
Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

Volum
e 14 · N

um
ber 4 · O

ctober 2025 
pages 241-337 

https://e-cnr.org

pISSN 2287-3732 · eISSN 2287-3740

Op
en

 A
cc

es
s

https://e-cnr.org

Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

The Korean Society of Clinical Nutrition 

Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

Volum
e 14 · N

um
ber 4 · O

ctober 2025 
pages 241-337 

https://e-cnr.org

pISSN 2287-3732 · eISSN 2287-3740

Op
en

 A
cc

es
s

https://e-cnr.org

Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

The Korean Society of Clinical Nutrition 

Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

C
linical N

utrition Research
C

LIN
IC

A
L N

U
TRITIO

N
 RESEA

RC
H

Volum
e 14 · N

um
ber 4 · O

ctober 2025 
pages 241-337 

https://e-cnr.org

pISSN 2287-3732 · eISSN 2287-3740

Op
en

 A
cc

es
s

https://e-cnr.org

Clinical Nutrition Research CLINICAL NUTRITION RESEARCH

The Korean Society of Clinical Nutrition 

Volume 15 · Number 2 · April 2026

Volum
e 15 · N

um
ber 2 · April 2026

pages 79-138
https://e-cnr.org



Volume 15 · Number 2 · April 2026

Aims and Scope
Clinical Nutrition Research (Clin Nutr Res or CNR), which was launched in 2012 as the official journal of the Korean Society of 
Clinical Nutrition (KSCN), strives for academic advancement by stimulating research activities in the clinical nutrition research 
field. The CNR is published quarterly on the last day of January, April, July, and October, one volume per year. The CNR aims to 
contribute to human health and nutrition by exerting education effect, which can be practically applied in clinical nutrition care. 
Total or a part of the articles in this journal are abstracted in Science Central, Directory of Open Access Journal, Google Scholar, and 
Crossref.
The journal features original research articles, reviews, case reports, and notes related to the field of clinical nutrition, human nutrition, 
and public health nutrition. It publishes manuscripts on nutrition interventions contributing to disease prevention and health 
promotion, nutrient physiology and metabolism, human nutrition related to growth and development, nutritional assessments, and 
quality management of clinical nutrition, community nutrition, dietary behavior, nutritional epidemiology, nutrition education, 
food culture and other studies related to the promotion of human health. It also publishes animal experiments of which findings are 
applicable to human nutrition or diseases.

Open Access

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

Publisher 
Korean Society of Clinical Nutrition

Editor-in-Chief 
Eunju Park
Kyungnam University, 7 Kyungnamdaehak-ro, Masanhappo-gu, Changwon 51767, Korea

Editorial Office 
Korean Society of Clinical Nutrition
Health Sciences Building, Kyungnam University, 7 Kyungnamdaehak-ro, Masanhappo-gu, Changwon-si, Gyeongsangnam-do 51767, Korea
Tel: +82-55-249-2218  Email: kscn@korscn.or.kr

Printing Office 
M2PI
#805, 26 Sangwon 1-gil, Seongdong-gu, Seoul 04779, Korea
Tel: +82-2-6966-4930  Fax: +82-2-6966-4945  Email: support@m2-pi.com

The Korean Society of Clinical Nutrition
Volume 15 · Number 2 · April 2026

© 2026 The Korean Society of Clinical Nutrition
Printed April 30, 2026 and published April 30, 2026

This work was supported by the Korean Federation of Science and Technology Societies (KOFST) grant funded by the Korean government.

https://e-cnr.org

pISSN: 2287-3732
eISSN: 2287-3740

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


Editorial Board
Editor-in-Chief
Eunju Park		  Kyungnam University, Korea

Associate Editor-in-Chief
Hyunjung Lim		  Kyung Hee University, Korea

Editorial Board
Inkyung Baik		  Kookmin University, Korea
John H. Beattie		  Rowett Research Institute, UK
So Young Bu		  Daegu University, Korea
Lawrence J. Cheskin	 Johns Hopkins University, USA
Jeong-Hwa Choi		  Keimyung University, Korea
Mi-Kyeong Choi		  Kongju National University, Korea
Hae-Yun Chung		  Soongeui Women’s University, Korea
Moon Jae Chung		  Yonsei University, Korea
Youngshin Han		  Sungkyunkwan University, Korea
Akihito Ishigami		�  Tokyo Metropolitan Institute of 

Gerontology (TMIG), Japan
Yoon-Seok Jang		�  Seoul National University Bundang 

Hospital, Korea
Sun Ha Jee		  Yonsei University, Korea
Cha-Gyun Jung		  Nagoya City University, Japan
Un Ju Jung		  Pukyong National University, Korea
Chong Hwa Kim		  Sejong General Hospital, Korea
Choon Young Kim		 Yeungnam University, Korea
Eun-Jung Kim		  Catholic University of Daegu, Korea
Eun Mee Kim		  Samsung Medical Center, Korea
Eun Sun Kim		  Korea University, Korea
Hye-Jin Kim		  Yeouido St. Mary’s Hospital, Korea
Jeongseon Kim		  National Cancer Center, Korea
Mi-Hyun Kim		�  Korea National University of 

Transportation, Korea
Oh Yoen Kim		  Dong-A University, Korea
Won Gyoung Kim		� Seoul National University Hospital, 

Korea
Woojeong Kim		  Gangnam severance Hospital, Korea

Yoona Kim		�  Gyeongsang National University, Korea
Yuri Kim			  Ewha Womans University, Korea
Junehee Kwon		  Kansas State University, USA
Johanna W. Lampe		� Fred Hutchinson Cancer Research 

Center, USA
Hae Jeung Lee		  Gachon University, Korea
Hosun Lee		  Severance Hospital, Korea
Jong Ho Lee		  Yonsei University, Korea
In Seok Lee		�  KyungHee University Medical 

Center, Korea
Sang-Hak Lee		  Yonsei University, Korea
Seungmin Lee		  Sungshin Women’s University, Korea
Yunkyoung Lee		�  Jeju National University, Korea
Martine Morisset		�  Central Hospital de Luxembourg, 

Luxembourg
Jean Kyung Paik		  Eulji University, Korea
Clara Yongjoo Park	� Chonnam National University, Korea
Mina Park		  Asan Medical Center, Korea
Sohyun Park		�  Centers for Disease Control and 

Prevention, USA
Jee-Seon Shim		  Yonsei University, Korea
Mi-Kyung Sung		�  Sookmyung Women’s University, 

Korea
Takahashi Takako		  Kobe Women’s University, Japan
Vuksan Vladmir		  University of Toronto, Canada
Youfa Wang		�  University at Buffalo, State University 

of New York, USA
Yoon Jung Yang		�  Dongduk Womens University, Korea

Managing Editor
Hyunjung Lim		  Kyung Hee University, Korea

Statistical Editor
Kyunga Kim		�  Biostatistics and Clinical 

Epidemiology Center, Samsung 
Medical Center, Korea

Manuscript Editor
Hyun Ju Ha		  Infolumi, Korea

Layout Editor
Ji Won Shin		  M2PI, Korea

XML File Producer 
Jeonghee Im		  M2PI, Korea



Volume 15 · Number 2 · April 2026

Contents

Original Articles 

79	� Association between plant-based diet indices and depressive symptoms among South Korean adults: a cross-sectional 
study using the 2014 and 2016 Korea National Health and Nutrition Examination Surveys 
Soohyun Park, Yoon Jung Park

91	� Toward a longevity diet framework: integrating global evidence for healthy aging in the South Korean population 
Soyoung Jung, Hae Jin Kang, Mijoo Choi, Yoo Kyoung Park

101	� Association between vitamin D status and triglyceride-glucose index among South Korean adults: a cross-sectional 
study 
Sunhye Shin

108	� Dietary intake patterns and nutritional adequacy in older adults with predialysis chronic kidney disease: a comparison 
by diabetes status 
Jeong Eun Kim, Jisoo Kim, Yu-Jin Kwon, Jung Eun Lee, Jung Joo Lee, Ji-Won Lee, Yoo Kyoung Park

Case Reports

117	� Exocrine pancreatic insufficiency as an overlooked cause of chronic diarrhea after Billroth II gastrectomy identified 
through nutrition-focused assessment: a case report 
Mijin Kang, Dal Lae Ju, Sookyoung Kim, Jiyoung Song, Youngran Kim

122	� Association between vitamin B12 deficiency and supraventricular tachycardia: case series 
Ankur Verma, Sofiya Rizvi, Mohammad Saif, Vikrant Chouhan, Sanjay Jaiswal

Research Note

127	� Applying traditional K-foods to official development assistance programs for micronutrient deficiency nutrition support 
Sohye Cho, Jung Min Cho



© 2026 The Korean Society of Clinical Nutrition
   This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Association between plant-based diet indices and 
depressive symptoms among South Korean adults: a 
cross-sectional study using the 2014 and 2016 Korea 
National Health and Nutrition Examination Surveys
Soohyun Park1, Yoon Jung Park1,2

1Department of Clinical Nutrition, Graduate School of Clinical Biohealth, Ewha Womans University, Seoul, Korea
2Department of Nutritional Science and Food Management, Ewha Womans University, Seoul, Korea

Original Article
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Objective: This study investigated the association between plant-based diet indices—overall plant-based diet index (PDI), healthful 
PDI (hPDI), and unhealthful PDI (uPDI)—and depressive symptoms in South Korean adults.
Methods: This cross-sectional study analyzed 5,846 participants (aged 19–64 years) using data from the 2014 and 2016 South 
Korea National Health and Nutrition Examination Survey. Dietary intake was assessed with a semiquantitative food frequency ques-
tionnaire, from which PDIs were derived. Depressive symptoms were assessed using the Patient Health Questionnaire-9 (PHQ-9). 
Survey-weighted linear and logistic regression models were applied to assess associations, adjusting for sociodemographic, life-
style, and clinical factors.
Results: In fully adjusted models, higher overall PDI and hPDI were associated with lower PHQ-9 scores (β=−0.23; 95% confidence 
interval [CI], −0.41 to −0.04 and β=−0.16; 95% CI, −0.30 to −0.02 per 10-unit increment, respectively), whereas higher uPDI 
scores were associated with higher PHQ-9 scores (β=0.21; 95% CI, 0.07 to 0.35 per 10-unit increment). For clinical depressive 
symptoms (PHQ-9 ≥10), each 10-unit increase in overall PDI was associated with a 33% reduction in odds (odds ratio, 0.67; 95% 
CI, 0.50 to 0.89). Associations for hPDI and uPDI were attenuated and not statistically significant. Subgroup analyses revealed that 
these associations varied by sex, age, and obesity status.
Conclusion: Greater adherence to healthy plant-based foods and lower intake of less healthy plant-based foods were associated 
with fewer depressive symptoms among South Korean adults. These findings highlight the importance of plant-based food quality, 
rather than quantity alone, in supporting mental health.

Keywords: Plant-based diet; Depression; Patient Health Questionnaire; Cross-sectional studies; National Health and Nutrition Ex-
amination Survey
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INTRODUCTION

Background
Depressive disorders are among the most common mental health 
conditions worldwide, affecting an estimated 332 million people. 
They remain a leading cause of disability, with the age-standard-
ized disease burden increasing by 16.4% between 2010 and 2021 
[1]. Beyond their psychological impact, depressive symptoms are 
associated with a higher risk of physical comorbidities, including 
cardiovascular disease (CVD) and obesity, and, in severe cases, 
can lead to suicide, substantially reducing quality of life [2]. In 
South Korea, the burden is particularly pronounced, with suicide 
rates nearly twice the OECD (Organisation for Economic Co-op-
eration and Development) average, highlighting the urgent need 
for effective prevention strategies [3]. Identifying modifiable risk 
factors for depression is therefore a key public health priority.

Recently, health policies and clinical guidelines have increasing-
ly emphasized lifestyle interventions, particularly dietary modifi-
cation, for both the prevention and management of mental disor-
ders [4]. Dietary patterns may influence the development and 
course of depression through mechanisms such as inflammation 
and alterations in gut microbiota [5]. Evidence suggests that ad-
herence to healthful dietary patterns, such as the Mediterranean 
diet, or avoidance of Western-style diets, may reduce the risk of 
depression [6]. Vegetarian and plant-based diets, in particular, 
have been linked to a range of health benefits, including reduced 
risks of chronic diseases and mortality [7]. However, findings on 
their association with depression have been inconsistent. This in-
consistency may reflect differences in how plant-based diets are 
defined and the limited consideration of the quality of plant-based 
food within these dietary patterns [8,9]. Notably, not all plant-de-
rived foods are beneficial; for example, higher consumption of re-
fined grains has been associated with adverse health outcomes 
[10].

To address these limitations, plant-based diet indices have been 
developed to better capture diet quality. These include the overall 
plant-based diet index (PDI), healthful PDI (hPDI), and un-
healthful PDI (uPDI), which distinguish between beneficial and 
less beneficial plant-based foods [11]. Unlike traditional dietary 
classifications, these indices allow for a more nuanced assessment 
of dietary patterns without excluding animal products.

Previous studies have demonstrated an association between 
plant-based diet indices and mental health [12,13]. For example, a 
large prospective study from the UK Biobank found that higher 
hPDI scores were associated with a lower risk of depression, 

whereas higher uPDI scores were associated with increased risk 
[12]. Similar findings have been reported in US populations [13]. 
However, most of this evidence is derived from Western popula-
tions, and data from non-Western settings remain limited. Given 
that dietary habits vary substantially across cultures, these find-
ings may not be directly generalizable. Traditional East Asian di-
ets, for instance, are typically centered on rice, include higher con-
sumption of soy products and fermented vegetables, and feature 
lower dairy intake compared with Western diets [14]. Examining 
these associations in East Asian populations is important to deter-
mine whether the observed relationships hold across different di-
etary contexts.

Objectives
This study aimed to investigate the association between plant-
based diet indices and depressive symptoms using nationally rep-
resentative data from the Korea National Health and Nutrition 
Examination Survey (KNHANES). We hypothesized that both 
overall PDI and hPDI would be inversely associated with depres-
sive symptoms, whereas uPDI would be positively associated.

METHODS

Ethics statement
This study was approved by the Institutional Review Board of 
Ewha Womans University (No. ewha-202510-0011-01). The re-
quirement for informed consent was waived due to the retrospec-
tive nature of the study and the use of de-identified data. All pro-
cedures were conducted in accordance with the principles of the 
Declaration of Helsinki. The study was reported following the 
STROBE (Strengthening the Reporting of Observational Studies 
in Epidemiology) guidelines (Supplementary Material S1).

Study design and setting
This cross-sectional study used population-based data from the 
2014 and 2016 KNHANES, a nationally representative survey 
conducted annually by the Korea Disease Control and Prevention 
Agency. Participants were selected using a stratified, multistage, 
clustered probability sampling design to represent the noninstitu-
tionalized South Korean population. These survey years were se-
lected because they were the only cycles that included both Pa-
tient Health Questionnaire-9 (PHQ-9) data (collected biennially 
since 2014) and semiquantitative food frequency questionnaire 
(FFQ) data (available from 2012–2016), both required for this 
analysis.
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Participants
Among 15,700 survey participants, individuals were excluded se-
quentially according to the following criteria: age < 19 or ≥ 65 
years (n = 6,560); missing or incomplete PHQ-9 (n = 1,148) or 
FFQ data (n = 1,894); implausible total energy intake (n = 47); 
pregnancy or lactation (n = 106); and current treatment for de-
pression or nonresponse (n = 99). After these exclusions, 5,846 
participants were included in the final analysis (Fig. 1).

Variables
The primary outcome was depressive symptoms assessed using 
the PHQ-9, and the primary exposures were PDI, hPDI, and 
uPDI. Covariates included sociodemographic characteristics (sex, 
age, marital status, household size, education level, employment 
status, and household income), lifestyle factors (physical activity, 
smoking status, alcohol consumption, and body mass index 
[BMI]), clinical conditions (diabetes, hypertension, and CVD), 

and total daily energy intake.
Sociodemographic data were collected through interviews con-

ducted by trained personnel. Physical activity was classified as 
sufficient ( ≥ 150 min/wk of moderate activity, ≥ 75 min/wk of 
vigorous activity, or an equivalent combination) or insufficient. 
Alcohol consumption was categorized as a nondrinker or drinker 
based on lifetime drinking experience and drinking frequency 
over the past year. BMI (kg/m²) was categorized as underweight 
(< 18.5 kg/m²), normal weight (18.5 to < 23.0 kg/m²), overweight 
(23.0 to < 25.0 kg/m²), or obese (≥ 25.0 kg/m²).

For descriptive analyses, household income and BMI were pre-
sented as categorical variables (income quartiles and BMI catego-
ries), but both were treated as continuous variables in regression 
models. Diabetes was defined as fasting plasma glucose ≥ 126 
mg/dL, use of antihyperglycemic medication or insulin, or a phy-
sician diagnosis. Hypertension was defined as systolic blood pres-
sure ≥ 140 mmHg, diastolic blood pressure ≥ 90 mmHg, or use of 

Total participants in KNHANES (2014, 2016) 
(n=15,700)

KNHANES participants 
(n=9,140)

KNHANES participants 
(n=7,992)

KNHANES participants 
(n=6,098)

KNHANES participants 
(n=6,051)

KNHANES participants 
(n=5,945)

Final participants 
(n=5,846)

Excluded: age <19 or ≥65 years 
(n=6,560)

Excluded: Missing data on depression survey (PHQ-9) 
(n=1,148)

Excluded: Non-participation in FFQ 
(n=1,894)

Excluded: 
Less than 500 kcal energy intake 

More than 5,000 kcal energy intake 
(n=47)

Excluded: Pregnant, breastfeeding women  
(including missing data) 

(n=106)

Excluded: Treatment for depression  
(including missing data) 

(n=99)

Fig. 1. Study participants selection flowchart. KNHANES, Korea National Health and Nutrition Examination Survey; PHQ-9, Patient 
Health Questionnaire-9; FFQ, food frequency questionnaire. 
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antihypertensive medication. CVD included physician-diagnosed 
stroke, myocardial infarction, or angina. Total daily energy intake 
(kcal/day) was calculated from FFQ data and analyzed as a con-
tinuous variable.

Data sources

Assessment of depressive symptoms (outcome)
Depressive symptoms were assessed using the PHQ-9, adminis-
tered as part of the KNHANES health questionnaire. The PHQ-9 
is a 9-item tool based on the Diagnostic and Statistical Manual of 
Mental Disorders, Fourth Edition (DSM-IV) criteria. Participants 
rated their symptoms over the past two weeks on a 4-point scale 
ranging from 0 (“not at all”) to 3 (“nearly every day”). Total scores 
range from 0 to 27, with higher scores indicating greater severity 
of depressive symptoms. In this study, the PHQ-9 total score was 
analyzed as a continuous variable. Additionally, depressive symp-
toms were defined as a PHQ-9 score ≥ 10, a clinically validated 
cutoff with 88% sensitivity and 88% specificity [15], and were ana-
lyzed as a binary outcome.

Dietary assessment and plant-based diet indices (exposure)
Dietary intake was assessed using a validated 109-item semiquan-
titative FFQ administered in KNHANES [16]. Trained interview-
ers collected information on usual dietary intake over the previ-
ous year. For each item, participants reported consumption fre-
quency using nine response categories and usual portion size per 
occasion based on standard portion options. Reported frequen-
cies were converted to daily intakes (times/day) using the mid-
point of each category, and daily intake was calculated by multi-
plying frequency by portion size (servings per occasion).

The primary exposure—overall PDI, hPDI, and uPDI—was 
calculated based on established methods [11], with minor modifi-
cations to reflect South Korean dietary patterns and the available 
FFQ items. Briefly, individual food items were grouped into 18 
categories based on nutritional and culinary similarity, and fur-
ther classified into healthy plant-based foods, less healthy plant-
based foods, and animal foods. Healthy plant-based foods includ-
ed whole grains, fruits, vegetables, nuts, legumes, tea and coffee, 
and fermented foods. Less healthy plant-based foods included 
fruit juices, refined grains, potatoes, sugar-sweetened beverages, 
and sweets and desserts. Animal-derived foods included animal 
fat, dairy, eggs, fish and seafood, meat, and others (Table S1).

Since sugar and cream added to coffee were assessed separately 
in the FFQ, plain tea and coffee were classified as healthy plant-

based foods, added sugar as a less healthy plant-based food, and 
cream as an animal-derived food. A fermented foods group was 
created to reflect the high intake of kimchi and fermented soy-
bean products in South Korean adults and was classified as a 
healthy plant-based food group based on emerging evidence sug-
gesting potential benefits for depressive symptoms [17]. Vegetable 
oils were not included, as oil intake was not assessed in the FFQ.

Daily intakes for each food group were summed and ener-
gy-adjusted using the nutrient density method (per 1,000 kcal) 
[18]. Participants were assigned quintile-based scores (1–5) for 
each food group. For overall PDI, all plant-based foods were 
scored positively and animal-derived foods inversely. For hPDI, 
healthy plant-based foods were scored positively and less healthy 
plant-based foods inversely. For uPDI, less healthy plant-based 
foods were scored positively and healthy plant-based foods in-
versely. Scores across all 18 food groups were summed to generate 
each index, with a theoretical range of 18 to 90. Diet indices were 
categorized into tertiles to ensure adequate sample size in each 
category while maintaining variability for trend analysis. Continu-
ous analyses (per 10-point increment) were also conducted to 
preserve statistical power and assess dose-response relationships.

Statistical analysis
All analyses used survey-weighted procedures to account for the 
complex, multistage probability sampling design. Sampling 
weights, stratification, and clustering were incorporated to pro-
duce nationally representative estimates and valid variance esti-
mates for the South Korean population. Participant characteristics 
across overall tertiles of overall PDI are presented as numbers and 
percentages for categorical variables and weighted means with 
standard errors for continuous variables. Group differences were 
assessed using the Rao-Scott χ² test for categorical variables and 
weighted linear regression for continuous variables.

Survey-weighted linear regression was used to examine associa-
tions with PHQ-9 scores, and survey-weighted logistic regression 
was used for depressive symptoms defined by the PHQ-9 cutoff. 
Diet indices were analyzed both as tertiles and as a continuous 
variable (per 10-point increment). Results were presented as β-co-
efficients for linear regression and odds ratios for logistic regres-
sion, each with 95% confidence intervals (95% CIs). Linear trends 
across tertiles were assessed by modeling the median value of each 
tertile as a continuous variable.

Covariates were selected a priori to control for potential con-
founding, and sequentially adjusted models (Models 1–4) were 
fitted. Model 1 was unadjusted. Model 2 adjusted for age and sex. 
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Model 3 additionally adjusted for household income, education 
level, marital status, household size, and employment status. 
Model 4 further adjusted for physical activity, smoking status, al-
cohol consumption, BMI, diabetes, hypertension, CVD, and total 
energy intake. To improve model stability, some variables were di-
chotomized before analysis: household size (living alone vs. with 
family) and education level (college or higher vs. high school or 
less). For descriptive purposes, household income and BMI were 
categorized, but both were treated as continuous variables in re-
gression models.

Subgroup analyses were conducted by sex (male, female), age 
group (19–29, 30–49, 50–64 years), and obesity status (presence, 
absence) using the fully adjusted model (Model 4). Within each 
sex, differences in food group intake by depressive symptom sta-
tus were assessed using survey-weighted linear regression. Statisti-
cal analyses were conducted using SAS ver. 9.4 (SAS Institute 
Inc.). All analyses were two-sided, and P < 0.05 was considered 
statistically significant. Participants with missing covariate data 
were excluded (listwise deletion), and no imputation was per-
formed.

RESULTS

Participants
Of the 15,700 individuals who participated in the KNHANES, 
5,846 were eligible and included in the final analysis after sequen-
tial exclusions; the participant selection process is presented in 
Fig. 1.

Descriptive data
Participant characteristics by overall PDI tertiles are presented in 
Table 1. Compared with those in the lowest tertile, participants in 
the highest tertile were older and included higher proportions of 
women, married individuals, and employed individuals, whereas 
the proportions of college graduates, current smokers, and drink-
ers were lower. The highest tertile also had lower total energy in-
take and lower PHQ-9 scores, but a higher prevalence of diabetes, 
hypertension, and CVD. Household income, physical activity, and 
obesity status were similar across tertiles.

Outcome data
Of the 5,846 participants, 280 had depressive symptoms, defined 
as a PHQ-9 score ≥ 10.

Main results

Plant-based diet indices and depressive symptoms
Associations between plant-based diet indices and PHQ-9 scores 
are presented in Table 2. In fully adjusted models (Model 4), higher 
overall PDI and hPDI were associated with lower PHQ-9 scores, 
whereas higher uPDI was associated with higher PHQ-9 scores. 
Specifically, compared with the lowest tertile, participants in the 
highest tertile had lower PHQ-9 scores for overall PDI (β=−0.26; 
95% CI, −0.50 to −0.02) and hPDI (β =−0.32; 95% CI, −0.63 to 
−0.01), while uPDI showed a positive association (β=0.29; 95% CI, 
0.03 to 0.55). Trend tests across tertiles were statistically significant 
for all three indices in Model 4 (P-trend =0.031 for overall PDI; 
0.042 for hPDI; 0.029 for uPDI). Similar results were observed 
when PDIs were analyzed as continuous variables: per 10-unit in-
creases in overall PDI and hPDI were inversely associated with 
PHQ-9 scores, whereas uPDI was positively associated (Table 2).

