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Objectives: To describe the nutritional challenges faced by Korean middle-aged adults
(40-64 years) from a life-course and biological transition perspective and to propose sys-
tems-based precision nutrition strategies for this critical stage of the lifespan.

Vethods: In this narrative review, PubMed, Medline, and Web of Science were searched for
articles published between January 2010 and November 2025 using terms such as “mid-
dle aged nutrition,” “healthy aging,” “life course nutrition,” “sarcopenia,” “precision nutri-
tion,” and “chronic diseases.” Policy documents and major national cohort and intervention
studies were also reviewed.

Results: Middle-aged adults in Korea have a high prevalence of chronic disease beginning
in their 40s, showing “the triple burden of malnutrition:” obesity, insufficient micronutri-
ents, and sarcopenia onset, along with excessive sodium and sugar consumption com-
bined with socioeconomic factors like living alone. Nutrient and dietary approaches, such
as high protein (1.2-1.5 g/kg/d), leucine, dairy products and fruits, anti-inflammatory
foods intake, Dietary Approaches to Stop Hypertension (DASH) or Mediterranean diets plus
lifestyle modification at public health centers (Korean Diabetes Prevention Study) for car-
diometabolic risks, Mediterranean-DASH Intervention for Neurodegenerative Delay diet for
cognition maintenance, could greatly impact health trajectories.

Conclusion: Korean middle-aged adults experience a triple burden of malnutrition on top of
nonlinear biological aging shifts, which together accelerate cardiometabolic, musculoskele-
tal, and cognitive risks. Implementing targeted dietary strategies within a systems-based,
community-linked precision nutrition model is essential to reshape health trajectories and
promote healthy longevity in this population.

”ou

Keywords: middle aged; healthy aging; sarcopenia

INTRODUCTION
Modern society is facing unprecedented demographic shifts and rapid aging,

which fundamentally reshapes public health and nutritional priorities. With
increasing life expectancy, narrowing the gap between “life expectancy” and
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“healthy life expectancy” (without disease or disabili-
ty) has become a health imperative. The World Health
Organization defines “healthy aging” not simply as the
absence of disease but developing and maintaining the
functional ability that enables well-being in older age [1].
Similarly, the National Academy of Medicine defines
healthy longevity as a state with maintained physical,
cognitive, and social functioning, and a time lived in
good health approaching the biological life span [2].
Within this paradigm, middle adulthood (aged 40-64
years) is considered the most critical life transition that
determines a lifelong health trajectory [3].

According to previous reviews targeting children and
adolescents, early life stages are a plasticity window
where dietary behaviors are formed and fixed; nutrition-
al imbalances during this period can lead to intergen-
erational health inequalities [4]. However, recent life-
course epidemiology and multi-omics studies suggest
that middle adulthood is not just progressive aging but a
“a potentially critical window of plasticity” where exist-
ing health trajectories can be actively reshaped [5, 6].

Traditional aging biology assumed that over time
cellular function and metabolic efficiency decrease
gradually and linearly. However, recent studies using
advanced multi-omics profiling have revealed that hu-
man aging does not occur at a constant rate but follows
anonlinear trajectory accompanied by explosive molec-
ular biological fluctuations at specific ages [7]. During
middle adulthood, the basal metabolic rate decreases,
drastic endocrine changes such as menopause occur,
and musculoskeletal degeneration begins. Simultane-
ously, continuous exposure to the modern obesogenic
environment can result in a triple burden of malnutri-
tion, where obesity due to energy overconsumption,
micronutrient deficiencies, and age-related sarcopenia
appear concurrently during this life stage [8]. According
to epidemiological modeling studies, modifiable life-
style factors such as diet, physical activity, and weight
management have the strongest impact on healthspan
extension.

Therefore, this narrative review aims to analyze the
key nutritional challenges faced by Korean middle-aged
adults by synthesizing recent epidemiological data, bi-
ological multi-omics research, and behavioral science
frameworks. It examines disease-specific dietary strate-

216

gies, such as the Mediterranean diet, Dietary Approach-
es to Stop Hypertension (DASH) diet, and Mediterra-
nean-DASH Intervention for Neurodegenerative Delay
(MIND) diet, as well as the results of large-scale clinical
interventions, such as the Korean Diabetes Prevention
Study (KDPS). Accordingly, it proposes a “systems-cen-
tered, community-linked precision nutrition model” to
successfully improve health outcomes during this life
transition.

METHODS

Ethics statement

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

Study design

This narrative review draws together current evidence
on the nutrition of Korean middle-aged adults through
three complementary lenses: life-course epidemiol-
ogy, the biology of nonlinear aging, and behavioral
and community-based nutrition science. Rather than
following a systematic protocol, sources were selected
and organized to follow the conceptual progression of
the review. The biological basis of midlife transition was
addressed first, drawing on recent multi-omics and life-
course studies. The epidemiology and nutritional status
of Korean middle-aged adults were then examined us-
ing national health and nutrition data and disease-spe-
cific dietary studies, followed by disease-targeted
dietary strategies for musculoskeletal, bone, cognitive,
and cardiometabolic health and by large-scale Korean
lifestyle-intervention trials. Throughout, peer-reviewed
research was complemented by policy documents and
major national cohort and intervention studies so that
the resulting framework reflects both the scientific evi-
dence and the policy context relevant to this life stage.

DYNAMICS OF BIOLOGICAL AGING

Although the primary focus of this review relies on Ko-
rean focused data, the following findings derived from
a single, international longitudinal multi-omics cohort
provide an essential hypothesis-generating framework

https://doi.org/10.5720/kjcn.2026.00206
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[7]. This specific overseas study is introduced because
comparable cutting-edge multi-omics research track-
ing non-linear biological aging transitions is currently
unavailable in domestic cohorts. A recent longitudinal
study identified two pronounced “biological crests” of
molecular change clustering around 44 and 60 years old
[7]. This suggests that middle adulthood is not merely
a stage of advancing chronological age but a biological
transition period when metabolic pathways and disease
risks fundamentally change. The findings were obtained
after tracking 108 adults aged 25-75 for up to 6.8 years,
analyzing tens of thousands of molecular markers—
including transcriptomic, proteomic, metabolomic, lip-
idomic, and microbiome data—from blood, stool, skin,
oral, and nasal samples (Table 1) [7].

These nonlinear dynamics provide a key biological
rationale for age-appropriate nutritional intervention
strategies in middle-aged adults. At the first inflection
point, around age 44, molecular pathways governing
lipid and alcohol metabolism undergo marked changes,
coinciding with an accelerated risk of cardiovascular
conditions such as hyperlipidemia, atherosclerosis, and
coronary artery disease. Accordingly, nutritional strat-
egies at the early-to-mid-40s should prioritize restoring
the energy balance, improving lipid profiles through
increased unsaturated fatty acid intake, restricting al-
cohol, and ensuring adequate antioxidant supply. At
the second inflection point, around age 60, biomarkers
related to immune regulation, carbohydrate metabo-
lism, and kidney function are extensively restructured.
This period marks the peak incidence of type 2 diabetes

and a clinical turning point for immunosenescence and
musculoskeletal degeneration, including sarcopenia
and osteoporosis. Nutritional strategies in the late 50s to
early 60s should therefore emphasize high-quality pro-
tein intake to counter anabolic resistance, immunonu-
trition to dampen low-grade inflammation, and dietary
patterns that enhance insulin sensitivity and limit rapid
glycemic fluctuations.

Importantly, these implications should not be inter-
preted as definitive age-specific clinical guidelines, but
as a translational framework that requires validation in
larger, more diverse, and intervention-based studies.
Nevertheless, the findings support a shift from a reactive
model that treats diseases pharmacologically only after
manifestation, toward a preventive model that seeks to
maximize metabolic resilience before or during periods
of pronounced biological change.

EPIDEMIOLOGY OF CHRONIC DISEASES IN
KOREAN MIDDLE-AGED ADULTS

The 2024 Korea National Health and Nutrition Examina-
tion Survey (KNHANES IX-3) showed a strong age-de-
pendency in the prevalence of major chronic conditions
among Korean adults; however, individual conditions
follow two distinct age trajectories (Fig. 1) [8]. Hyperten-
sion, hypercholesterolemia, and diabetes increase pro-
gressively, accumulating with advancing age, whereas
obesity and hypertriglyceridemia peak in early midlife
and decreases thereafter [8]. This divergence is most
pronounced across the 40s-50s transition as shown in

Table 1. Nonlinear dynamics of multi-omics profiles during human aging

Approximate

Biological aging crest chronological age

Primary molecular & metabolic dysregulation

Clinical implications & associated risks

Structural proteins in the skin and muscle
Cardiovascular disease pathways

Crest 1 44 years Lipid metabolism
(early midlife transition) Alcohol metabolism
Crest 2 60 years Immune regulation

(late midlife transition)

Carbohydrate metabolism
Oxidative phosphorylation
Kidney function pathways

Hyperlipidemia

Early atherosclerosis
Metabolic syndrome
Decline in muscle elasticity
Skin aging
Immunosenescence

Type 2 diabetes onset

Profound loss of bone mineral density
(osteoporosis)

Accelerated sarcopenia

Data from Shen et al. (Nat Aging 2024; 4(11): 1619-1634) [7].

https://doi.org/10.5720/kjcn.2026.00206
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Fig. 1. Age-specific prevalence of chronic diseases. Adapted from Korea Health Statistics 2024: Korea National Health and Nutri-
tion Examination Survey (KNHANES IX-3). Korea Disease Control and Prevention Agency, 2015 [8]. Hypertension: systolic blood
pressure = 140 mmHg or diastolic blood pressure = 90 mmHg, or use of antihypertensive medication. Obesity: body mass index
BMI > 25 kg/m? (Asia-Pacific criterion). Hypercholesterolemia: total cholesterol > 240 mg/dL or use of cholesterol-lowering med-
ication. Hypertriglyceridemia: fasting triglycerides = 200 mg/dL. Diabetes mellitus (based on fasting glucose or HbA1c): fasting
glucose = 126 mg/dL, physician diagnosis, use of glucose-lowering medication or insulin, or HbAlc = 6.5%.

Fig. 1 [8].

Hypertension exhibits the steepest, most consistent
age gradient. Prevalence climbs from 9.1% among
adults in their 30s to 20.4% in their 40s, 34.7% in their
50s, and 51.4% in their 60s—about a six-fold increase
across the adult range. A marked inflection occurs be-
tween 40s-50s, when prevalence rises by 14.3 percent-
age points (%p), a relative increase of more than 70%
within a single decade. Hypercholesterolemia follows a
comparable but more front-loaded pattern. It increas-
es modestly from 14.3% in the 30s to 21.3% in the 40s,
then nearly doubles to 40.3% in the 50s (+ 19.0%p)—the
single largest decade-to-decade increment for any con-
dition in the survey. Then, prevalence peaks at 50.8%
in the 60s before easing slightly to 45.6% at > 70 years,
a late-life plateau plausibly reflecting the combined
effects of widespread lipid-lowering treatment and se-
lective survival. Diabetes mellitus is uncommon in early
adulthood (4.5% in the 30s) but accelerates from midlife
onward, reaching 9.3% in the 40s and 14.6% in the 50s
before sharply rising between the 50s and 60s (14.6% to
28.3%, a near-doubling).

In contrast, obesity is most prevalent in early-to-mid-
adulthood, not increasing with age. Already high at
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37.9% in the 30s, peaks at 44.1% in the 40s—the highest
prevalence for this condition in any age group—gradu-
ally declining to 38.0%, 37.5%, and 35.3% across the 50s,
60s, and > 70 groups. Hypertriglyceridemia displays the
same early-peak on a lower scale, rising from 14.7% in
the 30s to a maximum of 17.8% in the 40s before falling
to 8.2% by > 70 years. Across the life course, these pat-
terns in the relative disease burden cross over. Obesity is
the dominant metabolic abnormality in the 30s and 40s,
when hypertension and diabetes remain comparatively
low; by the 50s, hypertension and hypercholesterolemia
overtake it; and from the 60s onward, hypertension is
the single, most prevalent condition. Thus, the 40s and
50s are a decisive transition window, during which the
predominantly metabolic risk profile of younger adults
translates into the cardiovascular and metabolic disease
burden of later life. Accordingly, middle age is a critical
period for screening and preventive intervention.

IMBALANCE BETWEEN ENERGY INTAKE AND
REQUIREMENTS AND DIET QUALITY DECLINE

Comparing the habitual intake of Korean middle-aged
adults (KNHANES 2013-2022) with 2025 Korean Dietary

https://doi.org/10.5720/kjcn.2026.00206
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Reference Intakes (KDRI) reveals a consistent paradox:
energy and protein levels are adequate to high but mi-
cronutrient intake is widely insufficient; moreover, sev-
eral of these patterns differ markedly between men and
women [8, 9] (Tables 2 and 3).

Energy and macronutrient intake

In men, mean energy intake closely tracks the estimated
energy requirement (EER), approximating 2,500 kcal/d
at 30-49 years and 2,100-2,200 kcal/d at 50-64 years.
Protein intake is high—88.8 and 80.6 g/d, respectively—
exceeding the recommended nutrient intake (RNT) of
60-65 g/d; nevertheless, 13.8% of men aged 30-49 and

21.1% of those aged 50-64 were below the reference, a
nontrivial minority of concern given the anabolic re-
sistance and accelerating sarcopenia risk observed at
this life stage [9]. Fat contributes 16.7%-20.7% of the
total energy, within the acceptable macronutrient dis-
tribution range (AMDR, 15%-30%) but drifting toward
its lower edge with age, whereas saturated fat levels
are generally under the chronic disease risk reduction
(CDRR) threshold of 7% of energy. Total sugar intake
(60.8-63.3 g/d) was below the goal of 20% of total ener-
gy.

