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AIMS AND SCOPE

The Korean Journal of Community Nutrition is the official peer-reviewed journal of the Korean Society of Community Nutrition. It was
launched in 1996. The previous primary titles were Jiyeog sahoe yeong-yang hag-hoeji (pISSN 1226-0983) from vol. 1, no. 1 to vol 3.
no. 5, and Daehan Jiyeok sahoe yeong-yang hakoeji (pISSN 1226-0983, eISSN 2287-1624) from vol. 4, no. 1 to vol. 27 no. 4. The En-
glish title (parallel tilte) was Korean Journal of Community Nutrition from vol. 4, no. 1 to vol. 27 no. 4. The Korean Journal of Com-
munity Nutrition has been the current primary title since October, 2022 (eISSN 2951-3126). The abbreviated title of the journal is Ko-
rean ] Community Nutr. It is published bimonthly in February, April, June, August, October and December. It began to be published
only as an e-journal from 2022.
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review based on the transtheoretical model and
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Objectives: This study analyzes the status of nutrition education media among Korean older
adults based on the transtheoretical model (TTM) and their food literacy to propose effective
strategies for the development and utilization of educational media.

Methods: A literature review was conducted using The Joanna Briggs Institute protocol. The litera-
ture search was performed using government and local government agency websites, as well as
those of affiliated institutions, health and nutrition-related academic societies, and academic
search engines. A total of 144 studies were identified, and after a cross-evaluation by two review-
ers based on the literature selection criteria, 73 studies were included in the final analysis.
Results: Among the types of nutrition education media, card news had the highest proportion, fol-
lowed by video media. The development and distribution of nutrition education media for older
adults were primarily carried out by government and local government agencies, as well as relat-
ed affiliated institutions, accounting for 80.8% (n = 59) of the total. When nutrition education top-
ics in the media were categorized according to the stages of behavior change in the TTM, the
largest proportion, 64.6% (n = 61), was applicable to the precontemplation and contemplation
stages. When categorized by food literacy domains, all topics fell under the categories of nutrition
and safety.

Conclusion: Nutrition education media for older adults were found to be primarily focused on
knowledge acquisition and information delivery, making them mostly applicable to the precon-
templation and contemplation stages of behavior change. The concept of food literacy addressed
in the different types of media was limited to the domains of nutrition and safety, with no content
covering the cultural and relational domains or the social and ecological domains. For tailored nu-
trition education, it is necessary to develop diverse educational materials that comprehensively
reflect each stage of the TTM and all aspects of food literacy.

Keywords: aged; food; literacy; transtheoretical model; food literacy
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METHODS

Ethics statement

This study used data from previously published papers
and systematically reviewed. Therefore, institutional re-
view board approval was not deemed necessary.

1. g1EA

2 A3 AW 23 7 (scoping review)=, A9 7&
2 PRISMA-ScR (Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews) |
Z(https://www.prisma-statement.org/scoping)°] Tz} 7| &=
k.
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* Government/local government agencies (n=102)
* Academic societies and associations (n=14)
 Foreign search engine (n=7)

* Domestic search engines (n=29)

Identification

Records identified through database searching (n=152)

Duplicates records removed
(n=11)

A4

A4

Records screened (n=141)
* Government/local government agencies (n=98)
* Academic societies and associations (n=11)
* Foreign search engine (n=7)
* Domestic search engines (n=25)

Screening

Exlcuded media without nutritional education
information for order adults (n=48)

A4

A 4

Full-text articles assessed for eligibility (n=93)
* Government/local government agencies (n=65)
* Academic societies and associations (n=5)
* Foreign search engine (n=2)
* Domestic search engines (n=21)

Eligibility

Excluded media that do not have accessible
information links (n=20)

\ 4

A4

Studies included in the review (n=73)
* Government/local government agencies (n=59)
* Academic societies and associations (n=4)
* Foreign search engine (n=1)
* Domestic search engines (n=9)

Included

Fig. 1. PRISMA-ScR flow diagram of study selection for scoping review on nutrition education media for older adults in Korea.
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B3] £319] 80.8% (n = 59)& 7FF &9k,
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(n = 4) &0 2 YERTH
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Table 1. Type of nutrition education material

S AEsto] o] AFtolAs aHATA 9 wHTA, FHT
A, E 2 FAGAL F 3GAR EFH. vAHe R 9
7] olsfE 74 YAR(IY R A 4, BA & &3 99,
AL3]-AE] J )2 E551ATHSupplementary Table 1),

RESULTS

1. QLU x| R 2EHH HIZ

IS A FFH E-8H A HlE-S Table 13 A}, A
9 % u180] 7P B AL FHERAR 247(30.4%)0] ATt
1 theo B =olAk 2171(26.6%), Power Point 7+9] A& 12
7(15.2%), 2128 871(10.1%) 0.2 &2 8-S AAskgit}.
Ao TR oA @ matelo] 3074(38 0%) 22 Bl&o] 7H4
=1, 2/9 makol(Ha) 267(32.9%), 229l 237(29.1%) &
O & yehyit

NN

7|2 GUWS ONH H U B 38

12 QS oA A L vlE AL Table 29} 2} @

S oA AR 4 W e AR ARA A L B
A Ao R 597(80.8%)S AASTt. Theo® el
A4 AAANA 1071(13.7%), 3t8] 2 F3)7} 471(5.5%)01%]
o g5« AR 718 8 P AR B4 U] A= 5
77V B AT A A8 SEH LAE 3174(52.5%)

Table 2. Source of nutrition education material

Education material Value Source Value
Media type Government/local government agencies 59 (80.8)
Card news 24 (30.4) Seoul Food Life Support Center 1(52.5)
Video 1(26.6) Korea Health Promotion Institute 11 (18.6)
Power Point lecture material 2 (15.2) Ministry of Food and Drug Safety/Food Safety 0 (16.9)
Leaflet 8(10.1) Korea
Poster 3(3.8) Ministry of Agriculture, Food and Rural Affairs 4 (6.8)
Booklet 3(3.8) Korea Disease Control and Prevention Agency 3(5.1)
Manual/guidebook 3(3.8) Media search engines 10 (13.7)
Mobile APP, website 2 (2 5) Academic thesis from RISS 7 (700)
Infographic 2(2.5) AEiMcIE from Korean Medical Database and 2 (20.0)
Educational charts 1(1.3) ) ase
) ) L Article from PubMed 1(10.0)
Scope of use (online/offline application) ] o o
. Academic societies and associations 4 (5.5)
Offline 0(380) The K Dietetic Associati 3(75.0
Online 8(294) The Korean SIe 'etIC f E'O('::ja IOZ Ath | i 1 (25.0)
Both 6(32.9) - Ie orean Society of Lipid an erosclerosis = (106)
Total 9 (100)" ot (100)
n (%).
n (%).

Y0ut of a total of 73 types of media, six were counted more than once
when classified by media type.
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Table 3. Distribution of materials by transtheoretical stages
and food literacy

Materials Value
Precontemplation and contemplation 51 (64.6)
Nutrition and safety domain 1 (100)
Information on healthy eating habits 31 (60.8)
Dietary information for chronic disease 2 (23.5)
management
Dietary information for dysphagia 6 (11.8)
Methods for elderly health management in 2(3.9)
summer
Cultural and relationship 0(0.0)
Social and ecological 0(0.0)
Preparation 22 (27.8)
Nutrition and safety domain 22 (100)
Practical training on meal methods for 10 (45.5)
patients with dysphagia
Methods of healthy dietary practices 7 (31.8)
Long-term dietary plan for chronic disease 5 (22.7)
management

Cultural and relationship 0 (
Social and ecological 0 (

Action and maintenance 6(7.6)
Nutrition and safety domain 6 (
4(

Food selection skills for managing chronic
diseases

Dietary monitoring by a mobile app for 2(33.3)
diabetic patients
Cultural and relationship 0(0.0)
Social and ecological 0(0.0)
Total 79 (100)"

n (%).
Y0ut of a total of 73 types of media, six media were counted more than
once when classified by transtheoretical stages and food literacy.
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Objectives: This study aimed to evaluate the impact of a 4-week multicomponent interven-
tion combining flash continuous glucose monitoring (flash-CGM), group nutrition education,
and personalized nutrition coaching on dietary self-efficacy (DSE) and weight management
in healthy university students.

Methods: A total of 27 university students participated in a pre-post intervention study. The
intervention included a single 4-hour group-based nutrition education session, flash-CGM
usage (FreeStyle Libre; Abbott Diabetes Care), and weekly one-on-one nutrition coaching.
Participants wore the CGM device for 28 days (replaced after 14 days), and were guided in
using the FoodLens app (DoinglLab) for dietary tracking and a mobile app-linked digital
scale for weight monitoring. Outcomes measured before and after the intervention includ-
ed DSE, body mass index (BMI), nutrition quotient (NQ) and glycemic indicators. Statistical
analyses included Wilcoxon signed-rank and Mann-Whitney U-tests with significance set at
P <0.05.

Results: There was a significant increase in DSE (P < 0.05), particularly in managing eating
behavior under stress and fatigue. A modest but significant decrease in BMI was observed
in the overall group (P < 0.05), though changes were not significant in the BMI = 23 kg/m’
subgroup. Glycemic indicators showed minimal changes. The overall NQ score improved
slightly, with significant increases in fruit intake (P < 0.01) and nutrition label checks (P <
0.05). High satisfaction levels (4.52 + 0.65 on a 5-point scale) were reported for device us-
ability and coaching services.

Conclusion: The multicomponent intervention improved DSE, NQ scores, and supported
modest weight reduction among university students. The combined effect of CGM, nutrition
education, and coaching appears promising; however, further studies are needed to isolate
the effects of each component and evaluate long-term outcomes.

Trial Registration: Clinical Research Information Service Identifier: KCTO010255.

Keywords: flash continuous glucose monitoring; dietary self-efficacy; nutrition coaching;
body mass index; university students
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INTRODUCTION

The transition from adolescence to early adulthood rep-
resents a critical phase for establishing lifelong dietary
habits [1]. Addressing this phase with targeted dietary
interventions is crucial for preventing the onset of
chronic conditions and promoting long-term well-be-
ing. University students, in particular, face unique chal-
lenges such as increased social engagements, diverse
living arrangements (e.g., dormitories or shared apart-
ments), and irregular eating patterns [1, 2]. The 2021 Ko-
rea National Health and Nutrition Examination Survey
highlighted these issues, reporting that adults in their
20s have the highest breakfast skipping rates (53.0%)
and lowest rates of healthy dietary practices (38.0%) [3].
This age group is also characterized by frequent con-
sumption of convenience store meals, delivery food,
and processed foods, prioritizing taste and convenience
over health [2, 4]. Despite recognizing the importance
of health management, only 4.0% of individuals in this
age group have experienced formal nutrition education,
significantly lower than other age groups [5].

During the COVID-19 pandemic, university students
experienced a further decline in dietary quality, with re-
duced physical activity, increased weight gain, irregular
eating patterns, and greater reliance on processed and
delivery foods [6]. Although students understand the
significance of health management [7], they often strug-
gle to adopt health-promoting behaviors, emphasizing
the need for targeted nutrition education programs.

Digital health tools, such as smartphone-based nutri-
tion education [2, 8, 9] and continuous glucose moni-
toring (CGM), provide promising solutions for real-time
dietary feedback. CGM, particularly the flash-CGM
such as FreeStyle Libre (Abbott Diabetes Care), pro-
vides minimal invasiveness, ease of use, and continuous
glucose tracking without finger-prick blood samples.
The device measures glucose levels in interstitial fluid
providing immediate visual feedback through a smart-
phone app. This real-time data enhances dietary aware-
ness and supports behavioral adjustments, potentially
benefiting even healthy populations. While CGM has
demonstrated efficacy in managing glycemic control
and promoting dietary behavior change in individuals
with and without diabetes [10-14], the application of
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CGM outside diabetic populations remains debated
[15], with emerging evidence suggesting heightened
dietary awareness and behavior modification. Klonoff et
al. [16] noted the increasing adoption of CGM for pro-
moting healthy behaviors and metabolic awareness in
non-diabetic populations. However, research exploring
the practical benefits and challenges of CGM among
healthy young adults remains limited.

To address this gap, the present study investigates the
impact of a short-term multicomponent intervention,
combining flash-CGM, structured group-based nu-
trition education, and tailored nutrition coaching, on
dietary self-efficacy (DSE) and weight management in
this population. We hypothesize that real-time feedback
from CGM as part of this multicomponent approach will
enhance dietary behaviors, particularly among individ-
uals with higher body mass index (BMI).

METHODS

Ethics statement

The informed written consent was obtained from each
participant. The study protocol was approved by the Insti-
tutional Review Board of Semyung University (2024-05-
003-03), and the clinical research Information Service (ap-
proval number: KCT0010255).

1. Study design

This study was conducted as a pre-post intervention
study and reported in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemi-
ology (STROBE) statement, available at https://www.
strobe-statement.org/.

2. Intervention period and participants
This study was conducted over four weeks from Sep-
tember to October 2024. The four-week duration was se-
lected to balance feasibility and the potential for mean-
ingful dietary behavior changes within a manageable
time frame for university students, given their academic
schedules and the study’s logistical constraints. This
period was also informed by prior research suggesting
that short-term interventions can yield measurable im-
provements in DSE and related outcomes [17-19].
Participants included 27 university students enrolled

https://doi.org/10.5720/kjcn.2025.00073


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

Smart nutrition coaching for university students

in an extracurricular program on digital bio-health-
care using AloT at Semyung University in Chungbuk,
South Korea. Inclusion criteria included ownership of
a smartphone and no diagnosis of diabetes. Initially, 40
students attended a briefing session and provided writ-
ten consent; however, after excluding those with incom-
plete survey responses or who missed post-intervention
assessments, the final sample size was 27, resulting in a
32.5% dropout rate.

Study design and the weekly research progress is pre-
sented in Fig. 1.

3. Intervention components
At baseline, participants selected one dietary improve-
ment goal from five options: nutritional balance, regular
eating habits, impulse control, weight loss, or disease
prevention. Also, the readiness for dietary habit change
was scored on a scale from 1 (not at all) to 10 (very much).
The intervention consisted of: (1) A 4-hour group-
based nutrition education session covering healthy
eating principles and interpretation of CGM data as

Assessed for eligibility
(n=40)

4-week intervention

shown in Table 1. (2) Flash-CGM device (FreeStyle Li-
bre), worn for 14 days and replaced once to cover the
full 28-day period. Data were collected via the LibreLink
and LibreView platforms. And (3) Weekly individual
nutrition coaching sessions (average 15-30 minutes)
were conducted via a KakaoTalk (Kakao Corp.) channel,
guided by the 5A’s model: assess, advise, agree, assist,
and arrange for self-management support provided
with the Gluet: glucose diet textbook [20]. Table 2 out-
lines the weekly topics covered during the intervention.
For instance, participants with frequent post-meal
glucose spikes were advised to increase fiber intake
and reduce simple carbohydrates. Also, participants
used the FoodLens mobile app (DoingLab) for dietary
tracking and a Bluetooth-linked digital scale (Atflee T9;
Guangdong Welland Technology Co.) for self-weight
monitoring. The study protocol is illustrated in Fig. 1,
showing the sequencing of educational sessions, CGM
use, mobile app integration, and pre/post assessments
over the 5-week schedule.

* Nutrition education for healthy eating habits
* Wearing flash-CGM and install app (Libre Link)
* Building a relationship between participants and

nutrition coach via mobile message and phone call

1st week
* Group nutrition education
* Flash-CGM workshop

« Install mobile apps (FoodLens and Atflee)
* Providing personal weighing scale
* Height and Weight measurements

* Pre-coaching survey
* Goal setting
* 5A’s nutrition coaching intervention

Excluded (n=13)

- Drop out (n=5)

- Incomplete survey responses
(n=5)

- Absent the post survey (n=3)

Questionnaire survey
‘ - General characteristics
- Nutritional quotient
- Dietary self-efficacy
- Readiness to change dietary
- Dietary improvement goal

A

2nd-3rd week
¢ Flash-CGM, FoodLens and Atflee app

v * 5A’s nutrition coaching intervention
Study subjects o
(n=27) " ‘
4th week

* Flash-CGM, FoodLens and Atflee app
* 5A’s nutrition coaching intervention
* Termination of intervention

Questionnaire survey
‘ - Nutritional quotient
- Dietary self-efficacy
5th week - BMI changes

* Post-coaching survey
* Reviewing behavior change
« Satisfaction evaluation

Satisfaction survey

Fig. 1. Study design and flow of the 4-week multicomponent intervention. The intervention included baseline surveys, a 4-hour
group nutrition education and flash-CGM workshop (week 1), weekly 5A’s-based nutrition coaching, app-based dietary and weight
monitoring and a post-intervention evaluation (week 5). A total of 40 participants were screened, with 27 completing the study.
CGM, continuous glucose monitoring; BMI, body mass index.
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Table 1. Baseline group nutrition education session

Period Time Lecture topics Contents

1st 10:00-10:50  The importance of healthy eating Diet and health problems in young adults

2nd 11:00-11:50 What constitutes a healthy diet? Principles of balance, variety, moderation of diet

3rd 13:00-13:50  What are my nutritional problems? General characteristics, nutrition quotient and
dietary self- efficacy survey

4th 14:00-14:50 Smart healthcare tools for healthy weight management How can | manage my body weight?

Table 2. Weekly consultation topics for 5A's nutrition coaching”

Week Nutrition coaching topic

Objective

1 Introduction to flash-CGM and nutritional basics

2 Meal timing and macronutrient distribution

3 Managing emotional and environmental eating triggers

4 Sustaining behavioral changes and long-term goal setting

Educate participants on CGM functionality, glucose trends, and
healthy eating guidelines

Optimize meal schedules and balance macronutrients to mini-
mize glucose spikes

Identify and implement strategies to control eating influenced by
emotions or environmental cues

Review progress, address challenges, and set long-term goals for
sustainable behavior change

CGM, continuous glucose monitoring.

“Weekly nutrition coaching sessions (average 15-30 minutes) were conducted via a KakaoTalk channel, guided by the 5A’s model: Assess, Advise,
Agree, Assist, and Arrange for self-management support provided with the Gluet textbook.

4. Outcome measurements

The primary outcome of this study was DSE, and the
secondary outcomes included BMI, nutrition quotient
(NQ), and glycemic indicators. The DSE questionnaire
was based on previous research [2, 21, 22]. DSE assessed
using a 13-item questionnaire evaluating emotional reg-
ulation efficacy (7 items) and environmental cue control
efficacy (6 items) on a 10-point scale, with higher scores
indicating greater self-efficacy. Reliability coefficients
were 0.874 (pre-test) and 0.896 (post-test).