Associations between PDIs and the odds of depressive symp-
toms are shown in Table 3. In Model 4, the inverse association for 
overall PDI was attenuated in the tertile comparison (T3 vs. T1: 
OR, 0.72; 95% CI, 0.49 to 1.07; P-trend= 0.107), but remained sig-
nificant when modeled continuously (per 10-unit increment: OR, 
0.67; 95% CI, 0.50 to 0.89). For hPDI, inverse associations ob-
served in less adjusted models were no longer statistically signifi-
cant after full adjustment. In contrast, uPDI showed a positive as-
sociation in Models 1–3, but this was attenuated and became non-
significant in Model 4 (T3 vs. T1: OR, 1.49; 95% CI, 0.97 to 2.28; 
P-trend= 0.059; per 10-unit increment: OR, 1.23; 95% CI, 0.99 to 
1.54) (Table 3). Collectively, higher overall PDI and hPDI were as-
sociated with lower PHQ-9 scores, whereas higher uPDI was as-
sociated with higher scores; corresponding associations with de-
pressive symptoms were in the same direction but weaker after 
full adjustment.

Subgroup analyses
In subgroup analyses, by sex, overall PDI showed an inverse trend 
across tertiles in males, whereas hPDI showed an inverse trend in 
females; uPDI showed no clear trend in either sex. When strati-
fied by age group, an inverse trend for overall PDI was observed 
among participants aged 30–49 years, but not in those aged 19–29 
or 50–64 years; no consistent trends were observed for hPDI or 
uPDI across age groups. By obesity status, hPDI showed an in-
verse trend in participants with obesity, whereas uPDI showed a 
positive trend in those without obesity (Table 4). Overall, these 
findings indicated that associations between plant-based diet indi-
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Table 1. General characteristics of the participants across tertiles of overall PDI

Characteristic
Overall PDI

Tertile 1 (n=1,722) Tertile 2 (n=1,850) Tertile 3 (n=2,274) P-valuea)

Score range 30–49 50–54 55–76
Age (yr) 36.60±0.37 40.76±0.41 44.93±0.32 <0.001
Sex
  Male 738 (54.6) 705 (49.8) 832 (46.6) <0.001
  Female 984 (45.4) 1,145 (50.2) 1,442 (53.4)
Marital status
  Married 1,214 (60.7) 1,476 (72.1) 1,954 (80.6) <0.001
  Unmarried 508 (39.3) 374 (27.9) 320 (19.4)
Household size
  Alone 131 (8.3) 133 (6.9) 137 (5.8) 0.099
  2–3 People 828 (47.6) 916 (48.5) 1,215 (50.1)
  ≥4 People 763 (44.0) 801 (44.6) 922 (44.1)
Education level
  ≤Elementary 83 (3.5) 172 (6.7) 290 (9.4) <0.001
  Middle 104 (5.3) 151 (6.5) 252 (9.8)
  High 684 (43.6) 718 (40.7) 803 (36.9)
  ≥College 851 (47.7) 809 (46.1) 927 (43.9)
Employment status
  Employed 1,119 (66.3) 1,240 (68.8) 1,554 (70.6) 0.036
  Unemployed 603 (33.7) 609 (31.2) 720 (29.4)
Household income (million KRW)d)

  <1 110 (7.2) 102 (4.8) 142 (5.6) 0.299
  1–2 198 (11.1) 217 (11.2) 292 (11.5)
  2–4 549 (32.3) 588 (31.7) 727 (32.3)
  >4 863 (49.5) 942 (52.4) 1,107 (50.5)
Physical activityb)

  Insufficiently active 818 (43.7) 862 (43.7) 1,071 (44.4) 0.920
  Sufficiently active 902 (56.3) 988 (56.3) 1,202 (55.6)
Smoking status
  Ex, nonsmoker 1,310 (71.4) 1,500 (76.4) 1,918 (81.0) <0.001
  Current smoker 409 (28.6) 344 (23.6) 351 (19.0)
Alcohol drinking statusc)

  Nondrinker 564 (28.3) 745 (35.7) 1,109 (45.1) <0.001
  Drinker 1,155 (71.7) 1,099 (64.3) 1,161 (54.9)
Body mass index (kg/m²)d)

  Classification of obesitye)

    Underweight 81 (4.7) 93 (5.0) 88 (3.9) 0.543
    Normal 761 (42.9) 744 (39.9) 939 (41.3)
    Overweight 361 (21.7) 423 (22.3) 519 (22.2)
    Obesity 519 (30.7) 588 (32.8) 727 (32.5)
Energy intake (kcal/day) 2,168.87±23.15 2,054.48±22.10 1,950.09±19.34 <0.001
Diabetes
  No 1,541 (95.6) 1,630 (93.7) 1,979 (91.5) <0.001
  Yes 81 (4.4) 128 (6.3) 197 (8.5)
Hypertension
  No 1,455 (85.4) 1,505 (83.0) 1,731 (77.4) <0.001
  Yes 264 (14.6) 343 (17.0) 541 (22.6)
CVD
  No 1,708 (99.5) 1,820 (99.0) 2,211 (97.6) <0.001
  Yes 14 (0.5) 30 (1.0) 63 (2.4)
PHQ-9 score 2.73±0.10 2.56±0.09 2.27±0.08 <0.001

Values are presented as mean±standard error or unweighted number (weighted percentage). Missing data were <5% for all covariates. Specifically, missing values 
were observed for education level (n=2), employment status (n=1), household income (n=9), physical activity (n=3), smoking status (n=14), alcohol consumption 
(n=13), body mass index (n=3), diabetes (n=290), and hypertension (n=7); all other variables had complete data.
PDI, plant-based diet index; KRW, South Korean Won; CVD, cardiovascular disease; PHQ-9, Patient Health Questionnaire-9.
a)P-values were calculated using the PROC SURVEYFREQ (Rao-Scott χ² test) and PROC SURVEYREG. b)Physical activity was categorized as sufficient (≥150 min/
week of moderate activity, ≥75 min/wk of vigorous activity, or an equivalent combination) or insufficient (not meeting these criteria). c)Alcohol consumption was 
defined as ≥1 drink per month during the past year. d)Variables were categorized for descriptive purposes in this table but treated as continuous or binary variables 
in the regression analyses. e)Body mass index categories were defined as follows: underweight (<18.5 kg/m²), normal (18.5 to <23.0 kg/m²), overweight (23.0 to 
<25.0 kg/m²).
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Table 2. Association between plant-based diet indices and PHQ-9 scores

Model
β-coefficient (95% CI)

P-trenda) β-coefficient (95% CI)
P-valuea)

Tertile 1 Tertile 2 Tertile 3 Per 10-unit increment
Overall PDI
  Model 1 0 (Reference) −0.16 (−0.41 to 0.08) −0.46 (−0.70 to −0.22) <0.001 −0.38 (−0.57 to −0.20) <0.001
  Model 2 0 (Reference) −0.12 (−0.36 to 0.13) −0.35 (−0.60 to −0.11) 0.004 −0.31 (−0.50 to −0.12) 0.001
  Model 3 0 (Reference) −0.08 (−0.33 to 0.16) −0.33 (−0.57 to −0.08) 0.007 −0.29 (−0.48 to −0.10) 0.002
  Model 4 0 (Reference) −0.11 (−0.36 to 0.13) −0.26 (−0.50 to −0.02) 0.031 −0.23 (−0.41 to −0.04) 0.017
hPDI
  Model 1 0 (Reference) −0.34 (−0.59 to −0.10) −0.49 (−0.73 to −0.25) <0.001 −0.21 (−0.32 to −0.10) <0.001
  Model 2 0 (Reference) −0.29 (−0.55 to −0.03) −0.40 (−0.69 to −0.11) 0.008 −0.18 (−0.31 to −0.04) 0.010
  Model 3 0 (Reference) −0.25 (−0.51 to 0.01) −0.41 (−0.70 to −0.12) 0.006 −0.19 (−0.33 to −0.06) 0.005
  Model 4 0 (Reference) −0.22 (−0.49 to 0.05) −0.32 (−0.63 to −0.01) 0.042 −0.16 (−0.30 to −0.02) 0.025
uPDI
  Model 1 0 (Reference) 0.15 (−0.07 to 0.37) 0.37 (0.12 to 0.61) 0.003 0.26 (0.13 to 0.39) <0.001
  Model 2 0 (Reference) 0.24 (0.02 to 0.47) 0.47 (0.20 to 0.73) <0.001 0.33 (0.19 to 0.48) <0.001
  Model 3 0 (Reference) 0.21 (−0.01 to 0.43) 0.35 (0.08 to 0.61) 0.011 0.25 (0.11 to 0.40) <0.001
  Model 4 0 (Reference) 0.22 (0.00 to 0.44) 0.29 (0.03 to 0.55) 0.029 0.21 (0.07 to 0.35) 0.003
Model 1, crude model; Model 2, adjusted for age (continuous) and sex; Model 3, further adjusted for average monthly household income (continuous), 
education level, marital status, household size, and employment status; Model 4, additionally adjusted for physical activity, smoking status, alcohol 
consumption, body mass index (continuous), diabetes, hypertension, cardiovascular disease, and total energy intake (continuous). 
PHQ-9, Patient Health Questionnaire-9; CI, confidence interval; PDI, plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-
based diet index.
a)P-values and P-trend were obtained using survey-weighted linear regression (PROC SURVEYREG). P for trend was calculated by assigning the median 
value of each tertile and modeling it as a continuous variable.

Table 3. Associations of plant-based diet indices with depressive symptoms

Model
OR (95% CI)

P-trenda) OR (95% CI)
P-valuea)

Tertile 1 Tertile 2 Tertile 3 Per 10-unit increment
Overall PDI
  Model 1 1 (Reference) 0.87 (0.62 to 1.23) 0.65 (0.45 to 0.93) 0.019 0.63 (0.48 to 0.81) <0.001
  Model 2 1 (Reference) 0.88 (0.62 to 1.25) 0.66 (0.46 to 0.97) 0.032 0.62 (0.47 to 0.82) <0.001
  Model 3 1 (Reference) 0.91 (0.64 to 1.30) 0.69 (0.47 to 1.01) 0.053 0.64 (0.48 to 0.84) 0.001
  Model 4 1 (Reference) 0.87 (0.59 to 1.29) 0.72 (0.49 to 1.07) 0.107 0.67 (0.50 to 0.89) 0.006
hPDI
  Model 1 1 (Reference) 0.79 (0.58 to 1.07) 0.71 (0.51 to 0.98) 0.041 0.89 (0.76 to 1.04) 0.129
  Model 2 1 (Reference) 0.78 (0.56 to 1.07) 0.68 (0.46 to 1.01) 0.057 0.88 (0.73 to 1.06) 0.179
  Model 3 1 (Reference) 0.80 (0.58 to 1.11) 0.63 (0.41 to 0.95) 0.026 0.85 (0.70 to 1.02) 0.081
  Model 4 1 (Reference) 0.84 (0.59 to 1.19) 0.71 (0.45 to 1.12) 0.141 0.87 (0.71 to 1.07) 0.194
uPDI
  Model 1 1 (Reference) 1.01 (0.69 to 1.47) 1.52 (1.08 to 2.14) 0.013 1.32 (1.10 to 1.58) 0.002
  Model 2 1 (Reference) 1.11 (0.74 to 1.65) 1.76 (1.17 to 2.64) 0.005 1.44 (1.17 to 1.79) 0.001
  Model 3 1 (Reference) 1.10 (0.74 to 1.63) 1.61 (1.07 to 2.44) 0.019 1.35 (1.09 to 1.67) 0.006
  Model 4 1 (Reference) 1.14 (0.76 to 1.71) 1.49 (0.97 to 2.28) 0.059 1.23 (0.99 to 1.54) 0.058
Model 1, crude model; Model 2, adjusted for age (continuous) and sex; Model 3, further adjusted for average monthly household income (continuous), 
education level, marital status, household size, and employment status; Model 4, additionally adjusted for physical activity, smoking status, alcohol 
consumption, body mass index (continuous), diabetes and hypertension, cardiovascular disease, and total energy intake (continuous). 
OR, odds ratio; CI, confidence interval; PDI, plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet index.
a)P-values and P-trend were obtained using survey-weighted logistic regression (PROC SURVEYLOGISTIC). P-trend was calculated by assigning the median 
value of each tertile and modeling it as a continuous variable.  
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ces and depressive symptoms vary across subgroups and are not 
uniform.

Food group intake differences by depressive symptoms
Sex-stratified comparisons of food group intake by depressive 
symptom status are shown in Table 5. Among males, those with 
depressive symptoms consumed lower amounts of healthy plant-
based foods—particularly whole grains, fruits, vegetables, and 
nuts—compared with those without depressive symptoms; lower 
intakes were also observed for fruit juices and potatoes. Intakes of 
refined grains, sweets and desserts, and most animal-derived 
foods were similar between groups.

Among females, those with depressive symptoms also had low-
er intakes of whole grains, fruits, and vegetables, along with lower 
fruit juice consumption. In addition, female participants reported 
higher intake of sugar-sweetened beverages, sweets and desserts, 
refined grains, and animal fat. Most other food groups—including 
nuts, legumes, tea/coffee, fermented foods, and most animal 
foods—did not differ meaningfully by depressive symptom status. 
Overall, depressive symptoms were consistently associated with 
lower intakes of key healthy plant-based foods in both sexes, 
whereas differences in less healthy plant-based foods and some 
animal-derived foods were more evident among females.

DISCUSSION

This study used KNHANES data to examine the association be-
tween plant-based diet indices and depressive symptoms among 
South Korean adults. Higher overall PDI and hPDI scores were 
associated with lower PHQ-9 scores, whereas higher uPDI scores 
were associated with higher PHQ-9 scores. These associations re-
mained after adjusting for sociodemographic factors, lifestyle be-
haviors, clinical characteristics, and total energy intake. Similarly, 
higher overall PDI and hPDI scores were associated with lower 
odds of depressive symptoms, while higher uPDI scores were as-
sociated with higher odds; however, some associations were atten-
uated and no longer statistically significant after full adjustment.

To date, relatively few studies have examined plant-based diet 
indices in relation to depression, and the available evidence is 
largely limited to specific populations [12,13]. In a large prospec-
tive cohort from the UK Biobank, overall PDI was not associated 
with depression risk, whereas hPDI and uPDI showed inverse and 
positive associations, respectively [12]. Similarly, an analysis of US 
National Health and Nutrition Examination Survey data reported 
no clear association for overall PDI, while higher hPDI was asso-
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immune-inflammatory pathways relevant to mental health [17]. 
While sodium reduction remains an important public health pri-
ority [19,20], our approach provides a complementary perspective 
by incorporating potential benefits of fermented foods. Neverthe-
less, these findings should be interpreted with caution, as differ-
ences in index construction may partly explain variations in re-
sults. A clear understanding of how individual food groups con-
tribute to disease risk, along with further evaluation of alternative 
scoring approaches, may help refine dietary recommendations 
[22].

In this study, hPDI was inversely associated with PHQ-9 scores 
and depressive symptoms, whereas uPDI showed positive associa-
tions. Notably, overall PDI also demonstrated an inverse associa-
tion, suggesting that the benefits of healthy plant-based foods may 
substantially offset the potential harms of less healthy plant-based 
foods within the overall diet. These findings indicate that while 
increasing plant-based food intake may be beneficial, the quality 
of plant-based foods is likely more important for the prevention of 
depressive symptoms and the promotion of mental health. Ac-
cordingly, dietary strategies for mental health promotion should 
emphasize the selection of high-quality plant-based foods. Be-

ciated with lower odds of depressive symptoms and lower PHQ-9 
scores, and higher uPDI was associated with higher odds and 
higher scores [13]. In contrast, the present study demonstrated 
significant associations for all three plant-based diet indices and 
PHQ-9 scores, with generally consistent directions for depressive 
symptoms.

One possible explanation for these differences is variation in 
how plant-based diet indices are constructed. Most previous stud-
ies have applied indices developed in Western dietary contexts 
[11-13,19], whereas Asian dietary patterns—particularly in South 
Korea—are typically centered on rice with diverse side dishes. In 
South Korea, traditional fermented foods, such as kimchi and fer-
mented soybean products, are consumed in substantial amounts 
(155.4 g/day in men and 105.5 g/day in women), warranting sepa-
rate consideration in food classification [20,21]. Previous South 
Korean studies have often grouped these foods as “salty foods” 
and classified them as less healthy due to their sodium content 
and associations with chronic diseases [19,20]. In contrast, we 
classified them as healthy plant-based foods, considering their di-
etary importance and emerging evidence suggesting that fermen-
tation-derived components may modulate gut microbiota and 

Table 5. Sex-stratified comparison of food categories by depressive symptom status

Variable
Male Female

Nondepressed Depressed P-valuea) Nondepressed Depressed P-valuea)

Healthy plant-based foods
  Whole grains 0.466±0.010 0.366±0.050 0.048 0.623±0.010 0.523±0.042 0.021
  Fruits 0.393±0.011 0.225±0.031 <0.001 0.777±0.014 0.643±0.046 0.006
  Vegetables 1.007±0.016 0.733±0.067 <0.001 1.456±0.021 1.244±0.077 0.008
  Nuts 0.035±0.002 0.015±0.003 <0.001 0.047±0.002 0.042±0.011 0.606
  Legumes 0.135±0.004 0.108±0.018 0.147 0.163±0.004 0.157±0.018 0.725
  Tea and coffee 0.589±0.013 0.598±0.080 0.909 0.653±0.014 0.783±0.089 0.140
  Fermented foods 1.609±0.027 1.466±0.115 0.226 1.799±0.029 1.610±0.130 0.154
Less healthy plant-based foods
  Fruit juices 0.046±0.002 0.021±0.006 <0.001 0.034±0.002 0.022±0.004 0.006
  Refined grains 0.961±0.011 0.971±0.060 0.870 0.798±0.010 0.899±0.043 0.021
  Potatoes 0.053±0.002 0.028±0.004 <0.001 0.074±0.002 0.068±0.011 0.564
  Sugar-sweetened beverages 0.092±0.005 0.136±0.025 0.082 0.051±0.003 0.100±0.018 0.006
  Sweets and desserts 0.402±0.009 0.545±0.087 0.107 0.391±0.008 0.501±0.045 0.018
Animal-derived foods
  Animal fat 0.273±0.008 0.424±0.090 0.095 0.235±0.007 0.319±0.040 0.039
  Dairy 0.318±0.008 0.253±0.037 0.089 0.427±0.009 0.418±0.054 0.867
  Eggs 0.205±0.005 0.265±0.037 0.113 0.276±0.005 0.268±0.024 0.730
  Fish or seafood 0.333±0.008 0.319±0.041 0.741 0.444±0.013 0.387±0.039 0.172
  Meat 0.384±0.006 0.364±0.031 0.522 0.335±0.005 0.350±0.022 0.490
  Miscellaneous animal foodsb) 0.042±0.001 0.048±0.007 0.385 0.047±0.001 0.053±0.005 0.256
Values are presented as mean±standard error of energy-adjusted intake (servings/1,000 kcal). Depressive status was defined as Patient Health 
Questionnaire-9 (PHQ-9) scores ≥10 (depressed) and PHQ-9 scores <10 (nondepressed).
a)P-values were obtained using survey-weighted linear regression (PROC SURVEYREG). b)Miscellaneous animal foods refer to mixed dishes containing 
animal-based ingredients that are difficult to assign to a single animal food group (e.g., dumplings, pizza, South Korean blood sausage).
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yond mental health, adherence to a high-quality plant-based diet 
has also been associated with favorable long-term health out-
comes. For example, a large prospective cohort study reported 
that higher hPDI was associated with lower risks of cancer, CVD, 
and type 2 diabetes, as well as a reduced likelihood of multimor-
bidity [22].

Several plausible mechanisms may explain the observed associ-
ations. First, the abundance of antioxidants and bioactive com-
pounds in healthy plant-based foods may protect against depres-
sive symptoms by reducing oxidative stress and modulating in-
flammation-related pathways. Plant-derived phytochemicals, par-
ticularly polyphenols found in fruits and vegetables, can inhibit 
the nuclear factor kappa B signaling pathway, thereby decreasing 
the production of pro-inflammatory cytokines and alleviating 
neuroinflammation, which may help improve depressive symp-
toms [5]. Second, a healthy plant-based diet is typically high in di-
etary fiber, which can influence the diversity and composition of 
the gut microbiota. Nondigestible carbohydrates are fermented by 
gut microbes to produce short-chain fatty acids, which play a role 
in regulating immune function and reducing systemic inflamma-
tion [23]. In this study, we classified fermented foods as healthy 
plant-based foods, given their potential to promote beneficial gut 
bacteria, including butyrate-producing species, and to contribute 
to anti-inflammatory effects. However, clinical evidence support-
ing the effects of fermented foods on depressive symptoms re-
mains limited, with existing studies suggesting only modest bene-
fits [17]. These mechanisms are broadly consistent with evidence 
from plant-based dietary patterns, including the Mediterranean 
diet, for which meta-analysis of randomized controlled trials has 
shown reductions in depressive symptoms, potentially mediated 
by improvements in gut microbiota and reductions in inflamma-
tion and oxidative stress [24].

Differences between male and female participants may reflect 
underlying biological, hormonal, and social factors that influence 
both psychological and physiological responses to diet [25]. As 
shown in Table 5, both sexes with depressive symptoms con-
sumed lower intakes of healthy plant-based foods, particularly 
whole grains, fruits, and vegetables, indicating poorer overall diet 
quality. However, female participants with depressive symptoms 
also reported higher intakes of refined grains, sugar-sweetened 
beverages, and desserts, suggesting a greater contrast in diet quali-
ty. This pattern may help explain why the association between 
hPDI and depressive symptoms was more common in females. In 
contrast, among males, the pattern seemed to be driven mainly by 
lower intakes of healthy plant-based foods rather than higher in-

takes of less healthy foods, which may partly explain the stronger 
association observed for overall PDI, an index reflecting overall 
plant-based food consumption.

Participants with depressive symptoms also shown distinct food 
intake patterns (Table 5). Female participants with depressive 
symptoms reported higher tea or coffee consumption, which may 
reflect greater reliance on caffeinated beverages to cope with fa-
tigue or low energy; however, causal direction cannot be deter-
mined in this cross-sectional analysis [26]. Male participants with 
depressive symptoms consumed fewer potatoes than those with-
out depressive symptoms. Although this may relate to reduced 
motivation affecting the selection of foods that require more 
preparation [27], the reasons for lower potato intake in such par-
ticipants remain unclear. Additionally, differences in certain food 
categories may be difficult to interpret, as these foods can vary 
widely in form, ranging from raw to highly processed products.

Age-stratified analyses showed a significant inverse association 
between overall PDI and depressive symptoms only among par-
ticipants aged 30 to 49 years. Conversely, among those aged 50 to 
64 years, both overall PDI and uPDI were positively associated 
with depressive symptoms. Among young adults aged 19 to 29 
years, overall PDI and uPDI showed inverse associated with de-
pressive symptoms—a pattern that differed from other age 
groups—whereas hPDI showed a positive association.

In the context of negative emotional states, such as stress, the 
consumption of highly palatable, energy-dense foods may serve as 
a coping mechanism that temporarily reduces unpleasant feelings 
[28]. Prior research suggests that comfort eating may weaken the 
link between adverse life events and perceived stress, particularly 
among individuals with relatively low levels of depressive symp-
toms [28]. In young adults, irregular eating patterns and meal skip-
ping [29] may contribute to higher uPDI scores through greater re-
liance on convenience foods and snacks as meal substitutes. Given 
that meal skipping has been associated with depression [29], this 
may partly explain the observed inverse association. In addition, 
differences in food choice patterns across age groups may have 
contributed to the heterogeneity in the observed associations.

In analyses stratified by obesity status, higher hPDI was signifi-
cantly associated with lower odds of depressive symptoms in indi-
viduals with obesity, whereas higher uPDI was significantly asso-
ciated with increased odds in those without obesity. The inverse 
association between hPDI and depressive symptoms in the obese 
group may be partly explained by shared oxidative stress path-
ways involved in both obesity and depression [30]. Antioxi-
dant-rich plant-based foods may help reduce obesity-related low-
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grade inflammation, thereby contributing to improved mental 
health. However, subgroup differences in sample size and estimate 
precision may have influenced statistical significance, and the 
cross-sectional design limits causal inference.