In women, the energy intake is slightly below the EER
at 30-49 years (=1,800-1,900 kcal/d), falls short at 50-64

Table 2. Nutrient intake status of Korean men aged 30-64 relative to 2025 KDRI

Mean intake (based on

Nutrient Age (year) DRI KNHANES 2013-2022) Below the KDRI (%)
Energy (kcal/d) 30-49 EER: 2,500 ~2,500 -
50-64 EER: 2,200 ~2,100-2,200 -
Protein (g/d) 30-49 RNI: 65 88.8 13.8
EAR: 50
50-64 RNI: 60 80.6 21.1
EAR: 50
Fat (%/E) 30-49 AMDR: 15-30 20.7 -
50-64 16.7 -
Saturated fatty acid (%/E) 19-64 CDRR: < 7% Generally < 7% -
Sugars (g/d) 30-49 Goal: < 20% of total energy  63.3 -
50-64 60.8 -
Calcium (mg/d) 30-49 RNI: 800 495.7 (median) 714
EAR: 650
50-64 RNI: 750 517.0 (median) 64.6
EAR: 600
Vitamin D (ug/d) 30-49 Al: 10 3.5 92.6
50-64 4.0 92.1
Vitamin A (ug RAE/d) 30-49 RNI: 800 410.6 78.8
EAR: 560
50-64 RNI: 750 458.8 74.4
EAR: 530
Riboflavin (mg/d) 30-49 RNI: 1.5 1.91 29.0
50-64 EAR: 1.3 1.75 34.1%
Sodium (mg/d) 30-49 Al: 1,500 4,026.0 Above CDRR: 83.4
CDRR: 2,300 Below Al: 5.0
50-64 3,942.2 Above CDRR: 79.4
Below Al: 5.3

KNHANES, Korean national health and nutrition examination survey; KDRI, Korean Dietary Reference Intake; EER, estimated energy requirement;
RNI, recommended nutrient intake; EAR, estimated average requirement; AMDR, acceptable macronutrient distribution range; CDRR, chronic disease

risk reduction intake; Al, adequate intake.

https://doi.org/10.5720/kjcn.2026.00206
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Table 3. Nutrient intake status of Korean women aged 30-64 relative to 2025 KDRI

Mean intake (based on

Nutrient Age (year) DRI KNHANES 2013-2022) Below the KDRI (%)
Energy (kcal/d) 30-49 EER: 1,900 ~1,800-1,900 -
50-64 EER: 1,700 ~1,500-1,600 -
Protein (g/d) 30-49 RNI: 50 59.5 24.2
EAR: 40
50-64 RNI: 60 59.3 22.6
EAR: 50
Fat (%/E) 30-49 AMDR: 15-30 21.1 -
50-64 175 -
Saturated fatty acid (%/E) 19-64 CDRR: < 7% Generally < 7% -
Sugars (g/d) 30-49 Goal: < 20% of total energy ~ 50.8 -
50-64 61.5 -
Calcium (mg/d) 30-49 RNI: 700 397.1 (median) 74.0
50-64 EAR: 580 437.1 (median) 72.8
Vitamin D (pg/d) 30-49 Al: 10 2.6 95.6
50-64 3.1 95.5
Vitamin A (ug RAE/d) 30-49 RNI: 650 350.2 76.2
EAR: 450
50-64 RNI: 600 379.6 70.7
EAR: 430
Riboflavin (mg/d) 30-49 RNI: 1.2 1.41 31.0
50-64 EAR: 1.0 1.40 29.1
Sodium (mg/d) 30-49 Al: 1,500 2,722.6 Above CDRR: 55.4
CDRR: 2,300 Below Al: 17.5
50-64 2,769.2 Above CDRR: 55.6
Below Al: 17.5

KNHANES, Korean national health and nutrition examination survey; KDRI, Korean Dietary Reference Intake; EER, estimated energy requirement;
RNI, recommended nutrient intake; EAR, estimated average requirement; AMDR, acceptable macronutrient distribution range; CDRR, chronic disease

risk reduction intake; Al, adequate intake.

years (=1,500-1,600 kcal/d against an EER of 1,700 kcal/d).
Mean protein intake (=59 g/d) exceeds the RNI, but the
prevalence of shortfall is higher than in men—24.2%
at 30-49 years and 22.6% at 50-64 years—pointing to
an issue with protein quality and per-meal distribution
rather than gross deficiency. Fat levels (17.5%-21.1%
of energy) fall within the AMDR. Notably, sugar intake
increases with age, from 50.8 to 61.5 g/d; although still
within the 20% energy goal.

Mineral and micronutrient status

The most striking and clinically consequential concern
is micronutrients intakes. Calcium intake is severely
inadequate in both genders: median intakes of 496-517
mg/d in men and 397-437 mg/d in women were under
the 700-800 mg/d RNI, leaving 65%-71% of men and

220

73%-74% of women below the reference. Vitamin D de-
ficiency was even more striking—mean of 3.5-4.0 pg/d
and 2.6-3.1 pg/d intake in man and women, respective-
ly against an adequate intake of 10 pg/d mean that >
90% of men and around 95% of women fail to meet the
standard. This concurrent calcium-vitamin D insuffi-
ciency is especially alarming for women approaching
and beyond menopause, in whom it compounds with
declining estrogen levels, accelerating bone loss. Vita-
min A is likewise inadequate, with 71%-79% of adults
below the RNT; riboflavin is the least problematic: mean
intakes exceed the RNI, although around 30% of adults
still do not meet daily requirements.

Sodium shows the opposite direction. Men consume
4,026 mg/d, and 79%-83% exceed the CDRR of 2,300 mg/d;
women consume less (=2,700-2,770 mg/d) but still sur-

https://doi.org/10.5720/kjcn.2026.00206
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pass the CDRR in 55% of cases. This pronounced gen-
der difference reflects men’s heavier reliance on soups,
stews, and eating out.

Together, these data delineate the “triple burden”
of mid-life nutrition—adequate-to-excess energy and
protein, widespread deficits in bone- and immune-re-
lated micronutrients, and excessive sodium—and in-
dicate that intervention should prioritize calcium and
vitamin D repletion, sodium reduction (particularly in
men), and adequate protein levels for the minority not
meeting daily requirements, rather than overall caloric
restriction alone.

DIET QUALITY AND CHRONIC DISEASE RISK IN
KOREAN MIDDLE-AGED ADULTS

The Korean Healthy Eating Index (KHEI), developed by
the Korea Disease Control and Prevention Agency to
comprehensively evaluate diet quality, is a key indicator
of the relationship between diet and chronic diseases in
middle-aged adults [10]. The KHEI consists of 14 items
(maximum score, 100), including eight items on the
adequacy of recommended foods (mixed grains, fruits,
vegetables, milk and dairy, meat/fish/eggs/legumes),
three on the moderation of restricted foods (saturated
fat, sodium, and sugars), and another three on energy
balance.

An analysis of KNHANES data (2016-2018) involving
4,113 middle-aged adults living in single-person house-
holds (1,517 men, 2,596 women) found that higher
KHEI scores were significantly associated with a lower
risk of metabolic abnormalities such as obesity, hyper-
tension, and hypertriglyceridemia [11]. Notably, this
study demonstrated that household type (multi-person
vs. single-person) is a strong structural factor mediat-
ing diet quality and disease risk. Men in single-person
households had significantly lower total KHEI scores
than those in multi-person households (P < 0.0001).
Among men in single-person households, those in the
lowest tertile of KHEI scores (T1) had a 4.625 times high-
er risk of obesity, 3.790 times higher risk of hyperten-
sion, and 4.333 times higher risk of hypertriglyceridemia
than those in the highest tertile (T3). For women, the
odds ratios (OR) for obesity and hypertriglyceridemia in
the lowest KHEI tertile within single-person households
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skyrocketed to 3.223 and 7.134, respectively. Additional-
ly, in an analysis of 9,161 adults aged 19-64 years (3,985
men, 5,176 women) from the 2022-2023 KNHANES,
a higher total KHEI score was associated with a lower
risk of metabolic syndrome (MetS) in men (OR, 0.658).
Among the three domains, Adequacy was the strongest
predictor: participants in the highest-scoring group
showed significantly reduced odds of MetS in both
men (OR, 0.689) and women (OR, 0.665). Within the
Adequacy domain, scores for breakfast, fruit, and milk/
dairy intake were lower in the MetS group, whereas the
Moderation domain showed a gender-specific pattern
(with women in the highest-scoring group showing an
increased risk), and the Balance domain was generally
not associated with MetS [12].

Consumption patterns of fermented foods also in-
fluence inflammation levels and chronic diseases.
A latent profile analysis of 7,111 middle-aged adults
(40-64 years) using KNHANES (2015-2018) showed
that people with a fermented grain-centered pattern
(FGP) and fermented dairy-centered pattern had lower
levels of high-sensitivity C-reactive protein than the
low fermented-food pattern group, indicating lower
micro-inflammation [13]. The FGP group demonstrat-
ed significant risk reductions with an OR of 0.810 for
hypertension and 0.586 for diabetes, confirming that
an appropriate combination of high-quality traditional
fermented foods and dairy products can help prevent
metabolic diseases in middle-aged adults.

Taken together, the lower adequacy scores for break-
fast, fruit, and dairy among those at higher metabolic
risk—and the elevated risk observed among adults liv-
ing alone—suggest that these dietary gaps reflect more
than personal motivation. Rather, they indicate that
nutritional management is structurally shaped by so-
cio-environmental factors such as living arrangements,
food accessibility, and cooking skills, rather than by in-
dividual choice alone.

TAILORED NUTRITIONAL STRATEGIES FOR
PHYSIOLOGICAL TRANSITIONS

The two biological inflection points in middle adulthood
clinically manifest as four core physiological regres-
sions: muscle mass loss, decreased bone mineral den-
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sity, cognitive decline, and cardiometabolic alterations
[14-17]. Purposeful dietary strategies to delay these ef-
fects and actively alter health trajectories are crucial [18].
In a recent study, nutritional recommendations were
developed across several health domains—glycemic
control, cardiovascular health, cognitive function, mus-
cle function, and skin health—that represent functions
commonly compromised with aging [19] some of which
are presented below.

Musculoskeletal health: protein and macronutrient
strategies to overcome sarcopenia
Sarcopenia is not merely a result of aging but a critical
pathological starting point leading to insulin resistance
and MetS [20]. Since human skeletal muscle is the
body’s largest glucose reservoir (absorbing around 80%
of total glucose) and a fat-burning organ, muscle mass
decline leads to elevated blood sugar levels and visceral
obesity [21]. In a nationally representative cross-section-
al analysis of 15,586 Korean adults aged > 30 years using
whole-body dual-energy X-ray absorptiometry (KN-
HANES IV-V, 2008-2011), mean appendicular skeletal
muscle mass (ASM) declined progressively with advanc-
ing age, with a markedly steeper decline in men than
in women. Relative to adults aged 30-49 years, mean
ASM in men decreased from 23.3 kg to 21.5 kg in the
50-69-year group (-7.7%) and to 19.1 kg in those aged
> 70 years (-18.0%); the corresponding values in women
were 14.8 kg, 14.4 kg (-2.7%), and 13.1 kg (-11.5%) [22].
The frontline defense against sarcopenia is high-qual-
ity protein intake. Previously, the RNI for protein in
adults was 0.91 g/kg/day, but recent large-scale clinical
and epidemiological studies have shown that this stan-
dard may be insufficient to optimize muscle mainte-
nance in older adults to prevent the catabolism of aging
muscles [23]. Since aging causes “anabolic resistance,”’
larger amounts of amino acids are needed to activate
muscle protein synthesis. Accordingly, an expert con-
sensus by the Korean Geriatric Society and the Korean
Nutrition Society suggested a dietary protein intake of
at least 1.2 g/kg/day for Korean older adults, which is
higher than the general adult RNI of 0.91 g/kg/day [24].
Furthermore, a systematic review on sarcopenia di-
agnostic indicators and protein intake revealed that Ko-
rean older adults with low protein intake had a signifi-
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cantly higher risk of decreased grip strength and muscle
mass [25]. However, the foundation for preventing such
severe muscle loss in older adulthood must be estab-
lished much earlier. The progressive decline in skeletal
muscle mass and function, which eventually leads to
sarcopenia, can begin as early as the fourth or fifth de-
cade of life. Since muscle mass typically decreases by
approximately 1% per year starting around age 50, mid-
dle age serves as a critical transition phase. Therefore,
relying solely on increased protein interventions after
reaching old age may not be sufficient to fully coun-
teract anabolic resistance and muscle degradation. In-
stead, adopting an optimal dietary protein strategy and
building muscle reserves during middle age is essential
to delay the onset of sarcopenia and maintain musculo-
skeletal health in later years (Table 4) [26-28].

Not only the absolute protein amount but also its
quality and amino acid composition are important.
Branched-chain amino acids (BCAAs), particularly leu-
cine, directly stimulate the mTORC1 pathway to induce
muscle synthesis [26]. Incorporating a mixed protein
diet comprising high-quality plant-based proteins like
soy and legumes alongside animal-based proteins pro-
vides the dual benefit of meeting essential aminoacids
requirements while lowering saturated fat and choles-
terol absorption, thereby reducing cardiovascular risk
[27]. Moreover, combining protein with vitamins and
minerals significantly amplifies musculoskeletal mass
preservation compared to protein alone [28].

Osteoporosis and bone health management: nutri-
tional buffering for the menopausal transition
Middle-aged women experience a sharp decline in
estrogen after menopause, leading to the loss of defen-
sive mechanisms that previously inhibited osteoclast
activity. Consequently, the microarchitecture of the
trabecular bone is destroyed and bone mass rapidly lost
[29]. According to Korean statistics, the prevalence of
osteopenia among women over 50 is 47.9%, and that of
osteoporosis is 22.4%, with these rates doubling for ev-
ery 10-year increase in age [30].