The NQ questionnaire survey [23] including 20 items
categorized into balance, moderation, and practice
dimensions, and 7 items on general characteristics of
the participants. The NQ for adults was used as a tool to
evaluate dietary quality and nutritional status, based on
the revised 2021 guidelines. The domain-specific scores,
total scores, and grades were determined using the
methodology outlined by Yook et al. [23].

Average glucose and estimated glycated hemoglobin
(HbAlc) were derived from CGM data using the Libre-
View platform, based on 14-day glucose profiles. Esti-
mated HbAlc was calculated as (mean glucose [mmol/L]
+2.59) / 1.59 [24].

BMI was used to standardize for height and for con-
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sistency with previous studies, even though body weight
may be more sensitive over short durations. BMI chang-
es were taken at baseline and week 5. BMI was calculat-
ed using the formula: weight / [height]®, where weight
was measured in kilograms (kg) using a calibrated dig-
ital scale (InBody 720; InBody Co., Ltd.) and height was
measured in meters (m) using a standardized stadiom-
eter (DS-103; Dong Sahn Jenix Co. Ltd.). FoodLens data
were not analyzed due to incomplete records.

At the end of the study, the satisfaction survey in-
cluded 15 items on a 5-point Likert scale assessing
educational effectiveness, device usability, coaching
satisfaction, and behavioral changes. All the survey was
administered via online using Google Forms (Google).

5. Statistical analysis

Data were analyzed using IBM SPSS statistics (version
28; IBM Corp.). The Wilcoxon signed-rank test was cho-
sen to evaluate pre- and post-intervention changes in
DSE, BMI, NQ, and glycemic indicators. Mann-Whitney
U-test was used to compare changes between BMI sub-
groups (< 23 and > 23 kg/m®). These tests were appro-
priate given the small sample size and potential devia-
tions from normality. To control for type I error due to
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multiple comparisons, Bonferroni corrections were ap-
plied where applicable, ensuring the robustness of the
statistical inferences. Statistical significance was set at
P < 0.05. The sample size was calculated using G*Power
(version 3.1.9.7). With an effect size of f = 0.25 (medium),
a significance level of a = 0.05, and power (1-f) = 0.80,
the minimum required sample size was determined to
be 27 participants. The final sample size in this study
met this requirement. Effect sizes (r) were calculated for
Wilcoxon signed-rank and Mann-Whitney U-tests using
the formula r = Z / YN, where Z is the test statistic and
N is the number of observations. According to Cohen’s
criteria, r values of 0.1, 0.3, and 0.5 represent small, me-
dium, and large effect sizes, respectively.

Table 3. General characteristics of the participants

RESULTS

1. Participant characteristics
Table 3 presents the general characteristics of the par-
ticipants. The mean age of the participants was 20.33 +
1.71 years, and 59.3% were female. Among the partici-
pants, 48.2% resided in dormitories, the majority were
non-smokers (77.8%), and 74.1% reported infrequent
alcohol consumption. More than half (55.6%) reported
not using dietary supplements. None of the participants
had received nutrition coaching in the past year. Based
on BMI (kg/m?®) classification, 48.1% of the participants
were categorized as underweight or normal weight,
while 51.9% were classified as overweight or obese.
Table 4 shows that the primary dietary goals among
participants were weight loss (55.6%, n = 15), notably

Variable Category e M m M m
Age (year) 20.33+1.71 19.69 + 1.49 21.0+1.57
Sex Female 16 (59.25) 9 (33.33) 7 (25.93)
Male 11 (40.74) 4 (14.81) 7 (25.93)
Residence Living at home 9 (33.33) 6 (22.22) 3(11.11)
Dormitory 13 (48.15) 5(18.52) 8(29.63)
Self-boarding 5(18.52) 2(7.41) 3(11.11)
Smoking status Current smoker 5(18.52) 2 (7.41) 3(11.11)
Ex-smoker 1(3.70) 1(3.70) 0 (0.00)
Non-smoker 21 (77.78) 10 (37.04) 11 (40.74)
Alcohol drinking > 3 times/week 3(11.11) 2(7.41) 1(3.70)
1-2 times/week 4(14.81) 3(11.11) 1(3.70)
1-3 times/month 0 (0.00) 0 (0.00) 0 (0.00)
Rarely 20 (74.07) 8(29.63) 12 (44.44)
Vitamin & mineral supplements Everyday 6 (22.22) 3(11.11) 3(11.11)
3-4 times/week 2(7.41) 1(3.70) 1(3.70)
1-2 times/week 2(7.41) 0 (0.00) 2 (7.41)
1 time/week 2(7.41) 2(7.41) 0 (0.00)
Never 15 (55.56) 7 (25.93) 8(29.63)
Experience for nutrition coaching Yes 0 (0.00) 0 (0.00) 0 (0.00)
during the past year No 27 (100) 13 (48.15) 14 (51.85)
BMI (kg/m?) 2417 + 5.64 19.75 + 1.92 28.68 + 4.69
Underweight (BMI < 18.5) 2(7.41) 2(7.41) 0 (0.00)
Normal (18.5 < BMI < 23) 11 (40.74) 11 (40.74) 0 (0.00)
Overweight (23< BMI < 25) 4 (14.81) 0 (0.00) 4 (14.81)
Obese (BMI = 25) 10 (37.04) 0 (0.00) 10 (37.04)
Mean + SD or n (%).
BMI, body mass index.
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higher in the BMI > 23 kg/m” group (71.4%) compared
to BMI < 23 kg/m” (38.5%). Other frequently reported
goals included achieving a nutritionally balanced diet
(22.2%, predominantly BMI < 23 kg/m?), establishing
regular eating habits (14.8%), correcting impulsive eat-
ing (3.7%), and disease prevention through diet (3.7%).
Participants’ overall readiness to change dietary habits,
assessed on a 10-point scale before the intervention,
was moderately high (7.85 + 1.54). There were no signif-
icant differences between BMI groups (BMI > 23 kg/m”:
8.07 £ 1.49; BMI < 23 kg/mZ: 7.62 +1.61; P=0.370). Data
are not shown.

2. Changes in dietary self-efficacy

Table 5 shows that the intervention significantly improved
participants’ DSE in various dimensions, including affec-
tive factor control efficacy and environmental stimulus
control efficacy. Participants demonstrated significant
improvements in their ability to resist eating under var-
ious emotional conditions. Significant improvements
were noted in the ability to resist eating when stressed
(from 5.78 + 2.76 to 7.52 + 1.67, P < 0.01, r = 0.510) and
tired (from 5.70 + 2.71 to 8.74 + 1.40, P < 0.001, r = 0.577)
in total. Interestingly, the ability to control eating when
tired significantly improved across both BMI categories.
Notably, participants with BMI < 23 kg/m” exhibited the
improvement to resist eating when tired (from 4.85 +
2.67 t0 9.15 + 0.90, P < 0.01), nervous (from 8.15 + 1.52
t0 9.54 + 0.78, P < 0.01) and when feeling unstable (from
7.85 + 1.63 t0 9.00 + 1.15, P < 0.05). Subtotal scores for
this dimension showed a significant improvement from
6.97 + 1.81 to 8.03 + 1.41 (P < 0.01) in total. Improve-
ments were also observed in participants’ ability to re-
sist eating in response to external stimuli, although the
changes were less pronounced compared to the affec-

tive domain. The ability to resist eating in social settings,
such as with friends, increased significantly from 4.96 +
2.67 to 6.30 + 2.37 in total (P < 0.05). Subtotal scores for
this dimension improved from 6.69 + 1.72 to 7.30 + 1.50,
although the change was not statistically significant.

Overall, the total DSE score improved significantly
from 6.84 + 1.64 to 7.69 * 1.26 (P < 0.05). The improve-
ment was particularly notable among participants with
BMI < 23 kg/m’®, where the total score increased from
6.49 + 1.36 t0 7.89 = 1.06 (P < 0.01).

3. Changes in body mass index

Fig. 2 displays the outcomes of the pre- and post-inter-
vention in BMI. A statistically significant decrease in
BMI was observed among the total sample (from 24.51
+5.71 to 24.29 + 5.67, P < 0.05), while subgroup analysis
for BMI > 23 kg/m” showed no significant change. BMI
significantly decreased after the intervention (P = 0.045,
r = 0.393), indicating a medium effect size. Among
participants with BMI > 23 kg/m®, a non-significant
reduction in BMI was observed (P = 0.153, r = 0.394),
suggesting a moderate effect size despite statistical in-
significance.

4. Changes in glycemic indicators

Table 6 presents the changes in glycemic indicators
from pre- and post-intervention assessments. The inter-
vention did not lead to statistically significant changes
in glycemic indicators, including overall blood glucose
variability, and estimated HbAlc. The overall blood glu-
cose variability remained stable, with pre-intervention
levels of 105.75 + 11.47 mg/dL compared to 104.77 + 9.40
mg/dL post-intervention (P = 0.822, r = 0.046). Similar-
ly, the estimated HbA1c levels showed no significant
change, with pre-intervention levels of 5.26% + 0.32%

Table 4. Primary dietary goals reported by participants according to BMI group

el oM <234/ Bl 23 g
Weight loss 15 (55.60) 5 (38.50) 10 (71.40)
Correction to nutritionally balanced diet 6 (22.20) 5 (38.50) 1(7.10)
Regular eating habits 4 (14.80) 1(7.70) 3(21.40)
Correction of impulsive eating habits 1(3.70) 1 (7.70) 0 (0.00)
Disease prevention through diet 1(3.70) 1(7.70) 0 (0.00)

n (%).
BMI, body mass index.
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Table 5. Changes in dietary self-efficacy scores by intervention according to BMI group

) Total BMI < 23 kg/m’ BMI = 23 kg/m’
Category Variable (n=27) (o 135/ (n=1 4“)3/
Affective factor control | can resist eating when | am stressed
efficacy” Pre 5.78+2.76 4.85 +2.67 6.64 +2.65
Post 752+ 1.67" 746+ 156" 7.57 +1.83
| can resist eating when | am depressed
Pre 6.81+2.84 6.46 +2.93 714 +2.82
Post 7.67 £1.82 7.62+1.89 7.71+1.82
| can resist eating when | am angry
Pre 6.74 £ 2.82 6.54 +2.93 6.93+2.81
Post 7.56 £ 1.89 7.62 +£1.98 750 £ 1.87
| can resist eating when | am bored
Pre 744 +234 723+231 7.64 +2.44
Post 7331242 7.85 +2.58 6.86 +2.25
| can resist eating when | feel unstable
Pre 7.93+1.80 7.85+1.63 8.00 + 2.00
Post 8.48 +1.60 9.00 + 1.15 8.00 + 1.84
| can resist eating when | am tired
Pre 570+2.71 4.85 +2.67 6.50 + 2.59
Post 8.74 + 1.40™" 9.15 +0.90" 8.36 + 1.69"
| can resist eating when | am nervous
Pre 8.41+1.80 815+ 1.52 8.64 +2.06
Post 893+ 154 9.54 +0.78" 8.36 + 1.86
Subtotal
Pre 6.97 +1.81 6.56 + 1.49 7.36 £2.04
Post 8.03+ 141" 8.32+1.08" 7.76 + 1.65
Environmental stimulus | can resist eating even when others are pressuring me
control efficacy to eat
Pre 6.44 £ 2.49 6.38 £ 2.69 6.50 +2.38
Post 7.33+1.80 7.46 +1.39 721 +215
| can resist eating when | eat at even event (wedding,
holiday, etc.) or at a company dinner
Pre 5.33+2.53 5.38 + 2.66 5.29 +2.49
Post 5.96 + 2.30 5.85+241 6.07 £ 2.27
| can resist eating when | eat with my friends
Pre 4.96 + 2.67 4.62 +2.63 5.29+2.76
Post 6.30 £ 2.37* 6.23 £ 2.65 6.36 + 2.17
| can resist eating when | am alone
Pre 7.93+£2.22 754 +£2.40 8.29 +2.05
Post 8.19+213 8.15 £ 2.67 8.21+1.58
| can resist eating when | am watching TV or smart-
phone
Pre 7.59 + 2.36 7.46 +2.30 7.71+2.49
Post 7.26 £ 2.30 7.69 +2.39 6.86 +2.21
| can resist eating when | am watching food advertise-
ment or eating show
Pre 7.85+2.33 7.08 £ 2.53 8.57 +1.95
Post 8.74 +1.70 9.00+1.78 8.50+1.65
Subtotal
Pre 6.69+1.72 6.41+1.61 6.94+1.84
Post 7.30 £ 1.50 7.40 + 1.56 7.20 + 1.50
Pre 6.84 +1.64 6.49+1.36 7.16 + 1.86
Post 769 £ 1.26" 789+ 1.06" 750 + 1.43

Mean + SD.

BMI, body mass index.

D10-point Likert scale. Higher score means higher DSE.

The P-value for the comparison pre-and post-intervention by Wilcoxon signed-rank test.
"P<0.05, "P<0.01, P < 0.001.
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40 ~ @ Pre-intervention
Il Post-intervention

24.51 | 24.29

BMI (kg/m?)

Total

BMI < 23

28.73 | 28.48

BMI = 23

Fig. 2. Changes in BMI before and after the intervention by group. BMI significantly decreased in the total sample (*P < 0.05). No
statistically significant changes were observed in the BMI < 23 kg/m” and BMI > 23 kg/m? subgroups. BMI, body mass index; ns,

not significant.

Table 6. Changes in glycemic indicators

Pre-intervention

Post-intervention

Measurements (n =27) (n=27) P-value
Overall blood glucose distribution and variability (mg/dL)
Total (n = 27) 105.75 + 11.47 104.77 £ 9.40 0.822
BMI < 23 kg/m? (n = 13) 104.68 £ 9.91 102.82 + 7.11 0.635
BMI = 23 kg/m? (n = 14) 106.75 + 13.05 106.59 + 11.07 0.808
Overall estimated HbA1c (%)
Total (n = 27) 5.26 + 0.32 5.24 +0.33 0.863
BMI < 23 kg/m? (n = 13) 5.27 £ 0.33 5.28 +0.34 0.480
BMI = 23 kg/m? (n = 14) 5.25+0.33 5.21 £ 0.32 0.180

Mean + SD.

Glycemic indicators including average blood glucose and estimated HbAlc were derived from CGM data through the LibreView platform.

BMI, body mass index; HbA1c, hemoglobin Alc (glycated hemoglobin).

The P-value for the comparison pre-and post-intervention by Wilcoxon signed-rank test.

compared to 5.24% * 0.33% post-intervention (P = 0.863,
r=0.033).

5. Changes in nutrition quotient scores
Table 7 presents the results in NQ scores before and af-
ter the intervention. Although the total NQ score did not
significantly improve (P = 0.485, r = 0.136), small to me-
dium effect sizes were observed for several individual
NQ items, such as fruit intake (P = 0.008, r = 0.894) and
labeling check (P = 0.048, r = 0.471), suggesting mean-
ingful behavioral changes (Table 8).

In Table 8, intake frequency of fruits showed a sta-
tistically significant increase from 1.63 + 0.49 to 1.89 +
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0.58 (P < 0.01) in total. Participants with BMI < 23 kg/m’
exhibited a significant rise from 1.69 + 0.48 to 2.00 + 0.71
(P < 0.05). Nutrition labeling check when eating out or
purchasing processed foods significantly improved from
2.59 +1.15t0 3.22 + 1.34 (P < 0.05) in total.

6. Satisfaction survey

Table 9 presents the satisfaction evaluation after the
completion of the entire program. Participants reported
high levels of satisfaction with the flash-CGM device
and the accompanying nutrition coaching services. The
overall satisfaction score was 4.52 + 0.65 on a 5-point
Likert scale. Participants acknowledged the effective-
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Table 7. Changes in the NQ score of respective dimension

Variable Pre-intervention Post-intervention Pvalue
(n=27) (n=27)
NQ category
Balance 14.56 £ 3.24 15.70 £ 3.82 0.136
Moderation 16.44 £+ 4.11 15.67 £ 2.95 0.265
Practice 12.74 £ 2.19 13.22 £2.52 0.428
Overall NQ score 43.74 £ 6.32 44,59 + 6.24 0.485
Frequency of sweetened-beverage consumption” 1.67 +1.09 278+ 111 0.473
Frequency of exercise” 244 +1.03 3.44 +0.87 0.512
Evaluation (range of overall NQ score)
High (68.5-100) 0 0
Medium (52.7-68.5) 2 8
Low (0-52.7) 25 24

Mean + SD or n.

NQ, nutrition quotient.

Y5-point Likert scale (1 = rarely, 5 = everyday).

I5-point Likert scale (1 = < 1-2 times/week, 5 = > 3 times/day).

The P-value for the comparison pre-and post-intervention by Wilcoxon signed-rank test.

