he was
not involved in the review process of this manuscript. Other-

wise, there was no conflict of interest.

1A Z(Acknowledgments)
=2Hdolu A4S E=HAITE AREA A A oA 2

5= /e

<ol

We thank the physicians who performed the sample collection.

« g|o]El7}-8-A)(Data Availability)
A A= dlo|E7H8Ado] gt A& 2HAdsfofstH, Ho]

https://kjcn.orkr

Efo] tisf HL2 sl8ohk= A2 A=ArgolH

<ol

The data that support the findings of this study are openly avail-
able in [repository name e.g “KNHANES’] at http://doi.org/[doi].

4) JEZ2E YEZE2 54 (Objectives), A4 H(Meth-
ods), B3HResults), Z2=(Conclusion)?] AAZo =2 I
E6t0] 250~3000] 2 ARttt 28 offj&of Ao
(Keywords)& @J+o =2 7|3},

5) 7I9E: HAE &ol& ATt 1~2749] Tol&2 = 3~5
7Nel 71HNEE 71 sid 711 == MeSH(https://
meshb.nlm.nih.gov/search) ©f HAE= thojz ZHAI5H
o} 7|9 E= IRBARE AlQfsta BF ARALRE E7]5}
o, & 7|5= AWEE() o= At

6) of: A A& U= ol LA o] FS WAl H7|TH

3T Qo] ekolE H7I5HH, F Ee= 1O AREH oF

= 1 AolA drggith

A L okl AR, =TSl ST T

ot %, CE AQet e &= oAkt Hof

N
N

g
;

N
f 4 2
Lo o fr
N
o
St

3

&
oy
=
fa
ol

=
rr
(o
op

r

19 o)y

1
my ok

40N oA o] FAETS
o] 7|1 At

fo do do

or

O{l> Kim [3]2, Park & Lee [5]&, Brown S[7]2

c 22 S0 HAEHY AAE 7S B¢
nameZ 7|3} AR 28 Brols F AHA ARl
o &E AYstaL, 391 o]dY W= AAAT E7]5kAL

« R 552 Q1EH wAof wet ofgtu]o} ket g
7| YL & H7|eht

The National Library of Medicine (NLM) FZA|A|
(http://www.nlm.nih.gov/citingmedicine)& wz}t 2}
gt

3|22 Fol & 17|5k= =A| 2Fo] | (PubMed &
A A] A2 Ao E http://www.ncbi.nlm.nih.gov/jour-
nals) £+ KoreaMed 5A1A] A Aol E(http://www.
koreamed.org/JournalBrowserNew.php)& #arstct.
o SFQl =2 83 A% 37) o= Q183

iii


mailto:https://meshb.nlm.nih.gov/search?subject=
mailto:https://meshb.nlm.nih.gov/search?subject=
http://www.nlm.nih.gov/citingmedicine
http://www.ncbi.nlm.nih.gov/journals
http://www.ncbi.nlm.nih.gov/journals
http://www.koreamed.org/JournalBrowserNew.php
http://www.koreamed.org/JournalBrowserNew.php

(1) et&x|

D & oA =8
AAY, 2. SHsHoko] A W& Aol A-ukA]
5 o], 402 714

<ol

Mo YJ, Kim SB. Sodium related recognition, dietary attitude and
education needs of dietitians working at customized home visiting
health service. Korean J Community Nutr 2014; 19(6): 558-567.

AZ7F 790 ol S, A 607HA] 71ABEAL et al. &
ARE

<ofly

Yon MY, Lee HS, Kim DH, Lee JY, Nam JW, Moon Gl et al.
Breastfeeding and obesity in early childhood - based on the
KNHANES 2008 through 2011-. Korean J Community Nutr
2013; 18(6): 644-651.

@ &% A A =2
A Y. =571, g&A|°Fo] Ak, Forthcoming. 2=
7174

<ol
Kim YS, Lee HM, Kim JH. Sodium-related eating behaviors of
parents and its relationship to eating behaviors of their preschool

children. Korean J Community Nutr 2015. Forthcoming.