Nutritional strategies for osteoporosis prevention
must extend beyond supplementing a single nutrient
(calcium) to modulating overall dietary patterns and
the body’s inflammatory environment. A large-scale
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Table 4. Key micronutrients and macronutrients for sarcopenia prevention

Recommended intake dose for muscle

Target nutrient .
preservation

Physiological role in middle-aged adults

Total dietary protein

Leucine (branched-chain amino 2.5-3.0 g/meal
acids)

Vitamin D 800-1,000 IU/day
Magnesium
Vitamin C/E 45-90 mg/day (vitamin C), 400 IU/day

(vitamin E)

1.2-1.5 g/kg/day (or 25-30 g/meal)

Overcomes anabolic resistance and provides primary
building blocks for muscle protein synthesis

Direct activator of the mTORC1 signaling pathway, initiat-
ing muscle anabolism

Upregulates intramuscular vitamin D receptors and en-
hances fast-twitch muscle fiber function

300 mg/day (men), 270 mg/day (women) Co-factor in ATP synthesis and insulin signaling; mitigates

age-related muscle mass loss

Decreases reactive oxygen species that exacerbate
age-related muscle catabolism

Data from Kamei et al. (Nutrients 2020; 12(1): 261) [26].

Data from Guasch-Ferré et al. (Circulation 2019; 139(15): 1828-1845) [27].

Data from Nasimi et al. (Adv Nutr 2023; 14(4): 762-773) [28].

epidemiological study on KNHANES (2008-2010) data
showed a strong correlation between the dietary pat-
terns of Korean postmenopausal women and bone
health. A total of 3,735 Korean postmenopausal women
found that a “dairy and fruit” dietary pattern—high in
milk, dairy products, and fresh fruits—was associated
with a 53% lower risk of lumbar-spine osteoporosis (OR
0.47, 95% confidence interval 0.35-0.65), whereas a tra-
ditional “white rice, kimchi and seaweed” pattern was
associated with poorer bone health (OR 1.40) [31].
Furthermore, the bone metabolism is highly sensi-
tive to the body’s inflammatory environment. A study
applying the dietary inflammatory index (DII), which
quantifies the inflammatory potential of a diet, found
that postmenopausal women in the group with the
highest DII (a pro-inflammatory diet)—characterized
by high proportions of refined carbohydrates, processed
meats, and saturated fats—had significantly lower bone
mineral density in the femoral neck than the control
group, and a 1.27 times higher OR for osteopenia/os-
teoporosis [32]. Conversely, a cross-sectional study of
postmenopausal Korean women found that a higher in-
take frequency of vegetable-derived antioxidant micro-
nutrients was positively associated with bone mass in a
site-specific manner—p-carotene with the lumbar spine
T-score, vitamin C with the femoral neck T-score, and
zinc with the total hip T-score. Given its cross-section-
al design, however, these results indicate associations
rather than causal relationships [33]. This demonstrates
that an antioxidant and anti-inflammatory diet is essen-
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tial for collagen synthesis in the bone matrix and osteo-
clast inhibition.

Preventing cognitive decline and neuroprotection: the
MIND diet

After the second biological inflection point, around age
60, inflammatory responses and oxidative stress in cra-
nial nerve cells accumulate, gradually increasing the risk
of developing dementia, including Alzheimer’s disease
[34]. The most globally recognized nutritional inter-
vention for preserving cognitive function is the MIND,
developed by Morris et al. [35] in 2015. The MIND diet
combines the cardiovascular-friendly DASH diet and
the Mediterranean diet. It is intricately designed to max-
imize the intake of specific food groups, polyphenols,
and omega-3 fatty acids, which have neuroprotective ef-
fects. Long-term epidemiological research demonstrat-
ed that groups strictly adhering to the MIND diet saw a
staggering 53% reduction in Alzheimer’s risk, while even
moderate adherence resulted in a 35% risk reduction
[36]. Notably, the cognitive decline rate of the group in
the top tertile of MIND scores showed a protective effect
equivalent to being 7.5 years younger compared to the
bottom tertile (Table 5).

ardiometabolic disease prevention: DASH and medi-
terranean diets

To address the abnormalities in lipid metabolism and
cardiovascular disease pathways that develop around
the mid-40s, the overall dietary pattern needs to be
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Table 5. Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) diet components for cognitive preservation

Dietary component MIND diet recommendation

Neuroprotective mechanism

Green leafy vegetables > 6 servings/week

Rich in folate, lutein, and vitamin K; suppresses neuroinflammation and

maintains synaptic plasticity

Berries > 2 servings/week

Contains anthocyanins that promote neural signal transmission in the

cerebral cortex and defend against oxidative stress

Extra virgin olive oil Primary cooking fat

Oleocanthal activates the clearance of amyloid-beta (AB) plaques, which

induce Alzheimer’s

Nuts & fish Nuts = 5 servings/week
Fish > 1 serving/week
Red meat < 4 servings/week

Fried food < 1 serving/week

Red meat & fast food

Omega-3 (EPA, DHA) unsaturated fatty acids preserve brain cell mem-
brane fluidity and protect microvessels

Blocks generation of saturated fats and advanced glycation end-prod-
ucts, preventing damage to blood-brain barrier permeability

adaptable and cardiovascular-friendly. The DASH diet,
designed for hypertension prevention and manage-
ment, focuses on increasing intake of whole grains,
fruits, vegetables, and low-fat dairy products while lim-
iting red meat, sodium, and sugar-sweetened beverages
[37]. Tt lowers blood pressure through a complex inter-
action between micronutrients with excellent vasodil-
atory and sodium-excreting functions, such as dietary
fiber, potassium, calcium, and magnesium.

The Mediterranean diet also actively recommends
daily or weekly consumption of polyphenol-rich plant
foods (extra virgin olive oil, nuts, seeds, and legumes)
and omega-3-rich fish [38]. In large population-based
studies of adults, a higher intake of dietary antioxidant
nutrients—including vitamins A, C, and E, carotenoids,
selenium, and zinc, commonly summarized as the com-
posite dietary antioxidant index—has been inversely
associated with atherosclerotic cardiovascular disease
and its estimated 10-year risk, plausibly through antiox-
idant and anti-inflammatory mechanisms [39]. As these
findings derive from observational data, they indicate
association rather than causation. Conversely, high-fat
processed meats like bacon and sausages, or excessive
refined carbohydrate intake, act as a catalyst for MetS
and must be limited from the diet.

Precision nutrition management for metabolic syn-
drome and prediabetes

Prolonged obesity and insulin resistance progress to
prediabetes. This is a “warning stage” before type 2
diabetes and the final “reversible window” to return to
normal blood glucose levels through intensive lifestyle
modification (LSM) [40]. Compared to Westerners, Ko-
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reans have a lower insulin secretory capacity of pancre-
atic beta cells and a higher abdominal visceral fat ratio,
leading to a sharp increase in diabetes risk even at a
relatively low body mass index (BMI). Instead of blindly
following Western guidelines, a precision nutritional
management tailored to Korean food culture and body
type is needed [41].

The KDPS, a large-scale, multicenter prevention study
led by the Korean Diabetes Association, was conducted
to find the optimal diabetes prevention solution for Ko-
reans [42]. Based in university hospitals and community
public health centers nationwide, the KDPS recruited
overweight/obese patients with prediabetes aged 30-70
and randomly assigned them to a standard manage-
ment group, an LSM group, and a metformin group and
were prospectively tracked. The core goal for the LSM
group was to lose > 5% of their initial body weight within
6 months and maintain it through systematic nutritional
management and behavioral psychological correction.
The results were encouraging. The group that received
the community (public health center)-based inter-
net-linked LSM intervention for 16 weeks to 6 months
showed significant reductions in body weight and BMI
and dramatic improvements in fasting blood glucose
and insulin resistance indicators compared to the con-
trol group. Notably, in the hospital-based H-KDPS co-
hort, the intensive LSM group showed a 49% higher in-
hibitory effect on the onset of type 2 diabetes compared
to the standard management group. This suggests that
a close-contact dietary and behavioral correction pro-
gram led by trained experts (public health center staff,
dietitians) is overwhelmingly more effective for chronic
disease prevention than single nutrient prescriptions or
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drug administration.

SYSTEMS-CENTERED, COMMUNITY-LINKED
NUTRITION MODEL FOR MIDDLE-AGED ADULTS

While individual dietary guidelines and one-off health
center education can have a significant impact, the cur-
rent food environment is simply too complex to sustain
lifelong healthy eating habits.

Building a community ecosystem around the work-
place and local services

In Korea, public nutrition and welfare services are large-
ly organized around older adults, and many community
resources are activated only after age 65. As a result,
adults in their 40s and 50s—often at the peak of their
economic and caregiving responsibilities—frequently
fall into a structural gap where their daily nutrition is
left to individual willpower in the face of long working
hours, occupational stress, company dinners, food
delivery culture, and chronic sleep deprivation. By the
time they become eligible for elderly-focused programs
such as long-term care insurance, dementia centers, or
senior meal services, sarcopenia and MetS may already
have caused partly irreversible damage [43].

To address this midlife service gap, a community eco-
system that actively links the workplace, local public
health centers, primary care clinics, and the home envi-
ronment is essential. Rather than treating middle-aged
adults as a “pre-elderly” group who will be supported
later, nutrition support should be embedded where they
actually spend most of their time and make food choic-
es—at work and in their immediate communities.

Workplace and enterprise-centered environmental design
Following nutrition guidelines (sodium reduction,
Mediterranean/DASH-based meal options) should be
mandatory in corporate cafeterias. Company health
promotion programs should evolve beyond simple
health check-ups to community health center-level LSM
programs, encouraging employee participation.

Expansion of preventive interventions in community

health services
Building on evidence from KDPS and similar projects,

https://doi.org/10.5720/kjcn.2026.00206

digital and face-to-face interventions led by dietitians
and health professionals in public health centers and
primary care clinics should be scaled up and explicitly
opened to middle-aged adults, not only to older seniors.
Incorporating the Adult Nutrition Quotient (NQ-A) into
routine check-ups could help identify high-risk indi-
viduals early and connect them to proactive nutritional
coaching and community programs.

In this community-linked ecosystem, digital health
tools and precision nutrition technologies can act as
a continuous support layer that connects the work-
place and local services to individuals’ everyday deci-
sion-making, rather than functioning as stand-alone

apps.
CONCLUSIONS

Middle adulthood is a decisive life transition period
over the life course that determines the quality of life
and healthspan in old age. As shown by multi-omics
research, human aging is not a gradual process but an
explosive nonlinear sequence where lipid metabo-
lism, immune, and musculoskeletal pathways abruptly
change in the mid-40s and early 60s. Korean epidemi-
ological data on chronic diseases warn the intersection
of these biological fluctuations with the triple burden of
malnutrition, it results in chronic diseases such as obe-
sity, diabetes, and cancer.

The core of successful nutritional strategies for this
life transition period is supplying sufficient protein
and BCAAs prevent sarcopenia. Second, rapidly tran-
sitioning to disease-targeted dietary structures—such
as increased dairy and fruit consumption, the Mediter-
ranean and the MIND diet—could help against osteo-
porosis and cognitive decline. Third, actively adopting
and practicing age-tailored, community-based LSM to
revert the risk of prediabetes.

Ultimately, these strategies cannot rely on individual
willpower or isolated educational campaigns alone. To
close the current midlife service gap, it will be crucial to
build a systems-centered, community-linked ecosystem
in which workplaces, public health centers, and primary
care clinics coordinate nutrition support across the en-
vironments where middle-aged adults actually live and
work. Together, these approaches can better support
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Korean middle-aged adults in preventing chronic dis-
ease and achieving healthy longevity in an aging society.

As a narrative rather than systematic review, this work
is subject to selection bias and may not capture all rel-
evant domestic and international studies. In addition,
the evidence base is dominated by observational data
from Korean national surveys and cohorts, which con-
strains causal interpretation and limits extrapolation
to other settings. Finally, few long-term intervention or
multi-omics studies have rigorously tested communi-
ty-linked precision nutrition strategies in middle-aged
adults, highlighting the need for future trials and im-
plementation research to refine and validate these ap-
proaches in real-world practice.
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Objectives: This study investigated the current status of sodium provision and reduction
management in South Korean school meals.

Methods: Using a proportional stratified random sampling by school level (kindergarten
and elementary, middle, and high school), location (urban, rural, and island/remote area),
and region (17 metropolitan and provincial Offices of Education), 1,068 schools (about
10% of all schools) were selected from 430 kindergartens and 5,883 elementary, 2,501
middle, and 2,268 high schools using the school meal system of the National Education
Information System. An online survey was conducted with nutrition teachers and dietitians
at the selected schools from September to November 2021 (n = 608; response rate: 57%).
Results: About 26.6% of schools had not established sodium provision standards. More
than half of the respondents (59.9%) had never used low-sodium products; this percentage
increased with school level. The reasons given included “insufficient information” (46.7%)
and “high prices” (41.5%). The level of consideration for sodium management was highest
at the cooking stage (3.89/5.00 points) and lowest at purchasing stage (3.20 points).
Cooking-related consideration was significantly higher in kindergartens and elementary
schools than in middle and high schools, while purchasing-related consideration was sig-
nificantly higher in elementary than in middle schools. To reduce sodium, the most com-
monly reported requirement was “reduction of the excessive foodservice workload”
(4.48/5.00 points), followed by “support for educational materials” (4.31 points).
Conclusion: Reducing sodium intake in school meals may require establishing clear sodi-
um standards, increasing the availability of low-sodium products, easing the excessive
workload, and enhancing educational support. To support these efforts, more comprehen-
sive and consistently implemented policy approaches may be needed to reduce sodium in
schools.