Limitations
This study has several limitations. First, its cross-sectional design 
precludes causal inference, as the temporal relationship between 
plant-based diet indices and depressive symptoms cannot be es-
tablished. Bidirectional associations and reverse causality cannot 
be excluded, and incident risk could not be assessed without lon-
gitudinal follow-up. Second, dietary intake was assessed using an 
interviewer-administered FFQ and may be subject to recall bias, 
potentially leading to nondifferential misclassification and attenu-
ation of associations. In addition, dietary assessment was con-
ducted at a single time point, limiting the ability to capture long-
term dietary patterns. Depressive symptoms were assessed using 
the self-administered PHQ-9 and may be influenced by reporting 
bias or differences in interpretation. Third, the classification of 
fermented foods as healthy plant-based foods differs from the 
original PDI framework and may have influenced the observed 
associations. Given the high consumption of fermented foods in 
South Korea, this classification may have contributed to the over-
all pattern of associations in this study. Sensitivity analyses using 
alternative classifications (e.g., treating fermented foods as less 
healthy plant-based foods) were not performed in this study and 
should be considered in future studies. Fourth, selection and ana-
lytical biases are possible. Participants with missing covariate data 
were excluded (listwise deletion), and no imputation was per-
formed. However, as missing data were minimal (< 5%), substan-
tial bias is unlikely. Although we adjusted for a wide range of co-
variates, residual confounding by unmeasured factors cannot be 
excluded. Finally, subgroup analyses may have been underpow-
ered due to smaller sample sizes within strata, and nonsignificant 
findings should be interpreted with caution. While the findings 
are generalizable to South Korean adults aged 19 to 64 years, it 
may not extend to other age groups or populations with different 
dietary patterns.

Despite these limitations, this study uses nationally representa-
tive data and provides, to our knowledge, some of the first evi-
dence in South Korea linking the quality of plant-based dietary 
patterns with depressive symptoms. By focusing on overall dietary 
quality rather than individual nutrients, these findings offer a 
more comprehensive and practice perspective on the potential role 
of plant-based diets in mental health among South Korean adults.

Conclusion
In conclusion, higher overall PDI and hPDI, along with lower 
uPDI, were associated with lower depressive symptom severity as 
measured by PHQ-9 scores. Although these associations re-
mained directionally consistent, they were attenuated after full ad-
justment. Overall, these findings highlight the importance of 
plant-based diet quality—emphasizing healthy rather than less 
healthy plant-based foods—rather than simply increasing total 
plant-food intake among South Korean adults.

ARTICLE INFORMATION

ORCID
Soohyun Park: https://orcid.org/0009-0008-5159-9531
Yoon Jung Park: https://orcid.org/0000-0001-6999-4996

Authors’ contributions
Conceptualization: all authors. Data curation: SP. Formal analysis: 
SP. Supervision: YJP. Visualization: SP. Funding acquisition: YJP. 
Writing–original draft: SP. Writing–review & editing: all authors. 
All authors read and approved the final manuscript.

Conflicts of interest
None.

Funding
This work was supported by the National Research Foundation of 
Korea (RS-2025-00573031).

Data availability
The datasets analyzed in this study are available in the Korea Na-
tional Health and Nutrition Examination Survey (KNHANES) re-
pository, https://knhanes.kdca.go.kr/knhanes/main.do

SUPPLEMENTARY MATERIALS

Supplementary materials are available from https://doi.org/10. 
7762/cnr.2026.0007.

REFERENCES

1.	GBD 2021 Diseases and Injuries Collaborators. Global incidence, 
prevalence, years lived with disability (YLDs), disability-adjusted life-
years (DALYs), and healthy life expectancy (HALE) for 371 diseases 
and injuries in 204 countries and territories and 811 subnational lo-

https://knhanes.kdca.go.kr/knhanes/main.do
https://doi.org/10.7762/cnr.2026.0007
https://doi.org/10.7762/cnr.2026.0007
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8


90 https://e-cnr.org

Soohyun Park, et al.  Plant-based diet and depression in South Koreans 

cations, 1990-2021: a systematic analysis for the Global Burden of 
Disease Study 2021. Lancet 2024;403:2133-61. 

2.	Otte C, Gold SM, Penninx BW, et al. Major depressive disorder. Nat 
Rev Dis Primers 2016;2:16065. 

3.	Organisation for Economic Co-operation and Development 
(OECD). Society at a glance 2024: OECD social indicators. OECD; 
2024.

4.	Firth J, Solmi M, Wootton RE, et al. A meta-review of "lifestyle psychi-
atry": the role of exercise, smoking, diet and sleep in the prevention 
and treatment of mental disorders. World Psychiatry 2020;19:360-80. 

5.	Marx W, Lane M, Hockey M, et al. Diet and depression: exploring 
the biological mechanisms of action. Mol Psychiatry 2021;26:134-50. 

6.	Li Y, Lv MR, Wei YJ, et al. Dietary patterns and depression risk: a me-
ta-analysis. Psychiatry Res 2017;253:373-82. 

7.	Dinu M, Abbate R, Gensini GF, Casini A, Sofi F. Vegetarian, vegan 
diets and multiple health outcomes: a systematic review with me-
ta-analysis of observational studies. Crit Rev Food Sci Nutr 2017; 
57:3640-9. 

8.	Jain R, Larsuphrom P, Degremont A, Latunde-Dada GO, Philippou 
E. Association between vegetarian and vegan diets and depression: a 
systematic review. Nutr Bull 2022;47:27-49. 

9.	Fazelian S, Sadeghi E, Firouzi S, Haghighatdoost F. Adherence to the 
vegetarian diet may increase the risk of depression: a systematic re-
view and meta-analysis of observational studies. Nutr Rev 2022; 
80:242-54. 

10.	 Swaminathan S, Dehghan M, Raj JM, et al. Associations of cereal 
grains intake with cardiovascular disease and mortality across 21 
countries in prospective urban and rural epidemiology study: pro-
spective cohort study. BMJ 2021;372:m4948. 

11.	 Satija A, Bhupathiraju SN, Rimm EB, et al. Plant-based dietary pat-
terns and incidence of type 2 diabetes in US men and women: results 
from three prospective cohort studies. PLoS Med 2016;13:e1002039. 

12.	 Wu H, Gu Y, Meng G, et al. Quality of plant-based diet and the risk 
of dementia and depression among middle-aged and older popula-
tion. Age Ageing 2023;52:afad070. 

13.	 Zhang B, Li M, Li X. Plant-based diets especially healthy ones are 
negatively associated with depression: a cross-sectional study. BMC 
Public Health 2025;26:17. 

14.	 Hu FB. Diet strategies for promoting healthy aging and longevity: an 
epidemiological perspective. J Intern Med 2024;295:508-31. 

15.	 Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief 
depression severity measure. J Gen Intern Med 2001;16:606-13. 

16.	 Kim DW, Song S, Lee JE, et al. Reproducibility and validity of an FFQ 
developed for the Korea National Health and Nutrition Examination 

Survey (KNHANES). Public Health Nutr 2015;18:1369-77. 
17.	 Aslam H, Green J, Jacka FN, et al. Fermented foods, the gut and 

mental health: a mechanistic overview with implications for depres-
sion and anxiety. Nutr Neurosci 2020;23:659-71. 

18.	 Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake 
in epidemiologic studies. Am J Clin Nutr 1997;65:1220S-1228S. 

19.	 Kim H, Lee K, Rebholz CM, Kim J. Association between unhealthy 
plant-based diets and the metabolic syndrome in adult men and 
women: a population-based study in South Korea. Br J Nutr 2021; 
125:577-90. 

20.	 Lee H, Lee JE, Kang M. Association of plant-based diet indices with 
all-cause and cause-specific mortality among Korean adults in the 
KNHANES. Sci Rep 2025;15:41007. 

21.	 Kim SY, Freeland-Graves JH, Kim HJ. Nineteen-year trends in fer-
mented food consumption and sodium intake from fermented foods 
for Korean adults from 1998 to 2016. Public Health Nutr 2020; 
23:515-24. 

22.	 Cordova R, Kim J, Thompson AS, et al. Plant-based dietary patterns 
and age-specific risk of multimorbidity of cancer and cardiometabol-
ic diseases: a prospective analysis. Lancet Healthy Longev 2025; 
6:100742. 

23.	 Taylor AM, Holscher HD. A review of dietary and microbial connec-
tions to depression, anxiety, and stress. Nutr Neurosci 2020;23:237-50. 

24.	 Bizzozero-Peroni B, Martinez-Vizcaino V, Fernandez-Rodriguez R, 
et al. The impact of the Mediterranean diet on alleviating depressive 
symptoms in adults: a systematic review and meta-analysis of ran-
domized controlled trials. Nutr Rev 2025;83:29-39. 

25.	 Hyde JS. Gender similarities and differences. Annu Rev Psychol 
2014;65:373-98. 

26.	 Lucas M, Mirzaei F, Pan A, et al. Coffee, caffeine, and risk of depres-
sion among women. Arch Intern Med 2011;171:1571-8. 

27.	 Opie R, Abbott G, Crawford D, Ball K. Exploring the associations of 
depressive symptoms with healthy eating self-efficacy over time 
amongst women in the READI cohort study. Int J Behav Nutr Phys 
Act 2021;18:161. 

28.	 Finch LE, Tomiyama AJ. Comfort eating, psychological stress, and de-
pressive symptoms in young adult women. Appetite 2015;95:239-44. 

29.	 Lee EJ, Kim JM. Association between depression and eating behavior 
factors in Korean adults: The Korea National Health and Nutrition 
Examination Survey 2018. J Nutr Health 2021;54:152-64. 

30.	 Rigobon AV, Kanagasabai T, Taylor VH. Obesity moderates the com-
plex relationships between inflammation, oxidative stress, sleep qual-
ity and depressive symptoms. BMC Obes 2018;5:32. 

https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1038/nrdp.2016.65
https://doi.org/10.1038/nrdp.2016.65
https://doi.org/10.1002/wps.20773
https://doi.org/10.1002/wps.20773
https://doi.org/10.1002/wps.20773
https://doi.org/10.1038/s41380-020-00925-x
https://doi.org/10.1038/s41380-020-00925-x
https://doi.org/10.1016/j.psychres.2017.04.020
https://doi.org/10.1016/j.psychres.2017.04.020
https://doi.org/10.1080/10408398.2016.1138447
https://doi.org/10.1080/10408398.2016.1138447
https://doi.org/10.1080/10408398.2016.1138447
https://doi.org/10.1080/10408398.2016.1138447
https://doi.org/10.1111/nbu.12540
https://doi.org/10.1111/nbu.12540
https://doi.org/10.1111/nbu.12540
https://doi.org/10.1093/nutrit/nuab013
https://doi.org/10.1093/nutrit/nuab013
https://doi.org/10.1093/nutrit/nuab013
https://doi.org/10.1093/nutrit/nuab013
https://doi.org/10.1136/bmj.m4948
https://doi.org/10.1136/bmj.m4948
https://doi.org/10.1136/bmj.m4948
https://doi.org/10.1136/bmj.m4948
https://doi.org/10.1371/journal.pmed.1002039
https://doi.org/10.1371/journal.pmed.1002039
https://doi.org/10.1371/journal.pmed.1002039
https://doi.org/10.1093/ageing/afad070
https://doi.org/10.1093/ageing/afad070
https://doi.org/10.1093/ageing/afad070
https://doi.org/10.1186/s12889-025-25748-9
https://doi.org/10.1186/s12889-025-25748-9
https://doi.org/10.1186/s12889-025-25748-9
https://doi.org/10.1111/joim.13728
https://doi.org/10.1111/joim.13728
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1017/s1368980014001712
https://doi.org/10.1017/s1368980014001712
https://doi.org/10.1017/s1368980014001712
https://doi.org/10.1080/1028415x.2018.1544332
https://doi.org/10.1080/1028415x.2018.1544332
https://doi.org/10.1080/1028415x.2018.1544332
https://doi.org/10.1093/ajcn/65.4.1220s
https://doi.org/10.1093/ajcn/65.4.1220s
https://doi.org/10.1017/s0007114520002895
https://doi.org/10.1017/s0007114520002895
https://doi.org/10.1017/s0007114520002895
https://doi.org/10.1017/s0007114520002895
https://doi.org/10.1038/s41598-025-24698-x
https://doi.org/10.1038/s41598-025-24698-x
https://doi.org/10.1038/s41598-025-24698-x
https://doi.org/10.1017/s1368980019002994
https://doi.org/10.1017/s1368980019002994
https://doi.org/10.1017/s1368980019002994
https://doi.org/10.1017/s1368980019002994
https://doi.org/10.1016/j.lanhl.2025.100742
https://doi.org/10.1016/j.lanhl.2025.100742
https://doi.org/10.1016/j.lanhl.2025.100742
https://doi.org/10.1016/j.lanhl.2025.100742
https://doi.org/10.1080/1028415x.2018.1493808
https://doi.org/10.1080/1028415x.2018.1493808
https://doi.org/10.1093/nutrit/nuad176
https://doi.org/10.1093/nutrit/nuad176
https://doi.org/10.1093/nutrit/nuad176
https://doi.org/10.1093/nutrit/nuad176
https://doi.org/10.1146/annurev-psych-010213-115057
https://doi.org/10.1146/annurev-psych-010213-115057
https://doi.org/10.1001/archinternmed.2011.393
https://doi.org/10.1001/archinternmed.2011.393
https://doi.org/10.1186/s12966-021-01233-5
https://doi.org/10.1186/s12966-021-01233-5
https://doi.org/10.1186/s12966-021-01233-5
https://doi.org/10.1186/s12966-021-01233-5
https://doi.org/10.1016/j.appet.2015.07.017
https://doi.org/10.1016/j.appet.2015.07.017
https://doi.org/10.4163/jnh.2021.54.2.152
https://doi.org/10.4163/jnh.2021.54.2.152
https://doi.org/10.4163/jnh.2021.54.2.152
https://doi.org/10.1186/s40608-018-0208-2
https://doi.org/10.1186/s40608-018-0208-2
https://doi.org/10.1186/s40608-018-0208-2


© 2026 The Korean Society of Clinical Nutrition
   This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Toward a longevity diet framework: integrating global 
evidence for healthy aging in the South Korean 
population
Soyoung Jung1, Hae Jin Kang1, Mijoo Choi2, Yoo Kyoung Park1

1Department of Medical Nutrition, AgeTech-Service Convergence Major, Kyung Hee University, Yongin, Korea 
2Department of Food and Nutrition, Kyungnam University, Masan, Korea

Original Article
Clin Nutr Res 2026 Apr;15(2):91-100
pISSN: 2287-3732 ∙ eISSN: 2287-3740
https://doi.org/10.7762/cnr.2026.0015

Objective: As global life expectancy rises, the focus has shifted from longevity alone to healthy aging. Although dietary models such 
as the Mediterranean, Dietary Approaches to Stop Hypertension (DASH), Mediterranean-DASH Intervention for Neurodegenerative 
Delay, and EAT-Lancet diets show benefits for specific health outcomes, their direct application to South Korean populations is limit-
ed by differences in dietary patterns and cultural practices. This study aimed to develop nutritional criteria for a South Kore-
an-adapted longevity diet framework.
Methods: A multiphase development approach was used, including a narrative review of major dietary models and clinical nutrition 
guidelines to identify key components of a longevity diet. Macronutrient distribution, food group intake, and nutrient-specific recom-
mendations were synthesized into a structured framework. The EAT-Lancet reference diet was adjusted from 2,400 to 2,000 kcal/
day to reflect energy requirements of South Korean adults.
Results: The proposed framework comprises six domain-specific recommendations, including macronutrient targets of 50%–65% 
carbohydrates, 10%–20% protein, and 15%–30% fat, with a 1:1 animal to plant protein ratio. Food group recommendations were 
tailored to South Korean dietary patterns. The framework addresses weight management, glycemic control, cardiovascular health, 
cognitive function, muscle function, and skin health. It emphasizes whole grains, dietary fiber, plant-based proteins, and unsaturat-
ed fats, while limiting refined carbohydrates, added sugars, and saturated fats.
Conclusion: This study presents evidence-based nutritional criteria for a South Korean-adapted longevity diet framework that inte-
grates disease prevention with functional health support to promote healthy aging.
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INTRODUCTION

With increasing life expectancy, population aging has emerged as 
a major public health challenge due to the rising burden of chron-
ic diseases, functional decline, and healthcare costs [1]. Accord-

ingly, the focus has shifted from longevity alone to healthspan, de-
fined as the ability to maintain independence and remain free 
from disease, driving growing interest in healthy aging [1]. 
Healthy aging is a multidimensional concept encompassing physi-
cal and cognitive function, metabolic health, and quality of life, 
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and it requires the management of multiple lifestyle factors [2].
Among these, diet is a key determinant of aging and overall 

health. Recent research has shifted from individual nutrients to 
dietary patterns, reflecting the complexity of real-world eating be-
haviors [3,4]. Such patterns are strongly associated with long-term 
health outcomes, and greater dietary diversity, combined with 
healthy lifestyle behaviors, has been linked to reduced mortality 
and increased longevity [3]. These findings suggest that healthy 
dietary patterns may simultaneously influence age-related physio-
logical changes and the risk of chronic disease.

Several evidence-based dietary models have been developed to 
promote healthy eating patterns, including the Mediterranean diet 
[5], the Dietary Approaches to Stop Hypertension (DASH) diet 
[5], the Mediterranean-DASH Intervention for Neurodegenera-
tive Delay (MIND) diet [6], and the EAT-Lancet diet. The Medi-
terranean and DASH diets are associated with cardiovascular dis-
ease prevention and blood pressure control, whereas the MIND 
diet primarily targets cognitive decline. The EAT-Lancet diet inte-
grates human health with environmental sustainability, emphasiz-
ing plant-based foods within a structured framework [7,8].

However, most of these models are based on Western dietary 
patterns or global averages and may not adequately reflect the di-
etary habits, food composition, cooking practices, and nutritional 
characteristics of the South Korean population [9]. The traditional 
South Korean diet is characterized by a high intake of carbohy-
drates from grains and substantial consumption of vegetables and 
fermented foods, while protein and fat intake patterns differ from 
those of Western diets. Therefore, adaptation of existing dietary 
models to better align with South Korean dietary culture is war-
ranted [10].

For example, the EAT-Lancet diet is based on a global reference 
intake of approximately 2,400 kcal/day, reflecting average energy 
requirements of adults. However, this benchmark may not be di-
rectly applicable to the South Korean population, where energy 
intake varies by sex, ranging from approximately 1,500 to 2,700 
kcal/day, with an overall average of about 2,000 kcal/day based on 
the Korea National Health and Nutrition Examination Survey. 
This level aligns with the estimated average energy requirement in 
the 2025 Dietary Reference Intakes for Koreans, highlighting the 
need to contextualize global dietary models within the South Ko-
rean setting [11]. Accordingly, adjusting energy targets (e.g., to 
2,000 kcal/day) and redefining food group recommendations to 
reflect a South Korean-style dietary pattern are necessary.

Therefore, this study aimed to develop evidence-based nutri-
tional recommendations through a structured narrative review 

and an adaptation process.

METHODS

This study used a methodological research design to develop 
structured nutrition management recommendations through a 
narrative review. Existing dietary models and clinical nutrition 
guidelines were systematically examined to inform a comprehen-
sive dietary approach for healthy aging. The study focused on the 
development phase only; internal or external expert validation 
and effectiveness testing were not performed and are proposed for 
future research. Accordingly, the proposed framework should be 
interpreted as a conceptual model rather than a validated clinical 
guideline.

Ethics statement
This study did not involve human participants or animal subjects 
and was based on a review of publicly available literature; there-
fore, institutional review board approval was not required.

Development of nutrition recommendations based on 
key health domains
Nutrition recommendations were developed across key health 
domains, including weight management, glycemic control, car-
diovascular health, cognitive function, muscle function, and skin 
health. These domains were selected for their relevance to frailty 
and healthy aging and are consistently recognized as major deter-
minants of morbidity and mortality in older adults [12,13]. Do-
main-specific recommendations were informed by established di-
etary models, including the Mediterranean, DASH, and MIND 
diets, which address cardiovascular, metabolic, and cognitive 
health [5,6,14]. Muscle function was included due to its strong as-
sociation with sarcopenia, a key component of frailty linked to 
functional decline and increased health risk [15]. Skin function 
was incorporated as an emerging indicator of aging, reflecting cu-
mulative effects of oxidative stress, systemic inflammation, and 
tissue degeneration, and serving as a visible marker of biological 
aging associated with nutritional status [16,17].

Literature review and selection criteria
A comprehensive review of domestic and international literature 
was conducted to identify dietary patterns associated with healthy 
aging and chronic disease prevention. Relevant studies were re-
trieved from major databases (e.g., PubMed and Google Scholar) 
through December 2025 using keywords such as “healthy aging,” 
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“diet,” and “dietary patterns.” Dietary models were selected based 
on strength of evidence, clinical applicability, and relevance to ag-
ing populations, including the Mediterranean, DASH, MIND, 
and EAT-Lancet diets. In addition, clinical nutrition guidelines 
and position statements from relevant academic societies were re-
viewed to address key health concerns and physiological changes 
associated with aging.

Derivation and integration of dietary components
Key components, including macronutrient composition, food 
group intake, and dietary principles, were extracted from the se-
lected models. Shared and complementary elements were identi-
fied and synthesized to establish unified dietary criteria. In this 
process, key health domains such as cardiovascular health, cogni-
tive function, and physiological maintenance were considered. 
The criteria were then adapted to reflect South Korean dietary 
patterns, food availability, and cultural practices.

Energy adjustment and dietary adaptation
The EAT-Lancet reference diet, originally based on a 2,400 kcal/
day intake, was used as the baseline model. Nutritional targets 
were proportionally adjusted to approximately 2,000 kcal/day, re-
flecting both the estimated average energy requirement in the 
2025 Dietary Reference Intakes for Koreans and mean energy in-
take reported in the Korea National Health and Nutrition Exam-
ination Survey. Protein intake was adjusted in accordance with 
clinical nutrition standards and the food exchange system to en-
sure adequate intake and a balanced distribution of animal and 
plant protein sources.

Establishment of nutritional criteria
Nutritional criteria were established based on macronutrient dis-
tribution, protein quality, and food group-specific intake levels. 
Evidence from dietary models, clinical guidelines, and epidemio-
logical studies was integrated to define recommended intake 
ranges for each food group. Particular emphasis was placed on di-
etary quality, prioritizing whole grains, dietary fiber, plant-based 
protein sources, and unsaturated fats, while limiting refined car-
bohydrates, added sugars, and saturated and trans fats.

RESULTS

Core nutritional criteria of the longevity diet 
framework
The core nutritional criteria of the longevity diet framework are 

presented in Table 1. The proposed model integrates elements of 
the MIND and EAT-Lancet diets to provide a comprehensive ap-
proach to healthy aging. Total energy intake was set at 2,000 kcal/
day, reflecting the average energy requirements of South Korean 
adults. Macronutrient distribution was defined as 50%–65% of to-
tal energy from carbohydrates, 10%–20% from protein, and 15%–
30% from fat, with these ranges selected to ensure nutritional ade-
quacy and metabolic balance. For protein quality, a balanced in-
take of animal and plant sources was recommended, with a target 
1:1 ratio to support dietary diversity and sustainability. Overall, 
the proposed criteria emphasize balanced macronutrient distribu-
tion and integration of evidence-based dietary patterns to support 
healthy aging.

Comparison with existing dietary frameworks
The comparison of major dietary frameworks related to healthy 
aging is presented in Table 2. The Mediterranean, DASH, MIND, 
and EAT-Lancet diets have been widely studied across popula-
tions, each with distinct primary targets and health outcomes. 
The Mediterranean diet is associated with cardiovascular health 
and longevity in general adult populations, whereas the DASH 
diet focuses on hypertension and cardiovascular disease preven-
tion. The MIND diet primarily targets cognitive health and has 
been shown to reduce the risk of cognitive decline. In contrast, the 
EAT-Lancet diet provides a globally standardized model integrat-
ing human health and environmental sustainability. The longevity 
diet framework proposed in this study differs from existing mod-
els by specifically targeting South Korean middle-aged and older 
adults and integrating multiple health domains, including weight 
management, glycemic control, cardiovascular health, cognitive 

Table 1. Core nutritional criteria of the longevity diet framework
Category Variable Recommendation
Dietary model Dietary pattern Mediterranean, DASH, 

MIND, and EAT-Lancet
Energy Total energy intake 2,000 kcal/day
Macronutrientsa) Carbohydrate 50%–65% of total energy

Protein 10%–20% of total energy
Fat 15%–30% of total energy

Protein quality Source ratio Animal protein/plant 
protein=1:1

Values are presented as percentages of total energy intake unless 
otherwise indicated. The diet was developed by integrating elements of 
the MIND and EAT-Lancet diets. 
DASH, Dietary Approaches to Stop Hypertension; MIND, Mediterranean-
DASH Intervention for Neurodegenerative Delay.
a)Macronutrient distribution ranges were determined based on the 2025 
Dietary Reference Intakes for Koreans. 
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function, muscle health, and skin health. In terms of dietary 
structure, previous models generally provide partial or unspeci-
fied macronutrient distributions, whereas the proposed longevity 
diet framework explicitly defines macronutrient ranges. In addi-
tion, this framework provides detailed food group-specific intake 
recommendations adjusted to a 2,000 kcal/day reference, reflect-
ing South Korean dietary patterns. Furthermore, while existing 
dietary models typically emphasize either food groups or nutri-
ents, the proposed framework integrates both food-based and nu-
trient-based approaches. It also incorporates disease-specific nu-
tritional considerations and emphasizes dietary quality by pro-
moting whole grains, vegetables, legumes, and unsaturated fats, 
while limiting refined carbohydrates, added sugars, and saturated 
fats. Overall, the proposed longevity diet framework represents an 
integrated, population-specific dietary approach that combines 
the strengths of existing models while addressing their limitations.