(2) KA

O e
AR, A, BAARRE ZBAE A% p. AlZhlo]K]-mtA]
gho]7] 0.2 7]

<ol

Park YS, Lee JW, Seo JS, Lee BK, Lee HS, Lee SK. Nutrition edu—
cation and counselling. 5th ed. Kyomunsa; 2014. p. 32-55.

<ol

Ministry of Health and Welfare (KR), The Korean Nutrition Society.
Dietary reference intakes for Koreans 2020: Minerals. Ministry of
Health and Welfare; 2020. p. 25-46.

@ SPE Y9 3 FHbook chapter)
“(chaper) A#}. (chapter) A= In: B4, editors.

iv

M. TAARY. S8AE Ak, p. A2 H o] 2]-wpA| gt o]
Al o= 7|A

<ofly

Tamura T, Picciano MF, McGuire MK. Folate in pregnancy and lac-
tation. In: Bailey LB, editor. Folate in Health and Disease. 2nd ed.
CRC press; 2010. p. 111-131.

X
Az} HY A (translated version). TAAFSF. QA A=
7} original written by YAAE. EHALETHAL. p. Al
Zr o] A]-ut A g o] K], 420 2 7|7

<ofly

Mo SM, Kwon SJ, Lee KS. Do you know dining table of children?
(translated version). 1st ed. Japanese original written by Adachi M.
Kyomunsa; 2000. p. 20-22.

(3) FEIA
AA; HIA A& 87138 A 4d. Report No. &9
3. &0F 7

<o
Lee YM. A study on development of food safety and nutrition ed—
ucation program for preschooler. Ministry of Food and Drug Safe—

ty; 2013 Nov. Report No. 13162consumer110.

AL =2 (B9 731 eoldish k. 0= 714 4
AFSF] =2 master’s thesis, BIAFSFY =22 disserta-
tion2. & 7| Agtct.

<o

Ahn SY. The perception of sugar reduction in nutrition teachers or
dieticians in charge of school meals and their use of added sug-
ar in Seoul. [master’s thesis]. Sookmyung Women's University;
2014.

(6) sh=ris| % MEX|Y Xtz

AA}p, HEAE. Proceedings of e&TIE; Ax ¥ U;
A p. AZF o] Z]-upR|d; Ho]Z], =0 2 7|7

https://kjcn.orkr



<ol

Shim JE. Infant and child feeding practices for development of
healthy eating habits. Proceedings of 2014 Annual Conference of
the Korean Society of Community Nutrition; 2014 Nov 14; Seoul:
p. 195-213.

(6) 7IAt
@O A 7|4
AR A A2, A Y HolA]. &0 = 7|A

(ol

Lee BM. Nutrition treatment of hereditary metabolic diseases.
Nutrition and Dietetics. 2013 Dec: 12-19.

@ A AE 714t
AR Ee 7| 7RIS, AR, AT 9 o
A). &0 = 7|7

B

o]

a

o1
Lee JH. Sodium reduction need to readjust policy. Food and Bev-

erage News. 2014 Sep 29; Sect. A1 1.

7) 22121 xt1=

@O FAR|E
AR B 71 A& (Internet]. A&7 Ax [cited A
T ¢ ). Available from: Y54 <02 7|4

oy

The Korean Society of Community Nutrition. Nutrient story [In-
ternet]. The Korean Society of Community Nutrition; 2007 [cited
2015 May 12]. Available from: http://www.dietnet.or.kr/

@ o)A
AR} = 712 A% [Internet]. (A7), A% [updat-
ed A= ¥ 4; cited A& € A]. Available from: Y54
+=02 7|A

https://kjcn.orkr

<ofly

Ministry of Food and Drug Safety. Winter food poisoning, be care—
ful of norovirus [Internet]. Ministry of Food and Drug Safety; 2014
Nov 14 [updated 2014 Dec 11; cited 2015 Feb 1]; Available from:
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&~
searchTitleFlag=1&boardKey=4&menuKey=167& currentPage—