Table 8. Changes in the NQ score of each question according to BMI group

Category Variable (nTgthY) =) (<n 2312,%/m2 2l (i 3312‘()3/ m’
Balance Number of vegetable dishes excluding Kimchi at each meal

Pre 267121 269+111 264+1.34

Post 2.78+£0.70 2.77 £0.83 2.79+£0.58
Intake frequency of fruits

Pre 1.63 +0.49 1.69 £ 0.48 157 +0.51

Post 1.89+0.58" 2.00+0.71 1.79 £0.43
Intake frequency of milk or dairy products

Pre 1.78 £0.70 1.54 +0.52 2.00+£0.78

Post 1.89 + 0.85 1.62 £0.51 214 +1.03
Intake frequency of fishes

Pre 141 +0.64 1.46 + 0.66 1.36 £ 0.63

Post 141 +0.64 1.38 £ 0.65 1.43 +£0.65
Intake frequency of beans or bean products

Pre 1.67+0.78 1.62+£0.51 1.71+0.99

Post 1.81+0.92 1.62+£0.51 2.00+1.18
Intake frequency of nuts

Pre 1.63+0.84 154 +£0.78 1.71+0.91

Post 1.89 + 1.05 1.54 +£0.88 221+1.12
Intake frequency of whole grains or mixed grains

Pre 219+124 1.85 £ 0.90 250+ 145

Post 2.41 +£0.97 2.08 +0.64 271+ 114
Intake frequency of breakfast

Pre 159 +1.19 1.31+0.63 1.86+1.51

Post 1.63+1.18 146 £0.78 1.79+1.48

(Continued to the next page)
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Table 8. Continued

Category Variable (nTZth7) L (: 331%/ m*  BM (i 3312‘()3/ m*
Moderation Moderation Intake frequency of greasy baked products or
shacks
Pre 3.15+1.17 3.38+1.19 293+1.14
Post 3.04 £0.90 3.08 £ 0.64 3.00+1.11
Intake frequency of fast foods
Pre 2.78+0.70 2.77 £ 0.60 2.79+£0.80
Post 2.67 £0.88 2.77+0.73 2.57 +1.02
Intake frequency of spicy and salty soup and stew
Pre 2.48 +0.80 2.54 +0.88 2.43+0.76
Post 2.41 £ 0.89 2.46 +0.88 2.36+0.93
Intake frequency of red meats
Pre 293+1.11 2.92+1.19 2.93+1.07
Post 3.26+0.81 3.23+0.83 3.29+0.83
Intake frequency of processed meats
Pre 2.56 +0.97 2.62 +0.65 250+ 1.22
Post 244 +1.01 2.46 +0.88 243 +1.16
Frequency of overeating or binge eating
Pre 2.56 +1.53 2.46 +1.56 2.64 +1.55
Post 1.85 £ 0.99 1.62 + 0.87 2.07 £ 1.07
Practice Efforts to have healthy eating habits
Pre 3.04+0.71 2.77 £0.83 3.29+0.47
Post 3.30+£0.72 3.38£0.87 3.21+0.58
Nutrition labeling check when eating out or purchasing
processed foods
Pre 259 +1.15 2.54 +1.27 2.64 +1.08
Post 3.22+1.34" 315+1.41 3.29+ 133
Washing hands practices before eating meals
Pre 4.00 + 1.00 3.85+121 414 £ 0.77
Post 4.04 + 0.94 4,15 £+ 0.99 3.93+£0.92
Heavy drinking frequency of alcohol
Pre 311+1.31 3.15+1.34 3.07 £ 1.33
Post 2.67 +1.30 2.38+1.19 293+1.38
Mean + SD.

The P-value for the comparison pre-and post-intervention by Wilcoxon signed-rank test.

“P<0.05, "P<0.01.

ness of nutrition education in helping them understand
postprandial glucose changes (4.67 + 0.55) and found
the provided materials easy to understand (4.74 + 0.45).
The flash-CGM device was rated highly for its usability,
with participants finding it easy to monitor blood glu-
cose levels (4.78 + 0.42) and understand daily glucose
patterns (4.70 + 0.47). The device also helped partici-
pants feel capable of managing their weight (4.52 + 0.64).
The nutrition coaching service was highly appreciated,
particularly for its tailored approach (4.56 + 0.51) and
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reliable materials (4.59 + 0.57). Participants expressed
satisfaction with the coach’s attitude and behavior (4.78
+ 0.42) and indicated a willingness to recommend the
service to others (4.63 + 0.56). Participants reported
moderate improvements in dietary habits (4.37 + 0.88)
and other health behaviors, such as exercise and sleep
(4.44 £ 0.75). Confidence in maintaining these lifestyle
changes after the intervention was also noted (4.33 +
0.83).
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Table 9. Satisfaction evaluation of flash-CGM and nutrition coaching services

Satisfaction scores”

Category Variable (n = 27)
Educational effectiveness The nutrition education helped me learn that postprandial glucose changes 4.67 £0.55
can assist in weight management
The contents of Gluet textbook were easy to understand 4.74 £0.45
Device usability The flash-CGM device made it easy to monitor my blood glucose levels 478 +£0.42
| was able to understand my daily blood glucose patterns using the flash- 4.70+£0.47
CGM device
The flash-CGM device helped me feel capable of managing my weight 4.52 + 0.64
Using the flash-CGM device and nutrition coaching increased my interest in 452 +0.70
blood glucose and weight control
Coaching satisfaction The nutrition coach tailored the service to my ability and needs 456 +0.51
| believe that the materials provided by the nutrition coach are accurate 4.59 + 0.57
and reliable
| was satisfied with the attitude and behavior of the nutrition coach 478 +0.42
| actively utilized the nutrition coaching service 411 +1.05
| would recommend the nutrition coaching service to family and friends 4.63 + 0.56
I am willing to purchase nutrition coaching service in the future 411 +£0.89
Behavioral and lifestyle changes The coaching service improved my dietary choices over 4 weeks 4.37 £0.88
The coaching service helped improve other health habits such as exercise 4.44 £ 0.75
| am confident in maintaining the improved lifestyle habits after the 4.33 +0.83
coaching service ends
Overall 452 +0.65
Mean + SD.

Y5-point Likert scale (1 = not satisfied at all, 5 = very satisfied).
CGM, continuous glucose monitoring.

DISCUSSION

This study evaluated the effects of a short-term multi-
component intervention, combining flash-CGM, struc-
tured nutrition education, and personalized nutrition
coaching, on DSE and weight management among
healthy university students. Significant improvements
in DSE were observed, particularly regarding the ability
to manage eating behaviors under emotional triggers
such as stress, emotional instability and fatigue.

This finding is consistent with Shah et al. [14], who
emphasized CGM'’s ability to provide real-time insights
into glucose trends, fostering awareness and motivating
healthier dietary behaviors. Similarly, Clark et al. [21]
highlighted self-efficacy as a critical component of suc-
cessful weight management, reinforcing the role of tai-
lored interventions in achieving meaningful behavioral
change. The enhanced DSE observed in this study likely
reflects the combined effect of flash-CGM feedback and
supportive nutrition coaching, consistent with Kim et
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al. [2], who demonstrated the benefits of technology-as-
sisted, personalized dietary coaching in young adults.

Although body weight could serve as a sensitive indi-
cator for short-term change, BMI was used as the prima-
ry outcome to control for height variation across partic-
ipants and ensure consistency with related literature. In
this study, a modest but statistically significant reduction
in BMI was noted across the total sample, although sub-
group analysis revealed no significant change among
participants with higher BMI (> 23 kg/m?). The observed
BMI reduction, albeit small, indicates the potential util-
ity of integrated digital health tools and personalized
coaching in supporting weight management efforts. This
outcome aligns with Klonoff et al. [16], who emphasized
the potential of CGMs to drive behavioral modifications
that support weight loss and prevent weight gain. The
personalized dietary feedback provided during this
intervention appears to have encouraged participants
to make meaningful adjustments to their eating habits,
resulting in measurable weight reductions.
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It is noteworthy that significant improvements were also
observed in participants’ NQ scores, particularly regard-
ing fruit intake frequency and nutrition label checking
habits, reinforcing the intervention’s effectiveness in pro-
moting better dietary practices. Additionally, Kim et al. [2]
demonstrated that personalized goal setting and smart-
phone-based nutrition counseling significantly improve
both the NQ scores among young adults. These findings
reinforce the effectiveness of combining technology with
tailored guidance to achieve health-related goals.

While the behavioral improvements were clear, min-
imal changes were observed in glycemic markers, such
as average glucose levels and estimated HbAlc, were
derived from CGM data using the LibreView platform.
This finding aligns with Shah et al. [14], who noted that
glucose variability among healthy individuals is relative-
ly low, making significant shifts in glycemic markers less
likely within short intervention periods. The results un-
derscore the importance of longer monitoring durations
to fully capture the metabolic effects of CGM-based
interventions. It is also worth noting that the primary
focus of this study was on behavioral outcomes rather
than metabolic changes, which may explain the limited
findings in glycemic markers.

This study contributes to the growing body of evi-
dence supporting the use of CGMs in non-diabetic pop-
ulations. While prior research has predominantly fo-
cused on clinical populations, such as individuals with
diabetes, this study highlights the broader applicability
of CGMs for preventive health. The real-time feedback
provided by CGMs offers a dynamic and engaging ap-
proach to dietary management, distinguishing it from
traditional nutrition education programs. As Klonoff et
al. [16] argued, CGMs represent a timely and relevant
innovation for promoting metabolic awareness and
supporting healthier lifestyle choices, even among indi-
viduals without diabetes.

Critically, Shmerling [15] raised concerns about
CGM'’s cost-effectiveness and necessity in non-diabetic
populations, cautioning against its widespread adop-
tion without clearer evidence of sustained benefits.
This study addresses such skepticism by demonstrating
CGM'’s effectiveness in enhancing DSE and supporting
weight management, particularly when combined with
personalized coaching and nutrition education. Howev-
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er, future research should explore strategies to improve
affordability and adherence. Until more evidence is
available, CGM use in such populations should be con-
sidered exploratory and implemented in contexts where
digital literacy and engagement are high.

Limitations

Despite these promising findings, this study has several
limitations. A major limitation of this study is the mul-
ticomponent nature of the intervention. While CGM
likely played a motivational role by providing real-time
feedback, it was implemented alongside structured
education and individualized coaching, both of which
are known to influence dietary behaviors. Therefore, it
is difficult to isolate the independent contributions of
each component, notably flash-CGM use. This limita-
tion should be clearly acknowledged, and future studies
should include control groups or factorial designs to
evaluate the separate contributions of each intervention
component. Although the Foodlens app was used to
track dietary intake, the data were not analyzed in detail
in this study. Future studies should ensure thorough
dietary data collection and analysis to clarify behavior
change mechanisms. Additionally, the sample was rela-
tively small and homogeneous, limiting generalizability.
Larger-scale studies are needed to validate the observed
effects across more diverse populations. It is essential to
investigate the applicability of flash-CGM-based inter-
ventions in other populations, such as individuals with
prediabetes, older adults, or those at higher risk of met-
abolic disorders.

The intervention period was limited to four weeks.
While significant improvements in DSE and BMI were
observed, the study cannot determine whether these
changes are sustained over the long term. Future studies
should incorporate follow-up periods to evaluate the
persistence of the intervention’s effects. Also, the study
relies heavily on self-reported data, which may introduce
bias. Incorporating objective dietary assessments, such
as digital food diaries or automated dietary tracking tools,
could enhance the reliability of future studies. These lim-
itations suggest that while flash-CGM interventions show
promise, further research is necessary to confirm their
broader applicability and long-term efficacy. However,
our findings suggest that short-term flash-CGM use can
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be a powerful tool in promoting dietary awareness and
self-efficacy. Real-time glucose monitoring appears to
motivate individuals to adopt healthier eating habits by
providing immediate feedback on dietary choices. While
the study demonstrates the potential of flash-CGM in
short-term interventions, the minimal changes in blood
glucose and HbAlc levels indicate that longer-term
monitoring may be necessary for significant metabolic
improvements. It would also be valuable to examine the
psychological mechanisms underpinning the observed
improvements in DSE, as well as the role of flash-CGMs
in maintaining long-term health behaviors. Qualitative
studies capturing participants’ experiences and chal-
lenges with CGM use could provide further insights into
how these devices can be optimized for broader adop-
tion. Addressing these concerns, this study demonstrates
that CGMs can effectively enhance DSE and weight man-
agement when combined with personalized coaching.
However, future research should explore strategies to op-
timize cost-efficiency and assess whether these benefits
can be sustained over longer periods.

Conclusion

In conclusion, this study suggests that a multicompo-
nent intervention utilizing flash-CGM, nutrition educa-
tion, and personalized coaching can effectively enhance
DSE and support modest weight reduction among uni-
versity students. While these findings are promising, the
inability to isolate the effect of CGM alone, the absence
of detailed dietary intake analysis, and the short inter-
vention period should be addressed in future research.
By expanding on these initial results and addressing the
identified limitations, future work can further validate
the role of CGMs as an innovative tool for preventive
health.
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Objectives: This study aimed to analyze dietary factors associated with sleep duration in
postmenopausal middle-aged women using data from the Korea National Health and Nu-
trition Examination Survey (KNHANES), with particular emphasis on the postmenopausal
period.

Methods: A total of 3,040 postmenopausal women aged 40-64 years from the 2019-
2023 KNHANES were included. Sleep duration was classified into four categories: “appro-
priate sleep duration” (ASD; 7-9 hours), “short sleep duration” (6-7 hours), “very short
sleep duration” (VSSD; < 6 hours), and “long sleep duration” (LSD; > 9 hours). Nutrient
and food intake were compared among groups using analysis of covariance. Multinomial
logistic and polynomial regression models assessed associations, adjusting for demo-
graphic and health covariates.

Results: The VSSD group had higher body mass index and waist circumference than the
ASD group, despite lower total energy intake, and also consumed more snack energy and
skipped breakfast and dinner more often. This group also had lower intakes of monounsat-
urated fatty acids and nuts and seeds. In the late menopausal group, greater consumption
of cereal grains, fish and shellfish, and beverages was associated with elevated LSD risk.
Conversely, higher folate intake in the early menopausal group was inversely associated
with VSSD risk. Cholesterol intake was positively associated with LSD risk in both groups. A
negative nonlinear association between sleep duration and dietary intake was observed in
the early menopausal group when polyunsaturated fatty acid intake exceeded 19.86 g/day
and riboflavin intake exceeded 1.76 mg/day. In the late menopausal group, riboflavin in-
take was strongly correlated with increased LSD risk (odds ratio = 4.776, P = 0.004). Sugar
and beverage intake showed a positive linear relationship with sleep duration at average
intake levels.

Conclusion: Dietary factors associated with sleep duration differed by postmenopausal pe-
riod, with specific nutrients and food groups exhibiting variable associations with sleep du-
ration above mean intake levels.

Keywords: postmenopause; sleep duration; middle aged; dietary intake
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INTRODUCTION

The recommended sleep duration for adults aged 18-64
years to promote optimal health and well-being is 7 to
9 hours per day [1]. Sleep is closely linked to the en-
docrine system. Therefore, insufficient sleep duration
affects cortisol, insulin, ghrelin, leptin, sex hormones,
and growth hormone, altering energy metabolism, glu-
cose regulation, and appetite [2]. Impaired metabolic
homeostasis due to sleep insufficiency increases the
risk of chronic diseases including hypertension, cardio-
vascular disease, type 2 diabetes mellitus, obesity, and
cancer [1, 3, 4]. Conversely, abnormal glucose metabo-
lism caused by diabetes negatively affects sleep through
inflammation and nocturia [5], elevated blood pressure
deteriorates sleep quality through sympathetic nervous
system activation [6], and a high body mass index (BMI)
increases the risk of sleep disorders such as insomnia
[7]. This indicates a bidirectional relationship between
chronic diseases and sleep.

Despite the importance of adequate sleep duration
for health, the average sleep duration in the Korean
population has steadily decreased over the past decade.
In particular, the proportion of adults aged > 19 years
who sleep for short durations of < 7 hours has contin-
uously increased, with this phenomenon being more
pronounced among women [3]. Sleep disorders, such
as insomnia, can occur in men and women across all
age groups; however, they are more prevalent in women
and significantly increase during the years surrounding
menopause [8].

Menopause is defined as the permanent cessation of
reproductive function, characterized by the absence of
menstruation for 12 consecutive months or more fol-
lowing the reproductive years [9]. Natural menopause,
excluding pathological premature menopause, occurs
on average between 49 and 52 years of age; therefore,
women spend more than the final third of their lives
in a postmenopausal state [10]. During the transition
to menopause, complex physical and psychological
changes associated with aging occur, along with alter-
ations in the endocrine system, including decreased sex
hormone levels. Consequently, up to 85% of postmeno-
pausal women experience characteristic menopausal
symptoms, including vasomotor symptoms (hot flashes
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and night sweats), depression, impaired concentration,
reduced libido, anxiety, and sleep disturbances [11].

According to the Study of Women’s Health Across the
Nation, the prevalence of sleep disorders increases from
16%-42% in premenopausal women to 39%-47% during
the perimenopausal period and 35%-60% in postmeno-
pausal women [12]. Studies investigating the causes
of increased sleep disorders during the menopausal
transition have identified hormonal fluctuations (e.g.,
estrogen and progesterone), reduced melatonin levels,
mood disorders, and vasomotor symptoms (e.g., night
sweats and hot flashes) as major contributing factors [3,
9, 12]. In particular, the risk of sleep insufficiency due to
ovarian hormone changes during the postmenopausal
period is estimated to gradually increase independent of
aging [13]. Menopause-related sleep disorders represent
a significant public health issue, as they not only con-
tribute to reduced quality of life through chronic fatigue
caused by shortened sleep duration, but also negatively
impact mental health—leading to conditions such as
depression, anxiety, and dementia—and increase the
risk of various chronic diseases [9].

Several studies have reported inconsistent findings
regarding the relationship between sleep and dietary
intake [4]. Nevertheless, irregular eating patterns and
the consumption of energy-dense snacks have been
consistently associated with short sleep duration [4, 14].
Severe sleep deprivation is presumed to be involved in a
series of mechanisms that affect food choice by enhanc-
ing the pleasure stimulus processing of the brain, there-
by increasing food reward responses [15]. An experi-
mental study targeting young adults at risk of obesity
who were chronically sleep-deprived demonstrated that
sleep extension reduced overall appetite and cravings
for sweet and salty foods [16].

Furthermore, consumption of foods rich in trypto-
phan or melatonin may improve sleep quality and in-
crease sleep duration [17]. The intake of macronutrients
and specific vitamins or minerals has been reported to
be associated with the risk of very short or long sleep
duration, suggesting that dietary factors and sleep have
a mutual causal relationship [18]. Previous research tar-
geting Koreans has demonstrated that habitual alcohol
consumption in postmenopausal women is associated
with short sleep duration and that comorbidities inter-
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act with the relationship between vitamin C and carbo-
hydrate intake and short sleep risk [19].

Sleep insufficiency is a public health issue that impos-
es social and economic burdens on communities and
significantly impairs quality of life by negatively affect-
ing individual mental and physical health. Given that
the postmenopausal period constitutes a substantial
portion of a woman'’s life, identifying factors related to
sleep insufficiency that commonly occur during this pe-
riod is meaningful. However, research investigating the
relationship between nutritional intake, dietary habits,
and sleep in postmenopausal Korean women and an-
alytical studies examining sleep-related dietary factors
according to postmenopausal duration are limited.

Therefore, this study was conducted using the nation-
ally representative Korea National Health and Nutrition
Examination Survey (KNHANES) to analyze the dietary
factors associated with sleep insufficiency according
to postmenopausal duration in middle-aged Korean
women to provide fundamental data for promoting
sleep health in postmenopausal women and preventing
chronic diseases through improved sleep quality.