Adaptation of the EAT-Lancet diet based on dietary 
reference intakes for South Koreans
The adaptation of the EAT-Lancet Healthy Diet to a 2,000 kcal/
day reference for the longevity diet framework is presented in Ta-
ble 3. The original EAT-Lancet recommendations, based on a 
2,400 kcal/day intake, were proportionally adjusted to reflect the 
average energy requirements of South Korean adults. For carbo-
hydrate sources, whole grain intake was reduced to 33–62 g/meal, 
with refined grains excluded. Root and starchy vegetables were in-
cluded as optional components, while higher intakes of vegetables 
(53–160 g/meal) and fruits (27–80 g/meal) were recommended, 
prioritizing fresh and diverse sources. For dairy products, moder-
ate intake of up to 133 g/meal was suggested, with a preference for 
low-fat options. In the protein group, red and processed meat in-
take was minimized, whereas lean poultry, fish, legumes, and 
plant-based protein sources were emphasized. Overall, protein in-
take was structured to include both animal and plant sources to 
promote a balanced dietary pattern. Intake of nuts and seeds was 
maintained within a moderate range (0–20 g/meal) as a source of 
unsaturated fats. Unsaturated fats, such as olive oil and other 
plant-based oils, were recommended as the primary fat source, 
while saturated fat intake was limited to less than 7% of total ener-
gy. In addition, intake of sugar and sodium was controlled within 
defined limits consistent with chronic disease prevention guide-
lines. Overall, the adapted dietary model reflects both nutritional 
adequacy and cultural applicability while maintaining the core 
principles of the EAT-Lancet diet.

Nutritional recommendations for chronic disease 
prevention
The nutritional recommendations for chronic disease prevention 
based on the longevity diet framework are presented in Table 4. 
These recommendations were structured across key health do-
mains, including weight management, glycemic control, and car-
diovascular health, to provide targeted guidance within a unified 
dietary framework. For energy management, an energy deficit of 
approximately 500 kcal/day was recommended for weight man-
agement, while energy adjustment was applied conditionally for 
glycemic control and cardiovascular health in the presence of ex-
cess body weight. For carbohydrate quality, whole grains were pri-
oritized across all domains, with recommended intake ranges of 
25–67 g/meal. Dietary fiber intake was emphasized, with targets 
of ≥ 25 g/day for weight management, 25–29 g/day for glycemic 
control, and ≥ 12 g/1,000 kcal for cardiovascular health. Addition-
ally, fiber recommendations were differentiated by type, with in-
soluble fiber prioritized for weight management and soluble fiber 
emphasized for glycemic control. Refined carbohydrates and add-
ed sugars were restricted across all domains, with added sugar 
limited to < 5% of total energy for glycemic control and cardio-
vascular health. Protein intake was maintained at adequate levels 
across all domains, with a recommended range of 15%–35% of 
total energy for weight management and at least 0.8 g/kg body 
weight/day for cardiovascular health. A balanced 1:1 animal to 
plant protein ratio was consistently recommended. For fat quality, 
saturated fat intake was limited to < 7% of total energy, trans fat to 
< 1%, and dietary cholesterol to < 300 mg/day across all domains. 
Sodium intake was also controlled, with a general target of 
≤ 2,300 mg/day and a stricter range of ≤ 1,500–2,300 mg/day for 
cardiovascular health. Overall, these recommendations provide a 
comprehensive, condition-specific approach integrating macro-
nutrient composition, dietary quality, and nutrient-specific targets 
to support chronic disease prevention and healthy aging.

Nutritional recommendations for functional longevity: 
cognitive, muscle, and skin health
The nutritional recommendations supporting the functional lon-
gevity diet framework are presented in Table 5. These recommen-
dations were structured across key functional domains, including 
cognitive function, muscle health, and skin health, to complement 
disease prevention with functional maintenance. For carbohy-
drate quality, whole grains were prioritized across all domains, 
with a recommended intake of ≥ 3 servings/day for cognitive 
function. Dietary fiber intake was emphasized, with targets of 
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≥ 24 g/day for cognitive function and ≥ 25 g/day for skin health, 
while adequate intake was recommended for muscle health. Re-
fined carbohydrates and added sugars were restricted across all 
domains, with added sugar limited to < 5% of total energy. Pro-
tein intake was tailored to functional needs. A minimum intake of 
≥ 0.8 g/kg body weight/day was recommended for cognitive 
function, whereas 1.0–1.2 g/kg body weight/day was suggested for 
muscle health. Essential amino acids (≥ 20 g/day) and branched-
chain amino acids (BCAAs), including leucine, were specifically 
emphasized for muscle health. Taken together, when protein re-
quirements across functional domains are met through a combi-
nation of animal- and plant-based sources, the dietary pattern 
naturally converges toward an approximate 1:1 animal to plant 
protein ratio, supporting its use as a practical, evidence-based rec-
ommendation. Regarding fat quality, saturated and trans fats were 
restricted across all domains. Omega-3 fatty acids (eicosapentae-
noic acid [EPA] and docosahexaenoic acid [DHA]) were empha-

sized for cognitive function and muscle health, whereas omega-6 
fatty acids were considered important for maintaining skin barrier 
function. Key micronutrients and functional foods were also in-
corporated. Berry intake ( ≥ 2 servings/wk) was emphasized for 
cognitive function due to its antioxidant properties. For skin 
health, antioxidants such as vitamin C, vitamin E, β-carotene, 
polyphenols, and selenium were highlighted. For muscle health, 
magnesium, vitamin D, and calcium were emphasized to support 
muscle function and metabolism. Sodium intake was consistently 
limited to ≤ 2,300 mg/day across all domains. Overall, these rec-
ommendations provide a comprehensive nutritional approach to 
functional longevity by targeting nutrient intake and dietary qual-
ity, complementing disease prevention strategies.

DISCUSSION

This study systematically reviewed major dietary models, includ-

Table 5. Nutritional recommendations for functional domains based on the longevity diet framework
Nutritional strategy Cognitive function Muscle health Skin health
Carbohydrate quality
  Whole grains (priority) ≥3 Servings/day ✓ ✓
  Dietary fiber, total (g/day) ≥24 Adequate ≥25
  Refined carbohydrates Restrict Restrict Restrict
  Added sugar (% of total energy) <5 <5 <5
Protein intake
  Total protein (g/kg BW/day) ≥0.8 1.0–1.2 Balanced
  Essential amino acids - ≥20 g/day -
  Leucine/BCAAs - ✓ -
  Animal to plant protein ratio 1:1 1:1 1:1
Fat quality
  Saturated fat (% of total energy) <7% Restrict Restrict
  Trans fat (% of total energy) <1% Restrict Restrict
  Cholesterol (mg/day) <300 - -
  Omega-3 fatty acids (EPA/DHA) ✓ ✓ ✓
  Omega-6 fatty acids - - Skin barrier support
Key micronutrients and functional foods
  Potassium-rich vegetables - - -
  Berries (antioxidants) ≥2 Servings/wk ✓ ✓
  Vitamin C - - ✓
  Vitamin E - - ✓
  β-Carotene and polyphenols - - ✓
  Selenium - - ✓
  Magnesium - ✓ -
  Vitamin D - ✓ -
  Calcium (dairy) - ✓ -
Sodium
  Sodium (mg/day) ≤2,300 ≤2,300 ≤2,300
BW, body weight; BCAA, branched-chain amino acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; ✓, recommended or specifically 
emphasized; -, no specific recommendation for this domain.
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ing the Mediterranean, DASH, MIND, and EAT-Lancet diets, as 
well as clinical nutrition guidelines, to propose nutritional criteria 
and dietary composition principles for a longevity diet framework 
tailored to South Korean dietary patterns and physiological char-
acteristics.

The Mediterranean and DASH diets are well-established, evi-
dence-based models associated with reduced risks of major car-
diovascular events and mortality [18]. The Mediterranean diet is 
characterized by a high intake of unsaturated fats, a predominant-
ly plant-based dietary pattern, and moderate use of olive oil and 
has been consistently associated with reduced incidence of cardio-
vascular disease and all-cause mortality in prospective cohort 
studies [19,20]. The DASH diet emphasizes sodium restriction 
and increased intake of potassium-, calcium-, and magne-
sium-rich foods and has been shown to significantly reduce sys-
tolic blood pressure [21].

However, although both dietary models promote increased 
plant-based protein intake, they do not provide specific guidance 
on the balance between animal and plant protein sources. To ad-
dress this limitation, the present study considered that when pro-
tein requirements are met through a combination of animal- and 
plant-based sources, dietary patterns tend to converge toward an 
approximate 1:1 animal to plant protein ratio. This balance re-
flects both the cardioprotective effects of plant proteins [22] and 
the importance of essential amino acids, particularly leucine, in 
supporting muscle protein synthesis and maintaining muscle 
function [23,24].

The MIND diet, developed from the Mediterranean and DASH 
diets, focuses on cognitive health and emphasizes the frequency of 
consumption of specific food groups, such as green leafy vegeta-
bles, berries, and nuts [25]. Higher adherence to the MIND diet 
has been associated with a lower incidence of Alzheimer disease 
and reduced cognitive decline [26]. However, it is primarily based 
on food frequency recommendations and lacks quantitative guid-
ance on macronutrient composition and energy intake, limiting 
its applicability in practical meal planning. This poses challenges 
for translation into real-world dietary patterns, particularly in 
populations with mixed-dish eating habits, such as South Koreans 
[27]. To address this limitation, the present study complemented 
food frequency-based recommendations with quantitative mac-
ronutrient distribution and micronutrient targets, enabling a 
more precise and practically applicable dietary framework. The 
EAT-Lancet diet is a globally recognized model that integrates hu-
man health and environmental sustainability by providing quanti-
tative intake ranges for food groups [7]. It has been widely refer-

enced in public health and environmental policy due to its em-
phasis on plant-based foods and reduced consumption of ani-
mal-source products. However, the EAT-Lancet diet is based on a 
2,400 kcal reference intake and reflects Western dietary patterns, 
which differ substantially from traditional South Korean dietary 
habits and average energy intake levels [11]. According to the 
2022 Korea National Health and Nutrition Examination Survey, 
the average daily energy intake of South Korean adults is approxi-
mately 2,000 kcal [28], consistent with the estimated average ener-
gy requirement in the 2025 Dietary Reference Intakes for Kore-
ans. In addition, South Korean dietary patterns are characterized 
by high consumption of rice, vegetables, and fermented foods, re-
flecting a structure distinct from Western dietary models. In this 
context, the present study adapted the core principles of the 
EAT-Lancet diet—namely, plant-based emphasis, moderate re-
striction of animal-source foods, and limitation of ultra-processed 
foods—while recalibrating food group intake levels to a 2,000 kcal 
reference and incorporating key elements of the South Korean di-
etary pattern, including vegetables, seaweeds, fermented foods, 
and whole grains.

Older populations frequently experience multimorbidity, in 
which multiple chronic conditions coexist, making single-dis-
ease-focused dietary approaches insufficient [29]. Given this com-
plexity, existing dietary models, which are often based on general 
dietary patterns or food group recommendations, may have limit-
ed capacity to address multiple health conditions simultaneously.

In contrast, the proposed longevity diet framework provides 
quantitative macronutrient distribution and food group intake 
recommendations, enabling integrated consideration of multiple 
health domains, including weight management, glycemic control, 
cardiovascular health, cognitive function, muscle maintenance, 
and skin health. This approach may serve as a practical dietary 
framework reflecting the multifaceted health needs of aging pop-
ulations.

Limitations
This study has several limitations. First, the proposed nutritional 
criteria were developed using a literature-based approach and 
were not empirically validated in the South Korean population; 
therefore, their feasibility and effectiveness in real-world settings 
remain to be confirmed. Second, the study used a novel integra-
tive approach synthesizing multiple dietary models originally de-
veloped for different populations and health outcomes. While in-
tended to reflect a broad evidence base, this harmonization in-
volves assumptions that require further validation. Third, al-
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though presented as a longevity diet framework, the recommen-
dations were primarily derived from evidence on chronic disease 
prevention and functional health rather than direct evidence on 
lifespan or mortality outcomes. Future studies, including expert 
validation and clinical trials, are needed.

Conclusion
This study proposed nutritional criteria for a longevity diet frame-
work by integrating major dietary models, including the Mediter-
ranean, DASH, MIND, and EAT-Lancet diets, while considering 
the dietary characteristics of the South Korean population. The 
proposed criteria encompass energy balance, macronutrient com-
position, food group intake, and protein quality and are struc-
tured to address multiple health domains, including weight man-
agement, glycemic control, cardiovascular health, cognitive func-
tion, muscle function, and skin health. By adapting existing di-
etary models to the South Korean dietary context, this study offers 
a more practical and culturally relevant approach to healthy aging. 
The integration of multiple health domains within a single dietary 
framework may help address the complex health challenges ob-
served in aging populations. However, the proposed criteria have 
not yet been validated in real-world settings. Further studies, in-
cluding clinical trials and population-based research, are needed 
to assess their long-term health effects and applicability.
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Objective: Because vitamin D deficiency is associated with diabetes and insulin resistance, and the triglyceride-glucose (TyG) index 
is a reliable marker of metabolic health, this study aimed to clarify the association between vitamin D status and the TyG index.
Methods: A cross-sectional analysis was conducted on 4,819 participants from the 2022 Korea National Health and Nutrition Ex-
amination survey, stratified by age and sex. Vitamin D deficiency was defined as blood 25-hydroxyvitamin D3 (25(OH)D3) <20 ng/
mL, and a metabolically unhealthy state as a TyG index of ≥8.82 and ≥8.73 for men and women, respectively.
Results: Approximately 46.9% of South Korean adults were vitamin D deficient, and 35.5% were metabolically unhealthy. After ad-
justment, blood 25(OH)D3 levels were inversely correlated with the TyG index in younger women (β=−0.004, standard error 
[SE]=0.002, P=0.039), middle-aged men (β=−0.006, SE=0.003, P=0.015), and older men (β=−0.008, SE=0.002, P=0.002). Vita-
min D deficiency was associated with a higher risk of a metabolically unhealthy state in middle-aged men (odds ratio [OR], 1.59; 
95% confidence interval [CI], 1.11−2.28) and older men (OR, 2.15; 95% CI, 1.31−3.55).
Conclusion: These findings suggest that adequate vitamin D status may help maintain a metabolically healthy state, and the TyG 
index may help identify vitamin D insufficiency or deficiency, particularly in middle-aged and older South Korean men.
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INTRODUCTION

The triglyceride-glucose (TyG) index, which integrates fasting glu-
cose and triglyceride levels [1], is a simple marker of metabolic 
health [2]. TyG index correlates positively with the severity of in-
sulin resistance, hepatic steatosis, and cardiovascular disease [3]. 
Therefore, the TyG index can identify individuals with multiple 
metabolic disorders, including metabolic syndrome [3]. Although 
thresholds vary across studies, a TyG index of < 8.0 is generally 
considered optimal, while 8.8 to 9.0 indicates a high risk of meta-

bolic dysfunction [3,4]. In a study of nationally representative 
South Korean data, TyG levels paralleled the risk of metabolic syn-
drome, with cut-off values for the metabolically unhealthy pheno-
type of 8.82 in men and 8.73 in women [5].

Although vitamin D primarily maintains skeletal health and 
regulates calcium and phosphate homeostasis, vitamin D recep-
tors are also expressed in various cell types, including adipocytes, 
myocytes, and multiple types of immune cells [6]. Thus, vitamin 
D regulates adiposity, insulin signaling, and muscle protein syn-
thesis, and several studies have linked vitamin D deficiency to 
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obesity, diabetes, cardiovascular diseases, and sarcopenia [7-9].
Recent studies have shown an inverse association between vita-

min D levels and the TyG index; however, these have largely fo-
cused on individuals with diabetes, metabolic dysfunction-associ-
ated steatotic liver disease, or other metabolic diseases [2,10,11], 
and the relationship in healthy individuals stratified by age re-
mains unclear. Therefore, this study aimed to assess whether vita-
min D status is associated with the TyG index among young, mid-
dle-aged, and older men and women in a nationally representative 
South Korean population.

METHODS

Ethics statement
This study analyzed data from the 2022 Korea National Health 
and Nutrition Examination Survey (KNHANES IX-1). Data col-
lection for KNHANES IX-1 was approved by the Institutional Re-
view Board of the Korea Disease Control and Prevention Agency 
(No. 2018-01-03-4C-A, 2022-11-16-R-A). All study procedures 
adhered to the Declaration of Helsinki, and written informed 
consent was obtained from all participants. The study is reported 
according to the Strengthening the Reporting of Observational 
Studies in Epidemiology guidelines.

Participants
Of 6,265 participants from the KNHANES IX-1, children aged 
≤ 18 years (n = 943), those lacking blood test data (n =171), and 
those missing dietary intake data (n= 332) were excluded (Fig. 1). 
Although interaction effects between age and sex were not tested, 
to adjust possible biological differences, the final sample of 4,819 
participants was stratified by age and sex into younger men (19–
39 years, n = 529), younger women (19–39 years, n = 650), mid-
dle-aged men (40–64 years, n= 894), middle-aged women (40–64 
years, n= 1,245), older men (≥ 65 years, n= 670), and older wom-
en (≥ 65 years, n= 831).

Blood tests and the TyG index
Blood samples were collected after an overnight fast (≥ 8 hours). 
Vitamin D status was assessed by measuring blood 25-hydroxyvi-
tamin D3 (25(OH)D3) levels using liquid chromatography-mass 
spectrometry, and levels < 20 ng/mL were classified as vitamin D 
deficiency based on established consensus [12-14]. Blood tri-
glyceride levels were measured using an enzymatic colorimetric 
assay (TRIGL, Roche), and blood glucose was assessed by hexoki-
nase UV assay (Glucose HK Gen.3, Roche) [15]. The TyG index 

was calculated as ln [fasting triglycerides (mg/dL)× fasting blood 
glucose (mg/dL)/2]. A TyG index ≥ 8.82 in men and ≥ 8.73 in 
women was defined as a metabolically unhealthy state [3,5].

General characteristics and dietary intake
Body mass index (BMI) was calculated as weight (kg) divided by 
height squared (m²). Household income was categorized into 
quartiles (low, middle-low, middle-high, and high). Current alco-
hol consumption was defined as drinking alcohol more than once 
per month in the year preceding the interview. Current smokers 
were defined as individuals who had smoked at least 100 ciga-
rettes in their lifetime and were still smoking at the time of assess-
ment. Regular aerobic exercise was defined as ≥ 2.5 hours of 
moderate-intensity physical activity, ≥ 1.25 hours of vigorous-in-
tensity activity, or an equivalent combination per week, where 1 
minute of vigorous activity counted as 2 minutes of moderate ac-
tivity.

Dietary intake was assessed using a single 24-hour dietary recall 
conducted by trained dietitians. Daily intake of total energy, 
foods, and nutrients was estimated using the KNHANES recipe 
database and food composition tables from the Korean Rural De-
velopment Administration [16].

KNHANES IX-1 participants 
(n=6,265)

Children ≤18 yr excluded (n=943)

Those without blood test data 
excluded (n=171)

Those without dietary intake data 
excluded (n=332)

Participants finally analyzed 
(n=4,819)

n=5,322

n=5,151

Fig. 1. A flow diagram of inclusion and exclusion criteria. Of 6,265 
participants from the 2022 Korea National Health and Nutrition 
Examination Survey (KNHANES IX-1), children aged ≤18 years 
(n=943), those without blood test data (n=171), and those miss-
ing dietary intake data (n=332) were excluded. A final sample of 
4,819 participants was stratified by age and sex to account for 
biological differences.
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Statistical analyses
All statistical analyses were performed using IBM SPSS ver. 29 
(IBM Corp.), accounting for the complex survey design, including 
stratification, clustering, and sampling weights [17]. Statistical sig-
nificance was defined as a two-tailed P-value < 0.05.

General characteristics were summarized by vitamin D status as 
means± standard errors (SEs) for continuous variables and counts 
(percentages) for categorical variables. Differences between par-
ticipants with normal and deficient vitamin D status were as-
sessed using Rao-Scott chi-square tests for categorical variables 
and independent t-tests for continuous variables.

The association between blood vitamin D levels and the TyG 
index was assessed using complex-sample general linear regres-
sion models, while the relationship between vitamin D status and 
metabolically unhealthy state (TyG index ≥ 8.82 in men and 
≥ 8.73 in women [5]) was examined using complex-sample logis-
tic regression, with the normal vitamin D status group set as the 
reference. The unadjusted model estimated crude beta coeffi-
cients (β) and SE or crude odds ratios (OR) with 95% confidence 
intervals (CIs). Model 1 was adjusted for age, body fat percentage, 
and total energy intake. Model 2 was additionally adjusted for 
household income, alcohol consumption, smoking, and regular 
aerobic exercise.

RESULTS

The prevalences of vitamin D deficiency and metabolically un-
healthy state among South Korean adults were 46.9% and 35.5%, 

respectively. Vitamin D deficiency was most prevalent in younger 
men (19–39 years, 65.0%), followed by younger women (19–39 
years, 61.1%), middle-aged men (40–64 years, 46.7%), mid-
dle-aged women (40–64 years, 38.0%), older men ( ≥ 65 years, 
37.4%), and older women (≥ 65 years, 27.4%). The metabolically 
unhealthy state was most prevalent in middle-aged men (53.7%), 
followed by older women (42.0%), older men (36.5%), younger 
men (33.5%), middle-aged women (28.9%), and younger women 
(15.3%) (Fig. 2).

Younger adults (19–39 years) with vitamin D deficiency, were 
younger and tended to have higher body fat percentage. In young-
er women, vitamin D deficiency was also associated with a higher 
likelihood of current smoking and higher BMI. In middle-aged 
adults (40–64 years), those with vitamin D deficiency were 
younger; middle-aged men were more likely to be current smok-
ers and metabolically unhealthy, while middle-aged women tend-
ed to have higher BMI and waist circumference. Among older 
men (≥ 65 years), vitamin D deficiency was associated with older 
age, higher likelihood of metabolic unhealthiness, and lower di-
etary vitamin D intake, whereas older women tended to have 
higher waist circumference. Mean dietary vitamin D intake 
ranged from 2.30 to 3.72 μg/day, which is substantially below the 
adequate intake of 10 μg for younger and middle-aged adults and 
15 μg for older adults in the Dietary Reference Intake for South 
Koreans (Tables S1–S3) [18].

After adjustment for confounding variables, including age, per-
cent body fat, energy intake, household income, alcohol con-
sumption, smoking, and aerobic exercise, blood 25(OH)D3 levels 

Fig. 2. Prevalence of vitamin D deficiency and metabolically unhealthy state by age and sex. Vitamin D deficiency is defined as serum 
25-hydroxyvitamin D3 <20 ng/mL, and a metabolically unhealthy state as a triglyceride-glucose (TyG) index ≥8.82 in men and ≥8.73 in 
women. The TyG index is calculated as ln [fasting triglycerides (mg/dL)×fasting glucose (mg/dL)/2].

All adults
19–39 yr Men
19–39 yr Women
40–64 yr Men
40–64 yr Women
≥65 yr Men
≥65 yr Women
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were inversely correlated with the TyG index in younger women 
(β= −0.004, SE= 0.002, P= 0.039), middle-aged men (β= −0.006, 
SE = 0.003, P = 0.015), and older men (β = −0.008, SE = 0.002, 
P= 0.002). Vitamin D deficiency was also associated with a higher 
risk of metabolically unhealthy state in middle-aged men (OR, 
1.59; 95% CI, 1.11−2.28) and older men (OR, 2.15; 95% CI, 

1.31−3.55) compared with their counterparts (Tables 1 and 2).

DISCUSSION

Analysis of the KNHANES IX-1 data revealed an association be-
tween vitamin D status and metabolic health. Blood 25(OH)D3 

Table 1. Association between serum 25(OH)D3 level and TyG index of participants by age and sex

Serum 25(OH)D3 level
Unadjusted Model 1a) Model 2b)

β (SE) P-value β (SE) P-value β (SE) P-value
Younger adult
  Men (n=529) 0.002 (0.004) 0.668 <0.001 (0.004) 0.992 −0.001 (0.003) 0.722
  Women (n=650) −0.002 (0.002) 0.316 −0.005 (0.002) 0.029 −0.004 (0.002) 0.039
Middle-aged adult
  Men (n=894) −0.009 (0.003) 0.001 −0.008 (0.002) 0.002 −0.006 (0.003) 0.015
  Women (n=1,245) −0.002 (0.002) 0.249 −0.001 (0.002) 0.561 −0.001 (0.002) 0.661
Older adult
  Men (n=670) −0.007 (0.002) 0.001 −0.007 (0.002) 0.003 −0.008 (0.002) 0.002
  Women (n=831) −0.001 (0.001) 0.477 −0.001 (0.002) 0.612 <0.001 (0.002) 0.793
The TyG index is calculated as ln [fasting triglycerides (mg/dL)×fasting glucose (mg/dL)/2].
25(OH)D3, 25-hydroxyvitamin D3; TyG index, triglyceride-glucose index; SE, standard error.
a)Adjusted for age, percent body fat, and total energy intake; b)Adjusted for all covariates included in model 1 in addition to household income, alcohol 
consumption, smoking, and aerobic exercise. 