Keywords: schools; food services; sodium; surveys and questionnaires; nutritionists

INTRODUCTION
The average daily sodium intake among the South Korean population aged 1 year

or older has steadily declined from 3,848 mg in 2013 to 3,030 mg in 2022 [1]. De-
spite the steady decline, sodium intake among children and adolescents in South
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Korea still remains excessively high. The World Health
Organization (WHO) recommends that sodium intake
for children aged 2-15 years be lower than the adult
maximum (2,000 mg/day), adjusted downward based
on their energy requirements [2]. Although WHO does
not specify absolute sodium intake values for each age
within this range, several pediatric nutrition guidelines
and public-health institutions suggest age-adjusted up-
per limits: for instance, less than 1,200 mg/day for ages
1-3 years; less than 1,500 mg/day for ages 4-8 years; less
than 1,800 mg/day for ages 9-13 years [3]. Using these
age-adjusted benchmarks as a reference, current school
meal sodium provision levels appear far higher than
recommended, underscoring the need for stronger so-
dium-reduction policies in school foodservice settings.

Excessive sodium consumption is closely associated
with various health conditions, including hypertension,
cardiovascular diseases, and gastric cancer [4, 5]. Given
that dietary habits established during childhood often
persist into adulthood [6, 7], it is essential to cultivate
healthy eating behaviors early in life such as offering
less salty foods and gradually adapting children to low-
er-sodium tastes—may contribute to healthier lifelong
dietary behaviors [8, 9].

School meals play a significant role in shaping diet
and dietary habits during childhood and adolescence,
which in turn influence health behaviors in adulthood
[10-12]. However, school meals are often high in sodi-
um. In one study conducted in elementary and middle
schools in Incheon and Gangwon-do, the average sodi-
um intake from school meals was 802 mg and 1,056 mg,
respectively—accounting for 40% and 52% of the WHO's
recommended daily sodium intake of 2,000 mg. As
these figures reflect intake, the actual sodium content
of the meals was even higher. Notably, sodium levels
per menu item were higher in elementary school meals
than in those served at the middle school level [13]. Sev-
eral other studies have reported similar findings regard-
ing sodium intake or provision through school meals
[14-16], further emphasizing the need to reduce sodium
levels in school meals.

In 2013, the Ministry of Education conducted a sur-
vey on sodium intake from school meals at 30 schools
located in Seoul, Gyeonggi-do, and Incheon. The results
revealed high levels of sodium intake, averaging 1,155
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mg per meal—911 mg in elementary schools, 1,099 mg
in middle schools, and 1,454 mg in high schools [17].
In response, the Ministry of Education published the
“Guide to Reducing Sodium in School Meals” [18], which
outlined strategies for sodium reduction in school meal
programs. As part of these guidelines, the Ministry of
Education established target sodium levels per meal
of 900 mg for elementary schools, 1,000 mg for middle
schools, and 1,300 mg for high schools. The target sodi-
um levels were established on a per-meal basis because
students in South Korea typically eat one lunch meal at
school. When determining these targets, the Ministry
of Education considered the actual sodium intake lev-
els at the time and aimed to achieve an approximately
2%-10% reduction in sodium content in school meals
by 2017 through gradual implementation. In addition,
recommended salinity levels for soups and stews were
set at 0.6% for elementary and middle schools and 0.7%
for high schools [17]. These sodium reduction guide-
lines were not mandatory, but rather provided as na-
tional recommendations to promote gradual sodium re-
duction in school meals. Compliance depended largely
on the operational capacity and discretion of individual
schools and local education offices. Similar voluntary
approaches have been implemented in other countries,
showing varying levels of success. For example, the
United States (US) phased in sodium reduction targets
in the National School Lunch Program, which resulted
in a significant decrease in sodium content in school
meals over time [19, 20].

However, since 2013, no nationwide survey has been
conducted to assess the status of sodium management
in school meals, and thus, it remains unclear whether
the target sodium levels established at that time have
been effectively implemented. Although a national sur-
vey of school meal nutrition teachers and dietitians was
conducted in 2013 to examine their awareness, practic-
es, and strategies related to sodium reduction [21], few
subsequent studies have investigated sodium reduction
management from a national perspective. Most existing
studies have been limited to specific regions, such as
Gyeonggi-do and Daegu [13, 22-25]. In order to revise
the sodium provision guidelines for school meals and
develop effective sodium reduction strategies, it is es-
sential to obtain an accurate understanding of the cur-
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rent status of sodium provision and management. Such
data will serve as a foundational resource for policy de-
velopment and implementation.

Previously, the School Meals Act applied only to ele-
mentary, middle, and high schools; however, in 2021,
kindergartens were officially included within its scope
[26]. While there has been active research on sodium
provision and management in meals served at day-
care centers [22, 27, 28], studies specifically addressing
sodium management in kindergarten meals remain
extremely limited. Therefore, to establish effective strat-
egies for sodium reduction through school meals, a
comprehensive nationwide assessment, including kin-
dergartens, is urgently needed to better understand the
current status of sodium management in school meal
services.

Therefore, this study aimed to investigate the current
status of sodium provision and reduction management
in school meals by conducting a survey of nutrition
teachers and dietitians, who are responsible for school
meal operations and play a key role in influencing meal
quality and students’ dietary habits. Specifically, the
objectives of this study were to (1) assess the current
practices related to sodium reduction management
in school meals across different school levels, and (2)
provide foundational data to inform the development
of specific and practical strategies for reducing sodium
content in school meals.

METHODS

Ethics statement

Informed consent was obtained from all participants prior
to their voluntary participation in the study. This study was
approved by the Institutional Review Board of Kongju Na-
tional University (IRB No. KNU_IRB_2021-103).

1. Study design

This was a descriptive study. It was described according
to the STROBE statement (https://www.strobe-state-
ment.org/).

2. Survey participants

This study was conducted as an exploratory nationwide
survey to assess the current status of sodium-reduction
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practices in school meal settings. Among the 11,082
schools registered in the National Education Informa-
tion System (NEIS) database nationwide—430 kinder-
gartens, 5,883 elementary schools, 2,501 middle schools,
and 2,268 high schools—we selected a sample of 1,068
schools (41 kindergartens, 567 elementary schools, 241
middle schools, and 219 high schools), representing
approximately 10%. This sample was selected using a
proportional stratified random sampling method, con-
sidering the proportion of number of schools by school
level (kindergarten vs. elementary school vs. middle
school vs. high school), school location (urban vs. rural
vs. island/remote area), and region (17 metropolitan
and provincial Offices of Education).

From September 28, 2021, to November 12, 2021, an
online questionnaire was distributed to nutrition teach-
ers or dietitians from the sample of schools. School
meal services in Korean kindergartens and elementary,
middle, and high schools are operated by either nutri-
tion teachers or dietitians. Since the implementation of
the nutrition teacher system in 2008, some schools have
newly appointed nutrition teachers in charge of school
meals, while in other schools, dietitians who were previ-
ously employed continue to manage school meal oper-
ations. In other words, each school is staffed with either
a nutrition teacher or a dietitian. A nutrition teacher is a
certified educator who not only manages school meals
but also provides nutrition education as part of the for-
mal curriculum. In contrast, a dietitian mainly manages
school meals, and although they may engage in some
educational activities, teaching is not considered one of
their core duties.

The study included 608 participants (25 kindergar-
tens, 323 elementary schools, 136 middle schools, and
124 high schools). The response rates were 61.0% for
kindergartens, 57.0% for elementary schools, 56.4%
for middle schools, and 56.6% for high schools, with
an overall response rate of 57.0%. A chi-square test re-
vealed no statistically significant differences between
the number of responding and non-responding schools
by school level (P = 0.303).

3. Survey content

The questionnaire was developed based on previous
studies on sodium reduction [17, 21, 29, 30]. The sur-
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vey addressed several aspects of sodium provision and
management in school meals. It covered the status of
sodium provision (6 items), including the establish-
ment of sodium provision standards, the availability
and frequency of salinometer use, and the establish-
ment of standard meal portion sizes per person. It also
examined sodium reduction management (5 items),
including the organization of sodium reduction events,
the use of low-sodium products, methods for measuring
salinity, and the level of sodium management at each
stage of school meal preparation. The level of sodium
management was measured using a 5-point Likert scale
(1: not at all considered-5: highly considered).

The survey also covered the status of sodium re-
duction education (3 items), including participation
in education, provision of education, and methods of
education. Sodium-related awareness was also covered
(3 items), such as awareness of the saltiness of food,
awareness of the amount of sodium in each menu item,
and perception related to sodium (interest, necessity,
difficulty in implementation). The level of perception
related to sodium was measured using a 5-point Likert
scale (1: not at all interested/necessary/difficult-5: very
interested/necessary/difficult). Reasons for difficulty
in reducing sodium and sodium-related requirements
were also covered (2 items). The level of support re-
quirements related to sodium management was mea-
sured using a 5-point Likert scale (1: not at all neces-
sary-5: very necessary). General characteristics of the
participants and schools (12 items in total), including
sex, age, school level, and meal type, were also record-
ed. Before the main survey, a pilot survey was conduct-
ed with practicing five nutrition teachers, and the ques-
tionnaire content was amended and augmented based
on those results.

In this survey, “establishment of sodium provision
standards” was defined as having a criterion for sodi-
um content (mg) per meal in the school foodservice.
“Awareness of the amount of sodium in each menu
item” was defined as knowing the amount of sodium
(salt) for each menu item. In addition, “use of low-so-
dium products” was defined as using sodium-reduced
products, such as low-sodium soy sauce, low-sodium
red pepper paste, low-sodium seasonings, and low-so-
dium processed foods.
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4. Data analysis

All data were analyzed according to school level.
Because school meal programs in South Korea differ
markedly by school level in terms of policy guidelines,
budget allocations, staffing arrangements, operational
structures, menu standards, cooking facilities, nutrition
education practices, and overall meal service environ-
ments, the data were analyzed by school level. Signif-
icant differences in the distributions were evaluated
using the y’ test, and differences in the means were test-
ed using one-way analysis of variance and the Duncan
post hoc test. SPSS Package Program (version 26.0; IBM
Corp.) was used to perform all statistical analyses, the
threshold for statistical significance was P < 0.05.

RESULTS

1. General characteristics

Table 1 shows the general characteristics of the respon-
dents and the subject schools. There were 608 schools
in total with 25 kindergartens (4.1%), 323 elementary
schools (53.1%), 136 middle schools (22.4%), and 124
high schools (20.4%). The vast majority of respondents
identified as female, representing 98.8% of the total
sample. The average age of the participants was 43.4 +
9.4 years, and the participants from elementary (45.9
+ 7.8 years) and middle schools (43.0 + 9.5 years) were
older than those from kindergartens (37.0 + 9.0 years)
and high schools (38.4 + 10.4 years; P < 0.001). The av-
erage total work experience of nutrition teachers and
dietitians was 16.0 + 9.1 years. Among the respondents,
351 were nutrition teachers and 257 were dietitians. Nu-
trition teachers were present in 57.7% of all the schools
(dietitians: 42.3%), with the highest proportion in ele-
mentary schools (76.5%) and the lowest in kindergar-
tens (4.0%; P < 0.001).

The school locations of respondents were 67.9%,
28.0%, and 4.1%, for urban, rural, and island or remote
area, respectively, and there was no significant differ-
ence between school levels. Overall, public schools
were the most common (84.4%). Most schools operated
on-site cooking facilities (89.8%), whereas the propor-
tion of schools utilizing central kitchen cooking was
relatively higher among high schools (16.1%; P = 0.007).
The most common form of eating place was cafeteria
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service in 87.2% of schools, but there were significant
differences depending on the school level (P = 0.003). At
lower school level, there was a higher rate of classroom
service. At lunch, the number of people receiving school
meals was higher at elementary, middle, and high
schools (all > 500 persons) than at kindergartens (196
persons; P < 0.05).

2. Status of sodium provision in school meals

Table 2 shows the current status of sodium provision in
school meals. An investigation into the establishment
of sodium provision standards (mg) per meal for school
meals revealed that approximately 26.6% of the sampled
schools had not established such standards. Sodium
provision standards per menu item had not been estab-
lished in 30.8% of all schools, and there were no signifi-
cant differences by school level.

The entire sample of schools (608) had salinometers
available. At most schools, the participants reported us-
ing the salinometers daily (96.4%), whereas one middle
and one high school reported using the salinometers
“once per month” The reasons for not using the sali-
nometer at these schools were “the cooks do not want to
do it” and “it is cumbersome to use it” (data not shown
in the table).

An investigation into the management of portion sizes
for school meals revealed that 66.3% of schools provid-
ed different portions depending on the school grade
and sex of students. There were also significant differ-
ences by school level (P < 0.001). High proportions of
kindergartens (72.0%) and elementary schools (94.4%)
provided different portions by school grade and student
sex, whereas high proportions of middle (68.4%) and
high schools (70.2%) provided identical portions to all
students.

3. Status of sodium reduction management and
education for school meals

Table 3 shows the current status of sodium reduction
management in school meals. When asked if they had
held special events to encourage sodium reduction in
the past year, 47.5% said they had, with no differences by
school level. The events mostly consisted of “No Soup
Days” and “Low-Sodium Days” (data not displayed in
the table). At more than half of the schools (59.9%), par-
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ticipants reported that they had never used low-sodium
products in school meals, and there were significant
differences by school level (P = 0.001). The proportion
of participants who did not use low-sodium products
was higher at higher school levels (kindergartens 48.0%,
elementary schools 53.6%, middle schools 66.9%, high
schools 71.0%).

At the 364 schools that had never used low-sodium
products, the most common reasons for not using
low-sodium products were “insufficient information”
(46.7%) and “high prices” (41.5%). There were signif-
icant differences by school level; high prices were of
a greater concern in middle and high schools than in
other schools (P < 0.001), while insufficient information
was a very common reason in kindergartens (91.7%; P =
0.012). The most common reason was “difficult to pur-
chase” in elementary schools (22.0%; P < 0.001).