‘ﬁﬂi =25
7ol 188 EHJ:— able 1 EE Fig. 1

Fol diet
So& W%

L Z2H2 AL8SHA| U= A2 YRo = S}
, B Alm2 319] *o“& |, 179 AlES 189 o}‘:*oﬂ
29 Sog ey steo] 1 HeL

7]
o, BAEAY 798 HAIE E 27 P- Values
A ABt= 7,i2§ Skl ”19@_} Ao " Mzom thE W

=22 -golu ARE vHE 4= Qv wAIARE
DF TUS e-mail® oW 3 ojfjo] wAst
o}, ok ARt ghoto] ARfE =to] HaE
Qe AR A= %—‘:—4 ANER dar HY
A v, 5t 7HEH] 5 AQ = HE-E BT
o, AARgo] Al o] % = AR Folls =i
AAF DA A G AR vl FERth & g0
A|E]A] of 3k A2 HA 193] 9] 4loE AX 27T
=EFIet S0 W BE FoARE HAARAR A
Ei=g

=
of
Al

2 o>
R
-

iy
mm{.:o}.i

[\]

_[

0

|

J OPJ ot

e

)

=

o},
o)
=

FoTMESA 4T MERE 213-12, H0SI0|Y 904%
Hak 02-749-0747

A 02-749-0746

00| kjcndb@koscom.or.kr


http://www.dietnet.or.kr/
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&searchTitleFlag=1&boardKey=4&menuKey=167& currentPageNo=1
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&searchTitleFlag=1&boardKey=4&menuKey=167& currentPageNo=1
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&searchTitleFlag=1&boardKey=4&menuKey=167& currentPageNo=1

SR AL YIS B Rel KICN&

Korean Journal of Community Nutrition

HE 2008. 1. 21
1xt 747 2010. 4. 19
2t 748 2014. 3. 28
3%t 70 2020. 2. 28

H1Z (HE)
o] F4L ‘A FALS| FFets] A-a-e] g o]t gt

H2Z (2)

o] L A A GBI Y A A AR JYTA] FIAE (A T gl 71ES S,
99 W4 A BT AR BFS AT ATLAA 15 I Fhe) HH) L 2l B AGS FIFL
Moz i}

H2E AHxe] 2238

HBZ (270] ZIA)
AR Q7Y AARS ESole] AT St 1 AukE WESHolo} Y.

HUZ @RI UF)
TP b 2 59 2.

L TuL EA3A] e HolElLt AT 23S ThEo] U o] E 7| S5 Rushs F9IE ojulatet.

2. MAT ATAR, Fo] i BFS 2R, dolEt AT ANE WAAL Bekstel AT 7 =0] AP At Bt
A 9] S 9IS oJugict.

3. F4013 FYT B glo] eI ofoltlo], 34, A} EL /|FS =gk AL Julgic.

4 BT =EAR BAR ATUE EE AT ste] SHEH0 R B EL 7|0l 3 Aol AP ol gle] =EAR
A2 Holsh gL, SHEA 0% B i 7101 51 gk Kol A 7hALe] A i o] S 58 ol ERAR 422

B o5l 392 wal),
5. 76k BAHOE S WIS A2 Holy B9

ISk

il
ol
o

o

HEZE (A720| 52 £ Y 015 AWK
ATAL AT ATE FB £31 9 o]F AR 5H4] Golok k.

H6Z (HRHE)

AR ZUSHE 20| 470 A A FHS A2 the 2t 29 AL B FEsfolop gk,

1. 9] oLt AA| e 2529 S7olit Bl S142 St | QloiA AP 38 B4

2. =R 291 AL £ WSS AEG A

3. 2708 98 M S A

4. 70 HeHol} FANT BAH EAS A48 2AST SdsHs 2] Be] YL AT A

https://kjcn.orkr Vi



A7 (BT 5o 37)

D AR A4l0] YokALt 7]ofat Aol chhAE QS elgurom To dhet AL Ak

@ oIt 7et Eu] ARHAR R SAE AT A glel] BAgle] A0 lofek = wet st FhAok di
98] 54 HH0g Qlste] FEAA, AIAL, Ex A7 8 5 gk A70] $E3] 7ol PolE A2 AFHA
O 9] w3 YRR 4 gk, Aol Tt Zlelmrh e B9 4%, AR, Abe] oA Ate] 22 AR