Table 2. Association between vitamin D deficiency and metabolically unhealthy state by age and sex
Vitamin D status Unadjusted Model 1a) Model 2b)

Younger adults
  Men
    Normal (n=195) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=334) 1.01 (0.67–1.52) 1.36 (0.87–2.14) 1.43 (0.89–2.29)
  Women
    Normal (n=262) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=388) 1.47 (0.90–2.40) 1.58 (0.89–2.82) 1.44 (0.80–2.57)
Middle-aged adults
  Men
    Normal (n=499) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=395) 1.71 (1.27–2.31) 1.72 (1.23–2.40) 1.59 (1.11–2.28)
  Women
    Normal (n=776) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=469) 1.18 (0.91–1.52) 1.21 (0.91–1.63) 1.16 (0.87–1.56)
Older adults
  Men
    Normal (n=444) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=226) 1.84 (1.21–2.81) 1.97 (1.22–3.17) 2.15 (1.31–3.55)
  Women
    Normal (n=609) 1 (Reference) 1 (Reference) 1 (Reference)
    Vitamin D deficiency (n=222) 0.98 (0.66–1.44) 0.91 (0.59–1.42) 0.70 (0.43–1.12)
Values are presented as odds ratio (95% confidence interval). Vitamin D deficiency is defined as serum 25(OH)D3 of <20 ng/mL. A metabolically 
unhealthy state is defined as TyG index of ≥8.82 for men and ≥8.73 for women. The TyG index is calculated as ln [fasting triglycerides (mg/dL)×fasting 
glucose (mg/dL)/2].
a)Adjusted for age, percent body fat, and total energy intake; b)Adjusted for all covariates included in model 1 in addition to household income, alcohol 
consumption, smoking, and aerobic exercise. 
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levels were inversely correlated with the TyG index in younger 
women (19–39 years), middle-aged men (40–64 years), and older 
(≥ 65 years) men. In addition, vitamin D deficiency was associat-
ed with a higher risk of a metabolically unhealthy state defined by 
the TyG index in middle-aged and older men.

Insulin resistance likely underlies this association. Vitamin D is 
known to exert antidiabetic effects by enhancing insulin sensitivi-
ty and suppressing inflammation [8], while elevated fasting glu-
cose and triglyceride levels, key components of the TyG index, are 
characteristics of insulin resistance [19]. This association may also 
be partly explained by adiposity. The TyG index has been posi-
tively correlated with body fat percentage [20], and excess adipose 
tissue, the primary vitamin D storage, may sequester or dilute vi-
tamin D, thereby reducing its circulating bioavailability or con-
centrations [21].

Previous studies across diverse populations have also reported 
an association between vitamin D deficiency and the TyG index. 
In the USA, mortality was positively associated with the TyG in-
dex and negatively with vitamin D levels, with a stronger associa-
tion of vitamin D and TyG index observed in patients with diabe-
tes [22]. Among Algerian adults with type 2 diabetes, vitamin D 
deficiency was associated with a 4.1-fold higher risk of an elevated 
TyG index (TyG index > quartile 1) [23]. Indian adolescents with 
vitamin D deficiency had a 1.9-fold higher risk of insulin resis-
tance (TyG index ≥ 4.65). In Indian and Iranian adults with predi-
abetes or type 2 diabetes, blood 25(OH)D levels were negatively 
correlated with the TyG index [24]. Conversely, elderly Chinese 
adults with type 2 diabetes in the highest TyG quartile had a 2.4-
fold higher risk of vitamin D deficiency compared with those in 
the lowest quartile [25], and Arabian normoglycemic adolescents 
in the highest TyG tertile had a 1.5-fold higher risk of vitamin D 
deficiency [26].

In this study, vitamin D deficiency was not associated with an 
unhealthy metabolic phenotype defined by the TyG index in 
women across all age groups. Similar findings have been reported 
previously [26,27]. This sex difference may be explained by the 
higher prevalence of visceral obesity in men, as greater visceral fat 
accumulation has been more strongly linked to vitamin D insuffi-
ciency and deficiency [28]. In addition, the TyG index is positively 
correlated with visceral fat area and visceral fat area to subcutane-
ous fat area ratio, but not with subcutaneous fat area alone, and 
has been associated with visceral obesity risk [29]. The lack of as-
sociation observed in younger men may be attributable to the 
lower prevalence of insulin resistance in this group, as rates of 
type 2 diabetes and hyperglycemia are substantially lower in 

younger men than in middle-aged and older men [30].
Although several studies have reported an inverse association 

between vitamin D status and the TyG index, this study adds val-
ue by demonstrating different associations across age- and 
sex-stratified groups in a nationally representative population. 
This study has several limitations. The cross-sectional design of 
KNHANES precludes cause-and-effect relationships. Exclusion of 
participants with missing data may have affected the representa-
tiveness of the data. A single 24-hour dietary recall may not fully 
reflect usual dietary intake. In addition, KNHANES did not col-
lect data on sun exposure or seasonal variation, both of which 
may influence serum vitamin D levels.

In summary, this study found that vitamin D status was in-
versely associated with the risk of a metabolically unhealthy state 
defined by the TyG index in South Korean men. These findings 
suggest that adequate vitamin D status is closely linked to meta-
bolic fitness, particularly in middle-aged and older men, and that 
the TyG index may help identify individuals with vitamin D in-
sufficiency or deficiency. Given that multiple studies across di-
verse populations have reported a significant association between 
vitamin D and the TyG index, the TyG index may be useful for as-
sessing vitamin D status beyond the South Korean population. To 
better elucidate the mechanisms underlying the relationship be-
tween vitamin D and the TyG index, preclinical or interventional 
human studies are warranted.
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Objective: Nutritional management is essential in caring for patients with chronic kidney disease (CKD), older adults at higher risk 
of malnutrition and comorbidities. However, data on actual dietary intake patterns in older adults with predialysis CKD, especially by 
diabetes mellitus (DM) status, remain limited.
Methods: This cross-sectional study included 106 patients aged ≥65 years with CKD stage G3a or higher, divided into DM (n=67) 
and non-DM (n=39) groups. Dietary intake was assessed using a single 24-hour recall. Nutrient and food-group intakes were com-
pared with recommended levels.
Results: In both groups, energy intake was lower than recommended levels. More than half of the participants exceeded sodium 
limits, and approximately half consumed excess protein. Patients with DM had significantly higher protein intake and blood urea ni-
trogen (BUN) levels than those without DM. Most food groups, except protein foods, were consumed below recommended levels.
Conclusion: Dietary patterns in older adults with predialysis CKD showed low energy intake, high sodium intake, and relatively high 
protein intake. Those with DM had higher protein intake and BUN levels, suggesting dietary differences by diabetes status. These 
findings underscore the need for age-sensitive, individualized nutritional management strategies that consider kidney function and 
DM status.
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INTRODUCTION

Chronic kidney disease (CKD) is a prevalent and increasing global 
health issue, affecting approximately one in ten adults worldwide 
[1]. It is associated with substantial morbidity and mortality, in-
cluding higher risks of death, cardiovascular events, and hospital-

ization [2].
Nutrition plays a key role in CKD management and is an im-

portant component of nephroprotection, as it can affect disease 
progression, metabolic status, and clinical outcomes [3]. In pa-
tients with predialysis CKD, dietary intake—especially energy and 
nutrient intake—is an important determinant of nutritional status 
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and is associated with clinical outcomes [3-5]. Dietary assessment 
is therefore essential before nutritional intervention to identify 
nutritional problems, guide individualized counseling, and sup-
port ongoing intake monitoring [3,4].

Older adults are a rapidly growing CKD subgroup. Aging-relat-
ed changes, including reduced appetite, altered taste, lower energy 
intake, and increased risk of protein-energy wasting (PEW) and 
sarcopenia, can negatively affect nutrition [5,6]. Older adults with 
CKD often have comorbidities, such as hypertension or diabetes 
mellitus (DM), which further complicate nutritional management 
and increase the risk of malnutrition and functional decline [5,7].

Among these comorbidities, DM is a leading cause of CKD 
worldwide and a major driver of disease progression and related 
complications [1]. It is also the leading cause of kidney failure re-
quiring dialysis or transplantation [8,9]. The co-occurrence of 
predialysis CKD and DM complicates dietary management, re-
quiring a balance of glycemic control and kidney-specific nutri-
tion recommendations while maintaining adequate energy and 
protein intake to prevent malnutrition [9].

Despite its clinical importance, data on actual dietary intake 
patterns in older adults with predialysis CKD, particularly by DM 
status, remain limited [4,5]. Only a few observational studies have 
directly compared energy and nutrient intake between diabetic 
and nondiabetic patients with predialysis CKD, and evidence in 
older adults is limited [10]. To address this gap, the study com-
pared dietary intake patterns—including energy and nutrient in-
take—between older adults with predialysis CKD with and with-
out DM and assessed intake adequacy against established nutri-
tion recommendations. By identifying differences according to 
DM status, this study aims to inform individualized nutrition ed-
ucation and intervention strategies aimed at improving clinical 
outcomes among older adults with CKD.

METHODS

Ethics statement
This study protocol was approved by the Institutional Review 
Board of Yongin Severance Hospital (IRB No. 9-2021-0075), and 
all participants provided written informed consent. The trial was 
registered at the Clinical Research Information Service (No. 
KCT0006503).

Study design and participants
This observational cross-sectional study was conducted at the De-
partment of Nephrology at Yongin Severance Hospital from May 

to October 2021. Participants were aged ≥ 65 years with CKD 
stage G3a or higher. Eligibility criteria included an estimated glo-
merular filtration rate < 60 mL/min/1.73 m2, calculated using the 
Chronic Kidney Disease Epidemiology Collaboration equation, 
and no dialysis treatment. The final sample included 106 partici-
pants, comprising 67 with DM and 39 without DM.

Participant characteristics and nutritional status
General participant characteristics, including sex, age, educational 
level, drinking status, smoking status, ability to prepare meals, and 
dietary management, were assessed using a structured question-
naire. Information on treatment duration and comorbidities was 
obtained from electronic medical records. Nutritional status was 
assessed using the seven-point Subjective Global Assessment 
(SGA) [11], which includes medical history (weight loss in the 
past 6 months, dietary intake changes, gastrointestinal symptoms 
lasting > 2 weeks, functional capacity, and disease-related meta-
bolic stress) and physical examination findings (muscle wasting, 
loss of subcutaneous fat, and edema) [12]. Each component was 
scored on a seven-point scale, with detailed scoring criteria pro-
vided in Table S1. Based on total SGA scores, participants were 
classified as well nourished (6–7), mildly to moderately malnour-
ished (3–5), or severely malnourished (1–2).

Anthropometric and biochemical measurements
Anthropometric measures included height, weight, systolic blood 
pressure, diastolic blood pressure, triceps skinfold thickness 
(TSF), and mid-arm circumference (MAC). Body mass index 
(BMI) was calculated as weight (kg) divided by height (m²). Mid-
arm muscle circumference (MAMC) was calculated from TSF 
and MAC using the following equation [13]:

MAMC (cm)= MAC (cm)−[TSF (cm)× 0.314]
Blood samples were collected by a registered phlebotomist after 

at least 8 hours of overnight fasting. Biochemical parameters, in-
cluding glucose, albumin, blood urea nitrogen (BUN), and creati-
nine, were analyzed in the hospital laboratory.

Dietary intake assessment
Dietary intake was assessed using a single 24-hour dietary recall 
of all foods and beverages consumed during the previous day. 
Trained researchers conducted face-to-face interviews. Partici-
pants reported foods, ingredients, and portion sizes, aided by food 
models and measuring tools to improve recall accuracy. Daily nu-
trient intake was analyzed using CAN-Pro 5.0 (Computer Aided 
Nutritional Analysis Program, The Korean Nutrition Society, 
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2015). Food-group intake was assessed using the food exchange 
list for DM and the Korean Dietary Reference Intakes [14]. Di-
etary adequacy was evaluated according to the International Soci-
ety of Renal Nutrition and Metabolism (ISRNM) recommenda-
tions [15]. Recommended protein intake for nondialysis CKD pa-
tients was 0.6 to 0.8 g/kg/day. Recommended energy intake was 
estimated from each participant’s height and weight and com-
pared with actual intake. Daily exchange units for food groups 
were also calculated (Table S2).

Statistical analysis
Statistical analyses were performed using IBM SPSS ver. 26.0 

(IBM Corp.). Continuous variables are presented as mean± stan-
dard deviation, and categorical variables are frequencies and per-
centages. Differences between the DM and non-DM groups were 
assessed using independent t-tests for continuous variables and 
chi-square tests for categorical variables. A two-tailed P-value of 
< 0.05 was considered statistically significant.

RESULTS

Group comparisons of participant characteristics, 
measurements, and nutritional status
Table 1 presents the general characteristics and nutritional status 

Table 1. General characteristics of participants according to DM comorbidity

Characteristic
DM comorbidity

Total (n=106) DM (n=67) Non-DM (n=39) P-value
Age (yr) 76.6±6.2 76.4±6.4 76.9±5.8 0.671
Male sex 60 (56.6) 42 (62.7) 18 (46.2) 0.098
Periods of medical treatment (mo) 31.2±35.2 32.2±36.5 29.5±33.1 0.704
CKD stage
  Stage 3a 22 (20.8) 15 (22.4) 7 (17.9) 0.304
  Stage 3b 52 (49.1) 29 (43.3) 23 (59.0)
  Stage 4 29 (27.4) 20 (29.9) 9 (23.1)
  Stage 5 3 (2.8) 3 (4.5) 0 (0.0)
Comorbidity
  Hypertension 96 (90.6) 64 (95.5) 32 (82.1) 0.022*
  Anemia 19 (17.9) 11 (16.4) 8 (20.5) 0.596
  Dyslipidemia 12 (11.3) 4 (6.0) 8 (20.5) 0.023*
  Proteinuria 63 (59.4) 42 (62.7) 21 (53.8) 0.371
  Hyperkalemia 19 (17.9) 12 (17.9) 7 (17.9) 0.996
Education
  Uneducated 8 (7.5) 3 (4.5) 5 (12.8) 0.245
  Elementary school 28 (26.4) 15 (22.4) 13 (33.3)
  Middle school 14 (13.2) 11 (16.4) 3 (7.7)
  High school 39 (36.8) 27 (40.3) 12 (30.8)
  College or higher 17 (16.0) 11 (16.4) 6 (15.4)
Smoking status
  Never 85 (80.2) 53 (79.1) 32 (82.1) 0.888
  Current 7 (6.6) 5 (7.5) 2 (5.1)
  Former 14 (13.2) 9 (13.4) 5 (12.8)
Current drinking status
  Yes 16 (15.1) 12 (17.9) 4 (10.3) 0.288
  No 90 (84.9) 55 (82.1) 35 (89.7)
Diet management
  Yes 26 (24.5) 12 (17.9) 14 (35.9) 0.038*
  No 80 (75.5) 55 (82.1) 25 (64.1)
Subjective Global Assessment
  Mildly to moderately malnourished 12 (11.3) 9 (13.4) 3 (7.7) 0.368
  Well nourished 94 (88.7) 58 (86.6) 36 (92.3)
Values are presented as mean±standard deviation or number (%) and compared using the chi-square test or independent t-test. 
DM, diabetes mellitus; CKD, chronic kidney disease.
*P<0.05 for chi-square test.
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of 106 participants by DM status. The mean age was 76.6 ± 6.2 
years, and 60 participants (56.6%) were male. Nearly half (49.1%) 
were classified as CKD stage 3b. Compared with the non-DM 
group, the DM group had a higher prevalence of hypertension 
(P = 0.022) and a lower prevalence of dyslipidemia (P = 0.023). 
Only 24.5% of participants reported following dietary manage-
ment, with a higher proportion in the non-DM group than in the 
DM group (P= 0.038). Based on the SGA, 12 participants (11.3%) 
were mildly to moderately malnourished, with no significant dif-
ference between groups.

Table 2 shows anthropometric and biochemical parameters by 
DM status. Anthropometric measurements did not differ signifi-
cantly between groups. However, BUN (P= 0.035) and phospho-
rus levels (P = 0.036) were significantly higher in the DM group 
than in the non-DM group.

Comparison of dietary intake with recommended levels
Table 3 shows the mean dietary intake by DM status. Energy and 
protein intake per kilogram body weight were calculated using 
current or adjusted body weight when BMI adequacy was < 95% 
or > 115%. Although energy intake was similar between groups, 
the DM group had significantly higher protein intake (P= 0.017), 
protein per kg of body weight (P = 0.049), folate (P = 0.006), and 
niacin (P= 0.038) than the non-DM group.

Table 4 compares energy and nutrient intake with ISRNM rec-
ommendations (Table S3). In both groups, mean energy intake 
was below the recommended range of 30–35 kcal/kg/day. Over 
half of the participants exceeded the recommended sodium in-
take of 1,840–2,300 mg/day. Protein intake above the recom-
mended range (0.6–0.8 g/kg/day) was observed in 58.2% of the 
DM group and 48.7% of the non-DM group, with no significant 
difference between groups.

Fig. 1 shows a radial graph comparing food-group intake with 

Table 2. Anthropometric and biochemical measurements of participants according to DM comorbidity

Parameter
DM comorbidity

Total (n=106) DM (n=67) Non-DM (n=39) P-value
Anthropometric parameter
  Height (cm) 157.7±12.0 158.9±8.9 157.9±7.2 0.548
  Weight (kg) 65.0±14.1 65.4±10.4 61.9±9.9 0.087
  BMI (kg/m2) 25.5±3.4 25.9±3.3 24.8±3.4 0.109
  SBP (mmHg) 134.1±18.3 135.6±18.3 131.5±18.3 0.262
  DBP (mmHg) 65.0±12.3 64.6±12.3 65.7±12.5 0.655
  TSF (mm) 16.0±6.0 15.7±5.7 16.6±6.5 0.432
  MAMC (cm) 22.1±3.0 22.3±3.1 21.8±2.8 0.385
Biochemical parameter
  Glucose (mg/dL) 111.7±27.8 114.8±31.3 106.5±20.0 0.098
  Hemoglobin (g/dL) 11.8±1.8 11.9±2.0 11.8±1.6 0.913
  Total protein (g/dL) 6.9±0.5 6.9±0.5 6.8±0.5 0.632
  Albumin (g/dL) 4.3±0.3 4.3±0.3 4.3±0.3 0.505
  eGFR (mL/min/1.73 m2) 35.4±11.1 35.0±12.2 36.2±9.0 0.596
  BUN (mg/dL) 31.2±11.7 32.8±13.4 28.5±7.3 0.035*
  Creatinine (mg/dL) 1.8±0.7 1.9±0.8 1.6±0.4 0.035*
  Cystatin C (mg/L) 2.0±0.6 2.1±0.7 1.9±0.4 0.099
  PCR (mg/g) 579.3±796.5 689.7±873.8 394.3±614.1 0.052
  Uric acid (mg/dL) 6.6±1.6 6.8±1.7 6.3±1.5 0.131
  Calcium (mg/dL) 9.2±0.4 9.2±0.4 9.2±0.4 0.982
  Phosphorus (mg/dL) 3.7±0.6 3.8±0.6 3.5±0.6 0.036*
  Sodium (mmol/L) 140.7±2.2 140.6±2.5 140.8±1.7 0.553
  Potassium (mmol/L) 5.0±0.7 5.0±0.7 4.9±0.6 0.232
  Chloride (mmol/L) 106.5±3.0 106.5±3.3 106.5±2.3 0.983
  Cholesterol (mg/dL) 138.6±29.9 134.2±29.5 146.0±29.4 0.050
Values are presented as mean±standard deviation and compared using the independent t-test. 
DM, diabetes mellitus; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TSF, triceps skinfold thickness; MAMC, mid-
upper arm muscle circumference; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; PCR, protein creatinine ratio.
*P<0.05 was considered statistically significant.
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recommended levels (set at 100%). In both groups, intake was be-
low recommended levels for all food groups except protein foods, 
with no significant differences between the DM and non-DM 
groups.

DISCUSSION

This study examined dietary intake patterns in older adults with 
predialysis CKD and compared them based on DM status. Over-

Table 3. Nutrient intake of participants according to DM comorbidity 

Parameter
DM comorbidity

Total (n=106) DM (n=67) Non-DM (n=39) P-value
Energy (kcal) 1,388.7±435.0 1,429.1±472.4 1,319.2±357.0 0.211
Energy (kcal/kg) 24.5±7.0 24.9±7.4 23.9±6.3 0.462
Macronutrient
  Carbohydrate (g) 208.2±65.4 209.8±69.3 205.5±58.8 0.742
  Protein (g/kg) 0.9±0.4 1.0±0.4 0.8±0.2 0.049*
  Protein (g) 52.3±21.0 55.6±23.5 46.7±14.2 0.017*
    Animal (% total protein) 40.4±20.5 40.5±21.5 40.3±18.9 0.958
    Plant (% total protein) 59.6±20.5 59.5±21.5 59.7±18.9 0.958
  Fat (g) 32.3±18.1 33.0±20.6 31.1±13.0 0.564
    Animal (% total fat) 45.6±26.6 44.1±26.2 48.1±27.4 0.460
    Plant (% total fat) 54.4±26.6 55.9±26.2 51.9±27.4 0.460
  Saturated fat (g) 10.9±14.7 9.8±10.1 12.8±20.4 0.304
  Cholesterol (mg) 209.2±191.4 235.8±209.1 163.5±147.9 0.060
  Fiber (g) 21.4±13.1 22.2±14.6 20.1±10.0 0.434
  Carbohydrate:protein:fat (%) 63:16:21 63:16:21 64:15:21
Mineral and vitamin
  Sodium (mg) 2,659.7±1,407.5 2,707.1±1,529.8 2,578.3±1,182.8 0.652
  Potassium (mg) 2,052.3±993.5 2,193.9±1,090.4 1,809.1±752.5 0.054
  Phosphorus (mg) 804.0±318.1 843.6±339.0 736.1±269.3 0.093
  Calcium (mg) 420.4±235.5 433.8±232.4 397.6±242.1 0.448
  Iron (mg) 17.6±23.0 18.8±25.0 15.6±19.0 0.498
  Vitamin A (µg RAE) 254.1±222.0 274.4±243.7 219.3±176.4 0.219
  Vitamin E (mg) 11.6±8.0 12.2±8.3 10.6±7.4 0.326
  Folate (µg) 372.8±204.7 408.6±233.0 311.2±123.8 0.006*
  Vitamin C (mg) 62.3±65.5 71.3±74.9 47.0±41.6 0.065
  Thiamin (mg) 1.3±0.6 1.3±0.7 1.2±0.5 0.172
  Riboflavin (mg) 1.0±0.6 1.1±0.6 0.9±0.6 0.259
  Niacin (mg) 8.6±4.3 9.2±4.8 7.6±3.1 0.038*
Values are presented as mean±standard deviation and compared using the independent t-test. 
DM, diabetes mellitus; RAE, retinol activity equivalents.
*P<0.05 was considered statistically significant.

Table 4. Energy and nutrient intake of patients with predialysis chronic kidney disease (stages 3–5) compared with the recommended 
levela)

Variable
DM comorbidity

Total (n=106) DM (n=67) Non-DM (n=39)
P-value

Below On Above Below On Above Below On Above
Energy 90 (84.9) 6 (5.7) 10 (9.4) 56 (83.6) 3 (4.5) 8 (11.9) 34 (87.2) 3 (7.7) 2 (5.1) 0.427
Protein 16 (15.1) 32 (30.2) 58 (54.7) 10 (14.9) 18 (26.9) 39 (58.2) 6 (15.4) 14 (35.9) 19 (48.7) 0.584
Phosphorus 58 (54.7) 23 (21.7) 25 (23.6) 34 (50.7) 14 (20.9) 19 (28.4) 24 (61.5) 9 (23.1) 6 (15.4) 0.311
Sodium 30 (28.3) 15 (14.2) 61 (57.5) 18 (26.9) 11 (16.4) 38 (56.7) 12 (30.8) 4 (10.3) 23 (59.0) 0.665
Values are presented as number (%) and compared using the chi-square test. 
DM, diabetes mellitus.
a)2013 International Society of Renal Nutrition and Metabolism guideline. 
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all, participants had lower energy intake than recommended, 
more than half exceeded the recommended sodium intake, and 
approximately half consumed protein above the recommended 
range for predialysis CKD. Participants with DM had higher pro-
tein intake than those without DM. These findings indicate poor 
alignment with dietary patterns and support the need for individ-
ualized nutritional management strategies in this population.

A key finding was insufficient energy intake in many partici-
pants. Although ISRNM recommends 30–35 kcal/kg/day for pa-
tients with nondialysis CKD to prevent PEW [15], the mean ener-
gy intake in both groups was below this range. These findings 
align with those of previous studies reporting that patients with 
CKD often consume less energy than recommended [10,16,17]. 
Reduced energy intake in CKD has been attributed to anorexia, 
uremic symptoms, and dietary restrictions [18,19]. Inadequate 
energy intake may increase protein catabolism and the risk of 
PEW, which is associated with poor clinical outcomes [15,20]. 
This is especially relevant in older patients with CKD, as aging-re-
lated declines in appetite and function further limit dietary intake 
[5,6]. These findings highlight the importance of maintaining ad-
equate energy intake in the nutritional management of older 
adults with CKD.