Most schools (90.5%) reported using a salinometer
to measure the salinity of soups and stews. As a result
of comparing how much sodium content or provision
was considered at each stage of school meal prepara-
tion using scores (1-5 points), the response “sodium
content is considered when cooking (e.g., adjusting
the amount of seasoning using salt, fermented sauces,
and soy sauce)” showed the highest average score (3.89
points), while the response “sodium content is consid-
ered when purchasing ingredients (e.g., low-sodium soy
sauce)” showed the lowest average score (3.20 points).
There were differences between school levels at all stag-
es of food preparation. The level of consideration when
planning the menu was significantly higher in elemen-
tary (3.78 points) than in middle (3.46 points) or high
schools (3.45 points; P < 0.05). The level of consideration
while purchasing ingredients was significantly high-
er in elementary (3.35 points) than in middle schools
(2.96 points; P < 0.05). The level of consideration when
cooking was significantly higher in kindergartens (4.16
points) and elementary schools (4.03 points) than in
middle (3.74 points) and high schools (3.64 points; P <
0.05).

Table 4 shows the status of sodium reduction educa-
tion by school level. Among the nutrition teachers and
dietitians who responded to the survey, 38.5% had com-
pleted sodium reduction education, and there were no
differences by school level. A total of 33.9% of the partic-
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P-value®

High school
(n=124)

School level
Middle school
(n=136)

= 323)

Elementary school
(n

Kindergarten
(n=25)

Total
(n=608)

Methods of education?

Characteristics

Table 4. Continued

0.066
0.023

51 (66.2)
59 (76.6)
48 (62.3)
19 (24.7)
2(2.6)

59 (67.8)
67 (77.0)

—_ —~

78
62.3

_ = L e O = 2

—_— — = D ==

—_— —~

73
68.4

—_ = S e O = =

297
275

School websites for parents

Newsletter for parents
Education for cooks

0.668
0.776
<0.001

49 (56.3)
27 (31.0)

- ~

56.1
27.6

P

57.7
27.6

232
111

Displaying posters in the cafeteria for students

0.811

10 (13.0)
7(9.4)

1(1.2)
9(10.3)
1(1.2)

—

—_— —~

234
12

94
51

Education during regular class time for students

Education for school teacher
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0.078

Special extracurricular activities for students

n (%).
YP-value by chi-squared test or Fisher's exact test.

Multiple responses.

ipants reported that they had not provided sodium re-
duction education to students in the last year, and there
were differences by school level (P = 0.009). The propor-
tion of participants not providing education was espe-
cially high in kindergartens (60.0%). Overall, the most
commonly used type of education for sodium reduction
was newsletter to parents (73.9%), and other methods
included school websites (68.4%) and education for
cooks (57.7%). The method of educating students using
regular class time was observed almost exclusively in
elementary schools (39.9%; P < 0.001).

4. Sodium-related awareness and support requirements

Regarding the perceived saltiness of school meals, the
most common response from nutrition teachers and di-
etitians was “normal” (78.9%) (Table 5). The saltiness of
school meals was perceived to be milder at lower school
levels compared with higher school levels (P < 0.001).
In only 8.9% of schools, participants reported knowing
the sodium levels of all menu items provided for school
meals, whereas in 18.6%, participants responded they
were completely unaware.

The average overall score for interest in sodium re-
duction was 3.82/5 points, and there were significant
differences by school level (P = 0.001). Interest was
significantly higher in kindergartens (4.00 points) than
in middle (3.75 points) or high schools (3.72 points;
P < 0.05). As for the difficulties in practicing sodium
reduction, the average score was 2.31 points. There
were significant differences depending on school level
(P < 0.001), with participants at the kindergarten (2.56
points) and elementary school levels (2.45 points)
showing higher scores for difficulty in reducing sodium
intake than those at the middle school (2.18 points) and
high school levels (2.05 points; P < 0.05).

To reduce sodium in school meals, the most com-
monly reported requirement was “reduction of the
excessive foodservice workload” (4.48 points), followed
by “support for educational materials” (4.31 points) and
“sodium reduction education for students” (4.22 points).
There were no differences in any items by school level.

DISCUSSION

Because the level of sodium intake from school meals
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can affect the health of students in kindergartens and
elementary, middle, and high schools, it is important to
manage sodium provision in school meals. However, in
this study, 26.6% of the sampled nutrition teachers and
dietitians reported that they had not established sodium
provision standards for school meals. Sodium standards
are a tool to help appropriately manage sodium provi-
sion when planning and cooking school meals. In South
Korea, the nutritional standards for school meals are
managed by the government according to the Enforce-
ment Decree of the School Meals Act, and sodium stan-
dards are not included in the nutritional standards for
school meal [31]. The Ministry of Education proposed
target sodium level per meal and recommended each
school to independently set and manage sodium stan-
dards [17].

Several countries including the US, Japan, and the
United Kingdom, have established sodium standards
in their nutritional standards for school meals. In the
US, until July, 2027, sodium provision levels for school
lunches must be < 935, < 1,035, and < 1,080 mg for
grades K-5, 6-8, and 9-12, respectively [32], and in Ja-
pan, the sodium provision levels for school lunches are
< 600, < 800, < 800, and < 1,000 mg for students aged
6-7 years, 8-9 years, 10-11 years, and 12-14 years, re-
spectively [33]. In the United Kingdom, to limit sodium
provision, it is forbidden to provide salt to add to food
after it has been cooked, or to use high-sodium flavor
enhancers such as MSG or E621 [34]. Detailed criteria
have also been established for checking labeled salt
levels; using herbs, spices, garlic, vegetables and fruits
to add flavor to dishes instead of salt; and choosing bis-
cuits, cakes and pastries that are lower in fat, saturated
fat, sugar and salt. There is a need to incorporate sodi-
um standards into the nutritional standards for school
meals in South Korea as well.

More than half of the participants who responded to
the questionnaire in this study reported that they had
not used low-sodium products in school meals, and
the most common reasons for not using these products
were “insufficient information” and “high prices” Lee
[23] reported that 90.5% of nutrition teachers and dieti-
tians had not used low-sodium products. Although di-
rect comparison is limited, the findings may cautiously
suggest a potential increase in the use of low-sodium

https://doi.org/10.5720/kjcn.2026.00101

products over the past decade. Additionally, the same
study reported that the most common reasons for not
using low-sodium products were “insufficient informa-
tion’; “high prices’; and “lack of product diversity’; which
were similar to the reasons reported in this study. In the
US, the major strategies for sodium reduction include
the development of low-sodium products [35]. Using
low-sodium products can be considered a starting point
for sodium provision management. Therefore, it is im-
perative to provide nutrition teachers and dietitians with
the necessary information and education to ensure their
awareness of the need to use low-sodium products. In
particular, information provision and education should
be prioritized for nutrition teachers and dietitians in
middle or high schools that showed a higher incidence
of not using low-sodium products in this study. Food
companies also need to develop diverse low-sodium
products with policy support from the government, and
low-sodium products need to be popularized through
proper price-setting and active publicity.

The level of consideration for sodium management at
each stage of school meal preparation was highest at the

” o«

“cooking,” followed by the “serving,” “menu planning,’
and “ingredient purchasing.” In a study investigating
the status of salt reduction in the Jeju region [36], 98.7%
of nutrition teachers and dietitians reported making
efforts to reduce sodium at the cooking stage among
the school meal preparation stages, 86.4% at the menu
planning stage, and 68.8% at the ingredient purchasing
stage, which is similar to the findings of this study. In
this study, the level of consideration for sodium provi-
sion was between “neutral” (3.0 points) and “consid-
ered” (4.0 points) at all stages. Management should be
provided at a level of “considered” (4.0 points) or above
for all stages. Thus, it will be necessary to develop sodi-
um reduction management guidelines for each stage of
school meal preparation, while also providing educa-
tion to help nutrition teachers and dietitians implement
these guidelines.

In this study, only 38.5% of all nutrition teachers and
dietitians reported having completed an educational
course on sodium reduction. Jeong [36] reported that
97.4% of nutrition teachers and dietitians perceived
a need for sodium reduction education for nutrition
teachers and dietitians, and 76.4% reported that sodium
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reduction education and training would help reduce so-
dium in school meals. In Kim’s study [37], 79.1% of nu-
trition teachers perceived sodium reduction education
as necessary for nutrition teachers and dietitians. Taken
together, these findings illustrate that there is an urgent
need to develop a sodium reduction curriculum for nu-
trition teachers and dietitians at the government level to
manage sodium provision in school meals. Additionally,
33.9% of the participants in this study reported that they
had provided no sodium reduction education in school
over the past year, and this proportion was highest in
kindergartens. For nutrition teachers and dietitians to
provide sodium reduction education, it will be neces-
sary to develop and support specific educational materi-
als depending on the recipients of the education (cooks,
students, teachers, and parents) and the school level of
the students (kindergarten and elementary, middle, and
high school).

To reduce sodium levels in school meals, the most
strongly reported requirement was “reduction of the ex-
cessive foodservice workload,” followed by “support for
educational materials” These findings suggest that the
workload of nutrition teachers and dietitians may be as-
sociated with challenges in allocating sufficient time for
sodium reduction management. Additionally, support
for educational materials was identified as an important
need that could facilitate more efficient sodium reduc-
tion practices. Overall, addressing these perceived bar-
riers may help improve the implementation of sodium
reduction strategies in school foodservice settings.

Overall, this study found significant differences in so-
dium-related management, education, and perceptions
by the school level, suggesting that sodium reduction
strategies in school meals should be tailored to the spe-
cific operational contexts of each school level. Taken to-
gether, these findings emphasize the importance of de-
veloping differentiated strategies for sodium reduction
in school meals, including strengthening informational
and educational support in kindergartens, enhancing
practical feasibility in middle and high schools, and
sustaining effective management practices in elemen-
tary schools. Another important consideration is that
sodium-reduction practices may be weaker in kinder-
gartens and middle and high schools, where the use of
low-sodium products or educational activities was less
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common.

The findings of this study suggest the need for nation-
al-level action to strengthen sodium-reduction manage-
ment in South Korean school meals. More comprehen-
sive and consistently implemented policy approaches
may be needed to support sodium reduction in school
meals. Policymakers may consider incorporating clear
sodium standards into the nutritional standards for
school meals to promote more consistent management
across all schools. Expanding the availability of diverse
and affordable low-sodium products through govern-
ment-industry collaboration could also be beneficial.
Reducing the excessive workload of nutrition teachers
and dietitians may help facilitate the implementation
of sodium-reduction practices. Moreover, developing
standardized, stage-specific guidelines for sodium man-
agement—covering ingredient purchasing, menu plan-
ning, cooking, and serving—could contribute to more
systematic sodium management in schools.

One strength of this study is that the survey was con-
ducted in kindergartens and elementary, middle, and
high schools nationwide. Therefore, the findings of this
study can be used as a baseline to devise specific and
practical methods for reducing sodium in school meals.
Future studies should include qualitative investigations
to more deeply explore the barriers and facilitators to
implementing sodium-reduction policies in school
meals. Furthermore, research that objectively measures
the actual sodium content of school meals, along with
studies evaluating low-sodium product adoption and
targeted education programs, will be essential for iden-
tifying practical strategies that can support sustainable
sodium reduction in school meal settings.

Limitations
This study has several limitations. Although analyses
were conducted by school level, the observed differenc-
es may have been influenced by other school-related
characteristics (e.g., job status, school type, foodservice
system, and number of meal participants), which could
act as potential confounders. Therefore, further research
employing more comprehensive analytical approaches
isneeded.

Moreover, kindergartens have been included in the
school meal service since 2021, and currently only pub-
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lic kindergartens use the NEIS. Among the study partic-
ipants, kindergartens were limited to public institutions
that use NEIS and provide school meals, and therefore
the findings should be interpreted with caution.

In addition, this study relied on self-reported data
from nutrition teachers and dietitians, which may be
subject to recall bias or social desirability bias. The sur-
vey was conducted within a limited period (September
to November 2021), and sodium-reduction practices
may have changed since then due to policy revisions or
market developments related to low-sodium products.

Conclusion

There appears to be a need to strengthen sodium-re-
duction management in South Korean school meals.
To support sodium reduction, it may be helpful to con-
sider establishing clearer sodium standards within the
nutritional standards for school meals, developing and
promoting low-sodium products, reducing excessive
workload, and enhancing educational support. These
findings highlight potential areas for policy and practice
improvement.
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Objectives: This study was conducted to analyze long-term trends in kimchi consumption
and patterns among Korean adults using data from the Korea National Health and Nutri-
tion Examination Survey (KNHANES) from 2010 to 2024, and to identify sociodemograph-
ic, dietary, and health-related factors associated with recent kimchi consumption.
Methods: Data from the 5th (2010) through 9th (2024) KNHANES were utilized. Trend
analysis included 103,267 participants, while factor analysis focused on 14,244 adults
aged = 30 years (2022-2024). Changes in consumption form (side dish versus ingredient)
and locations were examined. Multiple logistic regression was used to calculate odds ratios
(ORs) for meeting the recommended intake (40 g/day).

Results: Over the past 15 years, kimchi consumption among Korean adults has significant-
ly decreased regardless of gender (men: p = -1.53, women: p = -1.31, P for trend < 0.05).
The proportion of individuals reporting no kimchi intake on the 24-hour recall day increased
from 11.7% in 2010 to 22.7% in 2024. Among young adults (20-39 years), a qualitative
shift occurred as consumption transitioned from side dishes to dish ingredients. At-home
consumption decreased for all age groups under 60 years. Conversely, eating-out con-
sumption increased for most groups, except for those aged 20-39 years, while school/
workplace consumption increased only in the 0-9 years age group. Analysis of the factors
associated with meeting the recommended intake revealed that men, older adults, rural
residents, married individuals, alcohol consumers, and smokers were more likely to meet
the recommendation. Conversely, frequent solo dining or skipping meals were significantly
associated with a lower likelihood of meeting the recommendation.