M8z (218 X 1 HZA

© AR} o A

~

A§ AN A /1SS w2idlof Sk A4S WD) wslo Ak UMY HEoE

2 A7 Aol FRE AT ATA TS WL F AGT 5 ek
@ A7} ElQle] 2L Q183 BT A 0N A% B3 A8 L AT of 512 wrslof shu, Aayeiel Zutel R E} A
Apo] SRS A% E 49 Aukel Fio] THED S YES sfelof Gk,

o
D HAPAE T =TS T Fofo] AEA A3} Aol A B 522 AW AAIeA B} e ol

@ "yAY2 Fad =2 AAZE 242 W7kl E ARkl tigt Aoy =22] W82 E7H5HA] ghotok ditt.

.

HI10Z (=2 AlAtgiaio] Szt 2a))

D AL A T S ARl He 71k ol AUSHE BAsA Wteka 2akE WA S Lol Bastolof siet,

@ AAARL AAlo] =50] 8-S BrFshlo] AUt ollieka Tk A9ols MUANA S4 AHIAE Frstol
of g},

® AR A A =S AARIHl kA Algoltt HAete] At el Wi TAE Wt AT Y)2o] o8] FAsHA A
Aptolok G}, FEG TAS BAISHA e A =ES SEAIAL, HAE Belo] Polut AT A Erks ol =
£ GAANE o Fn, A4 oA RS Al 94 9k R B7HSHA otk et

@ AR HE A 410 2N ARte] AT} B4 EFolok s, WAAL THEA 4
8510 A2 HBtSIAL Ba el A AL oF =k

) AL AL AT 3ol TR BI DL Aok S, =Fo] ARE St ETEIY] Aol 2] 8-S A8
.

(1
o

I

ol
e
filo
>

=

El

?l_

rr

H1E (S22 715)

SR8} e 248l ote) Blle] Ageiet Bt
1. A8 SHo] B A

AT o, 2] B AG

A B Ee} vLg Aol B A

AT O AF L AF D Heloh SEEA ) U AY

T 2A o el 230 B A

71Ek 91903] 9] Fofahe g

(i
k)
tlo
N
fol
1o
>,
ol
o
jaba)
1o
1o
i,
ol
)

[©X WAV TSN OGS I )

A2 (2I221] 74)
9JRA8] 9191 591 oo PR, YUHE BBFOR
33 vo} s8] i

13 29194 AR sl 11 9] 390 A o)Al

ol

HN3= (ALY HE & H
A B fiokR| G ALE] gorets] M9 Qe AFEo] A i A}, AW, AxpeH S0z AHe S glon Agog Au
sfjof et , A et stejete A4 <l AR Y Rfe] W& SAF EAsto] AlEet B¢ o] & APA He FeT.

https://kjcn.orkr vii



ol

H14Z (Sleislol 25 2 Alo| Ha)
SJRIB ey guroR BaE Alel] thote] ARAY, WA, F9, B L FALR 5
A1 4 Q1L T2t 24} Abo] wet Sl Sl g o] wgR

o|H

=

I

Folo] EyA 2AE A

HI15Z (i4zlo] 25 SR

A7-0:2] SIBQ0] et A A o] 2AL B, W] BAR APohel BE 24 AL 674 ol o] FREolof &
T, §, o] 717k tjoll 247} o] 2011)7] ol ek Tek Aol U] H1E AR FAL 7|ZHS AFT 5 k. AR E
£ W2} B B8 Ao FRES W drry 302 o] o]9413S & 4 glom, geisuslod olE AE
3o} R B9 ARAE WA 5 ek,

H16Z (AB7I5I0] B3)

A7 el IMOE HIE UNAL 2ol B ASte] |8 AW FABI FHA 717 el £FAE AST 719]
5 B 2elo) Aok A9 2 244 A7 519 o1 oAU Sl Bstel T4 Y = 715l R
5 383 2 7|88 Folof Wik,

HN17X (S22 e H|Y BS 2oF)
AFERIALE ARAS DRI L BAA N S EP, H3l0] 23 Ao Yol W el e e sl
o] A3-2 EANANE o Hrt.