Despite the high prevalence of inadequate energy intake, few 
participants were classified as malnourished according to the 
SGA. This discrepancy may reflect that SGA evaluates changes in 
dietary intake rather than adequacy based on recommended en-
ergy requirements. In addition, the use of a single 24-hour recall 
may not fully reflect habitual intake. These factors may explain 

the observed mismatch between reported energy intake and nu-
tritional status.

For patients with CKD, protein restriction to approximately 
0.6–0.8 g/kg/day is commonly recommended to reduce intraglo-
merular pressure and mitigate hyperfiltration, thereby slowing 
disease progression [15,21]. However, adherence to a protein-re-
stricted diet is often difficult in real-world home settings. Consis-
tent with our findings, previous studies report that actual protein 
intake in patients with CKD frequently exceeds recommendations 
[21,22]. In this study, protein intake was similar to the recom-
mended Korean Society of Nephrology (0.8 g/kg/day), and nota-
bly, approximately half of the participants met or exceeded this 
level. Given the older age of the cohort, these findings highlight a 
critical clinical dilemma: balancing the need for adequate protein 
intake to prevent sarcopenia against the risk of additional burden 
on compromised renal function. These results support that evi-
dence-based, age-specific nutritional recommendations are war-
ranted for the management of elderly patients with CKD.

Notably, patients with DM consumed significantly more pro-
tein than those without DM, consistent with previous studies 
[17,23]. In nondialysis CKD, patients without diabetes tended to 
initiate protein restriction earlier, whereas those with DM were 
less likely to do so [17]. Although total energy intake did not sig-
nificantly differ between groups, higher protein intake in the DM 
group may reflect differences in overall dietary intake patterns, in-
cluding macronutrient distribution. In particular, carbohydrate 
restriction for glycemic control may lead to compensatory in-
creases in protein intake [24-26].

Higher protein intake in the DM group was accompanied by 
higher BUN levels. As BUN reflects both dietary protein intake 
and kidney function, higher levels in this group may partly indi-
cate greater protein consumption. This pattern may relate to 
DM-related dietary modifications, particularly carbohydrate re-
striction for glycemic control, which can lead to compensatory in-
creases in protein intake. In addition, increased intake of pro-
tein-rich foods, especially from animal sources, may contribute to 
higher phosphorus intake and may partly explain the elevated se-
rum phosphorus levels observed in the DM group. Previous stud-
ies similarly reported that higher protein intake increases circulat-
ing urea levels, indicating a relationship between protein intake 
and BUN levels [27]. High protein intake has also been associated 
with increased intraglomerular pressure and glomerular hyperfil-
tration, potentially contributing to progressive kidney damage 
over time [27]. These findings therefore highlight the importance 
of appropriate protein intake management in CKD [3]. However, 

Fig. 1. Major food-group intake of participants compared with 
recommendation. DM, diabetes mellitus.
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optimal protein intake in older adults with CKD remains unclear. 
While older adults generally require approximately 1.0 to 1.2 g/
kg/day to maintain muscle mass and prevent sarcopenia [28], this 
exceeds the lower levels recommended for CKD. Therefore, nutri-
tional management in this population requires balancing kidney 
protection with the need to maintain adequate nutritional status.

Another key finding was that more than half of the participants 
exceeded the recommended sodium intake. Excessive sodium in-
take contributes to fluid retention and hypertension and is strong-
ly associated with increased cardiovascular risk and CKD pro-
gression [29]. Previous studies likewise report high sodium intake 
in CKD, while sodium restriction has been shown to reduce 
blood pressure and proteinuria [29]. These findings highlight the 
importance of sodium restriction in CKD management.

Analysis of food-group intake showed that all groups except 
protein were consumed below recommended levels, suggesting 
that dietary imbalance in CKD may extend beyond individual nu-
trients to broader patterns of food selection. Previous studies have 
also reported food-group consumption imbalance among pa-
tients with CKD [17,30]. In older adults, food-based dietary guid-
ance may be more practical and easier to implement than nutri-
ent-based recommendations, and translating nutrient intake tar-
gets into meal-based patterns may improve dietary adherence. 
These findings support the use of food-based nutritional educa-
tion in dietary interventions for patients with CKD.

This study has several strengths. First, it focused on older adults 
with CKD, a rapidly growing population for whom nutritional 
management is particularly important. Second, dietary intake was 
assessed in terms of nutrient amounts and adherence to recom-
mended intakes and food-group patterns.

Several limitations should be acknowledged. First, the cross- 
sectional design precludes causal inferences between dietary in-
take patterns and clinical outcomes. Longitudinal studies are 
needed to determine whether observed dietary patterns contrib-
ute to disease progression or reflect adaptations to declining kid-
ney function. Second, dietary intake was assessed using a single 
24-hour dietary recall, which may not adequately capture habitual 
dietary patterns due to day-to-day variability. Although widely 
used, multiple recalls or food frequency questionnaires may pro-
vide a more reliable estimate of usual intake. Third, the relatively 
small sample and single-center design limit statistical power and 
generalizability to the broader populations of older adults with 
predialysis CKD. In addition, reliance on participant memory in-
troduces recall bias, particularly in older adults with CKD, where 
cognitive decline may result in under- or inaccurate-reporting. 

These limitations may have led to misestimation of nutritional in-
take and attenuated associations with clinical parameters. There-
fore, these findings should be interpreted with caution, and fur-
ther studies using multiple recalls or food frequency question-
naires are warranted for a more robust estimation.

In conclusion, older adults with predialysis CKD had insuffi-
cient energy, excessive sodium, and protein intake above recom-
mended levels. Protein intake and BUN levels were higher in pa-
tients with DM than in those without. These findings underscore 
the need for individualized nutritional management strategies 
that consider both kidney function and diabetes status in older 
adults with CKD.
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Postgastrectomy diarrhea is often attributed to dumping syndrome or functional changes; however, exocrine pancreatic insufficien-
cy (EPI) from anatomical and physiological alterations may be an underrecognized cause of malabsorption and nutritional decline. 
Because EPI symptoms are often nonspecific, it may remain undiagnosed and lead to progressive malnutrition if untreated. This 
case report describes severe EPI identified via nutrition-focused assessment in a patient with persistent diarrhea after Billroth II 
gastrectomy, and the clinical response to pancreatic enzyme replacement therapy (PERT). A patient with a history of subtotal gas-
trectomy with Billroth II reconstruction for gastric cancer presented with chronic diarrhea, steatorrhea, weight loss, and hypoalbu-
minemia. Repeated endoscopic and radiologic evaluations identified no structural cause of diarrhea. Comprehensive nutrition-fo-
cused assessment indicated fat malabsorption, and fecal pancreatic elastase was markedly reduced (23.8 µg/g), confirming se-
vere EPI. PERT with pancreatin containing 25,000 units of lipase (Norzyme) was initiated with meals. Posttreatment, steatorrhea re-
solved and bowel movements normalized without dietary fat restriction. Serum albumin levels subsequently normalized, and body 
weight returned to the normal range, indicating improved nutritional status. This case emphasizes the clinical value of nutrition-fo-
cused assessment in identifying treatable causes of malabsorption, such as EPI, in patients with persistent postgastrectomy diar-
rhea.
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INTRODUCTION

With improved survival after gastric cancer surgery, long-term 
gastrointestinal dysfunction and nutritional complications are in-
creasingly recognized as clinically important. Exocrine pancreatic 
insufficiency (EPI) has traditionally been associated with pancre-

atic disease or surgery; however, it is increasingly recognized as a 
possible complication of gastrointestinal surgery [1-6]. Postgas-
trectomy diarrhea is often attributed to dumping syndrome or 
functional changes, but EPI with fat malabsorption may be an im-
portant cause in some patients.

EPI can cause diarrhea, steatorrhea, abdominal discomfort, 
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malnutrition, and reduced quality of life. However, symptoms are 
often nonspecific, sometimes mild, and may vary in severity de-
pending on dietary fat intake. Consequently, diagnosis may be 
easily overlooked or delayed [2,7-10]. If untreated, EPI can wors-
en nutritional deficiencies and is associated with increased mor-
bidity and mortality [8,9].

Gastrectomy reduces gastric lipase, which normally contributes 
approximately 10% to 30% of lipid digestion [11]. In addition, 
even without direct pancreatic tissue loss, anatomical changes may 
reduce hormonal and neural stimulation of pancreatic secretion 
[3,5,6]. Previous studies reported variable declines in exocrine 
pancreatic function after gastrectomy, with reductions of up to 
76% [5]. Furthermore, pancreatobiliary asynchrony—mismatch 
between pancreatobiliary secretions and food transit after Billroth 
II or Roux-en-Y reconstruction—may further worsen fat malab-
sorption [1,3,4,6]. These mechanisms are illustrated in Fig. 1.

Therefore, early recognition of EPI in patients presenting with 
postgastrectomy diarrhea, followed by timely nutritional inter-
vention and pancreatic enzyme replacement therapy (PERT), may 
improve nutritional status, alleviate symptoms, and enhance over-
all clinical outcomes.

This case report describes a patient with persistent post-Billroth 
II diarrhea in whom EPI was identified and successfully managed 
with nutritional intervention and pancreatic enzyme supplemen-

tation.

Ethics statement
Ethical approval was obtained from the Institutional Review 
Board of Seoul National University Hospital (No. H-2603-020-
1722). Written informed consent for publication of the research 
details was obtained from the patient. All study procedures were 
conducted in accordance with the principles of the Declaration of 
Helsinki. This study is reported in accordance with the CARE 
guidelines.

CASE REPORT

Patient information
In 2019, a 49-year-old male patient was referred for evaluation of 
persistent diarrhea. He had undergone a subtotal gastrectomy 
with Billroth II reconstruction for advanced gastric cancer in De-
cember 2009. Over the preceding 1 to 2 years, he had developed 
persistent diarrhea with steatorrhea. Prior evaluations at another 
hospital, including esophagogastroduodenoscopy (EGD), colo-
noscopy, and abdominal computed tomography, did not identify 
a cause of his symptoms. Despite symptomatic treatment, his di-
arrhea persisted, and he was referred to our hospital for further 
evaluation.

BBAA

Fig. 1. Mechanisms of fat malabsorption following gastrectomy. (A) Decreased gastric lipase secretion reduces the contribution to 
initial lipid hydrolysis. (B) Major mechanisms involve anatomical alterations leading to reduced hormonal (CCK, secretin) and neural 
stimulation, resulting in EPI. Additionally, pancreatobiliary asynchrony impairs the mixing of chyme with enzymes, causing secondary 
EPI. These factors collectively contribute to fat malabsorption. CCK, cholecystokinin; EPI, exocrine pancreatic insufficiency. 
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He had no history of chronic illness or other conditions that 
could account for the weight loss. After transfer, he was started on 
loperamide (2 mg twice daily); however, diarrhea with steatorrhea 
persisted more than 4 to 5 times daily. He was admitted for sup-
portive care due to persistent diarrhea, poor oral intake, and 
weight loss. The patient also reported 3 to 4 episodes of glossitis 
over the previous year, which made it difficult to tolerate spicy 
foods. He further complained of facial and extremity edema upon 
waking.

He was 177 cm tall, with a preoperative body weight of 55 kg 
(body mass index [BMI], 17.6 kg/m²). Over the preceding 6 
months, he had lost approximately 5 kg from his usual postgas-
trectomy weight of 57 to 58 kg. His body weight was 52.9 kg 
(BMI, 16.9 kg/m²) on admission, which further decreased to 
49.15 kg (BMI, 15.7 kg/m²) during hospitalization.

Dietary and bowel habit assessments showed that his bowel 
movements were relatively normal with low-fat, non-greasy 
foods. However, steatorrhea and diarrhea occurred after overeat-
ing or consuming high-fat foods, such as fried dishes or oily 
soups. His stool was typically pale or watery with yellowish fat 
droplets. Due to sudden urgency and risk of fecal incontinence, he 
required absorbent pads. During hospitalization, repeat EGD, ab-
dominal radiography (erect), and stool examinations, including 
parasite tests and fecal calprotectin, did not identify a definitive 
cause of diarrhea.

Nutritional assessment and diagnosis
On hospital day 4, the patient was referred to a clinical dietitian 
for counseling to manage steatorrhea-associated diarrhea and 
prevent dehydration. Based on dietary history, bowel patterns, 
and history of gastrectomy, EPI with fat malabsorption post-Bill-
roth II gastrectomy was strongly suspected.

Hypoalbuminemia was also considered a contributing factor to 
intestinal mucosal edema and diarrhea, warranting active nutri-
tional management. A fecal pancreatic elastase test showed a level 
of 23.8 µg/g, consistent with severe EPI. Trace element testing re-
vealed deficiencies in selenium, zinc, and copper (37.2, 19.3, and 
40.8 µg/dL, respectively).

Nutritional intervention and clinical course
Given the patient’s Billroth II reconstruction, pancreatin contain-
ing 25,000 units of lipase per meal (Norzyme) was administered 
with meals as opened capsules. Although coadministration with 
acidic foods such as orange juice was considered if the response 
was inadequate, marked improvement occurred even when taken 

with water.
The previously prescribed low-fat diet was discontinued, and 

the patient was encouraged to follow a regular diet, providing ap-
proximately 30% of total energy from fat. To prevent dumping 
syndrome, previous dietary advice was reinforced, including 
avoiding large fluid intake during and immediately after meals, 
and multivitamin and multimineral supplementation was initiat-
ed for micronutrient deficiencies.

After starting PERT, stool consistency rapidly normalized, ste-
atorrhea improved, bowel movement frequency decreased, and 
stool color returned to normal. With improved fat malabsorption, 
serum albumin levels gradually increased, and body weight recov-
ered.

At outpatient follow-up in October 2025, the patient tolerated a 
regular diet without significant gastrointestinal symptoms. Serum 
albumin remained within the normal range, and body weight had 
increased to 58 kg (BMI, 18.5 kg/m²) (Fig. 2).

DISCUSSION

Postgastrectomy diarrhea is common but often attributed to 
dumping syndrome or nonspecific postoperative bowel dysfunc-
tion and managed empirically. This case is notable because a pa-
tient with long-standing post-Billroth II diarrhea and weight loss 
had no identifiable cause despite repeated imaging and endoscop-
ic evaluations and did not respond to antidiarrheal medication. 
EPI was suspected during nutrition-focused assessment, con-
firmed by fecal elastase testing, and successfully treated with 
PERT. These findings reveal that persistent diarrhea with steator-
rhea post-Billroth II gastrectomy may be considered a clinical in-
dicator of EPI. Fat malabsorption occurring a decade after surgery 
may partly reflect age-related decline in pancreatic exocrine func-
tion [12]. In this context, age-related decline in function may also 
contribute to symptom exacerbation. Diarrhea-related malab-
sorption is often overlooked in clinical practice but can signifi-
cantly impair nutritional status and clinical outcomes through 
substantial loss of energy and nutrients. Selenium, zinc, and cop-
per deficiencies observed in this patient may also reflect chronic 
malabsorption due to EPI.

Several studies have investigated nutrient losses associated with 
diarrhea. One study reported that when daily stool output exceeds 
350 g, energy absorption falls below 85%, with significant reduc-
tions in both caloric and protein absorption. Furthermore, even 
without clinically overt diarrhea, increased stool volume may re-
duce energy absorption, indicating that malabsorption can be un-
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derestimated when based solely on symptoms [13]. These find-
ings support the need for active evaluation of functional digestive 
and absorptive impairment even in the absence of structural ab-
normalities.

In this case, recurrent diarrhea, persistent weight loss, and hy-
poalbuminemia despite the absence of structural abnormalities 
indicated the need for further evaluation of malabsorption. Ulti-
mately, maintaining adequate nutritional status requires both suf-
ficient nutrient intake and strategies to reduce nutrient loss from 
impaired absorption.

Fecal elastase testing was a useful noninvasive method for con-
firming severe EPI in this case. Without structural abnormalities 
on imaging, this test provided objective confirmation of clinically 
suspected EPI, such as steatorrhea, and guided important thera-
peutic decision-making. However, previous studies report that a 
considerable proportion of patients may have mild or asymptom-
atic EPI. Therefore, follow-up should include a comprehensive as-
sessment of symptoms such as weight change and laboratory nu-
tritional markers such as serum albumin and micronutrients 
[7,10,14].

Evidence on PERT after gastrointestinal surgery is limited; 
however, overall clinical improvements have been reported. Al-
though some studies show no statistically significant symptom 
improvement, reductions in steatorrhea and improved fat absorp-
tion have been consistently reported. These improvements are as-
sociated with weight gain, better nutritional status, and improved 

quality of life [3-5].
After confirming severe EPI, pancreatic enzymes were adminis-

tered with meals, considering the anatomical changes associated 
with Billroth II reconstruction. Consequently, stool consistency 
normalized without dietary fat restriction. Improved serum albu-
min levels and body weight indicated recovery of fat absorption 
rather than symptomatic management alone.

Routine enzyme supplementation is not required after gastrec-
tomy, but PERT may be effective when clinical symptoms and ob-
jective findings indicate EPI. After gastrectomy, reduced gastric 
acid secretion may impair dissolution and activation of enter-
ic-coated enzyme preparations. Therefore, enzymes should be 
taken with meals, and opening capsules to mix microspheres with 
acidic foods may be considered when necessary [1,2,4].

With the increasing number of gastric cancer survivors and an 
aging population, long-term follow-up will require systematic as-
sessment of nutrition-related complications. In particular, diges-
tive and absorptive dysfunction is expected to become increasing-
ly important clinically. Therefore, persistent diarrhea without ob-
vious structural abnormalities should prompt an integrated nutri-
tion-focused assessment to enable early detection of treatable EPI.

In conclusion, routine PERT is not indicated after gastrectomy, 
but persistent diarrhea—especially with fat malabsorption—
should prompt consideration of EPI as a reversible cause. This 
case highlights the clinical value of nutrition-focused assessment 
in detecting malabsorption that conventional diagnostic ap-

Fig. 2. Clinical course before and after nutritional assessment and PERT. Changes in body weight and serum albumin levels are pre-
sented chronologically relative to the initiation of nutritional intervention and PERT. Stool patterns significantly improved from steator-
rhea to normal frequency after PERT. PERT, pancreatic enzyme replacement therapy. 
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proaches may miss. With increasing survival rates among patients 
with gastric cancer and the global trend toward aging popula-
tions, periodic and comprehensive nutrition-focused assessment 
is further emphasized in long-term survivors. Early recognition of 
EPI and timely PERT initiation with appropriate nutritional inter-
vention can improve gastrointestinal symptoms, nutritional status, 
and overall outcomes.
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The incidence of supraventricular tachycardia (SVT) is approximately 35 cases per 100,000 patients with a prevalence of 2.25 cas-
es per 1,000. This dysrhythmia originates at or above the atrioventricular node and is defined by a narrow complex QRS (<120 
msec) at a rate of >100 beats/min. The effects of vitamin B12 deficiency on sympathetic and parasympathetic systems may cause 
heart rate variability and autonomic dysfunction. In patients with SVT, the underlying mechanism may be further exacerbated by vi-
tamin B12 deficiency or induced by the deficiency. We describe a case series of three patients with no known comorbidity who pre-
sented to our department with SVT. Their SVTs were terminated using the modified Valsalva maneuver. All three patients were inci-
dentally found to be severely deficient in vitamin B12 and had hyperhomocysteinemia. They were discharged on medications and di-
etary advice to increase vitamin B12 levels. Correcting vitamin B12 deficiency and hyperhomocysteinemia could play a preventive role 
in patients at risk for SVT. Our case series demonstrates a plausible association between vitamin B12 deficiency and SVT occurrence 
in previously healthy individuals with no known comorbid conditions.

Keywords: Supraventricular tachycardia; Vitamin B12; Homocysteine; Case reports

Received: February 24, 2026  Revised: April 13, 2026  Accepted: April 13, 2026

Correspondence to: Ankur Verma 
Department of Emergency Medicine, Max Super Specialty Hospital, 108A, I.P. Extension, Patparganj, New Delhi 110092, India 
Email: anksv25@gmail.com

INTRODUCTION

Supraventricular tachycardia (SVT) is a dysrhythmia originating 
at or above the atrioventricular node and is defined by a narrow 
complex QRS (< 120 msec) at a rate of > 100 beats/min. Anxiety, 
palpitations, chest discomfort, lightheadedness, syncope, or dys-
pnea are the most common symptoms that patients may present 
with. Shock, signs of heart failure, lightheadedness, or exercise in-
tolerance may be present in some cases [1]. The most common 
causes of SVT are coronary artery disease, heart valve disease, 
heart failure, anemia, thyroid disease, diabetes, illicit drug use, caf-
feine intake, emotional stress, excessive alcohol consumption, and 
smoking [2].

According to the Food Safety and Standards Authority of India, 

preventable micronutrient deficiency is widespread in the Indian 
population [3]. A water-soluble vitamin, vitamin B12 (cobalamin), 
is naturally present only in animal foods and available as a dietary 
supplement and a prescription medication (cyanocobalamin). Vi-
tamin B12 is a vital precursor for the development, myelination, 
and function of the central nervous system; formation of healthy 
red blood cells; and the synthesis of DNA [4]. Cobalamin plays a 
vital role in DNA synthesis and in the metabolic conversion of ho-
mocysteine to methionine. Deficient vitamin B12 levels result in 
homocysteine accumulation in the bloodstream, a condition 
known as hyperhomocysteinemia (hHcy) that is associated with 
increased oxidative stress, endothelial dysfunction, and prothrom-
botic state, all of which can affect cardiovascular function [5]. 
Studies have demonstrated a positive correlation of homocysteine 
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levels with atherosclerosis and coronary artery disease [6,7]. Auto-
nomic dysfunction also plays a major role in the development of 
SVT [8], and vitamin B12 deficiency causes autonomic dysfunc-
tion and failure [9]. In patients with SVT, the underlying mecha-
nism may be further exacerbated by vitamin B12 deficiency and 
high homocysteine levels, resulting in increased susceptibility to 
dysrhythmia and thrombotic events. Previous studies have also 
reported a strong association between vitamin B12 deficiency and 
atrial fibrillation [10,11]. Herein, we describe a series of three pa-
tients who presented to our emergency department (ED) with 
SVT and had no known comorbid conditions. They were found 
to be severely deficient in vitamin B12 and had hHcy. Their SVT 
was managed in the ED, after which they were discharged with 
dietary recommendations and calcium channel blockers.

CASE REPORT

Ethics statement
All study procedures were conducted in accordance with the 
principles of the Declaration of Helsinki. The next of kin of all 
three patients gave us consent to publish their cases.

Case presentation 1
A 40-year-old male patient with no medical history came to the 
ED with uneasiness on the right side of the chest and sweating for 
30 minutes before arrival to the ED. On arrival to the ED, his 
heart rate was 213/min, blood pressure (BP) was 130/90 mmHg, 
respiratory rate (RR) was 24/min, oxygen saturation was 97% on 
room air, body temperature was 97.1 °F, and random blood sugar 
level was 90 mg/dL. On primary and secondary examinations, 
tachycardia on auscultation was the only significant finding.

An electrocardiogram (ECG) was performed, which suggested 
SVT. The modified Valsalva maneuver was performed, and the 
SVT reverted to normal sinus rhythm. The patient had no previ-
ous comorbid conditions and was a pure vegetarian since birth. 
His incidental biochemical findings revealed a vitamin B12 level of 
70 pg/mL and a homocysteine level of 69 µmol/L, whereas serum 
folate level was 10.96 ng/mL.

After obtaining a cardiology consultation, the patient was dis-
charged on oral diltiazem 20 mg once a day, supplementation, and 
dietary advice from the ED itself. Vital findings at the time of dis-
charge were heart rate 95/min, BP 110/70 mmHg, RR 16/min, 
and oxygen saturation 98% on room air. He returned to our hos-
pital after 6 months with the same complaints and was diagnosed 
with an SVT with a heart rate of 205/min. The SVT was reverted 

using the modified Valsalva maneuver. On further history-taking, 
he denied following the dietary and supplementation advice but 
had been diligently taking diltiazem. Repeat tests for vitamin B12 
and homocysteine showed levels of 100 pg/mL and 33.8 µmol/L, 
respectively, and the serum folate level was 13.61 ng/mL. The pa-
tient intended to be followed up in the cardiology outpatient de-
partment and was hence discharged with dietary and supplemen-
tation advice again and to continue oral diltiazem.

Case presentation 2
A 64-year-old female patient with no medical history came to the 
ED with dry cough and shortness of breath since 1 day before. She 
was a vegetarian who did not even consume eggs. On arrival to 
the ED, she had a heart rate of 160/min, BP of 140/80 mmHg, RR 
of 24/min, oxygen saturation of 94% on room air, random blood 
sugar level of 160 mg/dL, and body temperature of 98.6 °F. On ex-
amination, no obvious abnormality was found.