METHODS

Ethics statement

Informed written consent was obtained from each partici-
pant. The study protocol was approved by the Institutional
Review Board (IRB) of the Korea Disease Control and Pre-
vention Agency (approval numbers: 2018-01-03-C-A, 2018-
01-03-2C-A, 2018-01-03-5C-A, 2018-01-03-4C-A, 2022-11-
16-R-A). According to Article 2, Item 1 of the Bioethics and
Safety Act and Article 2, Paragraph 2, Item 1 of the En-
forcement Decree, the study is considered research direct-
ly conducted by the government for public welfare. There-
fore, it is exempt from review by a separate Research Eth-
ics Committee.

1. Study design

This study is a cross-sectional analysis of raw KNHANES
data, described according to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines (https://www.strobe-statement.
org/).

https://doi.org/10.5720/kjcn.2025.00052

2. Study participants

From the raw data of 35,753 participants across five sur-
vey years, including the 1st (2019, n = 8,110), 2nd (2020,
n =7,359), and 3rd (2021, n = 7,090) years of the 8th KIN-
HANES, and the 1st (2022, n = 6,265) and 2nd (2023, n
= 6,929) years of the 9th KNHANES, middle-aged post-
menopausal women aged 40-64 years were extracted.
To exclude analytical errors due to extreme intake, indi-
viduals reporting total daily energy intakes of < 500 kcal
or > 5,000 kcal were excluded. Additionally, cases with
missing health questionnaire data (age, education level,
household income, economic activity status, alcohol
consumption and smoking rates, and aerobic physical
activity practice), health examinations (anthropometric
measurements, blood pressure, diabetes, and dyslip-
idemia tests), and nutritional surveys (food intake and
dietary behavior surveys) were excluded, resulting in a
final study population of 3,040 participants (Fig. 1).

Participants of
the KNHANES VIl & IX” (n = 35,753)

Excluding men or non- naturally
menopausal women (n = 28,542)

A4

Naturally menopausal women

(n=17211)
N Excluding < 40 or = 65 years
g (n=3,753)
A4
40-64 years
(n =3,458)

Excluding energy intake < 500
or 25,000 kcal/d (n = 394)

A4

500 energy < 5,000 kcal/d
(n =3,064)

Excluding missing data
(n=24)

A4

A4

Final study population?
(n=3,040)

Fig. 1. Final study population derivation process.
YYear 1 (2022) and 2 (2023).
JPostmenopausal period data missing for two participants.
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3. Sleep duration and general characteristics

Daily average sleep duration was calculated using week-
day/weekend average sleep hours from the health ques-
tionnaire surveys of the 8th Survey 1st and 2nd years
and 9th Survey 1st and 2nd years, applying the following
formula: {(weekday sleep hours x 5 days) + (weekend
sleep hours x 2 days)} / 7 days. For the 8th Survey 3rd
year, which investigated weekday/weekend bedtime and
wake-up times instead of daily average sleep duration,
weekday/weekend daily average sleep hours were cal-
culated first, and then the daily average sleep duration
was computed using the same formula. Based on the
recommended sleep duration criteria of the National
Sleep Foundation for adults aged 26-64 years [1], par-
ticipants were classified as follows: “appropriate sleep
duration (ASD)” group, those sleeping 7-9 hours/day;
“short sleep duration (SSD)” group, those sleeping > 6
hours/day but < 7 hours/day; “very short sleep dura-
tion (VSSD)” group, those sleeping < 6 hours/day; and
“long sleep duration (LSD)” group, those sleeping > 9
hours/day. General characteristics were analyzed us-
ing data collected from health questionnaire surveys
including age, education level (elementary school or
below, middle school, high school, college or above),
household income (low, lower-middle, upper-middle,
high), economic activity status (employed, unem-
ployed or economically inactive), alcohol consumption
status (drinking defined as monthly to 4 times/week
consumption, non-drinking otherwise; unknown and
non-response excluded), smoking status (smoking
defined as daily or occasional smoking, non-smoking
otherwise; unknown and non-response excluded), and
aerobic physical activity practice (practice defined as
moderate-intensity physical activity > 2.5 hours/week
or high-intensity physical activity > 1.25 hours/week
or equivalent combined moderate and high-intensity
activity, non-practice otherwise). Health examination
data included anthropometric measurements such as
BMI calculated from height and weight and waist cir-
cumference (WC); blood test results including fasting
blood glucose (FBG), glycated hemoglobin (HbAlc),
total cholesterol, high-density lipoprotein-cholesterol
(HDL-chol), low-density lipoprotein-cholesterol (LDL-
chol), and triglycerides (TG); and mean systolic blood
pressure (SBP) and diastolic blood pressure (DBP) from
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three measurements. Postmenopausal duration was
calculated using current age and menopausal age and
then classified into two groups according to postmeno-
pausal duration: “early postmenopause” for < 6 years
postmenopause and “late postmenopause” for > 6 years
postmenopause [20].

4. Nutrient and food group intake and dietary behavior
survey

Daily intake data for total energy and nutrients, includ-
ing carbohydrates, dietary fiber, sugars, protein, fat,
saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), n-3 fatty
acids, n-6 fatty acids, cholesterol, calcium, phosphorus,
sodium, potassium, iron, vitamin A, thiamin, riboflavin,
niacin, folate, and vitamin C, and water from 24-hour
dietary recall surveys were used. Energy intake ratios for
macronutrients (carbohydrates, proteins, and fats) were
calculated as 4, 4, and 9 kcal/g, respectively. Daily intake
data for food groups, including cereal grains, potatoes
and starchy foods, sweeteners, pulses, nuts and seeds,
vegetables, mushrooms, fruits, seaweeds, meats, eggs,
fish and shellfish, dairy products, fats and oils, bever-
ages, and alcoholic beverages from food intake surveys
were utilized. Meal skipping status according to meal
type was obtained from the dietary behavior survey
questionnaire data.

5. Statistical analysis

Because KNHANES employs a multistage stratified
cluster probability sampling design to ensure sample
representativeness and estimation accuracy, complex
sample analyses were conducted incorporating strata,
clusters, and sampling weights. Categorical variables,
including age groups, education level, household in-
come, economic activity status, alcohol consumption
and smoking status, aerobic physical activity practice,
and meal frequency by meal type, were presented as
frequencies and percentages using the PROC SURVEY-
FREQ procedure, and distribution differences among
the four groups were tested using the Rao-Scott chi-
square test. For continuous data, including food intake
survey data such as energy, nutrient, and food group
intake, and health examination data such as BMI, WC,
SBP, DBP, FBG, HbAlc, total cholesterol, HDL-chol, and
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TG, complex sample analysis was conducted using the
PROC SURVEYMEANS and PROC SURVEYREG proce-
dures. Analysis of variance was performed to present
the least-squares means and standard errors for the four
groups according to the sleep duration classification
and test mean differences. In the analysis of covari-
ance (ANCOVA), variables known to affect sleep [5-7]
or showing significant differences according to sleep
duration in the statistical analysis results of this study,
including age, education level, household income,
alcohol consumption and smoking status, BMI, SBP,
TG, HDL-chol, HbAlc, and total energy intake, were
adjusted, and mean differences were tested. A post hoc
analysis using Tukey’s method was conducted for be-
tween-group difference testing. Multinomial logistic re-
gression was used to analyze the effects of nutrient and
food group intakes on sleep duration with odds ratios.
As the LSD group showed different patterns of nutrient
and food group intake compared with the other three
groups and J/U-shaped relationships between disease
risk and sleep have been reported [1, 5], polynomial
regression was applied to model nonlinear associations
between sleep duration and nutrient and food group
intake. For variables showing significance in polynomial
regression analysis, 1st coefficients (B,, coefficients of
independent variables) showing linear relationships
and 2nd coefficients (f,, coefficients of squared inde-
pendent variables) showing nonlinear relationships
were presented, and inflection points with correspond-
ing sleep durations were calculated using the formula -
B, / 2B,. Multinomial logistic and polynomial regression
analyses were conducted separately for the early and
late postmenopause groups, adjusting for the same vari-
ables used in the ANCOVA. Variance inflation factors
were checked to diagnose multicollinearity among the
independent variables. All data were analyzed using
SAS statistical software (version 9.4; SAS Institute Inc.),
with significance determined at P < 0.05 using two-
tailed tests.

RESULTS
1. General characteristics and health factors of study

participants
The general characteristics of the participants are listed
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in Table 1. Among the total 3,040 study participants,
the ASD group comprised 1,570 participants (51.6%),
the SSD group 829 participants (27.3%), and the VSSD
group 585 participants (19.2%), with the sleep-insuf-
ficient SSD and VSSD groups accounting for 46.5% of
the total. The LSD group consisted of 56 participants
(1.8%). The 50-59 age group was the most prevalent,
with 1,721 participants (56.6%), followed by 1,231 par-
ticipants (40.5%) aged 60-64 years and 88 participants
(2.9%) aged 40-49 years. No statistically significant dif-
ferences were observed in the age group distribution
according to sleep duration. The late postmenopausal
group included more participants (1,590; 52.3%) than
the early postmenopausal group (1,448; 47.7%). While
no differences were observed in postmenopausal dura-
tion distribution according to sleep duration, daily av-
erage sleep duration was significantly shorter in the late
postmenopausal group (6.6 + 0.03 hours) than in the
early postmenopausal group (6.8 + 0.03 hours; P < 0.001,
data not shown). Education level, classified as college
or above, high school, middle school, and elementary
school or below (P < 0.001), and household income,
classified as high, upper-middle, lower-middle, and low
(P =0.006), showed statistically significant differences
among the four groups according to sleep duration. In
particular, the VSSD and LSD groups were character-
ized by lower proportions of college or above education
and high household income and higher proportions of
elementary school or below education and low house-
hold income. No significant differences were observed
among the four groups in terms of the distribution of
economic activity status, alcohol consumption and
smoking status, or aerobic physical activity. The results
of the health examination data analysis are presented
in Table 2. The VSSD group had higher mean BMI (P
=0.022), WC (P = 0.040), and HbAlc (P = 0.022) levels
than the ASD and SSD groups. The mean HDL-chol was
higher in the VSSD and SSD groups than in the ASD
group (P = 0.030), whereas the mean LDL-chol was sig-
nificantly lower in the order of the LSD, VSSD, ASD, and
SSD groups (P = 0.014). No significant differences were
observed among the four groups in the mean SBP, DBP,
FBQG, total cholesterol, and TG levels.
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Table 1. General characteristics according to sleep duration categories

Characteristics theiee] el hel b P-value
(n =3,040) (n =585) (n=829) (n=1,570) (n=56)

Age group (year) 0.533
40-49 88 (2.9) 15 (2.6) 22(2.7) 50(3.2) 1(1.8)

50-59 1,721 (56.6) 322 (55.0) 485 (58.5) 887 (56.5) 27 (48.2)
60-64 1,231 (40.5) 248 (42.4) 322 (38.8) 633 (40.3) 28 (50.0)

Postmenopausal period 0.071
Early postmenopause” 1,448 (47.7) 250 (42.7) 404 (48.7) 767 (48.9) 27 (48.2)

Late postmenopause? 1,590 (52.3) 335 (57.3) 425 (51.3) 801 (51.1) 29 (51.8)

Education level <0.001

Up to elementary school 406 (13.4) 108 (18.5) 5 (10.3) 200 (12.7) 3(23.2)
Middle school graduate 465 (15.3) 106 (18.1) 132 (15.9) 215 (13.7) 12 (21.4)
High school graduate 1,362 (44.8) 253 (43.2) 369 (44.5) 719 (45.8) 21 (37.5)

College or above 807 (26.5) 118 (20.2) 243 (29.3) 436 (27.8) 0(17.9)

Household income 0.006
Low 365 (12.0) 85 (14.5) 87 (10.5) 181 (11.5) 2(21.4)

Lower middle 768 (25.3) 158 (27.0) 212 (25.6) 383 (24.4) 15 (26.8)
Upper middle 845 (27.8) 171 (29.2) 212 (25.6) 447 (28.5) 15 (26.8)
High 1,062 (34.9) 171 (29.2) 318 (38.4) 559 (35.6) 4 (25.0)

Economic participation 0.624
Employed 1,740 (57.2) 338 (57.8) 483 (58.3) 891 (56.8) 28 (50.0)
Unemployed or non- economically active 1,300 (42.8) 247 (42.2) 346 (41.7) 679 (43.2) 28 (50.0)

Current drinking status 0.739
Non-drinker 1,975 (65.0) 379 (64.8) 527 (63.6) 1,031 (65.7) 38 (67.9)

Drinker 1,065 (35.0) 206 (35.2) 302 (36.4) 539 (34.3) 18 (32.1)

Current smoking status 0.089
Non-smoker 2,928 (96.3) 555 (94.9) 795 (95.9) 1523 (97.0) 55 (98.2)

Smoker 112 (3.7) 30(5.1) 34 (4.1) 47 (3.0) 1(1.8)

Aerobic physical activity status 0.274
Participation 1,765 (58.0) 328 (56.1) 500 (60.3) 898 (57.2) 36 (64.3)
Non-participation 1,278 (42.0) 257 (43.9) 329 (39.7) 672 (42.8) 20 (35.7)

n (%).
Rao-Scott chi-square test.

VSSD, very short sleep duration (< 6 hours); SSD, short sleep duration (6-7 hours); ASD, appropriate sleep duration (7-9 hours); LSD, long sleep du-

ration (> 9 hours).
< 6 years after menopause.
?> 6 years after menopause.

2. Meal skipping rates and energy intake comparison
according to sleep duration

The distribution of meal skipping rates by meal type
among the four groups according to sleep duration
is presented in Table 3. The skipping of lunch meals
showed no statistically significant differences among the
four groups according to sleep duration, whereas skip-
ping breakfast and dinner meals showed differences.
Breakfast skipping rates were 15.5%, 16.6%, and 19.1% in
the ASD, SSD, and VSSD groups, respectively, and 32.1%
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in the LSD group (P = 0.006). Dinner skipping rates were
5.2% and 5.3% in the ASD and SSD groups, respectively,
and 7.9% and 10.7% in the VSSD and LSD groups, re-
spectively (P = 0.013). The comparison results of energy
intake through each meal and snack among the four
groups are presented in Table 4. In model 1 without
variable adjustment, energy intake through breakfast
was lower in the VSSD group than in the ASD group (P
= 0.014), and energy intake through dinner was lower
in the VSSD group than in the ASD and SSD groups (P =
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Table 2. Health indicators according to sleep duration categories

Characteristics Total D SSD Aol LSD P-value
(n = 3,040) (n =585) (n=829) (n=1,570) (n=56)

BMI (kg/m?) 23.8+0.08 24.2 +0.18° 23.6+0.12° 23.7 £ 0.10° 23.5 + 0.65% 0.022
WC (cm) 81.4+0.21 82.7 + 0.49° 81.1 + 0.34° 81.2 +0.28" 80.6 + 1.82°" 0.040
SBP (mmHg) 118.8+0.34 119.4 +0.73 1185+ 0.63 118.9 +0.48 1172+ 2.78 0.769
DBP (mmHg) 75.0 £ 0.20 75.6 £ 0.43 74.7 + 0.36 74.9+0.28 76.2 + 1.56 0.353
FBG (mg/dL) 101.2 + 0.47 102.3+0.90 100.4 + 0.65 101.0+0.72 106.6 + 5.23 0.237
HbA1c (%) 5.8 + 0.02 5.9 + 0.04° 5.8 +0.02° 5.8+ 0.03" 6.1+ 0.23% 0.022
Total cholesterol (mg/dL) 202.1 +0.88 199.9 + 1.91 2034 +154 2025+ 1.17 189.2 + 6.63 0.093
HDL-chol (mg/dL) 58.7 + 0.31 59.7 £ 0.71° 59.6 + 0.56° 57.9 + 0.41° 56.8 + 2.00™ 0.030
LDL-chol (mg/dL) 122.9+1.20 1173 +2.54° 1256+222° 1240+159° 107.6+7.62° 0.014
TG (mg/dL) 116.7 + 1.40 116.9 +3.31 113.6 £ 2.49 1182+ 1.96 117.0 + 12.46 0.530
Mean + SE.

Analysis of variance.

VSSD, very short sleep duration (< 6 hours); SSD, short sleep duration (6-7 hours); ASD, appropriate sleep duration (7-9 hours); LSD, long sleep
duration (> 9 hours); BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood
glucose; HbAlc, glycated hemoglobin; HDL-chol, high-density lipoprotein-cholesterol; LDL-chol, low-density lipoprotein-cholesterol; TG, triglyceride.
““Different letters indicate statistically significant differences according to the Tukey test.

Table 3. Meal skipping according to sleep duration categories

VSSD SSD

ASD LSD

MIE] (n = 585) (n = 829) (n = 1,570) (n = 56) FElLe
Breakfast 0.006
No (skipped) 112 (19.1) 138 (16.6) 244 (15.5) 18 (32.1)
Yes (not skipped) 473 (80.9) 691 (83.4) 1326 (84.5) 38 (67.9)
Lunch 0.238
No (skipped) 54 (9.2) 60 (7.2) 105 (6.7) 3(5.4)
Yes (not skipped) 531 (90.8) 769 (92.8) 1465 (93.3) 53 (94.6)
Dinner 0.013
No (skipped) 46 (7.9) 44 (5.3) 81(5.2) 6 (10.7)
Yes (not skipped) 539 (92.1) 785 (94.7) 1489 (94.8) 50 (89.3)
n (%).

Rao-Scott chi-square test.

VSSD, very short sleep duration (< 6 hours); SSD, short sleep duration (6-7 hours); ASD, appropriate sleep duration (7-9 hours); LSD, long sleep du-

ration (> 9 hours).

0.046). In model 2, with variable adjustment, no signif-
icant differences were observed among the four groups
in energy intake through each meal (breakfast, lunch,
and dinner) except snacks, while energy intake through
snacks was higher in the VSSD group than in the ASD
group (P = 0.033). The LSD group did not significant-
ly differ from the other three groups in energy intake
through all meals and snacks in models 1 and 2.