H18Z (A1 2Rt 2 L8)

Sjsle] AA Aot e AL, AAFS FLoIAES L¥ste] A olF Wl AA WSS HEH oz At ATt
42 STk B Sleo] thsiAE Alete] AES Meste] A1, QAVIRKS] ERETFA, U] A EE wE
50 47 & 4 90w, Wagh A =T AN A4t 1 ATE TAY 4 9t

HI19Z (A7R2175e| W)
A7) g AR 2 51819] 14 A AR}l 3t

viii https://kjcn.orkr



AIHEEE

KJCN

=

[=2 £ & XA =RIAR]
X% C

&

Korean Journal of Community Nutrition

(20244 10€ 152 7HH)

(% Check = FIIAI0|E0) 274 MZEgLICE)
=Tl SIoIALEE Check
==EX| 1. M= - ==2A= EX Y QE
- G2 MS2 7|22 ARKE AY(H, 289 A Hojet 11} A= UEAIRE 2H) 2HE a1
HEAAT, SX-UAF G L= M IS E ¢7), QA A, HAN 260 = HEH 2N
9| 4% M= = 2XIF0| AFCIAR! KA
0il) 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
0il) Program Evaluation using the RE-AIM Framework: A Systematic Review and Applica—
tion to a Pilot Health Promotion Program for Children
—) Evaluation of the pilot health promotion program for children: a systematic review
2. MAFEE - MK A% 2 AE IR FRCE UM, H YE=EY 82 YRC=0 UM, FE 7|XHAl A%
Ho= X Y|
- MAFE 121 012 st 31U AL T, HIZ[O 22 HYLIHS0IM IF E= 22 7|20l A%E
ML ELY A ks
3. M= - =2HAlE 2 HHAE L NEHO|IHS2 A, IRBSQIALY A SUAI0IE HEDI 0 2=
(EIAMOIEN =2 HEA SAl HZE, =20l BAIRE AH)
4. ORCID - BE XXl ORCID 7I1&
0i)) Gildong Hong: https://orcid.org/0000-0000-0000-0000
5. Funding (SIS  Of)) This research was supported by a grant from the National Research Foundation of
Korea (Grant No. 000).
- S ok L8O glH2tE ‘None.” 22 7|Xj
g x=2 1. 2N - Objectives—Methods—Results—Conclusion 2] #=A
2. 719 - Mz E01E H2/gt 1~2712] Ho{= FME 3~6712] 7|R= 7[XH
- 7|9 =& MeSH (https://meshb.nlm.nih.gov/search)0f| ZAEj= T2 2
- 7|¥EE DRBAIE M6t 25 ARXNE HI|ofH, 12 7|S= MOIZ2()22 &y
3. AOALE - OFO1E Holotal, 11 207t ==20llA O 0|4 AFSEX| =L 2f0] A S R Qi3 HA| Ha
(full name)2.2 &
- AE F ¥ Ola 220 A8 22, M NS of017t SHE I T FR0H CHaH 2fo] H2
EREE 1. AdaM - H1O BN=E B YELE &Y
Title page, Abstract, Introduction, Methods, Results, Discussion, Conflict of Interest,
Acknowledgments, Data Availability, References, Tables, Figures &=AZ 2y
- Method®] Study design, Results2| A5, Discussion?| Limitations, Conclusion BIEA| 24
- EDN A B, J2S Igkolo] ofLtel Iz Hz2E
2.8A 7K HE7|1Y - BF H HE Heo| 7Y
0fl) IBM SPSS Statistics 25 (IBM Corp.)
0il) SAS 9.4 (SAS Institute)
3. Ethics Statement - XXtz ‘B (Method)” 2HIS HIZ 0f20f SI122(0] 26 YRO2 J|=.
(S+e2) TH, AFLE, WSKE 59 40 M2 HEE T S22 HAL
0i)) The informed written consent was obtained from each participant. The study protocol
was approved by the Institutional Review Board of *** (approval number: **¥),
*RB 7| 2HAl= ZE20] 7ITH(ELIA HE AFHE HFZE)
0f) Obtainment of informed consent was exempted by the institutional review board.
4. Conflict of Interest 0il) There are no financial or other issues that might lead to conflict of interest.
(Ole&3) 0il) 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.
*MAEEE AZ20] 7[H(FLA I8 MRS PRE)
(continued to the next page)
https://kjcn.orkr ix