Her ECG was diagnostic of SVT. The modified Valsalva ma-
neuver was performed, and the SVT reverted to normal sinus 
rhythm with a heart rate of 105/min. The patient’s incidental vita-
min B12 and homocysteine levels were 114 pg/mL and 19.5 µmol/
L, respectively. Two-dimensional echocardiography showed nega-
tive findings for any structural abnormality. Other blood investi-
gations revealed a N-terminal pro–B-type natriuretic peptide level 
of 177 pg/mL, D-dimer level of 232 ng/mL, Troponin I level of 
0.01 ng/mL, creatine kinase MB (CKMB) level of 3.4 ng/mL, and 
a hemoglobin level of 12.9 g/dL. Deranged vitamin B12 and homo-
cysteine levels were the only positive findings for the patient.

After obtaining a cardiology consultation, she was admitted to 
the Cardiac Care Unit due to her elderly status. She was managed 
conservatively and discharged after 2 days in a stable condition on 
ivabradine 5 mg prescribed by the cardiology team.

Case presentation 3
A 46-year-old male patient with no medical history came to the 
ED with palpitations and chest uneasiness since 15 to 20 minutes 
before arrival to the ED. He was a vegetarian who consumed eggs 
on an occasional basis. On arrival to the ED, he had a heart rate of 
216/min, BP of 130/90 mmHg, RR of 28/min, oxygen saturation 
of 100% on room air, body temperature 98 °F, and random blood 
sugar level of 135 mg/dL. On examination, no obvious abnormal-
ity was detected.

ECG was used to diagnose SVT. After performing the modified 
Valsalva maneuver, the SVT reverted to normal sinus rhythm. 
Laboratory data revealed the following: vitamin B12 level 89 pg/
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mL, folate level 3.91 ng/mL, homocysteine level 120.9 µmol/L, he-
moglobin level 15.6 g/dL, Troponin I level 0 ng/mL, and CKMB 
level 0.9 ng/mL. The patient was advised for admission for further 
investigation by the cardiology team, but he decided to leave 
against medical advice. However, he was counseled regarding the 
deficiency and the increased risk of cardiovascular events due to 
his severely high homocysteine levels. He was provided dietary (to 
increase egg consumption if he cannot consume red meat) and 
supplementation advice and discharged in a stable condition. 
None of the three patients were followed up in the cardiology out-
patient department. Table 1 shows the vitamin B12 and homocys-
teine levels of all three patients.

DISCUSSION

Our case series emphasizes a possible association of SVT with vi-
tamin B12 deficiency and homocysteine. Strict vegetarians who ex-
perience vitamin B12 deficiency must take supplements enriched 
with vitamin B12 [5]. Vitamin B12 deficiency and hHcy have been 
implicated in various cardiovascular complications due to their 
impact on vascular and endothelial health. In fact, hHcy has been 
investigated as a risk factor for arterial and venous thrombosis, as 
well as dysrhythmias, due to its negative effect on endothelial cells 
and its role in promoting inflammation and coagulation. In par-
ticular, endothelial dysfunction is critical in the pathophysiology 
of dysrhythmias, such as SVT, where disrupted cardiac electrical 
signaling may develop due to vascular inflammation and oxida-
tive stress, which are associated with increased homocysteine lev-
els [12]. Acute treatment of SVT is based on the patient’s hemody-
namic stability. The vagal maneuver and pharmaceutical therapy 
are recommended for hemodynamically stable patients. Standard 
guidelines for the management of SVT mention that adenosine 
should be the first medication therapy if vagal maneuvers fail to 
terminate SVT [13]. Vagal maneuvers have demonstrated a wide 
range of success rates in terminating SVT, ranging from 19% to 
54%.

In hemodynamically unstable patients, cardioversion is the first 
choice of treatment. Moreover, calcium channel blockers and beta 
blockers may be used in patients with frequent atrial and ventric-
ular premature beats. Verapamil (0.075–0.15 mg/kg iv) or dilti-
azem (0.25 mg/kg) has also been shown to terminate SVT in 64% 
to 98% of patients [14].

SVT is caused by certain known medical conditions such as 
heart failure or other heart diseases, lung disease, thyroid disease, 
Wolff-Parkinson-White syndrome, congenital conditions, and 

previous heart surgeries. Other documented triggers for SVT in-
clude stress, excess caffeine or alcohol intake, anxiety, smoking, 
tobacco chewing, and stimulant drugs such as cocaine [15].

Vitamin B12 deficiency is found in > 20% of older adults aged 
> 60 years. Vitamin B12 is the most important precursor for the 
myelination process during the development of the nervous sys-
tem. Therefore, myelination deficiency due to low levels of vita-
min B12 in the nerve terminals innervating the heart and arteries 
may cause abnormalities in heart rate regulation and vascular dy-
namics, resulting in cardiac autonomic neuropathy [16]. Vitamin 
B12 plays a vital role in cardiovascular disease. Vitamin B12 affects 
the levels of homocysteine metabolism along with folate and vita-
min B6 in converting homocysteine into methionine. Increased 
levels of homocysteine have also been identified as an indepen-
dent risk factor for cardiovascular disease, as high homocysteine 
levels can cause endothelial dysfunction, arterial damage, and in-
creased clotting risk [17]. Vitamin B12 also plays a vital role in 
maintaining homocysteine homeostasis, which exerts a direct im-
pact on reducing cardiovascular events [18]. As mentioned earlier, 
vitamin B12 deficiency results in autonomic dysfunction and fail-
ure, which may cause dysrhythmias [8,9]. In fact,  Yilmaz et al. 
[19] reported low levels of vitamin B12 as a significant indicator of 
arrhythmogenic susceptibility in healthy individuals. Further-
more, hHcy was found to exhibit a linear correlation with cardiac 
autonomic system dysfunction in patients with obstructive sleep 
apnea syndrome [20]. In a retrospective study, Liakos et al. [18] 
found that the incidence of sustained, paroxysmal, and all-type 
atrial fibrillation had a direct association with homocysteine levels 
and an inverse association with vitamin B12 levels.

India is a country where vegetarian and plant-based diets are 
prevalent. Vitamin B12 deficiency is commonly caused by dietary 
deficiency, lack of intrinsic factors (e.g., pernicious anemia), gas-
trointestinal tract surgeries, and prolonged use of medications 
such as metformin and proton pump inhibitors [21,22]. More-
over, due to a largely vegetarian population, vitamin B12 deficiency 
is endemic in India. In fact, Mahalle et al. [23] found that 86.7% of 
their study patients were deficient in vitamin B12 and had suffered 
from coronary artery disease. Singla et al. [24] also reported a 

Table 1. Vitamin B12 and homocysteine levels of the patients
Variable Vitamin B12 (pg/mL) Homocysteine (µmol/L)
Reference range 120–914 6.0–15.0
Patient 1 70 69.0
Patient 2 114 19.5
Patient 3 89 120.9
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47% prevalence of vitamin B12 deficiency in a North Indian popu-
lation. Even children are not spared from this deficiency in India. 
Shalini et al. [25] found vitamin B12 deficiency rates of 31% in ad-
olescents, 17.3% in school children, and 13.8% in preschool chil-
dren.

Vitamin B12 deficiency also causes megaloblastic anemia, glossi-
tis, fatigue, peripheral neuropathy, neural tube defect, and infertil-
ity and has also been associated with depression, cardiovascular 
disease, atrial fibrillation, and Alzheimer dementia [23,24,26-28].

All patients in our series were vegetarian, which may have been 
the trigger for the cascade of cardiac autonomic nervous system 
dysfunction suffered by them. Patient 1 who was taking standard 
drug therapy but did not follow the dietary and supplementation 
advice returned to our ED with SVT and was again found to have 
vitamin B12 deficiency and high homocysteine levels. Remarkably, 
none of the patients were examined for serum methylmalonic 
acid (a sensitive marker for vitamin B12 deficiency) as the test is 
not readily available, and only a subset was evaluated for folate 
levels.

Although some causes of SVT (structural abnormality, electro-
lyte imbalance, and thyroid dysfunction) were not excluded in our 
cases, our series of patients who were previously apparently 
healthy and had no known comorbid conditions did demonstrate 
a plausible association between vitamin B12 deficiency and SVT 
occurrence. To the best of our knowledge, there have been no re-
ports on the association of SVTs with vitamin B12 deficiency or 
hHcy.

In conclusion, it would be advisable for emergency physicians 
to be aware of nutritional deficiencies in such patients, especially 
with no known comorbid conditions. Vitamin B12 and homocys-
teine examinations may be considered a baseline assessment in 
unexplained SVT cases, although further large-scale prospective 
studies are essential before establishing clinical guidelines. Correct 
dietary advice comprising the intake of eggs and red meat as well 
as supplementation may be provided to patients found to be defi-
cient in vitamin B12. Multicentric trials may be conducted to con-
firm a stronger relationship between SVT, vitamin B12 deficiency, 
and high homocysteine levels.
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Micronutrient deficiencies are a major public health concern in low- and middle-income countries, where conventional supplemen-
tation and fortification programs are often limited by low bioavailability, fragile supply chains, cultural resistance, and poor long-term 
adherence. This research note proposes a food-based alternative model that leverages selected traditional Korean foods (K-foods)—
gim (dried seaweed), kimchi (fermented vegetables), and cheonggukjang (fermented soybean paste)—as culturally adaptable and 
nutritionally dense components of official development assistance nutrition strategies. These foods provide functionally relevant 
nutrients, such as iodine, vitamin K2, probiotics, and fermentation-derived bioactive peptides, and offer benefits, including shelf sta-
bility, microbial resilience, and decentralized production. Employing a multidisciplinary clinical nutrition framework integrating food 
composition science, fermentation biology, public health nutrition, and development policy, this note presents a five-step research 
roadmap encompassing nutrient profiling, safety and stability assessment, cultural acceptability evaluation, community-based effi-
cacy trials, and policy translation. By prioritizing food-based, multinutrient dietary interventions over single-nutrient strategies, the 
proposed model highlights a scalable and clinically relevant pathway for enhancing micronutrient status in resource-limited settings. 
This work contributes to emerging discussions on nutrition-sensitive official development assistance and highlights K-foods as po-
tential tools for sustainable, culturally responsive global nutrition interventions.
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INTRODUCTION

Micronutrient deficiencies—often referred to as “hidden hun-
ger”—remain a persistent and structurally embedded public 
health concern in many low- and middle-income countries 
(LMICs) [1]. Beyond their direct effects, including increased sus-
ceptibility to infection, elevated mortality, and impaired physical 
and cognitive development, micronutrient deficiencies exert long-

term socioeconomic impacts by increasing the lifetime risk of 
chronic diseases and placing sustained pressure on already-con-
strained healthcare systems [2]. Deficiencies in iodine, iron, and 
essential vitamins are among the most prevalent, with dispropor-
tionately severe impacts during biologically vulnerable periods, 
such as pregnancy, early childhood, and adolescence, when nutri-
tional inadequacy can result in irreversible developmental deficits 
[3].
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To overcome this challenge, official development assistance 
(ODA) programs have largely prioritized population-level, nutri-
ent-specific interventions, including universal salt iodization pro-
grams led by the World Health Organization (WHO) and the 
United Nations Children’s Fund as well as iron-folic acid supple-
mentation delivered via maternal and child health platforms in 
LMICs. Universal salt iodization is one of the most successful 
public health strategies, with approximately 89% of the global 
population consuming iodized salt as of 2020 [4]. However, nearly 
1 billion people still lack access to adequately iodized salt. Despite 
these efforts, iodine deficiency continues to affect approximately 2 
billion individuals worldwide, particularly in LMICs [5].

However, the effectiveness and sustainability of these approach-
es have been inconsistent across LMICs. Structural barriers—such 
as fragile health and food distribution infrastructures, low bio-
availability of supplemented nutrients, and supply-chain interrup-
tions—frequently undermine program coverage and adherence 
[6]. Furthermore, sociocultural resistance to synthetic supple-
ments, concerns regarding side effects, and stigma associated with 
targeted supplementation further constrain uptake, even in re-
gions where policies are formally in place.

Contrarily, traditional food-based practices historically provid-
ed context-specific and culturally embedded mechanisms for mi-
cronutrient intake enhancement. Examples include the use of iron 
cooking vessels to increase dietary iron content and the regular 
consumption of fermented foods rich in bioavailable vitamins and 
minerals. However, these practices have been progressively dis-
placed by rapid dietary transitions, increased reliance on ul-
tra-processed foods, and food system globalization [7]. Conse-
quently, many LMIC populations are currently facing a com-
pounded nutritional vulnerability characterized by the erosion of 
indigenous, food-based nutrient sources and the limited effective-
ness of externally driven supplementation strategies. These limita-
tions highlight the need for alternative ODA nutrition strategies 
that are biologically effective, culturally acceptable, food-based, 
and locally adaptable.

In this research note, the potential of traditional Korean foods 
(K-foods)—with a particular focus on gim, kimchi, and cheong-
gukjang—as illustrative models for food-based ODA interven-
tions was explored. By examining their micronutrient profiles, 
fermentation-driven bioavailability, and cultural adaptability, we 
argue that selected K-foods provide a scalable and context-sensi-
tive framework for complementing conventional supplementa-
tion strategies in low-resource settings.

RATIONALE FOR FOOD-BASED INTERVENTIONS IN 
LMICS

Limitations of supplement- and fortification-based 
programs
Over the past several decades, nutrition-focused ODA programs 
in LMICs have heavily relied on micronutrient supplementation 
(e.g., iron-folic acid tablets) and food fortification strategies (e.g., 
vitamin A-enriched cooking oil and iodized salt) [8]. Although 
these interventions are supported by robust evidence and have 
shown efficacy in controlled or short-term programmatic settings 
[9,10], their real-world effectiveness has been inconsistent and of-
ten constrained by structural, biological, and sociocultural factors:

First, limitations in nutrient bioavailability remain a persistent 
challenge. Fortified nutrients and synthetic supplements frequent-
ly show diminished absorption in diets high in phytates, low in 
fat, or lacking dietary diversity—conditions common in many 
LMIC settings [11,12]. Consequently, the nominal coverage of 
supplementation or fortification does not necessarily translate 
into meaningful micronutrient status improvements [13].

Second, poor adherence and treatment discontinuation mark-
edly undermine program impact. In particular, iron supplementa-
tion programs are often affected by gastrointestinal side effects, 
misconceptions regarding safety, and inadequate counseling, re-
sulting in low compliance even among nutritionally vulnerable 
populations [14].

Third, cultural and behavioral barriers further limit uptake. Ex-
ternally introduced supplements or fortified products may be per-
ceived as foreign, medicinal, or incompatible with local food prac-
tices, generating resistance driven by distrust, unfamiliarity, or 
concerns regarding long-term health effects. Such perceptions can 
diminish household and community acceptance despite formal 
policy endorsement [15,16].

Finally, many supplementation- and fortification-based inter-
ventions are characterized by short-term, donor-dependent im-
plementation with limited integration into local food systems or 
daily dietary behaviors. Consequently, these programs often fail to 
induce sustained changes in dietary patterns or strengthen local 
capacity for long-term nutritional resilience.

Collectively, these constraints highlight the need for alternative 
nutrition strategies that move beyond isolated nutrient delivery 
toward more integrated, food-based approaches. Aligning ODA 
nutrition strategies with locally embedded food practices may 
provide a more sustainable pathway for micronutrient adequacy 
improvement while supporting dietary continuity and food sys-
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tem resilience in LMICs.

Food-based approaches using traditional K-foods as 
sustainable and culturally adaptable solutions
Given the persistent limitations of supplementation- and fortifica-
tion-based nutrition interventions in many LMICs, food-based 
strategies have attracted increasing attention as practical and sus-
tainable alternatives. A large-scale randomized controlled effec-
tiveness study conducted in rural Mozambique reported that the 
introduction of β-carotene–rich orange-fleshed sweet potato sig-
nificantly increased vitamin A intake among populations. Specifi-
cally, OSP consumption increased by 46, 48, and 97 g/day among 
younger children (6–35 months), older children (3.0–5.5 years), 
and women, respectively. Correspondingly, vitamin A intake in-
creased by 263-, 254-, and 492-μg retinol activity equivalents/day, 
respectively. These findings suggest that food-based interventions 
can markedly improve micronutrient intake in real-world com-
munity settings [17]. Although such approaches have traditionally 
focused on revitalizing indigenous food systems, a recent dis-
course in global nutrition assistance has begun acknowledging the 
potential role of externally sourced but culturally adaptable food 
models. Particularly, fermented foods with high nutrient density 
and minimal processing may complement local diets and fill mi-
cronutrient gaps without undermining existing food cultures.

Traditional K-foods—including gim (dried seaweed), kimchi 
(fermented vegetables), and cheonggukjang (fermented soybean 
paste)—are illustrative examples of transferable, food-based inter-
vention models integrating functional nutritional value with logis-
tical feasibility. Although these foods are not indigenous to 
LMICs, they possess several attributes that support their consider-
ation as nutrition-sensitive ODA tools.

First, these foods offer high nutritional density and functional 
diversity, providing micronutrients and bioactive components—
such as iodine [18], vitamin K2 [19], dietary fiber [20], and fer-
mentation-derived metabolites [21]—commonly insufficient in 
LMIC diets. Second, fermentation-based production and micro-
bial content may improve gut health and nutrient bioavailability, 
which is relevant in populations with recurrent infections, envi-
ronmental enteropathy, or limited access to medical services. 
Third, many K-foods exhibit favorable storage and transport 
characteristics; for example, dried seaweed and fermented pastes 
are shelf-stable, lightweight, and adaptable to centralized or de-
centralized distribution systems in resource-limited settings. Fi-
nally, despite their external origin, K-foods possess a notable de-
gree of cultural adaptability, as their preparation methods, sensory 

profiles, and fermented nature resemble traditional foods con-
sumed in parts of South and Southeast Asia and Africa, potential-
ly facilitating acceptance when introduced through culturally sen-
sitive ODA frameworks [22,23].

Essentially, this approach is not intended to replace or override 
local food systems. Rather, it proposes the targeted use of selected, 
minimally processed K-foods to supplement specific dietary gaps 
among high-risk populations, such as pregnant women, school-
aged children, and older adults. By prioritizing sustainability, 
functional nutrition, and contextual feasibility, this model aligns 
with emerging paradigms in global food assistance that highlight 
not only caloric provision but also micronutrient adequacy and 
cultural respect.

Microbial resilience and shelf stability of fermented 
K-foods in ODA contexts
To ensure feasibility within ODA frameworks, the microbial resil-
ience and storage stability of fermented K-foods must be consid-
ered under real-world distribution conditions. Fermented vegeta-
ble products, such as kimchi, undergo rapid acidification mediat-
ed by lactic acid bacteria, with pH values reaching 4.0 during fer-
mentation, as reported in natural kimchi fermentation studies 
[24]. This acidic environment suppresses the growth of pathogen-
ic microorganisms, enhancing intrinsic microbial safety during 
storage and transport. In addition to safety, fermented foods 
demonstrate notable shelf stability. Experimental studies have 
demonstrated that kimchi maintains acidic conditions during 
storage, with pH values of 4.1, 3.6–3.7, and 4.1 at 4, 10, and 25 °C, 
respectively, over extended storage periods of up to 8 weeks, re-
flecting sustained microbial stability and preservation capacity 
[25].

Contrary to vegetable-based fermented products, cheongguk-
jang, a Bacillus subtilis-fermented soybean paste, has a distinct mi-
crobial and physicochemical stability profile [26]. During fermen-
tation, Bacillus spp. produce antimicrobial peptides and enzymes 
that are crucial for product preservation and suppress the growth 
of spoilage microorganisms. Cheonggukjang also has relatively 
low water activity and is typically consumed in paste or semisolid 
form, which reduces the risk for microbial contamination. Previ-
ous studies have reported that Bacillus-dominated fermented soy-
bean products maintain microbial stability and functional activity 
under ambient or slightly chilled conditions, with viable Bacillus 
populations remaining detectable during storage periods of sever-
al weeks [27]. These characteristics support its resilience to envi-
ronmental fluctuations and suitability for decentralized produc-
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tion and distribution systems.
Unlike fermented foods, gim (dried seaweed) represents a 

low-moisture, shelf-stable product with minimal microbial activi-
ty. Owing to its dehydration during processing, gim has extremely 
low water activity, which effectively prevents microbial growth 
and spoilage. Dried seaweed products can be stored at an ambient 
temperature for extended periods, often exceeding several 
months, without substantial deterioration in microbiological safe-
ty or nutrient composition with proper packaging. Experimental 
studies have demonstrated that drying processes (air- or 
freeze-drying) induce considerable log-scale reductions in micro-
bial load, with further decreases observed after storage of up to 6 
weeks [28]. Furthermore, its lightweight and compact form facili-
tates bulk transportation and long-distance distribution without 
requiring refrigeration. These properties make gim suitable for 
ODA supply chains, which have limited cold-chain infrastructure 
and variable storage conditions.

From a logistics perspective, the implementation of K-foods 
within ODA programs requires product-level stability and com-
patibility with robust and flexible supply-chain systems. In many 
LMICs, nutrition interventions are constrained by limited cold-
chain infrastructure, transportation delays, and decentralized dis-
tribution networks. In this context, the diverse stability profiles of 
K-foods support the development of multitiered supply strategies. 
For example, shelf-stable products, such as gim, can be transport-
ed and stored at an ambient temperature for extended periods, 
serving as baseline nutritional components in large-scale distribu-
tions. Semisolid fermented products, such as cheonggukjang, can 
be incorporated into localized production or short-distance distri-
bution models owing to their moderate storage stability and mi-
crobial resilience. Meanwhile, products like kimchi may be inte-
grated into regional or community-level supply systems where 
limited refrigeration is available. This tiered approach facilitates 
the development of resilient supply chains that combine central-
ized production with decentralized distribution, thereby enhanc-
ing continuity, reducing spoilage risk, and improving the overall 
feasibility of nutrition delivery in resource-limited settings.

Collectively, these findings suggest that K-foods encompass di-
verse but complementary stability profiles: kimchi provides bio-
logically active fermentation-based resilience, cheonggukjang of-
fers enzyme- and Bacillus-mediated preservation in a semisolid 
form, and gim ensures long-term stability through dehydration. 
This combination improves the feasibility of incorporating 
K-foods into ODA nutrition programs by accommodating a 
range of logistical constraints and storage environments.

NUTRITIONAL AND FUNCTIONAL PROFILES OF 
TRADITIONAL K-FOODS

K-foods combine high nutritional density, fermentation-derived 
functionality, and logistical practicality, making them strong can-
didates for food-based nutrition interventions in LMICs. Among 
these, gim (dried seaweed), kimchi (fermented vegetables), and 
cheonggukjang (fermented soybean paste) are noteworthy owing 
to their micronutrient profiles, bioavailability-enhancing fermen-
tation processes, and adaptability across diverse dietary and pro-
grammatic contexts.

Gim, or dried seaweed, is a nutrient-dense marine food widely 
consumed in Korean diets and has been recognized as a rich 
source of iodine—an important micronutrient required for thy-
roid hormone synthesis and neurodevelopment [29]. Iodine defi-
ciency remains a major public health concern in many LMICs, 
particularly among pregnant women and young children. Gim 
provides iron, folate, and vitamin B12, in addition to iodine, which 
are important for hematological and neurological functions and 
are often deficient in vulnerable populations. Beyond its nutri-
tional value, gim offers several operational advantages for food as-
sistance programs, including being lightweight, shelf-stable with-
out refrigeration, and easily transportable in bulk. Furthermore, 
its relatively simple processing and reliance on marine resources 
indicate potential opportunities for technology transfer and local-
ized seaweed cultivation in coastal LMIC regions, thereby sup-
porting longer-term sustainability.

Kimchi, a fermented vegetable food most commonly prepared 
from Napa cabbage, is a rich source of live microorganisms pro-
duced via lactic acid fermentation. This process improves nutrient 
bioavailability and generates probiotic bacteria—mainly Lactoba-
cillus species—that contribute to gut microbiota modulation, di-
gestive function improvement, and immune support [30]. Such 
effects are relevant in LMICs where gastrointestinal infections and 
impaired gut health are prevalent. Kimchi also provides substan-
tial amounts of vitamins A, C, and K, dietary fiber, and diverse 
phytochemicals that support immune defense, bone health, and 
antioxidant capacity. Notably, the widespread cultural familiarity 
with fermented vegetables across many LMIC regions offers a 
strong basis for adapting kimchi-like products using locally avail-
able vegetables and seasonings, which can enhance cultural accep-
tance and dietary integration.

Cheonggukjang, a rapidly fermented soybean paste, is distin-
guished by its exceptionally high vitamin K2 content, particularly 
in the menaquinone-7 (MK-7) form, which has greater bioavail-
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ability and longer biological half-life than phylloquinone (vitamin 
K1). As a legume-based fermented food, cheonggukjang also sup-
plies plant-derived protein, B vitamins, and bioactive peptides 
with documented antioxidant and anti-inflammatory properties. 
Its fermentation is mainly driven by B. subtilis, which exerts bene-
ficial effects on gut microbiota composition, immune modula-
tion, and metabolic regulation [31]. From an implementation 
standpoint, cheonggukjang’s paste form allows flexible packaging 
and accurate portioning, including single-serving formats suitable 
for school feeding programs, maternal nutrition interventions, 
and emergency food assistance. Its stability at room temperature 
and concentrated nutrient profile make it particularly suitable for 
food-based ODA strategies targeting bone health and vascular 
function in nutritionally vulnerable groups.