3. Nutrient and food group intake comparison according

to sleep duration
The results of the comparison of energy and nutrient
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intake among the four groups according to sleep dura-
tion are presented in Table 5. In model 1, the total daily
energy intake was lower in the VSSD group than in the
ASD and SSD groups (P = 0.008). In model 2, the total
daily energy intake remained lower in the VSSD group
than in the ASD group (P = 0.037). Regarding the energy
intake ratios of macronutrients (carbohydrates, protein,
and fat), in model 1, the carbohydrate energy intake
ratio was significantly higher in the VSSD group than
in the ASD and SSD groups (P = 0.005). In contrast, the
fat energy intake ratio was lower (P = 0.001). However,
in model 2, no significant differences were observed. In
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Model 2

Model 1

Table 4. Energy intake by meal according to sleep duration categories
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LSD P-value

ASD
(n=1,570)

LSD P-value VSSD SSD

ASD
(n=1,570)

SSD
330.8 £ 6.03°

VSSD
(n =585)

305.2 + 9.66°

Meal

(n =56)

829)
303.4+1709 315.6+15.96 325.0+16.21 259.8+46.43

446.8 £20.74 442.6+19.79 4494 +20.21 439.8+49.28
0.046 4945+21.23 510.8+20.03 512.1+19.02 526.1+49.59

(n

(n=585)

56)

270.4 + 30.57%
476.2 + 41.71

(n

= 829)

(n
320.0 £ 7.72%

0.169

0.014

Breakfast
Lunch

0.957

0.145

4522 +12.14 4745+ 11.05 481.1+7.58

0.612

462.0 + 41.91*°
354.7 + 64.61

4484 +12.71° 4771+ 10.37° 4778 +7.35°

Dinner

343.6 + 20.52% 319.2 + 18.72% 301.7 + 18.39° 362.6 + 46.71®® 0.033

Model 1, mean + SE, analysis of variance; model 2, weighed mean + SE, analysis of covariance adjusted for age, education level, household income, current drinking and smoking status, body

0.643
mass index, systolic blood pressure, high-density lipoprotein-cholesterol, glycated hemoglobin, and total energy intake.

319.1+ 14.03 317.8+10.80 314.3+753

Snacks

VSSD, very short sleep duration (< 6 hours); SSD, short sleep duration (6-7 hours); ASD, appropriate sleep duration (7-9 hours); LSD, long sleep duration (> 9 hours).

*"Different letters indicate a significant difference.

model 1, the daily intakes of protein (P = 0.017), fat (P
< 0.001), SFA (P = 0.003), MUFA (P < 0.001), PUFA (P =
0.015), and n-6 fatty acids (P = 0.013) were lower in the
VSSD group than in the ASD and SSD groups. In model
2, the daily MUFA intake was lower in the VSSD group
than in the ASD group (P = 0.017). In contrast, the daily
potassium intake was higher in the VSSD group than in
the ASD group (P = 0.045). The LSD group showed no
significant differences from the other three groups in
terms of total daily energy and nutrient intake in models
1 and 2. The results of the food group intake comparison
among the four groups according to sleep duration are
presented in Table 6. In model 1, daily nut and seed in-
take was lower in the SSD and VSSD groups than in the
ASD group (P = 0.020). Meanwhile, daily meat intake
was lower in the VSSD group than in the ASD group (P
= 0.044). In model 2, the intakes of nuts and seeds and
meat, which showed significant differences in model
1, showed no significant differences among the four
groups. Daily potato and starch intake was higher in the
VSSD group than in the ASD and LSD groups (P = 0.046),
and daily vegetable intake was lower in the LSD group
than in the SSD and VSSD groups (P = 0.038).

4. Associations between sleep duration and nutrient
and food group intake according to postmenopausal
duration

The variables showing significant associations in the
multinomial logistic regression analysis between nutri-
ent and food group intake and sleep duration in the ear-
ly and late postmenopausal groups are presented in Ta-
ble 7. In the early postmenopausal group, higher intakes
of sugars (P = 0.039), cholesterol (P < 0.001), and phos-
phorus (P = 0.023) were associated with a higher risk of
LSD. Conversely, higher vitamin A intake was associated
with a lower LSD risk (P = 0.020), and folate intake was
associated with a lower VSSD risk (P = 0.010). In the late
postmenopausal group, higher intakes of cholesterol (P
=0.004), vitamin A (P = 0.011), cereal grains (P < 0.001),
fish and shellfish (P < 0.001), and beverages (P = 0.005)
were associated with a higher LSD risk. In particular, a
higher riboflavin intake was associated with a 4.776-fold
higher LSD risk (P = 0.004). Conversely, higher intakes
of water (P < 0.001) and eggs (P = 0.046) were associat-
ed with a lower LSD risk. The results of the polynomial
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regression analysis of the associations between nutrient
and food group intakes and sleep duration in the early
and late postmenopausal groups are presented in Ta-
ble 8. In the early postmenopausal group, PUFA (B, =
-0.0006068, P = 0.049) and riboflavin (f, = -0.1009126, P
=0.032) intake showed negative nonlinear relationships
with sleep duration above 19.86 g/day and 1.76 mg/day,
respectively, while linear relationships were not sig-
nificant. Sleep durations at respective inflection points
were 7.19 and 7.08 hours. Water (, = 0.0008693, P =
0.001; B, = -0.0000004, P < 0.001) and alcoholic beverage
(B, = 0.0013586, P = 0.001; , = -0.0000008, P = 0.001)
intake showed positive linear relationships with sleep
duration below 1,086.63 and 849.13 g/day, respectively,
and negative nonlinear relationships above these levels.
Sleep durations at respective inflection points were 7.19
and 7.52 hours. In the late postmenopausal group, sugar
(B, = 0.0056061, P < 0.001; B, = -0.0000222, P < 0.001)
and beverage ($, = 0.0006865, P = 0.011; B, = -0.0000007,
P < 0.001) intake showed positive linear relationships
with sleep duration below 126.33 and 490.36 g/day, re-
spectively, and negative nonlinear relationships above
these levels. The sleep duration at the respective inflec-
tion points was 7.01 and 6.98 hours. Fruit intake (f, =
-0.0000002, P < 0.001) showed a negative nonlinear re-
lationship with sleep duration above 804.50 g/day, while
the linear relationship was not significant. The sleep
duration at the corresponding inflection point was 6.90
hours. Sodium showed a negative linear relationship (B,
=-0.0001268, P = 0.014) and a positive nonlinear rela-
tionship (B, = 0.0000000, P = 0.046) with sleep duration.
However, since the B, value converged to 0, the inflec-
tion point and corresponding sleep duration could not
be calculated.

DISCUSSION

This study was conducted to identify the dietary factors
associated with sleep duration in postmenopausal mid-
dle-aged women by integrating five years of raw data
from the KNHANES. The intake of specific food groups
and nutrients was associated with sleep duration, with
characteristic results emerging according to the time
since menopause. In addition, meal-skipping patterns
and energy intake from snacks differed according to
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sleep duration.

The proportion of short sleepers (46.5%) was higher
than in premenopausal women (31.9%) but slightly
lower than in the general postmenopausal population
(50.1%) [21], indicating that insufficient sleep is prev-
alent among Korean postmenopausal middle-aged
women. The VSSD and LSD groups had low education
levels and household income. Populations with low
socioeconomic status characteristically exhibit poor
sleep quality and quantity and SSD due to unhealthy
lifestyles, high stress levels, and psychological factors (7,
22]. Furthermore, low education and household income
are observed not only in short-sleep groups but also in
long-sleep groups, as unemployed populations tend to
have lower education levels, income, and assets and
sleep longer [7, 23, 24].

Previous studies on the relationship between sleep
duration and obesity have shown that SSD is associated
with obesity, including increased visceral fat [25] and
a higher risk of abdominal obesity [26]. In this study,
the VSSD group exhibited high average BMI and WC
and blood HbAlc levels, whereas energy intake levels
were lower. This finding suggests that the association
between sleep deprivation and obesity is due to com-
plex interactions in the endocrine system. Experimental
sleep restriction studies have reported disruptions in
energy metabolism and endocrine function, including
decreased physical activity [27] and reduced energy ex-
penditure due to increased cortisol secretion [28]. The
association between VSSD and high HbAlc levels ob-
served in the Fukuoka Diabetes Registry study [29] and
the Nurses’ Health Study [30] also suggests that insulin
resistance due to sleep deprivation leads to increased
body fat mass. The VSSD group exhibited elevated snack
energy intake, frequent skipping of breakfast and din-
ner, and greater consumption of potatoes and starchy
foods, which is consistent with research showing that
repeated bedtime restriction has an appetite-enhanc-
ing effect on high-carbohydrate foods, such as snacks,
without significantly affecting overall energy intake [14].
Additionally, sleep-deprived individuals are more likely
to deviate from traditional three-meals-a-day patterns,
have more irregular eating patterns, and consume
snacks more frequently, while adopting nocturnal life-
styles that replace regular meals with snacks consumed
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in the late evening and at night [4, 14]. As snacks are
generally nutritionally unbalanced and have a high en-
ergy content, snack-dependent eating patterns may lead
to nutritional imbalances [31].

The Mediterranean diet includes fresh vegetables,
fruits, whole grains, olive oil, fish, and nuts. It is relative-
ly high in fat, with MUFAs accounting for over 20% of to-
tal energy intake [17]. In women, who experience sleep
disorders more frequently than men, the abundant
PUFA and high MUFA intake from the Mediterranean
diet may help improve sleep quality, and nuts, having
high melatonin content among plant foods, may posi-
tively influence sleep regulation [17, 32]. The low MUFA
and nut intake observed in the VSSD group indirectly
support these research findings; however, well-designed
intervention studies are needed to determine their in-
dependent effects on improving sleep quality.

In this study, a high potassium intake was observed
in the VSSD group, which is presumed to be due to the
high intake of potatoes and starchy foods that contrib-
ute significantly to potassium intake. However, previous
studies on the relationship between sleep and potassi-
um have shown opposite results. In women, potassium
intake was positively correlated with sleep duration and
quality improvement, while low potassium intake was
associated with poor sleep quality [33]. Additionally, it
was shown in patients with diabetes that magnesium
and potassium supplementation affected serum corti-
sol and melatonin levels, which were associated with
increased sleep duration [34]. To clarify the relationship
between sleep duration and potassium, it is necessary to
comprehensively consider the interactions with micro-
nutrients such as magnesium, calcium, and vitamin D,
which have positive effects on improving sleep quality,
and components such as caffeine, sodium, and benzo-
diazepines, which have negative effects. Meanwhile, the
low vegetable intake observed in the LSD group showed
a similar trend to the low vegetable intake frequency in
long-sleep groups reported in an observational study of
older Chinese individuals [35].

Based on accumulated data on follicle-stimulating
hormone and estrogen concentrations, women'’s re-
productive age can be classified into a 10-stage change
system [20]. Sleep patterns and characteristics vary ac-
cording to the stage of reproductive change. Vasomotor

https://doi.org/10.5720/kjcn.2025.00052

symptoms such as hot flashes, a physiological change
occurring during menopause, are presumed to be pri-
marily caused by estrogen decrease and continue to
impair sleep quality during the menopausal transition
period and for some time thereafter [36]. During peri-
menopause, which includes the menopausal transition
period and some early postmenopause, insomnia prev-
alence increases significantly owing to rapid estrogen
decline [8]. However, in late postmenopause, prolonged
low estrogen states in the nervous system can cause
sleep disorders independently of aging through physi-
cal pain, bruxism, anxiety, and depression [13]. These
changes are associated with nutrient metabolism,
nervous system reactivity, and sleep-wake regulation
mechanisms, as well as various factors such as chronic
disease morbidity and dietary habit changes, making
the relationship between sleep and dietary factors more
complex according to the duration since menopause
[37]. Among studies investigating the relationship
between nutrient and food intake according to sleep
duration using the KNHANES, some have shown no
significant associations in postmenopausal women, un-
like in premenopausal women [19, 21]. All these studies
share the common feature of not considering the du-
ration since menopause. As physical and physiological
changes continue even after menopause, studies tar-
geting menopausal women must consider the duration
since menopause to ensure analytical accuracy. The
postmenopausal period can be broadly divided into two
stages: early (< 6 years) and late (thereafter) [20]. In this
study, targeting postmenopausal middle-aged women,
the relationship between sleep duration and nutrient
and food intake appeared characteristically according
to the duration since menopause. In the late post-
menopausal group, cholesterol, riboflavin, and intake
of cereal grains, fish and shellfish, and beverages were
associated with a high LSD risk. In contrast, in the early
postmenopausal group, cholesterol intake was signifi-
cantly associated with a high LSD risk, and folate intake
was associated with a low VSSD risk.

In a previous study of 459 postmenopausal women,
cholesterol intake was found to be negatively correlated
with sleep duration [38]. High cholesterol intake was
also observed in studies of patients with obesity and
social jetlag [39], with the relationship between choles-
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terol and sleep presented multiple times. Systematic lit-
erature reviews on sleep duration have shown that short
and long sleep are associated with an increased risk of
mortality and chronic diseases such as cardiovascular
disease, stroke, diabetes, and obesity [1, 5]. This finding
suggests that dietary factors such as cholesterol interact
with the correlation between long sleep and chronic dis-
eases. The risk of hypertension is highest 5-9 years after
menopause, the risk of hypertriglyceridemia increases
10-14 years after menopause, and the risk of metabol-
ic syndrome continues to increase up to 14 years after
menopause [40], making these results meaningful.

In the early postmenopausal group, when insomnia sig-
nificantly increases [8], riboflavin intake of > 1.76 mg/day
had a significant negative nonlinear relationship with
sleep duration, with the corresponding sleep duration
being 7.08 hours, which is at the lower boundary level of
normal sleep. Given that the riboflavin intake of women
aged 50-64 years reported in the 2022 KNHANES [41]
was 1.37 + 0.03 mg/day and the recommended intake of
riboflavin [42] is 1.2 mg/day, this corresponds to a level
higher than typical intake. Therefore, increased ribofla-
vin intake in the high-level range may be associated with
sleep reduction to levels shorter than the normal sleep
duration, suggesting a nonlinear relationship due to the
action of other variables. Riboflavin acts directly on the
central nervous system and functions as a precursor to
the brain cell electron transport chain and as a coen-
zyme in energy metabolism processes. It is used clinical-
ly for the prevention and treatment of migraines and pe-
diatric neuropathy [43]. Thus, riboflavin may be involved
in sleep processes that result from complex physiological
interactions in the nervous system.

The range of PUFA intake showing a significant neg-
ative nonlinear relationship with sleep duration in the
early postmenopausal group was > 19.86 g/day, corre-
sponding to a higher level than the average PUFA intake
(10.4 + 0.28 g/day) for women aged 50-64 years. This
finding suggests that increased PUFA intake is not sig-
nificantly associated with sleep duration reduction in
the typical intake range. PUFA are a component of cell
membranes involved in various physiological functions
such as nerve transmission, inflammatory responses,
and circadian rhythm regulation, and n-3 fatty acid
intake affects sleep duration through melatonin and se-
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rotonin synthesis [44]. Meanwhile, systematic literature
reviews on the relationship between alcohol intake and
sleep duration have shown that low alcohol intake is
associated with increased sleep duration, emphasizing
the importance of dosage [45]. However, in the early
postmenopausal group in this study, alcohol intake was
positively and linearly related to sleep duration at levels
below 849.13 g/day, which is more than 20 times higher
than the average alcohol intake of 32.5 g/day for women
aged 50-64 years reported by the 2022 KNHANES [41].

In the late postmenopausal group, the intake levels
of sugars and beverages that became inflection points
for positive linear and negative nonlinear relationships
with sleep duration were 126.33 g/day and 490.36 g/day,
respectively. These levels are twice or more than the
average intake of 58.0 + 1.8 and 212.8 + 17.1 g/day for
women aged 50-64 years reported in the 2022 KN-
HANES [41]. Blood sugar increases the bioavailability
of serotonin, which has important effects on sleep initi-
ation, maintenance, and cycles, while directly affecting
sleep centers. Furthermore, it is reported to have a pos-
itive linear relationship with sleep duration [46], which
may be related to the results of this study showing a pos-
itive linear relationship between sugar intake and sleep
duration in the typical range.

Analysis of the relationship between sleep duration
and dietary factors in postmenopausal women aged
40-64 years revealed that the VSSD group had higher
energy intake from snacks and more frequent skipping
of breakfast and dinner, despite relatively low total en-
ergy intake levels. In the early postmenopausal group,
above-average PUFA and riboflavin intakes showed
negative nonlinear associations with sleep duration,
and in the late postmenopausal group, riboflavin intake
was strongly associated with an increased risk of LSD.
Cholesterol intake was associated with a higher LSD risk
in both early and late postmenopausal groups.

Limitations

This study has several limitations. First, as a cross-sec-
tional study using KNHANES data, causal relationships
could not be established; only associations could be
interpreted. Second, the LSD group with only 56 partic-
ipants may still pose a risk of low estimation reliability
owing to sampling errors despite weight application.

https://doi.org/10.5720/kjcn.2025.00052
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Third, survey methods differed. The 8th KNHANES
collected food intake information from the day before
the survey regardless of the day of the week, whereas
the 9th KNHANES collected intake information from
two days before the survey during weekdays, referring
to photos or meal records. Additionally, the 24-hour
recall method has limitations in terms of recall bias and
representativeness of daily meals. Fourth, sleep dura-
tion was self-reported data with concerns regarding
response and recall bias. Sleep deprivation due to sleep
disorders such as insomnia and insufficient sleep due
to busy schedules were not distinguished. Moreover,
several factors that may influence sleep duration—such
as medical conditions, pain, stress, depression, sleep
environment, caffeine intake, hormonal status, and
medications (e.g., antidepressants or drugs for insom-
nia and obstructive sleep apnea)—were not included
as covariates in the analysis. Fifth, data on fasting time
before sleep and total daily physical activity time, which
are vital meal-related factors related to sleep, were not
analyzed as variables. Additionally, water intake, which
showed a significant association with sleep duration,
was excluded from the interpretation because the KN-
HANES data included water content retained in foods,
not including drinking water or water added during
cooking.

Conclusion

Dietary factors associated with sleep duration in post-
menopausal middle-aged women aged 40-64 years
varied according to the duration since menopause.
Moreover, specific nutrients or food groups demonstrat-
ed different positive or negative associations with sleep
duration at levels higher than the average intake. These
results suggest that differentiated nutritional strategies
considering the duration since menopause are needed
to improve sleep quality in menopausal women who
commonly experience sleep deficiencies.
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Objectives: In Korea, dietitian licenses began to be issued in 1964, and they have been
working to prevent diseases and promote people’s health in various fields according to the
times. This study was conducted to compare differences in social perception of dietitian
over time by collecting online unstructured data and analyzing the frequency and network
structure of nutritionist-related keywords after the deployment of nutrition teachers began.
Methods: Using ‘dietitian’ as a keyword, we collected data from NAVER'’s web, blogs, and
news provided by Textom (2024, The IMC) and refined the data. We investigated the fre-
quency ranking of keywords related to dietitians for each period, revealed the network
structure using UCINET6 (Freeman) and Netdraw, and clustered similar concepts among
keywords through CONCOR (CONvergence of iterated CORrelations) analysis to cluster-re-
lated concepts.