Conclusion: This study confirms a structural shift in the Korean diet. Future strategies for
preserving traditional food culture and establishing nutritional policies must be tailored to
reflect modern dietary changes, such as an increase in single-person households and the
spread of a solo-dining culture.

Keywords: kimchi; trends; factor analysis, statistical; feeding behavior; nutrition surveys
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Kimchi consumption trends and related factors

INTRODUCTION

Kimchi is a fermented food that epitomizes Korean
traditional food culture; its communal preparation
practice, kimjang, has been inscribed on the United Na-
tions Educational, Scientific and Cultural Organization
Representative List of the Intangible Cultural Heritage
of Humanity [1]. The nutritional and public health sig-
nificance of kimchi has also gained broad international
recognition following its official recommendation as
a beneficial fermented food in the Dietary Guidelines
for Americans 2025-2030, jointly issued by the U.S.
Department of Health and Human Services (HHS) and
the United States Department of Agriculture (USDA)
[2]. Kimchi is prepared primarily from napa cabbage
and radish, supplemented with red pepper powder,
garlic, ginger, and salted fermented seafood, among
other ingredients. The fermentation process generates
lactic acid bacteria, and the constituent raw materials
contribute dietary fiber, vitamins, and phytochemicals;
these bioactive components have been associated with
diverse health-promoting effects, including anti-obesity
[3], anti-cancer [4], and immune-enhancing properties
(5, 6].

However, rapid social structural changes and the
progressive Westernization of dietary habits have re-
sulted in marked differences in both the proportion of
kimchi consumed within the Korean diet and the overall
consumption patterns compared with those of the pre-
ceding decades [7]. The rapid increase in single-person
households [8], widespread adoption of a solo-dining
culture [9], normalization of home meal replacement
(HMR) products [10], and continued expansion of the
food service industry [11] are the principal drivers of
structural change in both the contexts and modes by
which kimchi, a cornerstone of the traditional Korean
table, is consumed. A general declining trend in kimchi
consumption has been reported among Koreans [12,
13]; however, most investigations have been limited to
cross-sectional analyses at single time points or histor-
ical datasets. Comprehensive long-term trend analyses
that incorporate recent sociodemographic and dietary
changes, including detailed assessments of consump-
tion patterns, remain limited.

Changes in kimchi consumption extend beyond a
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simple reduction in intake quantity and encompass
qualitative shifts in who consumes kimchi, where it is
consumed, and in what form, thereby necessitating a
more comprehensive analytical approach. Whereas
kimchi was traditionally consumed as a side dish (ban-
chan) in home-based meals, an increasing proportion is
now incorporated as an ingredient in prepared dishes in
restaurants or in processed foods. These shifts are close-
ly related to broader dietary pattern changes among Ko-
rean adults [14] and have been identified as significant
contributors to chronic disease risk [15]. Accordingly,
stratified analyses of the associations between socioeco-
nomic status, health behaviors, dietary characteristics,
and kimchi intake adherence by gender and age group
can provide a critical evidence base for identifying pop-
ulations at high risk for chronic diseases and formulat-
ing precise nutrition-oriented individualized nutritional
policies [16].

Therefore, the present study aimed to analyze long-
term population-level trends in kimchi consumption
among Korean adults using Korea National Health and
Nutrition Examination Survey (KNHANES) data from
the 5th survey cycle (2010-2012) to the 9th survey cycle
(2022-2024). Specifically, this study examined secular
changes in kimchi intake by gender and age group, as
well as shifts in consumption patterns by intake form
(kimchi as a side dish vs. kimchi as an ingredient in
composite dishes) and meal location. Furthermore,
using the most recent 3-year data (2022-2024), a mul-
tifaceted analysis was conducted to characterize the
sociodemographic, dietary, and health behavior factors
associated with kimchi consumption, with the aim of
elucidating the public health significance of kimchi
intake and its policy implications within the context of
contemporary dietary change among Korean adults.
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METHODS

Ethics statement

The study protocol was approved by the Institutional Re-
view Board (IRB) of the Korea Disease Control and Preven-
tion Agency (KDCA) (Approval Nos. 2010-02CON-21-C,
2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-
4C, 2013-12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A,
2018-01-03-2C-A, 2018-01-03-5C-A, 2018-01-03-4C-A,
2022-11-16-R-A, and 2022-11-16-R-03). Informed written
consent was obtained from all participants.

1. Study design

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

2. Study population and data collection

To analyze secular trends in kimchi consumption, con-
sumption forms, and meal location patterns among
Korean adults, this study utilized KNHANES data from
the 5th survey cycle (2010-2012) through the 9th sur-
vey cycle (2022-2024). The KNHANES is a nationally
representative repeated cross-sectional survey based
on stratified, multistage probability cluster sampling.
In addition to population-level long-term trend analy-
ses, factor analyses of variables associated with kimchi
consumption were conducted using data from the
most recent 3-year period (2022-2024), applying sur-
vey-weighted logistic regression models incorporating
sociodemographic and dietary characteristics, with 40
g/day (the recommended single serving of kimchi) as
the reference threshold.

For the trend analysis, 103,267 participants (45,706
men and 57,561 women) were included after excluding
12,234 individuals, who lacked survey weight data, from
the initial 115,501 eligible respondents. Of these, 86,090
reported kimchi consumption on the 24-hour dietary
recall day, whereas 17,177 reported no consumption.
Trend analyses were conducted separately for the total
study population and kimchi intake subgroups. Long-
term changes in kimchi intake and the proportion of
non-consumers were estimated in the kimchi consumer
subgroup; detailed consumption patterns by form and
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meal location were additionally examined.

The factor analysis was restricted to adults aged > 30
years, as prior research indicates that socioeconomic
indicators and lifestyle factors are relatively well es-
tablished in this age group [17]. Among the 20,191 KN-
HANES participants surveyed between 2022 and 2024,
those aged < 30 years (n = 4,864), those lacking survey
weight data or who did not participating in the 24-hour
dietary recall (n = 590), and those with physiologically
implausible energy intake (women: < 500 kcal/day or >
3,500 kcal/day; men: < 800 kcal/day or > 4,000 kcal/day;
n = 493) were excluded. The final analytic sample com-
prised 14,244 participants, stratified by age group (30-64
years: n = 9,138; > 65 years: n = 5,106) and gender (men:
n=6,003; women: n = 8,241).

3. Measurements and variable definitions

1) Assessment and classification of kimchi consumption
Kimchi intake was estimated using the primary food
code (N_FCODE), dish name, and intake quantity vari-
ables obtained from the 24-hour dietary recall. Based
on prior research [18], kimchi types were classified as
baechu kimchi (napa cabbage kimchi), kkakdugi kimchi
(cubed radish kimchi), yeolmu kimchi (young radish
kimchi), nabak kimchi (watery radish and cabbage kim-
chi), and other kimchi (including oi sobagi, yuche kim-
chi, and eolgari baechu kimchi). Given the nature of the
24-hour dietary recall method, participants with zero
kimchi intake were defined as non-consumers on the
day of the dietary recall, rather than as habitual abstain-
ers.

Kimchi consumption form was classified by first ex-
tracting all records containing kimchi ingredients based
on the food code (N_FCODE) and then applying the
corresponding dish code (N_DCODE) to differentiate
the intake form. Cases in which the dish name explicitly
denoted a side dish (e.g., baechu kimchi, kkakdugi con-
sumed as standalone accompaniments) were defined as
‘kimchi as a side dish.! Cases involving composite dish-
es, such as kimchi-jjigae (kimchi stew) or kimchi-jeon
(kimchi pancake), were defined as ‘kimchi in a dish,
with the net weight of kimchi ingredients (NF_INTK)
extracted and summed accordingly.

Meal location was categorized into three settings:
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home, school/workplace (encompassing schools, work-
places, senior centers, and religious institution cafete-
rias), and restaurant (commercial food service estab-
lishments). Responses coded as ‘other’ or ‘unknown/no
response’ were excluded.

Kimchi intake level was classified based on the sin-
gle-serving recommended intake of 40 g/day as specified
in the Dietary Reference Intakes for Koreans [19]. This
threshold has also been applied in previous domestic
epidemiological studies [20, 21], and was adopted in the
present study to ensure comparability across studies.
Participants were classified as meeting (> 40 g/day) or
not meeting (< 40 g/day) the recommended intake.

2) Definition of general characteristics
Sociodemographic characteristics included gender,
body mass index (BMI; kg/m?), educational attain-
ment, household income level, smoking status, alcohol
consumption, physical activity level, residential area,
marital status, and household size. BMI was classified
into four categories per Korean Society for the Study of
Obesity criteria [22]: underweight (BMI < 18.5 kg/m?),
normal weight (18.5 < BMI < 23 kg/m?), overweight (23
< BMI < 25 kg/m?), and obese (BMI > 25 kg/m?). Educa-
tional attainment was classified as middle school grad-
uate or lower, high school graduate, or college graduate
or above. Household income was estimated as monthly
equivalized household income (monthly household
income divided by the square root of household size)
and categorized into quartiles: low, middle-low, mid-
dle-high, and high.

Smoking status was classified as never smoker (no
smoking history), past smoker (prior smoking history,
not currently smoking), or current smoker (smoking
daily or occasionally at the time of the survey). Alcohol
consumption was dichotomized (‘yes’/‘no’) based on
whether the respondent reported consuming alcohol at
least once per month over the preceding year. Physical
activity was classified as ‘active’ or ‘inactive’ according
to the KNHANES user guidelines [22], with ‘active’ de-
fined as > 75 min/week of vigorous-intensity activity,
> 150 min/week of moderate-intensity activity, or an
equivalent combination thereof. Residential area was
categorized as ‘urban’ (dong administrative district)
or ‘rural’ (eup/myeon administrative district). Marital
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status was classified as ‘married’ (currently cohabiting
with a spouse) or ‘single’ (encompassing never-married,
separated, widowed, and divorced).

Dietary characteristics included meal environment
and behavioral variables. Frequency of eating with oth-
ers was classified as ‘none, ‘once per day, or ‘> twice
per day, based on whether the respondent shared meals
with family members or others over the preceding
year. Eating-out frequency was categorized as ‘> 1 day,
‘1-6 times/week; ‘1-3 times/month; or ‘scarcely. Meal
frequency was assessed based on meal consumption
during the 2 days preceding the dietary intake survey
and classified as ‘3 meals/day’ or ‘1-2 meals/day’

4. Statistical analysis

As the KNHANES is based on a complex, stratified, mul-
tistage probability cluster sampling design, all analyses
incorporate stratification variables, cluster variables,
and individual sampling weights.

Trend analyses of kimchi intake and the proportion of
non-consumers were conducted using the KNHANES
data from 2010 to 2024, stratified by gender. Annual
changes in kimchi intake were assessed using sur-
vey-weighted linear regression (PROC SURVEYREG),
with survey year treated as a continuous variable; re-
gression coefficients (f) and corresponding P-values
were used to evaluate linear trends.

For the factor analysis using 2022-2024 data, sur-
vey-weighted logistic regression (PROC SURVEYLOGIS-
TIC) was performed, with meeting the recommended
kimchi intake (> 40 g/day) as the dependent variable.
Results were presented as odds ratios (ORs) and 95%
confidence intervals (Cls) from (i) a base model adjust-
ed for age (continuous), gender, total energy intake, and
total food intake; and (ii) a multivariable model addi-
tionally adjusted for educational attainment, house-
hold income, residential area, household composition,
smoking status, alcohol consumption, and physical ac-
tivity.

All statistical analyses were performed using SAS
(Statistical Analysis System, version 9.4; SAS Institute).
Statistical significance was set at P < 0.05.
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RESULTS

1. Trends in kimchi consumption among Korean adults
Analysis of KNHANES data from 2010 to 2024 revealed a
significant and broadly consistent decline in consump-
tion of most kimchi types (Fig. 1). The most pronounced
declining trend was observed for baechu kimchi, the

PB-coefficient P for trend

Total kimchi

predominant kimchi variety, relative to the other kimchi
types.

In gender-stratified analyses, significant declining
trends (P for trend < 0.001) were observed among men
for all kimchi types except other kimchi, with the great-
est decreases for total kimchi (p = -1.532) and baechu
kimchi (p = -1.018). Among women, significant de-
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Fig. 1. Trends in kimchi consumption by gender among Korean adults, Korea National Health and Nutrition Examination Survey
2010-2024. The panels show the mean daily intake (g/day) of (A) total kimchi, (B) baechu kimchi, (C) kkakdugi, (D) yeolmu kim-
chi, (E) nabak kimchi, and (F) other kimchi. Values are presented as survey-weighted means. Blue lines indicate the total popu-
lation, orange lines indicate men, and green lines indicate women. B-coefficients represent annual changes in intake estimated
using survey-weighted linear regression (PROC SURVEYREG); P for trend values were obtained from the same models.
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clining trends were observed across all kimchi types
(P for trend < 0.001); total kimchi (p = —1.306) showed
the greatest absolute decline, with baechu kimchi (p =
-0.795) exhibiting a particularly pronounced downward
trajectory. A transient increase in yeolmu kimchi con-
sumption was observed between 2019 and 2020. How-
ever, the long-term trajectory remained consistent with
an overall declining trend.

B-cocfficient P for trend

(A

(B

Among kimchi consumers (i.e., those reporting in-
take on the recall day), a significant overall declining
trend was observed (Fig. 2). Total kimchi intake in this
subgroup showed a statistically significant decrease (B
= -0.623, P < 0.001), with similar patterns in men (f =
-0.641, P < 0.001) and women (B = -0.632, P < 0.001).
Baechu kimchi demonstrated a significant decline (p =
-0.378, P < 0.001), consistent in women (B = —0.384) and
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Fig. 2. Trends in kimchi consumption by gender among participants in the kimchi intake group, Korea National Health and Nutri-
tion Examination Survey 2010-2024. The panels show the mean daily intake (g/day) of (A) total kimchi, (B) baechu kimchi, (C)
kkakdugi, (D) yeolmu kimchi, (E) nabak kimchi, and (F) other kimchi. Values are presented as survey-weighted means. Blue lines
indicate the total population, orange lines indicate men, and green lines indicate women. B-coefficients represent annual changes
in intake estimated using survey-weighted linear regression (PROC SURVEYREG); P for trend values were obtained from the same
models.
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men (B = -0.395). Nabak kimchi also showed a statisti-
cally significant decreasing trend in the kimchi consum-
er subgroup for both genders. Annual changes in kka-
kdugi, yeolmu kimchi, and other kimchi consumption
among consumers were not statistically significant.