To further contextualize the potential public health relevance of 
these K-foods, it is crucial to consider the degree of micronutrient 
deficiencies in LMIC populations and the extent to which these 
foods could help address such gaps.

Iodine deficiency remains a major public health concern glob-
ally, affecting approximately 2 billion individuals. Its prevalence 
among school-aged children worldwide is reportedly 29.8%. In 
specific LMIC contexts, the burden can be markedly higher; for 
example, a recent systematic review and meta-analysis in Ethiopia 
reported a pooled prevalence of 58% (95% confidence interval 
[CI], 44%–77%) among school-aged children, with regional esti-
mates as high as 64% (95% CI, 49%–79%) [32]. In a randomized 
2 × 2 crossover trial involving 20 healthy young women, a sea-
weed-based meal consisting of sushi with nori (Porphyra spp.) 
and wakame (Undaria pinnatifida) salad provided 231 μg of io-
dine, comparable to 225 μg from a potassium iodide supplement. 
Urinary iodine levels increased after both interventions within 48 
hours. However, the estimated 24-hour bioavailability was 75% 
for the seaweed-based meal compared with 97% for the potassi-
um iodide supplement. Despite the lower bioavailability, the sea-
weed-based meal still provided a substantial amount of absorb-
able iodine, supporting its potential as a dietary iodine source for 
populations at risk of iodine deficiency [33].

Similarly, disruptions in gut health and microbiota composition 
are common in LMIC settings, frequently associated with envi-
ronmental enteric dysfunction and recurrent infections. Probiotic 
intake through fermented foods has been shown to enhance in-
testinal barrier function and immune responses. Fermented kim-
chi contains high levels of lactic acid bacteria, typically in the 
range of 108–109 colony-forming units (CFU)/g, providing a sub-
stantial microbial load that may support its probiotic activity [34]. 

A recent scoping review of prospective clinical studies identified 
11 randomized controlled trials evaluating kimchi or kimchi-de-
rived probiotics, including 638 participants, of whom 608 com-
pleted the interventions. Most of these trials evaluated metabolic 
and clinical outcomes and consistently observed beneficial effects 
on gastrointestinal symptoms, including those associated with 
bowel function. These findings suggest that kimchi consumption 
exerts measurable clinical effects across multiple physiological do-
mains, although further well-controlled trials are warranted [35]. 
Quantitative clinical evidence suggests that kimchi may serve as a 
low-cost fermented food capable of enhancing gut and metabolic 
resilience in nutritionally vulnerable populations.

Although less frequently quantified at the population level, vita-
min K2 deficiency is increasingly acknowledged as a contributor 
to impaired bone and cardiovascular health, particularly in popu-
lations with low intake of fermented foods. Cheonggukjang pro-
vides approximately 800–1,000 μg of MK-7 per 100 g, which 
means that even a modest intake of 10–20 g can supply 80–200 μg 
of vitamin K2—levels associated with activation of vitamin K–de-
pendent proteins, such as osteocalcin and matrix Gla protein 
(MGP). Direct randomized human trials showing that cheonggu-
kjang corrects vitamin K deficiency remain scarce; however, its bi-
ological relevance is supported by clinical evidence on MK-7, a 
key component of fermented soybean products. In a randomized, 
placebo-controlled trial, 244 healthy postmenopausal women re-
ceived 180 μg/day of MK-7 supplementation for 3 years, which 
markedly improved vitamin K status and attenuated age-related 
declines in bone mineral content and density at the lumbar spine 
and femoral neck. Furthermore, MK-7 supplementation favorably 
affected bone strength and reduced vertebral height loss com-
pared with placebo. These findings highlight the potential of 
MK-7–rich fermented foods as dietary tools to improve vitamin 
K-related outcomes, although direct evidence for cheonggukjang 
has yet to be established [36]. This is particularly relevant in 
LMICs facing increasing prevalence of osteoporosis and vascular 
calcification among aging populations.

Collectively, these estimates suggest that relatively small, cultur-
ally adaptable portions of selected K-foods can help fill critical mi-
cronutrient gaps in LMIC populations. Importantly, unlike sin-
gle-nutrient interventions, these foods simultaneously provide 
multiple bioactive components, offering a synergistic approach to 
addressing complex nutritional deficiencies. Their strategic inclu-
sion in ODA nutrition programs provides a means of addressing 
multiple micronutrient deficiencies while adhering to principles 
of sustainability, cultural adaptability, and dietary integrity. Table 1 
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Table 1. Nutritional composition and nutrition-related functional roles of selected traditional Korean foods with potential application in 
food-based official development assistance programs [37]

K-food Key nutrient Representative content 
(/100 g) Documented functional role

Gim (dried seaweed) Iodine 2,930–4,580 μg Essential for thyroid hormone synthesis (T3, T4); 
supports basal metabolic regulation and fetal/early-life 
neurodevelopment

Calcium Approximately 625 mg Contributes to bone mineralization and is involved in 
neuromuscular transmission and vascular smooth 
muscle function

Kimchi (fermented 
vegetables)

Probiotics (lactic acid 
bacteria)

>108 CFU/g Modulation of gut microbiota composition; enhancement 
of intestinal barrier function; support of mucosal 
immune responses

Dietary fiber Approximately 1.6 g Regulation of intestinal transit; attenuation of 
postprandial glycemic response; contribution to lipid 
metabolism and satiety

Cheonggukjang 
(fermented soybean 
paste)

Vitamin K2 
(menaquinone-7)

Approximately 800–1,000 μg Activation of vitamin K–dependent proteins (e.g., 
osteocalcin and matrix Gla protein); support of bone 
metabolism and vascular health

Bioactive peptides/
proteins

Approximately 17 g Provision of essential amino acids; generation of 
fermentation-derived peptides with antioxidant, 
anti-inflammatory, and blood pressure–modulating 
properties

CFU, colony-forming units.

presents a detailed overview of their nutrient compositions and 
associated health functions [37].

RESEARCH ROADMAP: STEPS FOR INTEGRATING 
K-FOODS INTO FOOD-BASED ODA NUTRITION 
STRATEGIES

To systematically investigate the feasibility, effectiveness, and scal-
ability of traditional K-foods—such as gim, kimchi, and cheong-
gukjang—as culturally adaptable, food-based nutrition interven-
tions in LMICs, a five-step research framework has been pro-
posed in Table 2. This roadmap was designed to provide evidence 
across nutritional, operational, sociocultural, and policy dimen-
sions, supporting the translation of food-based concepts into im-
plementable ODA nutrition strategies:

Step 1: nutrient profiling and food composition 
standardization
Comprehensive nutrient profiling should be conducted for select-
ed K-foods using internationally recognized nutritional assess-
ment frameworks. This includes consistency with Food and Agri-
culture Organization of the United Nations (FAO)/WHO dietary 
reference systems, such as Estimated Average Requirements, Rec-
ommended Nutrient Intakes, and Adequate Intake [38], as well as 
Codex Alimentarius guidelines for nutrient reference values uti-
lized in global nutrition labeling [39]. Particular emphasis should 

be placed on evaluating the contribution of key micronutrients—
such as iodine, vitamin K2 (MK-7), and fermentation-derived 
probiotics—to daily nutritional requirements. For iodine, the in-
take levels should be interpreted relative to the WHO/UNICEF/
ICCIDD criteria, with urinary iodine concentration cutoffs 
(< 100 μg/L indicating deficiency in school-aged children) used as 
a population-level biomarker [40]. For vitamin K2, although glob-
al deficiency cutoffs are not fully standardized, nutritional rele-
vance should be evaluated using functional biomarkers, such as 
undercarboxylated osteocalcin and MGP [41], consistent with 
current clinical nutrition research. For probiotics, evaluation 
should follow the FAO/WHO guidelines, including minimum ef-
fective levels (typically ≥ 106–109 CFU/day) and evidence of 
strain-specific health effects [42]. Moreover, nutrient profiling 
should consider dietary contribution metrics, such as the percent-
age of daily requirements met per serving, to enable comparison 
across populations and dietary systems.

Goal: to establish nutritionally meaningful, internationally stan-
dardized, and clinically interpretable profiles of K-foods for use in 
global nutrition research and policy frameworks.

Step 2: safety, stability, and packaging assessment for 
ODA deployment
Food safety evaluations should address microbial quality, allerge-
nicity, shelf life, and physicochemical stability under ODA-rele-
vant conditions, including tropical climates and limited cold-
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chain infrastructure. Furthermore, product-specific consider-
ations—such as probiotic viability in kimchi and bioactive peptide 
stability in cheonggukjang—should be systematically evaluated 
using standardized protocols. This includes quantifying probiotic 
viability (e.g., CFU) at multiple stages of storage and distribution, 
evaluating strain-specific survival under gastrointestinal condi-
tions as well as functional activity. For cheonggukjang, the stabili-
ty of bioactive peptides should be explored across processing and 
storage conditions, including changes in peptide composition, en-
zymatic activity, and bioactivity in simulated physiological envi-
ronments.

Goal: to identify formulations, processing conditions, and pack-
aging formats compatible with long-distance transport and 
low-resource distribution environments.

Step 3: cultural acceptance and dietary adaptation 
studies
Qualitative research and small-scale pilot studies should be con-
ducted in selected LMICs to assess sensory acceptance, culinary 
compatibility, and potential sociocultural barriers to adoption. 
Participatory strategies, including co-creation workshops with lo-
cal stakeholders, may guide culturally appropriate adaptations 
(e.g., reduced pungency in kimchi or powdered formulations of 

cheonggukjang) while preserving nutritional functionality.
To facilitate cultural integration, strongly fermented K-foods, 

such as kimchi and cheonggukjang, should be incorporated into 
existing local dishes at controlled inclusion levels. For kimchi, 
adding approximately 10 to 20 g per serving (corresponding to 
approximately 5% to 10% of the total dish weight) represents a 
moderate inclusion level that is typically considered acceptable in 
mixed-dish formulations without causing considerable sensory 
rejection. For cheonggukjang, powdered or diluted paste forms 
can be incorporated into legume-based soups or cereal porridges 
at 5 to 10 g per serving (approximately 3% to 5% of dish weight), 
enabling protein and vitamin K2 delivery with minimal impact on 
odor perception. Such low-to-moderate inclusion levels enable 
“matrix integration,” where K-foods serve as nutritional ingredi-
ents rather than standalone items, thereby aligning with existing 
culinary practices. This strategy supports gradual sensory adapta-
tion and enhances acceptability across diverse cultural contexts 
without requiring major dietary modifications.

Goal: to develop context-sensitive adaptation strategies that 
maximize acceptability and minimize resistance at the household 
and community levels.

Table 2. Proposed five-step research framework for integrating traditional K-foods into food-based ODA nutrition strategies
Step Research focus Key activity Expected output/goal
Step 1 Nutrient profiling and 

food composition 
standardization

Comprehensive nutrient analysis using standardized protocols Validated and reproducible 
food composition data 
suitable for international 
reference and comparative 
nutrition research

Quantification of bioavailable micronutrients
Assessment of batch-to-batch variability and processing effects

Step 2 Safety, stability, and 
packaging assessment

Evaluation of microbial safety and allergenicity Identification of safe, stable, 
and logistically feasible 
product formulations for ODA 
deployment

Shelf life and stability testing under tropical and low-refrigeration 
conditions

Optimization of packaging formats for long-distance distribution
Step 3 Cultural acceptability 

and dietary adaptation
Qualitative studies on sensory acceptance and culinary compatibility Culturally appropriate 

adaptation strategies that 
enhance acceptance and 
minimize resistance

Small-scale pilot trials in LMICs
Co-creation workshops with local stakeholders to guide food 

adaptations
Step 4 Nutritional impact 

evaluation
Community-based pilot interventions in high-risk populations (e.g., 

children and pregnant women)
Field-based evidence of 

nutritional efficacy, feasibility, 
and real-world impactAssessment of dietary intake, biomarkers, and selected health 

outcomes (pilots)
Mixed-methods evaluation of biological and social impacts

Step 5 Policy translation 
and ODA program 
integration

Synthesis of research findings into policy-relevant recommendations Scalable, export-ready K-food-
based nutrition support 
model consistent with SDG 
2 and global food security 
frameworks

Collaboration with ODA stakeholders (e.g., KOICA, WFP, FAO)
Design of modular program models for school feeding, maternal 

nutrition, or emergency aid

ODA, official development assistance; LMIC, low- and middle-income country; KOICA, Korea International Cooperation Agency; WFP, World Food 
Programme; FAO, Food and Agriculture Organization of the United Nations; SDG 2, Sustainable Development Goal 2 (zero hunger).



134 https://e-cnr.org

Sohye Cho, et al.  K-foods for micronutrient ODA

Step 4: nutritional impact evaluation through 
community-based interventions
Pilot intervention studies targeting nutritionally vulnerable popu-
lations—such as school-aged children, pregnant women, or older 
adults—should be conducted to evaluate changes in dietary in-
take, relevant biomarkers, and selected health outcomes over me-
dium-term periods. Mixed-methods designs are recommended 
to capture the biological effects and social or behavioral dimen-
sions of program implementation.

Goal: to generate field-based evidence regarding the nutritional 
efficacy, feasibility, and real-world impact of K-food-based inter-
ventions.

Step 5: policy translation and integration into the ODA 
program design
Findings from the preceding steps should be synthesized into pol-
icy-relevant recommendations and scalable program models. 
Collaboration with key ODA stakeholders—including the Korea 
International Cooperation Agency, the World Food Program, and 
the FAO—will be crucial for integrating K-food-based compo-
nents into existing platforms, such as school feeding programs, 
maternal nutrition initiatives, or emergency food assistance 
schemes.

Goal: to develop a modular, export-ready K-food-based nutri-
tion support model consistent with Sustainable Development 
Goal 2 (zero hunger) and broader global food security and nutri-
tion frameworks.

LIMITATIONS OF K-FOOD-BASED ODA MODELS AND 
POTENTIAL BREAKTHROUGH STRATEGIES

A primary limitation of K-food-based nutrition strategies within 
ODA frameworks is cost-effectiveness. Compared with highly 
processed micronutrient tablets or fortified premixes, food-based 
interventions—particularly those involving fermentation, quality 
control, and international transport—may initially incur higher 
per-unit costs [23]. Expenses for raw materials, processing stan-
dardization, packaging, storage, and regulatory compliance can 
challenge economic feasibility, particularly in large-scale humani-
tarian settings where the cost per beneficiary is a crucial metric.

However, a narrow comparison based solely on unit price over-
looks broader cost–benefit considerations relevant to clinical and 
public health nutrition. Conventional supplementation programs 
often require repeated procurement, continuous donor financing, 
medical supervision, and parallel behavior-change communica-

tion efforts owing to low adherence and side effects. Contrarily, 
food-based interventions may reduce indirect costs by enhancing 
dietary adherence, reducing adverse effects, and delivering multi-
ple micronutrients, potentially lowering long-term programmatic 
and healthcare expenditures [43].

Beyond cost, variability in nutrient composition represents a 
technical limitation. The micronutrient content of fermented 
foods, such as kimchi and cheonggukjang, may vary according to 
raw materials, fermentation conditions, and processing methods, 
which complicate standardization and dose estimation. Food safe-
ty and regulatory compliance pose additional challenges, includ-
ing microbial control, allergenicity (e.g., soy-based products), and 
sodium content. In addition, cultural unfamiliarity and sensory 
barriers may limit initial acceptance in some LMICs, whereas lo-
gistical constraints associated with scaling production and quality 
assurance may affect consistent delivery.

Several breakthrough strategies can overcome these limitations. 
Economies of scale and process optimization, including central-
ized production combined with regional distribution hubs, can 
markedly reduce per-unit costs. Advances in food processing—
such as low-sodium fermentation, allergen mitigation, freeze-dry-
ing, or powderization—may further enhance cost efficiency, shelf 
stability, and safety. Local coproduction and technology transfer 
models, utilizing regionally available raw materials and decentral-
ized fermentation systems, provide pathways for reducing costs 
while strengthening local food systems and employment.

From a clinical nutrition perspective, targeted and modular de-
ployment represents a critical breakthrough. Rather than replac-
ing low-cost supplementation programs, K-food-based interven-
tions may be most effective when used as complementary tools 
for high-risk populations—such as pregnant women, school-aged 
children, or individuals with persistent micronutrient deficien-
cies—in whom adherence, gut health, and multinutrient delivery 
are particularly crucial. Integrating these foods into existing di-
etary patterns or institutional feeding platforms can further im-
prove clinical effectiveness without increasing costs.

Collectively, acknowledging cost-related constraints while 
adopting strategic innovations allows K-food-based ODA models 
to move beyond price comparisons toward value-based evalua-
tion. These breakthrough strategies offer a pragmatic bridge be-
tween economic feasibility and clinical impact, setting the stage 
for the broader implications discussed in the following section.
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IMPLICATIONS OF THE CURRENT RESEARCH NOTE

From a clinical nutrition standpoint, this research note offers a 
translational framework that links nutritional biochemistry, food 
science, and population-based intervention design within low-re-
source settings. By moving beyond reductionist approaches cen-
tered on single-nutrient supplementation or fortification, this 
model highlights the clinical relevance of food-based interven-
tions that simultaneously deliver multiple micronutrients while 
supporting bioavailability, gut health, and dietary adherence. In 
this context, traditional K-foods—gim, kimchi, and cheongguk-
jang—are proposed as clinically meaningful candidates for nutri-
tion-sensitive ODA strategies.

The potential of K-foods to alleviate “hidden hunger” extends 
beyond simple nutrient provision to involve specific biochemical 
and physiological mechanisms. Hidden hunger, marked by sub-
clinical micronutrient deficiencies, often manifests as impaired 
metabolic regulation, immune dysfunction, and reduced nutrient 
utilization efficiency. The nutrients and bioactive components 
present in K-foods—such as iodine, vitamin K2, and fermenta-
tion-derived probiotics—interact with clinical nutrition pathways 
at multiple levels.

Iodine derived from gim directly supports thyroid hormone 
synthesis (T3 and T4), which regulates basal metabolic rate, neu-
rodevelopment, and energy homeostasis. In iodine-deficient pop-
ulations, iodine intake restoration is associated with measurable 
clinical outcomes, including enhanced thyroid function biomark-
ers and cognitive performance in children. Similarly, vitamin K2 
from cheonggukjang plays a pivotal role in the γ-carboxylation of 
vitamin K–dependent proteins, such as osteocalcin and MGP, 
thereby influencing bone mineralization and vascular calcifica-
tion. These effects can be monitored using biomarkers, including 
undercarboxylated osteocalcin and vascular stiffness indices.

Furthermore, fermentation-derived probiotics from kimchi 
contribute to gut microbiota modulation, enhancing intestinal 
barrier function and nutrient absorption. This is particularly rele-
vant in LMICs, where environmental enteric dysfunction and 
chronic inflammation reduce nutrient bioavailability. Enhanced 
gut integrity and microbial balance are associated with increased 
absorption of micronutrients, such as iron and zinc, as well as in-
flammatory marker reductions. Collectively, these mechanisms 
suggest that K-foods function both as nutrient sources and modu-
lators of metabolic and physiological pathways underlying hidden 
hunger. Essentially, these effects can be evaluated using measur-
able clinical endpoints, including biochemical biomarkers, func-

tional health outcomes, as well as growth and cognitive indicators, 
consistent with the framework of clinical nutrition research.

Clinically, these foods address several limitations commonly 
encountered in micronutrient interventions among vulnerable 
populations. Gim is a concentrated dietary source of iodine, iron, 
and B vitamins, which are crucial for thyroid function, hemato-
poiesis, and neurodevelopment—particularly relevant for preg-
nant women and children in regions with iodine and iron defi-
ciencies. Fermented foods, such as kimchi and cheonggukjang, 
provide probiotics, vitamin K2, and fermentation-derived bioac-
tive peptides, which may enhance intestinal barrier function, 
modulate gut microbiota composition, and improve nutrient ab-
sorption. These properties are particularly important in LMIC 
populations affected by recurrent infections, environmental enter-
ic dysfunction, and chronic low-grade inflammation, which often 
diminish the clinical effectiveness of conventional supplementa-
tion.

The proposed stepwise research roadmap offers a clinically ori-
ented pathway for translating these food-based concepts into evi-
dence-generating interventions. Sequential processes—including 
standardized food composition analysis, safety and stability as-
sessments, cultural acceptability evaluation, and communi-
ty-based efficacy trials—closely align with established principles 
of clinical nutrition research. Essentially, the framework high-
lights a shift from laboratory-defined efficacy to contextual clini-
cal effectiveness, acknowledging that adherence, acceptability, and 
real-world dietary integration are important determinants of nu-
tritional outcomes. By incorporating mixed-methods evaluation 
and stakeholder engagement, the model supports clinically rele-
vant endpoints, such as improvements in nutrient status biomark-
ers, functional health indicators, and dietary compliance.

Beyond its clinical implications, this research note highlights in-
tersections with food technology and industrial nutrition. The 
high nutrient density and functional properties of K-foods make 
them promising components of medical nutrition and functional 
food portfolios, particularly in emerging global markets focused 
on plant-based, fermented, and microbiome-supportive products. 
Advances in fermentation control, product standardization, and 
safety verification can further improve their suitability for clinical 
and public health nutrition applications while supporting innova-
tion within the functional food sector.

At the policy level, this clinically grounded model supports Ko-
rea’s evolving role in global health nutrition by showing how cul-
turally rooted foods can be translated into scalable, evidence- 
based nutrition interventions. The integration of validated 
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K-foods into ODA nutrition pathways—such as maternal supple-
mentation programs, school feeding initiatives, or communi-
ty-based malnutrition prevention strategies—provides an oppor-
tunity to align clinical nutrition objectives with broader goals of 
nutritional equity, food system resilience, and ethical develop-
ment cooperation. Collectively, this approach reframes food-
based ODA as more than simple caloric support, positioning it in-
stead as a clinically informed strategy to improve micronutrient 
status and functional health outcomes in nutritionally vulnerable 
populations.

CONCLUSION

This research note highlights the clinical potential of selected tra-
ditional K-foods—gim, kimchi, and cheonggukjang—as strategies 
for enhancing micronutrient status in LMICs. By moving beyond 
single-nutrient supplementation, the proposed framework em-
phasizes multinutrient dietary interventions that may improve 
bioavailability, gut health, and long-term adherence in resource- 
limited settings. The stepwise roadmap highlights clinically rele-
vant considerations, such as nutrient standardization, safety and 
stability, cultural acceptability, and community-level effectiveness. 
The integration of validated K-foods into nutrition-sensitive ODA 
programs provides a pragmatic and scalable approach to address-
ing micronutrient deficiencies while supporting sustainable im-
provements in population health.
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Video files must be compressed to the smallest possible size while 
maintaining high resolution and quality. Video submissions 
should be in MPEG4, AVI, WMV, or ASF format. Include a video 
legends page with a brief description of the content of each video, 
beginning on a new page after the figure legends page.

• Review articles
Review articles focus on a specific topic and may include theoreti-
cal perspectives, critical summaries, or updates on current knowl-
edge. Reviews are usually invited by the editors and should have a 
main text of 5,000–8,000 words, excluding the abstract, keywords, 
references, tables, and figures. The unstructured abstract should 
not exceed 250 words. The number of references is limited to 50, 
and the total number of tables and figures should not exceed 6. 
However, systematic reviews should be accompanied by a struc-
tured abstract, and up to 100 references are permitted.

• Case reports
CNR publishes case reports that can be either (1) rare cases of 
clinical nutrition care that are significant to advancing the field, or 
(2) illustrative cases that provide educational value for researchers. 
Case reports should have a main text of no more than 3,000 
words, excluding the unstructured abstract (within 250 words), 
keywords, introduction, case, discussion, references (up to 15), ta-
bles, and figures. The number of tables and figures should not ex-
ceed 2 each. It should be described according to CARE statement 
in Table 1.

• Research notes
Research notes should be 2,000–5,000 words in length, excluding 
abstract, keywords, main text, references, tables, and figures. The 
abstract should be no more than 250 words. The number of refer-
ences is limited to 15, and the number of tables and figures should 
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Table 2 summarizes each publication type’s key features and word 
count limit.

Table 2. Key features and word count limits of publication typea)

Type of 
article

Abstract 
(words)

Text  
(words) References Tables and 

figures
Original 

article
Structured, 

250
5,000 30 6 in total

Review 
articleb)

Unstructured, 
250

5,000–
8,000

50 6 in total

Case report Unstructured, 
250

3,000 15 2 (for each)

Research 
Note

Unstructured, 
200

2,000–
5,000

15 2 (for each)

a)The limits on word count, references, tables, and figures may 
be exceeded at the discretion of the editor in chief when justified;  
b)Systematic reviews should be accompanied by a structured abstract, and 
up to 100 references are permitted.
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B. Peer review process 
It is available at https://e-cnr.org/policy/ethics.php.

C. Post-publication discussions 
It is available at https://e-cnr.org/policy/policies.php.
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