Results: Frequency analysis revealed that during the first period, keywords such as ‘School’
and ‘Education’ reflecting the institutionalization of nutrition teachers, were highly ranked.
However, by the second period, these terms had dropped out of the top 10. Meanwhile,
keywords related to healthcare, such as ‘Hospital’, consistently remained among the most
prominent. In the second period, the rankings of the ‘License’ and ‘University transfer’ key-
words increased significantly. Centrality analysis showed stronger connectivity between di-
etitians and keywords such as ‘Food’, ‘School’, ‘Examination’, and ‘Nutrition’ in the second
period compared to the first. CONCOR analysis further demonstrated that the ‘Major edu-
cation’ cluster of the first period was differentiated into the ‘Major education and qualifica-
tion’ and ‘Professional competency certification process’ clusters of the second period. In
addition, the ‘Health and welfare’ cluster of the first period was divided into the “Health
and welfare regjonal service’ clusters of the second period.

Conclusion: The results of this study will be used as basic data for identifying social percep-
tion and trends in the dietitian profession, further providing a scope for their improvement.

Keywords: dietitian; social perception; big data

INTRODUCTION
Dietitians are healthcare professionals specializing in meal management and

nutritional services to prevent diseases and promote overall health. They are offi-
cially recognized as healthcare personnel under the "Act on Providing Assistance

https://kjcn.org
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with Health Professionals  [1]. In Korea, dietitian licens-
es have been issued since 1964, and as of 2020, approx-
imately 42,000 dietitians are active. More than 78% are
employed in foodservice facilities, including industry,
schools, hospitals, social welfare facilities, infant care
facilities, kindergartens, older adult care facilities, and
the military. Additionally, they are active in education,
research, the foodservice industry, public officials, and
public health centers [2].

With the revision of the "Elementary and Secondary
Education Act; in 2003, a nutrition teacher system was
introduced in schools in 2007 [3], and the scope is ex-
panding as nutrition teachers are assigned to kindergar-
tens from 2021 [4]. Its scope continues to expand, with
nutrition teachers assigned to kindergartens starting in
2021. Meanwhile, clinical dietitians are professionals
with national licenses who play a major role in improv-
ing the quality of clinical nutrition services provided in
hospitals and supporting disease prevention and treat-
ment. Since the enactment of the "National Nutrition
Management Act; in 2012 [5], the number of clinical
dietitians has steadily increased.

With growing concerns over food poisoning at chil-
dren’s foodservice facilities and the poor quality of
meals for children, the Center for Children’s Food-
service Management was established in 2011 under
the "Special Act on Safety Management of Children’s
Dietary Life [6]. In 2022, its scope was expanded un-
der the "Act on Foodservice Safety Support for Social
Welfare Facilities for the Elderly and the Disabled , it
was expanded to the Center for Children’s and Social
Welfare Foodservice Management [7]. As of 2024, ap-
proximately 2,500 dietitians are working across 236
centers nationwide [8]. In this way, both the scope and
value of the dietitian profession are expanding, and in
the Ministry of Employment and Labor’s mid- to long-
term human resource supply and demand forecasts, an
additional 370,000 health and social welfare workers are
expected to be hired over the next 5 years (2025-2030)
[9]. Accordingly, the demand for dietitians is also ex-
pected to increase. Therefore, there is a need to evaluate
social perception among dietitians.

Most previous studies on social perception have re-
lied on surveys conducted with sample groups [10, 11].
However, these methods have limitations, as they may

https://doi.org/10.5720/kjcn.2025.00045

not accurately reflect the general characteristics of the
population, potentially leading to errors or researcher
bias [12]. In contrast, the emerging field of big data anal-
ysis offers a more effective approach to understanding
societal perceptions and trends by utilizing large data-
sets and can suggest meaningful opinions in analyzing
the changing trends over time for a specific topic [13,
14]. Furthermore, by examining relationships between
keywords, data can be visualized, and patterns can be
derived, allowing for a clear understanding of the struc-
tural characteristics [15]. Today, social networking ser-
vices are widely used, enabling people to communicate
and exchange information and content. Additionally,
news articles and online communities provided on in-
ternet portal sites reflect the thoughts and opinions of
the conveyors of information, making it possible to un-
derstand the public perceptions through these sources
[16]. Recently, studies utilizing big data have been con-
ducted in the field of food and nutrition, such as ana-
lyzing the diet status at a specific point in time based on
social media big data [17] or comparing the perception
of diet before and after COVID-19 [18].

Studies on social perception of specific occupations
are being conducted using social big data, and these
studies have shown that changes in social issues or pol-
icies have an impact on changes in social perception
of specific occupations [19, 20]. Occupational prestige
can be defined as the evaluation of a specific occupa-
tion shared by members of society, and is useful for
examining social changes and changes in perception.
A first big issue for dietitians since 2000 was that dieti-
tians who previously worked as school food sanitation
officers could legally be assigned to schools as nutrition
teachers. Secondary school teachers ranked 6th in oc-
cupational prestige in 2009 [21]. By comparing the three
years from 2007 (2007-2009), when the nutrition teach-
er who had a major influence on the dietitian paradigm
were placed in each school, with the recent three years
(2022-2024), we can assess the changes in the social
perception of dietitians due to the revision of laws and
regulations related to dietitians and the introduction of
the system. The purpose of this study was to understand
and use these as basic data to establish and improve di-
etitian awareness. The specific research questions are as
follows:
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RQ1: What are the characteristics of dietitian-related
keywords between 2007-2009 and 2022-2024 as
analyzed through big data?

RQ2: What is the network structure of dietitian-related
keywords between 2007-2009 and 2022-2024 as
analyzed through big data?

METHODS

Ethics statement

This study utilized publicly available and anonymized
datasets. The data used in this research does not contain
any personally identifiable information and was provided
by the data provider for public access. Therefore, this
study does not require approval from an institutional re-
view board. The use of the data strictly adhered to the eth-
ical guidelines and terms of use set by the data provider,
which were thoroughly reviewed and meticulously fol-
lowed before conducting the study.

1. Study design

This study is an exploratory research that analyzes so-
cial perceptions of dietitians by collecting and analyzing
publicly available data on NAVER using Textom (The
IMC).

2. Data collection
The data for this study was collected using the keyword
‘dietitian’ from the domestic portal site NAVER provided
by Textom (2024), a big data analysis program. Data col-
lection was centered on nouns related to ‘dietitian’ that
appeared on NAVER’s web pages, blog, news, cafe, and
intellectuals. The reason NAVER was chosen as a col-
lection channel is that NAVER has the highest average
inflow rate among Korean portal sites. And collecting
data from multiple major domestic portals risks dupli-
cate exposure due to overlapping and reproducible con-
tent, leading to redundant text [12]. The data collection
periods were three years (2007.1.1.-2009.12.31.) from
2007 and most recent three years (2022.1.1.-2024.12.31.),
and the purpose was to compare and analyze the ini-
tial point in time when awareness of dietitian began to
spread and the recent point in time, 16 years later.

The collected data included 1,000 NAVER web pag-
es (560.52 KB), 971 blog posts (528.57 KB), 121 news
articles (64.25 KB), 394 cafe posts (216.46 KB), and
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1,000 intellectual posts (843.08 KB) for the first pe-
riod (2007.1.1.-2009.12.31.). For the second period
(2022.1.1.-2024.12.31.), the data included 1,000 web
pages (521.96 KB), 990 blog posts (583.34 KB), 102 news
articles (55.30 KB), 518 café posts (248.10 KB), and 1,000
intellectual posts (672.02 KB) for the second period
(2022.1.1.-2024.12.31.).

3. Data cleaning

First, the data preprocessing process was as follows:
Since the data collected from Textom was in sentence
form, the ‘Espresso K’ analyzer was used to reflect
proper nouns and compound nouns. Only nouns were
selected as the parts of speech, followed by morpholog-
ical analysis and the removal of stop words. Second, the
search term ‘dietitian’ was deleted, as it was considered
difficult to interpret meaningfully in structural property
and centrality analysis. Compound terms such as ‘Open
university’ and ‘National examination’ were merged by
removing spaces. Additionally, meaningless words (day,
thing, time, related, and, etc.) were deleted. This pro-
cess was reviewed by three experts in food science and
nutrition.

4. Analysis method

The analysis method of this study is as follows: First,
frequency analysis was performed on refined data us-
ing Textom (2024). The top 50 words with the highest
frequency for each period were compared and ana-
lyzed. Second, the top 50 keywords were converted
into a 50x50 1-mode matrix data set, and the network
shape and properties were identified using UCINET6
(Freeman). Third, connection centrality analysis was
performed for each period. Connection centrality is
the sum of the number of words the word is connected
to, and a high connection centrality means that there
are also many neighboring words connected, so the
connection centrality can be calculated to identify the
core words at the structural center [21]. Fourth, CON-
COR (CONvergence of iterated CORrelations) analysis
was performed to present and compare similar groups
between keywords for each period. CONCOR analysis
divides each keyword into several subgroups based on
repeated correlations.
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RESULTS

1. Frequency analysis of keywords related to dietitian

The results of a frequency ranking of the top 50 key-
words related to dietitian in the first period (2007-2009)
of three years after the nutrition teachers were legislated
(Table 1) showed that ‘Food’ ranked the highest, fol-
lowed by ‘School; ‘Nutrition; ‘Examination; ‘Foodser-
vice, ‘Health, ‘Hospital, ‘Certificate, ‘University, ‘Educa-
tion, ‘Nutrition, ‘Teacher, ‘Enrollment,; and ‘Study’ As in
the first period, the keyword with the highest frequency
in the second period (2022-2024) was ‘Food, followed
by ‘Examination; ‘Enrollment, ‘Foodservices, ‘Certifi-

’

cate, “Work; ‘Nutrition, ‘License, ‘Qualification, ‘Health,
‘School,; ‘Hospital, ‘Nutrition science’

2. The structural form of the network

The network structure properties of keywords related
to dietitian in first period were as follows: Nodes were
50, density was 0.989, average degree was 48.44, average
distance was 1.011, and diameter was 2 (Fig. 1). The net-
work properties in second period were as follows: Nodes
were 50, density was 0.969, average degree was 47.48,
average distance was 1.031, and diameter was 2 (Fig. 2).
These results mean that in first period, one keyword was
connected to an average of 1.011 other keywords, and

Table 1. Frequency analysis of keywords related to dietitian by period

First period (2007-2009)

Second period (2022-2024)

Rank Keyword Frequency Rank Keyword Frequency Rank Keyword Frequency Rank Keyword Frequency
1 Food 1,461 26 Major 326 1 Food 1,674 26 Career 421
2 School 1,160 27  Career 317 2 Examination 1,477 27  Announcement 419
3 Nutrition 935 28 Recruitment 316 3 Enrollment 1,287 28 Credit 409
4 Examination 900 29 Subject B3 4 Foodservice 1,092 29 Pass 396
5 Foodservice 798 30 Announcement 312 5 Certificate 1,078 30 Recruitment 393
6 Health 728 31 Pass 307 6 Work 970 31 Cooking 380
7 Hospital 720 32 Exercise 294 7 Nutrition 897 32 Specialist 375
8 Certificate 685 33 Specialization 286 8 License 834 33 Application 3175
9 University 653 34 National 285 9 Qualification 796 34 Major 362
examination
10-1 Education 570 35 Occupation 278 10  Health 762 35 National 359
examination
10-2 Nutrition 570 36 Company 267 11 School 759 36 Cook 354
science
12  Teacher 534 37 Department 258 12  Hospital 758 37 Organization 58
13  Enrollment 450 38 Welfare 254 13 Nutrition 741 38 Study 338
science
14 Study 447 39  Doctor 254 14 Acquisition 724 39 Employment 328
15  Culinary 441 40  Hygienist 254 15 Diet 641 40 Menu 326
16  Qualification 425 41  Society 254 16  Education 617 41  Completion 294
17  Graduation 421 42 Diet 253 17 Graduation 599 42 Recommendation 292
18 Counseling 373 43  Student 251 18  University 597 43  Clinical 287
19  Application 360 44 Patient 246 19  University 558 44  Culinary 284
transfer
20 Cook 343 45 Employment 230 20  Application 546 45 Required 275
21 Cooking 339 46 Child 223 21  Open 534 46  Welfare 274
university
22  Cuisine 339 47 Business 214 22  Information 526 47 Law 264
23-1 License 337 48 Meal 212 23  Practice 490 48 Region 262
23-2 Public health 337 49 Healthcare 209 24 Subject 477 49  Department 261
25  Information 332 50 Nurse 207 25 Task 437 50 Society 259
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in second period, one keyword was connected to an
average of 1.031 other keywords, and in both periods, all
keywords were connected after passing through a maxi-
mum of two keywords. In both periods, keywords within
the network were densely connected, showing the com-
plexity of social perception of dietitians.

3. Degree centrality analysis

Degree centrality, which is measured by the number of
links connected to a node, can be used to determine the
degree of interaction between keywords. The higher the

——

License

value, the wider the network formed with surrounding
keywords, and the keyword can be said to act as a hub.
As a result of analyzing degree centrality (Table 2), key-
words with high degree centrality rankings for Period 1
were ‘Food’ (0.192) > ‘School’ (0.107) > ‘Examination’
(0.106) > ‘Nutrition’ (0.094) > ‘Certificate’ (0.084) >
‘University’ (0.080) > ‘Enrollment’ (0.074), etc. Words
such as ‘Certificate; ‘University, ‘Enrollment,; and ‘Grad-
uation’ have higher degree centrality than frequency
rankings, indicating a tendency for relatively higher
connection strength than other keywords. Keywords

Exercise

Patient

Culinary
University transfer

Society

HRegion
L
Recruitment

Application

Fig. 2. The overall network of dietitian keywords by the second period (2022-2024).
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Table 2. Degree centrality for keywords related to dietitian by period

First period (2007-2009)

Second period (2022-2024)

Rank  Keyword Centrality Rank Keyword Centrality Rank Keyword Centrality Rank Keyword Centrality

1 Food 0.192 11 Foodservice 0.072 1 Food 0232 11 Application 0.098

2 School 0.107 12  Graduation 0.064 2 Examination  0.182 12  University 0.097

transfer

3 Examination 0.106 13 Hospital 0.058 3 Certificate 0.159 13 Work 0.096

4 Nutrition 0.094 14 Education 0.047 4 Enroliment 0.146 14 Graduation 0.092

5 Certificate 0.084 15 Health 0.044 5 Qualification  0.133 15 University 0.085

6 University 0.080 16 Teacher 0.040 6 Foodservice 0.126 16 Hospital 0.079

7 Enrollment 0.074 17 Study 0.038 7 Acquisition 0121 17 School 0.070

8-1 Nutrition 0.073 18 Cook 0.037 8 Nutrition 0.118 18 Diet 0.068

science
82 Qualification 0.073 19 Culinary 0.022 9 License 0.114 19 Education 0.061
8-3 National 0.073 20  Counseling 0.021 10  Nutrition 0.105 20 Health 0.098
examination science

Table 3. CONCOR analysis of keywords related to dietitian by the first period (2007-2009)

Clusters Keywords Number

Major education University, Student, Subject, Nutrition science, Qualification, Study, Pass, National examination, 20
Major, Examination, Food, Graduation, Student, Certificate, Public Health, Cooking, Department,
Employment, License, Hygienist

Wellness Society, Healthcare, Patient, Specialization, Exercise, Health, Meal, Information, Doctor, Foodservice, 16
Culinary, Education, Diet, Counseling, Child, Business

Health and welfare Welfare, Enroliment, Recruitment, Nurse, Hospital, Career, Announcement 7

Occupation Teacher, School, Occupation, Cuisine, Nutrition, Cook, Company 7

CONCOR, CONvergence of iterated CORrelations.

with high degree centrality rankings in the 2nd period
were ‘Food’ (0.232) > ‘Examination’ (0.182) > ‘Certificate’
(0.159) > ‘Enrollment’ (0.146) > ‘Qualification’ (0.133) >
‘Foodservice’ (0.126) > ‘Acquisition’ (0.121), etc. Words
such as ‘Certificate; ‘Qualification,; ‘Acquisition, and ‘Ap-
plication’ had higher degree centrality than frequency
ranking.

4. CONCOR analysis

In order to cluster keywords with similarities in the so-
cial perception of dietitian and to identify their charac-
teristics, CONCOR analysis was performed. According
to the CONCOR analysis results for first period (Table
3), Cluster 1 contained a total of 20 keywords, including
‘University, ‘Student, ‘Subject, ‘Nutrition science; ‘Qual-
ification, ‘Study, ‘Pass, and ‘National examination, and
was named ‘Major education’ Cluster 2 contained a total
of 16 keywords, including ‘Society, ‘Healthcare, ‘Patient,
‘Exercise, and ‘Health, and was named ‘Wellness. Clus-

https://doi.org/10.5720/kjcn.2025.00045

ter 3 contained a total of 7 keywords, including ‘Welfare,
‘Enrollment, ‘Recruitment, and ‘Nurse, and was named
‘Health and welfare’ Finally, Cluster 4 contained a total
of 7 keywords, including ‘Teacher, ‘School, and ‘Occu-
pation, and was named ‘Occupation’

CONCOR analysis results for the second period (Table
4), cluster 1 included 17 keywords including ‘University,
‘Open university, ‘Specialist, ‘Major, ‘License; and ‘Uni-
versity transfer, and was named ‘Major education and
qualification’ Cluster 2 included 13 keywords includ-
ing ‘Welfare, ‘Work; ‘Task; ‘Region, and ‘Recruitment,
and was named ‘Health and welfare regional service’
Cluster 3 included 10 keywords including ‘Subject;
‘Qualification, ‘Study, ‘Pass; ‘National examination, and
‘Graduation, and was named ‘Professional competency
certification process. Finally, cluster 4 included 10 key-
words including ‘Society, ‘Recommendation, ‘School,
and ‘Foodservice, and was named ‘Foodservice man-
agement’
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Table 4. CONCOR analysis of keywords related to dietitian by the second period (2022-2024)

Clusters Keywords Number

Major education and  University, Open university, Specialist, Major, License, University transfer, Nutrition science, 17
qualification Department, Required, Food, Employment, Law, Cooking, Clinical, Certificate, Credit, Acquisition

Health and welfare Welfare, Work, Task, Region, Recruitment, Cook, Hospital, Education, Information, Enroliment, 13
regional service Career, Announcement, Regjstration

Professional Subject, Qualification, Study, Pass, National examination, Graduation, Application, Practice, 10
competency Examination, Completion
certification process

Foodservice Society, Recommendation, School, Nutrition, Foodservice, Menu, Organization, Health, Diet, Culinary 10
management

CONCOR, CONvergence of iterated CORrelations.