The proportion of participants who reported no kim-
chi intake on the day of dietary recall increased continu-
ously throughout the observation period (Fig. 3). Among
all participants, the proportion of non-consumers rose
from 11.7% in 2010 to 22.7% in 2024; the corresponding
values were 10.2% and 20.6% for men and 13.1% and
24.8% for women, respectively.

2. Secular trends in kimchi consumption patterns
The changes in the proportion of kimchi consumed as
a side dish versus as an ingredient in composite dishes
among kimchi consumers stratified by age group are
shown in Fig. 4. The proportion consuming kimchi as a
side dish declined significantly in all age groups except
the 0-9 year group (P for trend < 0.05). The magnitude
of decline was greatest in the 20-39 year group (p =
-0.888), followed by the 40-59 year ( = -0.499) and
10-19 year (p = -0.419) groups.

Conversely, the proportion consuming kimchi in
composite dishes increased significantly in most age
groups (P for trend < 0.05), with the greatest increase in

the 20-39 year group (p = 0.888), followed by the 40-59
year (p =0.499) and 10-19 year (f = 0.419) groups.

3. Secular trends in kimchi consumption by meal location
Changes in kimchi intake according to meal location are
shown in Fig. 5. At-home kimchi consumption declined
significantly in all age groups under 60 years (P for trend
< 0.020), with the greatest decreases observed in the 40-
59 year (B = -1.352) and 20-39 year (f = —1.345) groups,
followed by the 10-19 year group (p = -0.613). At school/
workplace settings, kimchi intake increased significantly
only in the 0-9 year group (f = 0.388, P for trend < 0.001),
while a general declining trend was observed in other
age groups, most notably in the 20-39 year group (f =
-0.2034). Restaurant-based kimchi consumption exhib-
ited divergent patterns: a declining trend was observed
in the 20-39 year group (p = -0.616, P for trend < 0.001),
whereas increasing trends were observed in most other
age groups (except those aged 0-9 years), with the great-
est increase among adults aged > 60 years (f = 0.276).

4. Distribution and associated characteristics of kimchi
consumption (2022-2024)

Kimchi intake was significantly associated with socio-
economic and lifestyle factors (Table 1). Individuals
with lower income and educational attainment reported

Trends in the proportion of kimchi non-intake group
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Fig. 3. Trends in the proportion of the kimchi non-intake group by gender among Korean adults, Korea National Health and Nu-
trition Examination Survey 2010-2024. Values are presented as survey-weighted percentages (%). Blue lines indicate the total
population, orange lines indicate men, and green lines indicate women. The kimchi non-intake group was defined as participants
reporting no kimchi consumption on the 24-hour dietary recall day.
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in dish ingredient (lower panel). Lines represent age groups (0-9, 10-19, 20-39, 40-59, and = 60 years). Values are presented
as survey-weighted percentages. [3-coefficients represent annual changes in intake proportion estimated using survey-weighted
linear regression (PROC SURVEYREG); P for trend values were obtained from the same models.

Q Age (year) B-coefficient P for trend
Home 0-9 0515 0.003
10-19 -0.613 0.018
140 20-39 -1.345 <0.001
40-59 -1.352 <0.001
120 > 60 0.141 0.586
100
CEN M -9- 0~9
] -0 10~19
£ 60
= -0-20~39
40 -0 40~59
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year
- Age (year) B-coefficient P for trend
e School/ Workplace —Age (vear) p-coefficient P for trend e Rest t s ’ 20,026 0543
0-9 0388 <0.001 estauran ; :
e 1019 0195 0060 10-19 0.051 0.624
- - 40 20-39 0.616 <0.001
. 20-39 -0.203 0.032 35 40-50 0.066 0.523
40-59 0.182 0.039 >60 0276 <0.001
25 =60 -0.010 0.886 30
CP w2
£ 22
ERE El
= =15
10
10
5
5
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Year

Year

Fig. 5. Age-specific trends in kimchi consumption by meal location among Korean adults, Korea National Health and Nutrition
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changes in intake estimated using survey-weighted linear regression (PROC SURVEYREG); P for trend values were obtained from
the same models.
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Table 1. Kimchi consumption according to general factors

Characteristics n Total kimchi  Baechu kimchi Kkakduki Yeolmu kimchi  Nabak kimchi  Other kimchi
1. Socioeconomic characteristics
Income level
Low 2,920 116.92+3.04 71.18+2.38 708+0.71 1290+1.16 1418+ 1.37 1158+ 1.07
Lower-middle 3,484 107.16+2.76 66.21+195 9.34+0.62 1146+1.32 825+0.83 11.90%+0.81
Upper-middle 3,783 99.81+216 64.73+1.68 9.03+0.56 9.19+0.83 6.62+0.72 10.23+0.64
High 4,008 9557+1.99 60.79+1.55 10.33+0.68 777+0.71 543+0.67 11.25+0.90
P-value <0.001 <0.001 0.004 <0.001 <0.001 0.567
Education level
Middle school 4,146 124.68 +2.68 73.13+2.06 823+0.60 1511+1.17 1473+1.12 13.49+0.89
Graduate or below high 4,230 107.96 +2.07 68.12 + 1.57 9.82+0.58 9.89+0.82 756+ 0.66 12.56+0.88
school graduate
University graduate or 5,450 87.08+1.56 57.55+1.19 9.20+045 6.62+054 443+0.54 9.28 + 0.54
above
P-value <0.001 <0.001 0.307 <0.001 <0.001 <0.001
Residential area
Urban 11,042 98.06+1.42 61.35+1.05 9.04+0.36 9.43+0.65 748 +0.47 10.77 £0.52
Rural 3,202 12551 +419 8145+343 995+0.73 11.76+1.24 924+105 13.11+1.10
P-value <0.001 <0.001 0.265 0.096 0.127 0.057
2. Dietary factors
Eating alone
None 3,847 12534 +256 72.68+1.79 995+0.62 14.21+1.12 13.77+1.14 14.73+0.95
1/day 4,895 97.3+1.78 63.88+1.38 9.60+054 822+060 5.65+0.50 9.95 + 0.64
> 2/day 5,502 945+185 61.04+1.42 8.33+0.47 8.73+0.78 6.20+0.53 10.2 £ 0.51
P-value <0.001 <0.001 0.019 <0.001 <0.001 <0.001
Dining out frequency
> 1/day 2,250 99.55+269 66.66+1.96 12.18+0.81 8.05+1.22 451+0.73 8.15+0.70
1-6/week 7243 96.57+153 6211+1.21 871+042 863+057 5.72+0.44 11.4 + 0.56
1-3/month 3,220 11418 +2.68 66.81+2.01 868+0.69 1336+1.11 1243+1.05 12.90+0.90
Scarcely 1531 12558 +4.36 7428+3.28 6.50+0.78 13.71+1.63 18.20+2.07 1290+1.24
P-value <0.001 0.030 <0.001 <0.001 <0.001 <0.001
Meal frequency
3/day 9,935 113.66+1.68 6897 +128 9.63+040 1237+0.81 9.70+0.58 12.98+0.61
1-2/day 4,309 8223+1.73 57.05+1.36 836+052 498+045 4.11+0.50 7.73£0.49
P-value <0.001 <0.001 0.044 <0.001 <0.001 <0.001
3. Health-related factors
Alcohol consumption
No 7164 98.15+1.73 58.33+1.33 814+043 1112+0.72 8.95+0.59 11.60+0.56
Yes 6,821 106.17+1.65 70.04+127 10.06+044 839+055 6.76+0.53 10.91+0.61
P-value <0.001 <0.001 0.001 <0.001 0.002 0.326
Smoking status
Never smoker 8,678 89.67+142 53.6+1.07 760+£0.35 953+058 799+0.50 10.95+0.55
Past smoker 3,443 120.68+2.35 776+1.88 11.64+0.67 1093+090 815+0.73 12.36+0.72
Current smoker 1,952 116.87 £2.93 81.57+2.32 10.61+0.81 7891088 6.38+0.84 10.42+0.85
P-value <0.001 <0.001 <0.001 0.375 0.128 0.876
Physical activity
No 7608 105.87+1.78 66.39 + 1.33 887+0.46 10.02+0.63 863+0.61 11.95+0.61
Yes 5,528 9759+1.72 6155+ 1.30 924+044 932+0.68 6.70+£0.57 10.78+0.61
P-value <0.001 0.004 0.540 0.349 0.012 0.128
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Table 1. Continued

Characteristics n Total kimchi  Baechu kimchi Kkakduki Yeolmu kimchi  Nabak kimchi  Other kimchi

Obesity”
Underweight 759 9478 +4.95 56.29 +3.40 783+1.10 1137207 914+194 10.15+1.44
Normal 5,093 91.87+1.68 57.58+1.28 7.72+0.48 9.66+0.67 6.87+0.58 10.04+0.55
Overweight 3,280 106.72+2.26 6598+ 1.74 10.21+0.62 1025+0.88 8.35+0.76 11.93+0.75
Obese 5,112 111.91+2.07 7222+157 1014+053 953+0.87 810+0.64 11.92+0.81
P-value <0.001 <0.001 <0.001 0.610 0.378 0.032

4. Household factors

Marital status
Single 3,692 9554+217 63.38%+1.75 7.39 £ 0.55 785+0.65 6.81+0.63 10.10+0.73
Married 10,536 105.44 + 1.53 65.42 + 1.12 9.83+0.40 105+0.70 812+0.51 11.56+0.53
P-value <0.001 0.270 <0.001 0.002 0.083 0.074

No. of household members
1 2,407 10715+2.87 71.49+2.13 9.25+0.80 842+0.78 6.96+0.76 11.04 +0.96
2 5,594 111.48+2.25 66.72 + 1.55 8.76+049 1251+09 11.16+0.81 12.33+0.7
3 3,278 96.86+248 62.32+1.88 899+0.69 899+0.79 5.76+0.76 10.80+0.84
4 2,340 93.35+2.69 59.53+1.93 10.44+0.82 761+1.29 492+0.87 10.85+1.13
5 489 98.8+5.54 67.85+4.36 727 +£1.14 741+161 934275 6.93+2.14
6 136 96.72+1154 63.33+6.69 11.77+3.4 12.77+701 3531170 5.32+1.69
P-value <0.001 <0.001 0.386 0.042 <0.001 0.046

Values are presented as weighted means * standard errors (SE) for continuous variables and weighted percentages for categorical variables, ac-
counting for the complex sampling design. Integrated weights for the period of 2022-2024 were applied.
The numbers of missing values were as follows: education level (n = 418), household income (n = 49), alcohol consumption (n = 259), smoking sta-

tus (n = 271), physical activity (n = 1,108), and marital status (n = 16).

P-values for differences among survey years were calculated using linear regression models (PROC SURVEYREG) for continuous variables and Rao-

Scott chi-square tests (PROC SURVEYFREQ) for categorical variables.

YObesity: Underweight (BMI < 18.5 kg/m?), normal (18.5 kg/m? < BMI < 23 kg/m?), overweight (23 kg/m’ < BMI < 25 kg/m?), obese (= 25 kg/m?).

higher intake of most kimchi types, except kkakdugi and
other kimchi. Rural residents consumed significantly
greater amounts of total kimchi and baechu kimchi than
did urban residents (P < 0.001). Total kimchi intake was
relatively higher among those who dined alone and
those with a lower eating out frequency. Individuals
consuming three regular meals per day also reported a
higher total kimchi intake.

Alcohol consumers and smokers reported relatively
higher intake of total kimchi, baechu kimchi, and kka-
kdugi (P < 0.05). Physically inactive individuals and
those with obesity also reported generally higher kimchi
intake across most kimchi types (P < 0.05). Married indi-
viduals showed a tendency toward higher overall kimchi
consumption, although this association was not statisti-
cally significant for all kimchi subtypes.

https://doi.org/10.5720/kjcn.2026.00108

5. Associations between meeting the recommended
kimchi intake (> 40 g/day) and sociodemographic and
lifestyle characteristics

Survey-weighted logistic regression identified factors
associated with meeting the recommended kimchi in-
take (= 40 g/day); base model results are presented by
age group (Table 2) and gender (Table 3).

In age-stratified analyses (Table 2), women in the 30-
64 year group were significantly less likely to meet the
recommended intake than were men (OR 0.61, 95% CI:
0.56-0.68); a comparable association was observed in
the > 65 year group (OR 0.60, 95% CI: 0.52-0.69). Alcohol
consumers were approximately 30% more likely to meet
the recommendation than were non-consumers in both
age groups (30-64 years: OR 1.30, 95% CI: 1.17-1.44; >
65 years: OR 1.29, 95% CI: 1.11-1.49); similar positive as-
sociations were observed for smokers (current smokers,
30-64 years: OR 1.35, 95% CI: 1.18-1.55; > 65 years: OR
1.31, 95% CI: 1.00-1.72). Rural residents were more like-

253



Hui-Yang Zhao, et al.