(Continued)

=

SHRIARE

o

Check

5. Acknowledgments
(HA 2)

- = A0|L ST E K2 MAEM MAESHK| 22 B §2 7=
0fl) We thank the physicians who performed the sample collection.
*HAUES ZZ20 7IMH(E LA LHE ARS HEE)

6. Data Availability
(Ho|87t8

- XMXAb= HI0[E 71840 CHet dHES 245H0FsHH, H|O|E{0f CHE
0fl) The data that support the findings of this study are openly available in [repository
name e.g ‘KNHANES’] at http://doi.org/[doi].

BAE S18l= XS MEAE

~
o
o

=)

- B7|E: tHES]] o HoiaT| o [1], [2, 6], [156-20] S 27|, 23 AMO| HE F7HAl, gE 7 &
012471
Oof) ~0fl 23t A7[1] = Kim & LeeQ| Y72, 5]

- 2 W Y020 280| Ha=o= £0f YU=X| =

- 3fg| =2 2182 37K 0|2 At

O L
A2 87| 70 HoX sl

o I

8. H?l S 7IEF BAl

AL} The| =0147|(50 kg, 600 keal), H, %, T 2
g/dl(X), g/dL(O)

- PELREI| Al P UEXE, 712 A : Off) P-value

A S2 | B7| Al 'S AR Of]) 20-25

M He HE #HY|(B2, Hol: &Eg): 0f) 65,450,000

9. ®, I

- B} I M5 & STt thEXt
- HOlM H5 G2 HIIAl - & 22t 2Rt
- He} J-E0A nS ARKR HY|
- EOAE0 G20 O 2 YA EFst 70|22kl TS

[ J W e i =

*OAlE 20248 22 AM=ES B

https://kjcn.orkr




[== £ ™ XXt 2IArES_=et O8]
HOF I8 2 Al LIS MRS R2[5101 FA17| HigLIL.

1. M=o A 2 B 2229 WE H2= BARIIA & M= B NS 22 22 2101 HMA|

0fl) Sociodemographic characteristics of children (n = 80)

2. B 229| IS Z(table head)2 715512 HIAIE S MYSH= HO2 51, H2:5] Mean + SD S B8 HSOR of= % X

00
o

o 10
- WHZS MAoH= 42 Mean + SD, Mean + SE O AR, E0{A7] 29I
0)22.0 + 2.3: "+ YFZ ZO{M7|
- HOIM HRl= 23 20l 20 B#7|

oll) Energy (kcal/day) (O)
Energy, kcal/day (X)

4. Bt O8E 43

=

ol
1z
rlo

D= YRo=Z2 Hy|

ol

5. M9 7|& &M= 7HSotH ARQ| YH, SARA YUY 2 R9
1) At=22f HEf HIA|
o) n (%), Mean = SD, n (%) or Mean = SD £ A g Q0| =0 HA|
2) SHEAM g 2 Rold BA
O SAX Rl & ofL2t SAEA LT S MAR
@AM=HE Z RYSE MAIZ} MYE|0{0F B
3) AOIE ArETH 22 MA HA(full name)g FHQ= HIAIE
G 2

o
4) 7|Et 20| H2 |= S0l Mt =MUH2 HEE E1 2452 MASIH & 220 B7(et He2to| UX|HE =0l

g BA, 7B A= g

https://kjcn.orkr

xi



	kjcn_v31n2_cover
	kjcn_v31n2_내지