DISCUSSION

According to the "National Nutrition Management Act ,
a dietitian can take the exam only after graduating from
the Department of Nutrition or Food and Nutrition,
holding an undergraduate degree in Food Science, Nu-
trition, or Food and Nutrition, and completing 52 cred-
its in 18 nutrition-related subjects [5]. Reflecting this,
the top 10 keywords related to dietitians in this study in-
cluded ‘Food, ‘Nutrition, ‘Examination, and ‘Certificate’
In the first period, keywords such as ‘School’ (2nd) and
‘Education’ (10th), which reflect the institutionaliza-
tion of nutrition teachers, were among the top 10, with
‘Teacher’ ranking 12th. However, in the second period,
these keywords dropped out of the top 10, while health-
care-related keywords like ‘Health’ (6th place) and
‘Hospital’ (7th place) ranked 9th and 12th, respectively.
Meanwhile, the keyword ‘Foodservice, which is closely
associated with the primary work setting for many dieti-
tians, remained prominent, ranking 5th in the first peri-
od and 4th in the second. The dietitian licensing system,
which was established with the enactment of the"Food
Sanitation Act; in 1962, and transitioned to a nation-
wide examination in 1978, is reflected in the study [22].
The keyword ‘License’ rose from 23rd in the first period
to 8th place in the second period. Additionally, ‘Univer-
sity transfer, which did not appear in the top 50 during
the first period, ranked 19th in the second period, and
considering that employment-related keywords such as
‘Recruitment, ‘Work; and ‘Qualifications’ are at the top,
the purpose of university transfer is to obtain a profes-
sional license and get a job rather than to improve aca-
demic ability at university.
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The centrality analysis in the first period revealed a
higher connectivity between the ‘Food, ‘School, ‘Ex-
amination, and ‘Nutrition’ keywords, as confirmed by
the frequency analysis results, but the keywords ‘Food-
service, ‘Health, and ‘Hospital’ were outside the top 10.
Instead, keywords related to qualification acquisition
and credentials, such as ‘Enrollment, ‘Qualification,
and ‘Examination, were more closely associated with
dietitians. In the second period, the connectivity be-
tween keywords like ‘Food, ‘Examination, ‘Certification,
‘Foodservice, ‘Nutrition, ‘License; and ‘Acquisition’ was
stronger than in the first period. As the perception of
dietitians is shaped around these keywords, it is essen-
tial to provide opportunities to obtain a dietitian license
and related certifications through a systematic food and
nutrition major curriculum, which includes food, nu-
trition, and foodservices. This approach can ultimately
lead to employment. As a result of structural analysis
to see the positioning of keywords related to dietitians,
in the first period, a close network was shown centered
on the keywords ‘Teacher, ‘School, ‘Health; ‘Universi-
ty, and ‘Specialization, showing that the legislation of
nutrition teachers was influencing social perception. In
the second period, connections were concentrated on
keywords such as ‘Specialist; ‘Qualification, ‘Work; and
‘Task; showing that the expertise of dietitians was being
strengthened and their perception the profession was
being solidified.

Changes in social issues or policies can change per-
ceptions about occupations [23]. According to the results
of the first CONCOR analysis of the social perception of
dietitians, the ‘Major education’ cluster included sub-
jects related to ‘Food, ‘Nutrition science, ‘Public health,
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and ‘Cooking; as well as acquired ‘Certificate’ and ‘Li-
cense! Wellness is a recent concept in healthcare that has
rapidly spread in Korea since 2000 and includes disease
treatment and prevention, health promotion, and quality
of life improvement [24]. The ‘Wellness’ cluster included
wellness-related keywords such as ‘Healthcare; ‘Health,
‘Meal, ‘Culinary, ‘Education, and ‘Counseling; all of
which are connected to physical wellness and linked to
dietitians. Additionally, through the ‘Health and welfare’
cluster, dietitians are recognized as healthcare personnel
alongside nurses [1]. The ‘Occupation’ cluster expressed
interest in nutrition teachers, newly institutionalized
in the dietitian profession, through keywords such as
‘Teacher, ‘School, and ‘Nutrition’

The CONCOR analysis results for the second period
revealed the advancement and differentiation of dieti-
tian awareness compared to the first period. The key-
words forming the ‘Major education and qualifications’
cluster have evolved from the ‘Major education’ cluster
in the first period. This indicates that a dietitian can
now obtain a license only by completing the required
curriculum prescribed by law. Additionally, the license
can be obtained through institutions such as the Korea
Communications and the Communications University
or via university transfer. This indicates an awareness
of the possibility of obtaining this qualification. The
‘Health and welfare regional service’ cluster showed
the advancement of ‘Health and welfare’ from the first
period, with the recognition that dietitians are active in
providing health and welfare services in the community.
This was reflected in keywords such as ‘Welfare, ‘Region,
‘Hospital, and ‘Education’ Recently, as the position and
role of the curriculum have become more important in
university education, efforts are being made to increase
external competitiveness by operating a competen-
cy-based curriculum to improve quality [25]. Reflecting
this trend, the ‘Professional competency certification
process’ cluster emerged, differentiating itself from the
‘Major education’ cluster of the first period. Dietitian
competencies are now recognized as being developed
and equipped with a focus on ‘Subject, ‘Practice, ‘Exam-
ination, and ‘Certification’ The ‘Foodservice manage-
ment’ cluster included keywords such as ‘Menu, ‘Cu-
linary, ‘Diet, ‘Health; and ‘Nutrition, which are related
to foodservice, the sector in which most dietitians are
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engaged.

Nonetheless, this study is valuable in that it examined
the evolution of social perceptions of dietitians by ex-
ploring the structural relationships between keywords
after implementing policies, such as the legalization of
nutrition teachers and the transition to national cer-
tification for clinical dietitians. This study highlights
the need to train dietitians who will play active roles
in community health, welfare, and foodservice fields
through a major curriculum that enables the acquisition
of professional competencies as a dietitian.

Limitations

A limitation of this study is that the data were collected
only in Korean from domestic social media resourc-
es, meaning that languages other than those used in
the search terms may have been omitted. The limited
data-collection period limited the comparison of per-
ceptions. The reason why we analyzed data from three
years is that the early 2000s were a time when Internet
use was relatively inactive compared to recent times, so
there was a lack of data, and thus, we cannot guarantee
that the distribution of comparative data is even. How-
ever, since social perception and discourse due to insti-
tutional changes are reflected with a certain amount of
time lag, we used three years to compare the initial re-
action to the introduction of the system and the gradual
settlement of discourse.

Conclusion

This study is valuable in that it examined the changes in
social perception of dietitians through the structural re-
lationship between keywords after the implementation
of the policy of legalizing nutrition teachers related to
the occupational prestige of dietitians. Through the re-
sults of this study, it was confirmed that the perception
of dietitians as a profession is becoming more solid and
that there is a need to train dietitians who will work in
the fields of community health, welfare, and foodservice
with enhanced expertise.
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Objectives: To reduce urban carbon emissions, in this study, we aimed to suggest strategies for
disseminating the planetary health diet (PHD) guidelines to adult cafeterias in a government
worksite in Seoul based on the theory of planned behavior (TPB) and focus group interviews
(FGI).

Methods: A total of 132 adults who worked at a government worksite in Seoul and used its caf-
eteria were included for a TPB-based survey. Factor analyses and multiple regression were used
to investigate the relationships between attitude (cognitive -affective), subjective norms, and
perceived behavioral control (PBC, internal-external) and the behavioral intention to adopt the
PHD. To identify the contextual factors related to PHD dissemination, 14 participants underwent
in-depth interviews.

Results: Affective attitudes and PBC (internal - external) constructs of the TPB were significantly
related with the intention to adopt PHD: external PBC (B = 0.324, P < 0.001), internal PBC (8 =
0.269, P < 0.01), and affective attitudes (8 = 0.226, P < 0.05). The FGI results highlighted the
insufficiency of simply providing healthy meals to encourage the adoption of PHDs, but that
menu development and natural acceptance strategies are needed to increase palatability. In
addition, the need for strategies to promote PHDs at an organizational level was identified, as it
is directly influenced by the company of partners with whom one dines. Furthermore, users’ per-
ceptions of how “Meals for the Planet” are delivered and suggestions for its improvement were
also interpreted.

Conclusion: Our results suggest that users' beliefs, convictions, and emotions are important
while promoting or educating individuals about sustainable PHDs. Our findings are expected to
help local governments or private group cafeterias that wish to introduce PHDs in the future, giv-
en the growing importance of environmentally conscious eating.

Keywords: theory of planned behavior; qualitative research; diet, healthy; diet, plant-based
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METHODS

Ethics statement

The entire process of this study was conducted with the
approval of the Institutional Review Board of Sangmyung
University (IRB-SMU-S-2024-3-009).

AT EA

A= TPB 7]8F A 2ARR} FGIE 233 &7t A=,
STROBE (Strengthening the Reporting of Observational Studies
in Epidemiology) 2 1723 ¥} COREQ (Consolidated criteria for
reporting qualitative research)2 #31sl0] 7]&5% thhttps://

1.
=
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Fig. 1. A study framework.
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40.79 £ 10.84A(TF 25-59A)Att. FofAEo] AU
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RESULTS
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2) TPB 74240 BIPE, AZ|E U Q1A%
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Table 1. Characteristics of the focus group interview participants

. Government worksite cafeteria meal usage per week
Participants Sex Age (year) . -

Breakfast Lunch Dinner Light meal/snack

1 Male 59 0 4 3 0
2 Male 45 0 4 1 0
3 Female 33 0 5 3 0
4 Female 45 0 5 3 0
5 Male 36 0 5 3 0
6 Male 42 0 4 3 0
7 Female 49 0 5 5 0
8 Male 53 0 3 2 0
9 Female 25 0 3 2 0
10 Male 32 1 3 8 1
11 Female 28 0 4 2 0
12 Male 54 1 4 3 0
13 Female 43 0 4 1 0
14 Male 27 0 3 3 0
Mean + standard deviation 40.79 £ 10.84 0.14 + 0.36 4.00 £0.78 2.64+1.01 0.07 £0.27
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Table 2. List of questions for the interview conducted with government worksite cafeteria users

Categories

Questions

PHD 1. Awareness of PHD
1) Are you aware of ‘Meals for the Planet™"?

2) What do you think are the benefits of ‘Meals for the Planet’?
3) What do you think are the downsides of ‘Meals for the Planet’?

2. Experience of using PHD

1) Do you use the cafeteria on the day when ‘Meals for the Planet’ is provided?
2) What was the reaction of your coworkers when you served ‘Meals for the planet™?
3) Have you ever avoided using the cafeteria because of the menu?

Seoul Mirae 1. Awareness of the Seoul Mirae Bapsang

Bapsang”

1) What are your thoughts and feelings about ‘the Seoul Mirae Bapsang'?

2) Are you willing to practice ‘the Seoul Mirae Bapsang’ on a daily basis?
2. Opinions on the composition of the Seoul Mirae Bapsang -based meals
1) Do you feel disappointed if fried foods are served less than twice a week for lunch?

2) How many times per week, or how many times per month, do you think it is possible to have a meatless day (where
fish is served instead of beef or pork as the main entrée)?

3) How many times per week, or how many times per month, do you think it is feasible to have a meatless day (where
a plant-based protein such as tofu is served instead of beef or pork as the main entrée)?

4) What are your thoughts on reducing the number of side dishes?
5) What do you think about adding an extra bowl size and offering two different options or having a soup-free day?

PHD, planetary health diet.

YPlanetary health diet provided by public institutional food services under the Seoul Metropolitan Government.
2Seoul Metropolitan Government guidelines for a sustainable diet: a practical guide.

43 @oluaal WeluAsl A S Agsielon], ofoldl 3t
< 15t} A Aot} E45HATE 67]9] 8Rlo] &= %o
o FRIAIA EE 9] HF 2- /9] Kaiser-Meyer-Olkin #F-
0.8840]9111, Bartlett -84 HAAL »* = 775.096 (df = 28), P <
0.001% WEIT. 24 A #2 63.622%1 2™, Cronbach’s
a= 0.9130]9th THAZA i 9 HE ZiXE“éJ Kaiser-Mey-
er-Olkin %2 0.877, Bartlett @4 AL »* = 674.151 (df
= 21), P < 0.0018 Uehgth 224 A¥EL 60.706%%.0.
™, Cronbach’s ax= 0.9010|%]t}. 34 9,9 ¥ A4
439] Kaiser-Meyer-Olkin Z2 0.791, Bartlett -84 H3Y2
x* = 416.478 (df = 6), P < 0.001, SEAF ’gtg?ﬂ,e_ 77.989%,
Cronbach’s o= 0.905% T IR = HP=EATH & QQAEAS
ol 27119 aQle = Jolar, Ay Aol Jﬂé}oq WA A,
914 EX 2 Yot} i 9919 HF HEA] Kaiser-Mey-
er-Olkin ZF< 0.904, Bartlett 34 AAL x* = 1,505.397
(df = 66), P < 0.001, ZEAF AL 75623%, W2 549
Cronbach’s a= 0.940, 27 £4]2] Cronbach’s a= 0.915%c}.
PHD AA | 9] ¥ -4 9] Kaiser-Meyer-Olkin H2
0.877, Bartlett 7+@4 AL »* = 801.680 (df = 10), P < 0.001,
Z B A2 84.666%, Cronbach’s o= 0.9542 HLE Q919

1 ‘?x“t AE| =5 YERAL
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A o g4 A7 7P =9111(4.09), 11 theo 2 AR
FiI(4.03), PHD A3 9]%=(3.82), S 1+H(3.66), 214 EA
(3.40), W= 5A(3.26) =019t

.
AL YEol2 THLAQAA B, PN HE, Fud 7
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A Table 63} 2tk AGE Fol 2] BE T4 2 7]
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Table 3. General characteristics of the study participants
(n=132)

Table 4. Awareness and knowledge of the Seoul Mirae
Bapsang

Variable Value Variables Value
Sex Have you ever heard or seen about the Seoul
Male 49 (37.12) Mirae Bapsang"? (n = 132)
Female 83 (62.88) Yes 53(40.15)
Age (year) No 79 (59.85)
25-29 19 (14.39) How much do you know about the Seoul
' Mirae B ? (n =53
30-39 42 (31.82) o e =y 208+ 103
n+ .08 + 1.
40-49 39 (29.55) (/)eaM <
n (%) or Mean + SD.
- Sallzea) YSeoul Metropolitan Government guidelines for a sustainable diet: A
Mean + SD 40.73+9.31

Type of government worksite cafeteria you use

Seoul Metropolitan Government 46 (34.85)
Seoul Metropolitan Government 46 (34.85)
Autonomous District Office
Hospital affiliated with Seoul Metropolitan 15 (11.36)
Government
Seoul Metropolitan Government Directly 25 (18.94)
Subordinate Organization
On average, how often do you have breakfasts
at the government worksite cafeteria a week?
< 1time 120 (90.91)
2-3times 4 (3.03)
> 4 times 8 (6.06)
Mean + SD 0.38+1.12
On average, how often do you have lunches at
the government worksite cafeteria a week?
< 1time 13 (9.85)
2-3 times 57 (43.18)
> 4 times 62 (46.97)
Mean + SD 3.32+126
On average, how often do you have dinners at
the government worksite cafeteria a week?
< 1time 96 (72.73)
2-3 times 33 (25.00)
2 4 times 3(2.27)
Mean + SD 0.87 £ 1.16
On average, how often do you have snacks at
the government worksite cafeteria a week?
< 1time 125 (94.70)
2-3 times 5(3.79)
> 4 times 2 (1.52)
Mean + SD 0.20 + 0.67

n (%) or Mean £ SD.

“*(variance inflation factor)Te % 10 U|FO.2 LR} U5
A EA= e Ao® e
99 A2l 7oA A 23 284 HEQ = 0.226, P <
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practical guide.
2’Ir(nowledge level was assessed only among participants who an-
swered “Yes” to the awareness question.

0.05), WA %Xﬂ(ﬁ =0.269, P < 0.01), 94 %Zﬂ(ﬁ =0.324, P<
0.001)014] PHD AHO|Zo] §oJ3t H(+)] A t]Xe 7
o2 Vet ¥zt Ae] 2718 vlwshe, 918 BAE =
0.324), N8 EA = 0.269), 74 HI=(@ = 0.220402, A
¥H2Q] PHD 417 O)wo] 2 J9ke u]Ae A0 tehgrt. of
oot Belge 4t Age BT Folw TPB 74840 %
ool wgte] YILSH(P < 0.001), AErt A AL
99817 Qroke.

2. FGI ZAL A1t

PHDR?I ‘A5 93 =
< WO & FGIE &5l PHDO| tfet i 9 95 W3t 541 8
Q1S EAIRE At 3719] WLt 87119 A9 Jide] =EEH AT
(Table 8).
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Table 5. Exploratory factor analysis of the variables of the theory of planned behavior

- Factor
Variables Value loading
Cognitive attitudes, Cronbach’s a = 0.913

| need to choose a diet for my health. 421+0.81 0.679
| need to choose a diet for the environment. 3.95+0.87 0.752
| need to choose low-carbon and less processed foods for my health and the environment. 3.99+0.80 0.813
| need to eat a balanced, plant-based diet for my health and the environment. 3.89+0.87 0.753
I need to recycle and reduce food waste for my health and the environment. 417 +£0.78 0.724
‘The Seoul Mirae Bapsang™ has a positive effect on my health. 414 +0.72 0.872
‘The Seoul Mirae Bapsang’ has a positive impact on the environment. 4.20+0.71 0.860
‘The Seoul Mirae Bapsang’ has a positive impact on my health and the environment. 417 £0.71 0.900
Mean + SD 4.09 +0.62
Affective attitudes, Cronbach’s a = 0.901

Perception of whether a diet for my health and the environment is beneficial (e.g., The Seoul Mirae Bapsang). 4.26+0.66 0.874
Perception of whether a diet for my health and the environment is useful (e.g., The Seoul Mirae Bapsang). 417 £0.74 0.897
Perception of whether a diet for my health and the environment is good (e.g., The Seoul Mirae Bapsang). 414 +0.76 0.876
Perception of whether a diet for my health and the environment is enjoyable (e.g., The Seoul Mirae Bapsang). 3.66+0.95 0.745
Perception of whether a diet for my health and the environment is desirable (e.g., The Seoul Mirae Bapsang). 4.33+0.70 0.866
Perception of whether a diet for my health and the environment is convenient (e.g., The Seoul Mirae Bapsang). 344 +101 0.581
Perception of whether a diet for my health and the environment is important (e.g., The Seoul Mirae Bapsang). 420+0.77 0.831
Mean + SD 4.03+0.64

Subjective norms, Cronbach’s a = 0.905
People around me (including family and coworkers) think | should be making dietary choices for my health and the 3.86+0.87 0.739
environment.
| believe that the government worksite cafeteria | currently use promotes a diet that is good for both my health and 3.61+0.95 0.920
the environment.

I think the city of Seoul is promoting a diet for my health and the environment. 3.67 £0.98 0.943
| think that government agencies (society) are promoting a diet for my health and the environment. 3.48+1.04 0.916
Mean + SD 3.66 +0.85

Internal perceived behavioral control, Cronbach’s a = 0.940
| can practice making dietary choices for health and the environment without help from others 3.36+1.07 0.783
| can practice making dietary choices for health and the environment even when tempted. 3.05+1.11 0.817
| can practice eating for my health and the environment even if it doesn’t match my preferences. 3.24+115 0.864
| can practice eating for my health and the environment even if | don’t feel full. 3.49+1.14 0.787
| can practice eating for my health and the environment even if it doesn’t taste good. 3.04+1.17 0.846
| can practice eating for my health and the environment even if | lack information. 3.35+1.02 0.663
| can practice eating for my health and the environment even if it increases my purchasing costs. 3.28+1.09 0.640
Mean + SD 3.26 £+ 0.95

External perceived behavioral control, Cronbach’s a = 0.915
| can practice a diet for my health and the environment even when eco-friendly ingredients are not easily available. 3.31+£1.09 0.795
| can practice a diet for my health and the environment even when low-carbon foods are difficult to obtain. 3.24+1.08 0.841
| can practice a diet for my health and the environment even when ugly agricultural products are difficult to obtain. 3.54+1.03 0.908
| can practice a diet for my health and the environment even when ugly farm products are inconvenient to use. 3.55+0.99 0.744
| can practice a diet for my health and the environment even when government worksite meal costs rise. 3.35+1.16 0.663
Mean + SD 3.40+0.93

PHD behavioral intentions, Cronbach’s a = 0.954
| intend to follow a diet for my health and the environment within the next three months. 3.83+0.87 0.949
| intend to follow and maintain a diet for my health and the environment within the next three months. 3.73+0.88 0.951

| intend to choose low-carbon and less processed foods for my health and the environment within the next three months. 3.80 + 0.90 0.949
| intend to eat a mostly plant-based, balanced diet for my health and the environment within the next three months.  3.77 £ 0.92 0.913

| intend to upcycle food and minimize leftovers for my health and the environment within the next three months. 3.95+0.77 0.833
Mean + SD 3.82+0.80
Mean + SD.

PHD, planetary health diet.
“Seoul Metropolitan Government guidelines for a sustainable diet: a practical guide.
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Table 6. Pearson correlation coefficients among the constructs of the theory of planned behavior and age

Variables 1 2 8 4 5 6 7

1. Cognitive attitudes 1

2. Affective attitudes 0.799" 1

3. Subjective norms 0.591" 0.688" 1

4. Internal perceived behavioral control 0.482"" 0.557"" 0.618" 1

5. External perceived behavioral control 0.407™" 0.460™ 0.495™ 0.753" 1

6. PHD behavioral intentions 0.555" 0.617" 0.554™ 0.696™ 0.678" 1

7. Age 0.011 0.044 0.006 0.158 0.062 0.128 1.000
PHD, planetary health diet.

“P<0.01.

Table 7. Regression analysis for factors influencing the planetary health diet behavioral intention

Independent variable B S.E. B t VIF Model fit
Coghitive attitudes 0.139 0.120 0.108 1.161 2,799  F=39.426"
Affective attitudes 0.283 0.131 0.226 2.161" 3533  R*=0.610
Subjective norms 0.008 0.078 0.008 0.099 2.251 adjR? = 0.595
Internal perceived behavioral control 0.226 0.080 0.269 2.839" 2.895 D-W=2.326
External perceived behavioral control 0.280 0.073 0.324 3.8117" 2.329

Coghitive attitudes 0.137 0.122 0.107 1.125 2881  F=28.124""
Affective attitudes 0.277 0.131 0.221 2.109" 3538 R’=0.610
Subjective norms 0.016 0.079 0.017 0.202 2.274 adjR* = 0.592
Internal perceived behavioral control 0.216 0.083 0.257 2.594" 3.155 D-W=2.354
External perceived behavioral control 0.282 0.075 0.326 3.770"" 2.397

Sex -0.035 0.097 -0.021 -0.357 1.106

Age 0.005 0.005 0.058 1.018 1.055

S.E., standard error; VIF, variance inflation factor.

"P<0.05, P <0.01, P < 0.001 by multiple regression analysis.
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Table 8. Perceptions, influencing factors, and implementation strategies for the planetary health diet

Theme Sub-theme Constructed meaning
Perceptions and attitudes Taste perception * Willingness to use PHD if taste improves
toward PHD Lack of satiety * Perception that PHD meals do not provide lasting fullness
Social and environmental Peer and organizational  * Tendency to follow group decisions over personal preference in meal choice
factors influencing PHD influence
choices Menu-based habits * Vegetarian-oriented menus lead to increased consideration of dining out
Strategies to promote and Branding * Preference for naming that highlights personal health benefits

implement PHD Meal composition « Acceptance of fried foods limited to a frequency of twice a week or less

e Preference for fish varies depending on type and cooking method

* Perception that fewer side dishes could negatively impact acceptance of
PHD meals

* Positive response to alternatives such as smaller soup portions or providing
scorched rice water (sungnyung)

PHD adoption strategy * Willingness to increase acceptance to 1-2 times per week if taste and
variety improve

* Strategy to promote natural acceptance of PHD through appealing and
modern menu development

» Expectation of increased PHD usage if offering days are adjusted

Promotion & education  * Avoidance of complex explanations in favor of easy-to-understand visual
communication

PHD, planetary health diet.
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Objectives: We aimed to examine differences in experience, consumption, and perception
of plant-based meat substitutes according to consumer characteristics, and to identify as-
sociated factors.

Methods: In this cross-sectional study conducted in Korea, 410 adult consumers were sur-
veyed regarding their eating habits, experience with and consumption of plant-based meat
substitutes, and their intentions and perceptions of these products. Statistical analyses
were conducted.

Results: Approximately 84% of participants had heard of plant-based meat substitutes,
most commonly through mass media and social media. Overall, 65.12% reported having
consumed plant-based substitutes, with higher consumption observed among older and
more health-conscious individuals. The most common reason for consumption was curiosity
about new foods (36.33%), whereas the primary reason for non-consumption was lack of
opportunity (61.54%). Additionally, 77.32% of respondents indicated willingness to try plant-
based substitutes, with taste identified as the most influential factor in purchasing deci-
sions. Perception of plant-based meat substitutes was rated 3.82 out of 5, with significantly
higher awareness among individuals aged 50-64, married individuals, housewives, gradu-
ate students or graduates, and those with irregular meal times or infrequent dining out.
Conclusion: Older, married, more educated, and health-conscious individuals who dine out
less frequently tend to have higher perception scores for plant-based meat substitutes,
along with greater experience and stronger future use intention.

Keywords: meat substitutes; perception; adult; consumer behavior
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METHODS

Ethics statement

This study was approved by the Institutional Review
Board of Kongju National University (KNU_IRB_2023-
093). Participants were informed of the study purpose, re-
search procedures, anticipated benefits, potential risks,
and safety measures. Written informed consent was ob-
tained from all participants. All procedures were conduct-
ed in accordance with applicable ethical guidelines.
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Table 1. Demographic characteristics of study participants

RESULTS

1. ZAMCHXLS| 2HrARSE
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ko] 7F AATHP < 0.001).

< v]EAke] Hlgo] &9ke.

£l RO Aol
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Eol e AP L 4]

AE}&= Table 33} z;

A Ao “%H Eol& 73?.4 ] 84.39%&, 77

A7} B OT(P <

Variable (nT=OE4a1|O) Malt(enpzr;izig)ants Fema(lr? Eazrgzi)pants \2 (Pvalue)

Age (vear) 20-29 182 (44.39) 6 (31.51) 136 (51.52) 40.75
30-49 110 (26.83) 0(20.55) 0(30.30) (< 0.001)
50-64 118 (28.78) 0 (47.95) 8(18.18)

Marital status Single” 239 (58.29) 8 (46.58) 171 (64.77) 12.81
Married 171 (41.71) 8(53.42) 3(35.23) (< 0.001)

Job Student 97 (23.66) 9 (19.86) 8 (25.76) 4398
Office worker 188 (45.85) 74 (50.68) 114 (43.18) (<0.001)
Self-employed 52 (12.68) 3(22.60) 19 (7.20)
Homemaker 3(10.49) 0 (0.00) 3(16.29)
Unemployed or other 30(7.32) 0 (6.85) 20 (7.58)

Education level Below high school 70 (17.07) 1(14.38) 49 (18.56) 3.25
College or university 257 (62.68) 9 (60.96) 168 (63.64) (0.197)
Graduate school or above 83 (20.24) 6 (24.66) 47 (17.80)

n (%).

P-values were calculated using the ¥ test.

YIncludes divorced and bereaved individuals.
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Table 2. Interest in health and eating habits

Total

Male participants Female participants

Variable (n = 410) (n = 146) (n = 264) X2 (P-value)
Interest in health No 128 (31.22) 37 (25.34) 91 (34.47) 3.65 (0.056)
Yes 282 (68.78) 109 (74.66) 173 (65.53)
Eating habits” Irregular mealtimes 182 (44.39) 3 (43.15) 119 (45.08)
Imbalanced diet 4 (15.61) 16 (10.96) 8 (18.18)
Overeating 118 (28.78) 9 (26.71) 9 (29.92)
Dining out (incl. delivery) 146 (35.61) 4 (30.14) 102 (38.64)
Consumption of instant food 107 (26.10) 3(15.75) 4 (31.82)
Skipping meals 4 (10.73) 9 (6.16) 5 (13.26)
Eating salty 103 (25.12) 34 (23.29) (26.14)
Vegetarianism 1(7.56) 12 (8.22) 9 (7.20)

n (%).
P-values were calculated using the ¥ test.

YMultiple response—participants could select more than one option.
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Instructions for authors

1. GENERAL INFORMATION

The Korean Journal of Community Nutrition (KJCN),
the official journal of the Korean Society of Community
Nutrition, is a peer-reviewed, open access journal. It is
published bimonthly in February, April, June, August,
October and December. KJCN aims to publish original
research articles and reviews covering all aspects of com-
munity nutrition. The journal also welcomes research
notes and educational materials that provide a wide
range of findings of community nutrition field. Topics of
interest include nutrition throughout the life cycle, nutri-
tion assessment, nutrition education, nutritional epide-
miology, dietary behavior, clinical nutrition, international
nutrition, nutrition policy, food service management,
food culture and other topics related to the improvement
of human nutritional status.

2. AUTHORS’ QUALIFICATIONS

It is essential that at least one author of the manuscript is
amember of the Korean Society of Community Nutrition.
Exceptions will be made when the Editorial Committee
invites authors and when researchers affiliated with insti-
tutions outside Korea submits.

3. TYPES OF MANUSCRIPTS

1) Research articles: Research articles are reports of
original research in the area of community nutrition.

2) Reviews: Reviews provide concise and precise updates
on the latest progress made within the scope of the
journal. Systematic reviews should follow the PRISMA
guidelines.

3) Research notes: Research notes discuss new ideas,
research methods, or policy issues relevant to commu-
nity nutrition.

4) Educational materials: Educational materials de-
scribe contents of nutrition education program, its
application or new approaches to nutrition education.

4. RESEARCH AND PUBLICATION ETHICS

1) Duplicate publication: The manuscript must be orig-
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inal and not published or submitted for publication in
other scientific journals.

2) Authorship: All authors listed in a manuscript must
have contributed substantially to the research design,
collection and analysis of data, or preparation of the
manuscript. And they should agree to be responsible
for investigating and solving research-related problems.

3) Protection of human subjects: Research carried out
on human subjects must be in compliance with the
Helsinki Declaration, and authors should specify that
it was reviewed and approved by an Institutional Re-
view Board (IRB).

4) Conflicts of interest: Authors must disclose any fi-
nancial or personal relationships with the company or
organization sponsoring the research.

5) Adherence to the ethics guidelines: Authors should
adhere to the research ethics regulations and guide-
lines of Korean Society of Community Nutrition. For
the policies on the research and publication ethics not
stated in these instructions, international standards
of publication ethics for editors and authors (http://
publicationethics.org/international-standards-editor-
sand-authors) can be applied.

6) Copyright: Copyright of the published article belongs
to the Korean Society of Community Nutrition. A copy-
right transfer form should be signed by all author(s)
and sent when the manuscript is submitted.

7) Preprints: The journal does not accept research arti-
cles that have been shared as preprints.

5. CONSIDERATION OF SEX/GENDER

In all studies, sex (a biological variable) or gender (a so-
cio, cultural, and psychological trait) should be factored
into research designs and analyses and reported in a
manuscript as follows.

« Sex and gender should be described separately and
correctly.

« Both sexes/genders should be included in the human
studies, and the differences between the sexes/gen-
ders should be analyzed and reported.

« If only one sex/gender is reported, or included in the
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study, the reason the other sex/gender is not reported
or included should be explained based on reasonable
and scientific basis.

6. SUBMISSION

A manuscript file without authors’ information must be
submitted through our online submission system (https://
submit-kjcn.or.kr) by the corresponding author. In ad-
dition, authors should remember to upload the author’s
information separately. This includes the title page, copy-
right transfer agreement signed by all authors, IRB approv-
al, and author checklist. You can upload these documents
to the “Attachment” section on the submission site.

7. PEER REVIEW

A submitted manuscript without authors’ information
is sent to two independent reviewers selected by an
editor-in-chief or an editor. Reviewers review the manu-
script in detail according to the KJCN review guidelines.
The editor-in-chief then makes an initial decision based
on the reviewers’ comments and notifies the correspond-
ing author of the decision within six weeks of receipt of a
manuscript. One additional reviewer can be appointed
when the two reviewers’ comments are not in agreement.

8. MANUSCRIPT PREPARATION

1) General: Text must be written in Korean or English
using MS Word program. The designated font style for
English is Times New Roman in 11-point and the text
should be 200%-spaced or double-spaced. Each page
must be numbered beginning with the abstract page.
Manuscripts are to have line numbers in the left margin.

2) Title page: The title page should include the following:
« The type of manuscript (research articles, reviews, re-

search notes, and educational materials)

¢ The running head summarizing in Englisgh (50 char-
acters or less including spaces)

« Titles should be written in sentence case (only the first
word of the text and proper nouns are capitalized).
For observational studies (cross-sectional, case-con-
trol, or prospective cohort), clinical trials, systematic
reviews, or meta-analyses, the subtitle should include
the study design.

¢ The names and affiliations, positions of all authors

ii

A corresponding author should be marked with “+”
at the end of the name. If some of the authors have
different affiliations, superscript 1), 2), 3) should be
placed at the end of each author’s name in this order
and the same number should be placed in front of the
affiliation. 1), 2), 3) are attached in the same order,
even if they belong to the same organization but have
different positions.

The position of the researcher (professor, lecturer,
student, researcher, etc.) should be listed in front of
the affiliation. If there is no position and title, only the
name is given. For minors who are not currently affil-
iated, submit the final affiliation, position, and school
year separately.

<Example>

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

UProfessor, Department of Food and Nutrition, Dongduk
Women's University, Seoul, Korea

?Professor, Department of Food and Nutrition, Keimyung Uni-
versity, Daegu, Korea

¥Student, Graduate School of Education, Keimyung Universi-
ty, Daegu, Korea

“Student, 00 High School, Daegu, Korea

e The name, address, telephone number, fax number,
and email address of the corresponding author in
English. Country code is also indicated for telephone
and fax numbers.

<Example>
Kil-dong Hong
...... (address)

Tel: +82-2-749-0747
Fax: +82-2-749-0746

Email: kjicn45@koscom.or.kr

« ORCID (https//orcid.org/)
All authors should register their affiliation and posi-
tion at ORCID. When author identification is required,
this information can be used. ORCID numbers of all
authors should be indicated without blinding.

<Example>
Kil-Dong Hong https://orcid.org/****-sxxx_sxxx_xxxx
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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
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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,

iii
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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

iv

« 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.

(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.
orkr/

(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
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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

Enactment Jan 21, 2008

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

I. GENERAL RULES

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

2. Purpose

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

1. ETHICS CODE FOR A RESEARCHER

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

4. Inclusion of Scientific Misconduct

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

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

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

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

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

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

6. Authorship

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

is based on the following four criteria.

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

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

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

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



7. Record of Published Work

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

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

8. Citation and Reference

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

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

9. Role and Ethics for a Journal Editor

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

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

10. Role and Ethics for a Reviewer

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

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

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

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

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

I1l. ESTABLISHEMENT AND OPERATION OF THE COMMITTEE

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

1. The establishment of the research ethics

2. The prevention and investigation on the scientific misconduct

3. Whistleblower protection and confidentiality

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

5. Restoration in the honor of the examinee

6. Other issues imposed by the chair of the Committee

https://kjcn.org viii



12. Organizing Principles of the Committee

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

13. Report and Receipt of the Scientific Misconduct

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

14. Authority for Verification and Recommendation of the Committee

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

15. Verification Process of the Committee

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

16. Assurance of Opportunity to Be Heard

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

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

18. Disciplinary Procedures and Content

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

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

Revised in October 15, 2024

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

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

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

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

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

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

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

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

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

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

e.g., SAS 9.4 (SAS Institute)

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

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

(continued to the next page)
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(Continued)

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

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