Table 2. Age-specific analysis of sociodemographic and health behavior factors associated with kimchi intake from 2022 to 2024
Total kimchi = 40 g/day vs. < 40 g/day

Related factors 30-64 age group > 65 age group
n OR (95% Cl) n OR (95% Cl)

Gender

Men 3,797 1.00 2,206 1.00

Women 5,341 0.61 (0.56, 0.68) 2,900 0.60 (0.52, 0.69)
BMI

Low weight 417 1.05 (0.84, 1.32) 342 0.80 (0.60, 1.07)

Normal weight 3,387 1.00 1,706 1.00

Overweight 1,987 1.19(1.03, 1.37) 1,293 1.03 (0.86, 1.24)

Obese 3,347 1.22 (1.08, 1.36) 1,765 1.10 (0.93, 1.29)
Education level

Under middle school 980 1.00 3,166 1.00

High school 3,158 0.88 (0.72, 1.06) 1,072 1.04 (0.87, 1.25)

Beyond college 4,883 0.83(0.68, 1.01) 567 0.77 (0.61, 0.97)
Household income

Low 687 1.00 2,233 1.00

Middle-low 1,986 1.22 (0.98, 1.53) 1,498 1.06 (0.88, 1.26)

Middle-high 2,919 1.16 (0.92, 1.45) 864 0.93 (0.75, 1.14)

High 3,518 1.10 (0.88, 1.36) 490 0.86 (0.64, 1.15)
Alcohol consumption

No 3,885 1.00 3,279 1.00

Yes 5,170 1.30(1.17, 1.44) 1,651 1.29(1.11, 1.49)
Smoking status

Never smoker 5,452 1.00 3,126 1.00

Past smoker 2,087 1.38 (1.22, 1.55) 1,356 1.46 (1.24, 1.73)

Current smoker 1,513 1.35(1.18, 1.55) 439 1.31(1.00, 1.72)
Physical activity

Inactive 4,487 1.00 3,121 1.00

Active 4,063 0.95 (0.85, 1.05) 1,465 1.02 (0.88, 1.19)
Residential area

Urban 7,505 1.00 3,537 1.00

Rural 1,633 1.28 (1.12, 1.46) 1,569 1.28 (1.06, 1.54)
Marital status

Single 2,088 1.00 1,604 1.00

Married 7,043 0.99 (0.87, 1.11) 3,493 1.38(1.19, 1.62)
Eating alone

None 1,852 1.00 1,995 1.00

1/day 3,854 0.78 (0.68, 0.90) 1,041 0.90 (0.74, 1.08)

> 2/day 3,432 0.67 (0.58, 0.78) 2,070 0.76 (0.65, 0.90)
Dining out frequency

> 1/day 2,031 1.00 219 1.00

1-6/week 5,397 0.84 (0.74, 0.94) 1,846 0.85(0.59, 1.22)

1-3/month 1,367 0.79 (0.67,0.93) 1,853 0.97 (0.68, 1.39)

Scarcely 343 0.86 (0.64, 1.15) 1,188 0.91(0.63, 1.33)

(Continued to the next page)

254 https://doi.org/10.5720/kjcn.2026.00108



Kimchi consumption trends and related factors

Table 2. Continued

Total kimchi = 40 g/day vs. < 40 g/day

Related factors 30-64 age group > 65 age group
n OR (95% Cl) n OR (95% Cl)
Meal frequency
3/day 5,630 1.00 4,305 1.00
1-2/day 3,508 0.85 (0.76, 0.94) 801 0.70 (0.59, 0.83)

Numbers of missing values were as follows: education level (n = 418), household income (n = 49), alcohol consumption (n = 259), smoking status (n
= 271), physical activity (n = 1,108), and marital status (n = 16).

Adjusting for age (continuous), total energy intake (continuous), and total food intake (continuous).

OR, odds ratio; Cl, confidence interval; BMI, body mass index.

Table 3. Gender-specific analysis of sociodemographic and health behavior factors associated with kimchi intake from 2022 to 2024
Total kimchi = 40 g/day vs. < 40 g/day

Related factors Total Men Women
n OR (95% ClI) n OR (95% ClI) n OR (95% ClI)

Age (year)

30-64 9,138 1.00 3,797 1.00 5,341 1.00

=265 5,106 1.52 (1.39, 1.66) 2,206 1.57 (1.36, 1.82) 2,900 1.50 (1.35, 1.66)
BMI

Low weight 759 0.93 (0.78, 1.10) 213 1.10 (0.74, 1.60) 546 0.87 (0.71, 1.07)

Normal weight 5,093 1.00 1,690 1.00 3,403 1.00

Overweight 3,280 1.07 (0.96, 1.20) 1,564 1.09 (0.90, 1.31) 1,716 1.10 (0.95, 1.27)

Obese 5,112 1.09 (0.99, 1.20) 2,536 1.18 (1.00, 1.39) 2,576 1.08 (0.95, 1.22)
Education level

Under middle school 4,146 1.00 1,428 1.00 2,718 1.00

High school 4,230 1.04 (0.92, 1.18) 1,816 1.22(0.99, 1.52) 2,414 0.88 (0.75, 1.04)

Beyond college 5,450 0.88 (0.77, 1.02) 2,596 1.00 (0.80, 1.24) 2,854 0.75 (0.63, 0.90)
Household income

Low 2,920 1.00 1,072 1.00 1,848 1.00

Middle-low 3,484 1.26 (1.11, 1.44) 1,396 1.41 (1.12,1.79) 2,088 1.16 (0.99, 1.36)

Middle-high 3,783 1.19 (1.03, 1.37) 1,673 1.41 (1.12,1.78) 2,110 1.05 (0.88, 1.24)

High 4,008 1.14 (0.98, 1.32) 1,848 1.36 (1.08, 1.70) 2,160 0.99 (0.83, 1.18)
Alcohol consumption

No 7,164 1.00 2,092 1.00 5,072 1.00

Yes 6,821 1.20(1.10, 1.31) 3,821 1.03(1.02, 1.03) 3,000 1.04 (0.94, 1.15)
Smoking status

Never smoker 8,578 1.00 i#3D5 1.00 7,253 1.00

Past smoker 3,443 1.08 (0.95, 1.22) 2,922 1.10 (0.93, 1.30) 521 1.01 (0.82, 1.24)

Current smoker 1,952 1.06 (0.92, 1.23) 1,656 1.12(0.94, 1.35) 296 0.90 (0.69, 1.17)
Physical activity

Inactive 7,608 1.00 3,076 1.00 4,532 1.00

Active 5,528 0.96 (0.88, 1.05) 2,435 1.06 (0.92, 1.23) 3,093 0.89 (0.80, 0.99)
Residential area

Urban 11,042 1.00 4,595 1.00 6,447 1.00

Rural 3,202 1.24 (1.09, 1.40) 1,408 1.25 (1.05, 1.50) 1,794 1.23 (1.07, 1.41)

(Continued to the next page)
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Table 3. Continued

Total kimchi = 40 g/day vs. < 40 g/day

Related factors Total Men Women
n OR (95% Cl) n OR (95% Cl) n OR (95% Cl)
Marital status
Single 3,692 1.00 1,225 1.00 2,467 1.00
Married 10,536 1.16 (1.06, 1.27) 4,772 1.02 (0.87, 1.21) 5,764 1.21 (1.08, 1.35)
Eating alone
None 3,847 1.00 1,887 1.00 1,960 1.00
1/day 4,895 0.83(0.74,0.92) 2,313 0.79 (0.66, 0.94) 2,582 0.88 (0.76, 1.02)
> 2/day 5,502 0.73 (0.65, 0.82) 1,803 0.79 (0.66, 0.95) 3,699 0.71(0.62, 0.81)
Dining out frequency
> 1/day 2,250 1.00 1,435 1.00 815 1.00
1-6/week 7,243 0.93(0.83, 1.04) 3,005 0.89 (0.76, 1.04) 4,238 0.98 (0.83, 1.17)
1-3/month 3,220 0.96 (0.83, 1.10) 1,110 0.74 (0.59, 0.94) 2,110 1.14 (0.95, 1.37)
Scarcely 1,531 0.87 (0.73, 1.05) 453 0.65 (0.48, 0.89) 1,078 1.10(0.87, 1.39)
Meal frequency
3/day 9,935 1.00 4,166 1.00 5,769 1.00
1-2/day 4,309 0.77 (0.70, 0.84) 1,837 0.73 (0.63, 0.85) 2,472 0.81 (0.72, 0.90)

Numbers of missing values were as follows: education level (n = 418), household income (n = 49), alcohol consumption (n = 259),
smoking status (n = 271), physical activity (n = 1,108), and marital status (n = 16).
Adjusted for age (continuous), total energy intake (continuous), and total food intake (continuous).

OR, odds ratio; Cl, confidence interval, BMI, body mass index.

ly to meet the recommendation than were urban resi-
dents in both age groups (30-64 years: OR 1.28, 95% CI:
1.12-1.46; > 65 years: OR 1.28, 95% CI: 1.06-1.54). Con-
versely, frequent solo dining was significantly inversely
associated with meeting the recommendation (> 2 solo
meals/day: 30-64 years: OR 0.67, 95% CI: 0.57-0.78; >
65 years: OR 0.76, 95% CI: 0.65-0.90), and meal skip-
ping was associated with a 30% lower likelihood than
was consuming three meals per day (OR 0.70, 95% CI:
0.59-0.83).

Gender-stratified analyses yielded consistent results
(Table 3). Adults aged > 65 years were more likely to
meet the recommendation than were those aged 30-64
years across all groups (total: OR 1.52, 95% CI: 1.39-1.66;
men: OR 1.57, 95% CI: 1.36-1.82; women: OR 1.50,
95% CI: 1.35-1.66). Women with higher educational
attainment were approximately 25% less likely to meet
the recommended intake than were those with lower
educational attainment. Conversely, men in the high-
est household income quartile were 36% more likely to
meet the recommended intake than were those in the
lowest quartile. These findings indicate gender-specif-
ic effects of socioeconomic factors on kimchi intake.
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Frequent solo dining was inversely associated with the
likelihood of meeting the recommendation in both gen-
deres (total: OR 0.73, 95% CI: 0.65-0.82; men: OR 0.79,
95% CI: 0.66-0.95; women: OR 0.71, 95% CI: 0.62-0.81).

In multivariable-adjusted analyses incorporating so-
ciodemographic and health behavior covariates (Tables
4 and 5), the overall findings were consistent with the
base models. The inverse association with woman gen-
der (30-64 years: OR 0.64, 95% CI: 0.56-0.73; > 65 years:
OR 0.60, 95% CI: 0.47-0.76), the positive associations
with alcohol consumption and rural residence, and the
inverse associations with solo dining and meal skipping
all persisted after adjustment. Modest attenuation in
the effect size was observed for select variables, but the
overall directionality of the associations remained un-
changed.

DISCUSSION
This study analyzed long-term changes in kimchi con-
sumption patterns among Korean adults over a 15-year

period (2010-2024) and comprehensively evaluated the
sociodemographic, dietary, and health behavior factors
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Table 4. Multivariable-adjusted age-specific analysis of sociodemographic and health behavior factors associated with kimchi intake
from 2022 to 2024

Total kimchi = 40 g/day vs. < 40 g/day

Related factors 30-64 age group > 65 age group
n OR (95% Cl) n OR (95% Cl)

Gender

Men 3,797 1.00 2,206 1.00

Women 5,341 0.64 (0.56, 0.73) 2,900 0.60 (0.47,0.76)
BMI

Low weight 417 1.11 (0.87,1.41) 342 0.73 (0.54, 0.99)

Normal weight 3,387 1.00 1,706 1.00

Overweight 1,987 1.11 (0.96, 1.29) 1,293 0.99 (0.82, 1.20)

Obese 3,347 1.12 (1.00, 1.26) 1,765 1.04 (0.87, 1.24)
Education level

Under middle school 980 1.00 3,166 1.00

High school 3,158 0.87 (0.71, 1.07) 1,072 0.99 (0.81, 1.21)

Beyond college 4,883 0.83(0.68, 1.03) 567 0.77 (0.59, 1.00)
Household income

Low 687 1.00 2,233 1.00

Middle-low 1,986 1.25 (0.99, 1.58) 1,498 0.96 (0.79, 1.15)

Middle-high 2,919 1.18 (0.93, 1.50) 864 0.87 (0.68, 1.12)

High 3,518 1.16 (0.92, 1.47) 490 0.79 (0.56, 1.44)
Alcohol consumption

No 3,885 1.00 3,279 1.00

Yes 5,170 1.23(1.10, 1.37) 1,651 1.22(1.03, 1.45)
Smoking status

Never smoker 5,452 1.00 3,126 1.00

Past smoker 2,087 1.33 (1.16, 1.51) 1,356 1.38 (1.14, 1.67)

Current smoker 1,513 1.23(1.06, 1.42) 439 1.20(0.88, 1.62)
Physical activity

Inactive 4,487 1.00 3,121 1.00

Active 4,063 0.96 (0.86, 1.07) 1,465 1.05 (0.90, 1.22)
Residential area

Urban 7,505 1.00 15317 1.00

Rural 1,633 1.29 (1.12, 1.50) 1,569 1.36(1.11, 1.66)
Marital status

Single 2,088 1.00 1,604 1.00

Married 7,043 0.98 (0.84, 1.14) 3,493 1.32(1.02, 1.69)
Eating alone

None 1,852 1.00 1,995 1.00

1/day 3,854 0.77 (0.67,0.89) 1,041 0.97 (0.80, 1.19)

> 2/day 3,432 0.69 (0.59, 0.80) 2,070 0.85 (0.69, 1.05)
Dining out frequency

> 1/day 2,031 1.00 219 1.00

1-6/week 5,397 0.86 (0.75, 0.97) 1,846 0.85(0.58, 1.25)

1-3/month 1,367 0.88,0.73, 1.06) 1,853 0.93(0.63, 1.35)

Scarcely 343 0.85(0.62, 1.17) 1,188 0.91 (0.61, 1.37)

(Continued to the next page)
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Table 4. Continued

Total kimchi = 40 g/day vs. < 40 g/day

Related factors 30-64 age group > 65 age group
n OR (95% Cl) n OR (95% Cl)
Meal frequency
3/day 5,630 1.00 4,305 1.00
1-2/day 3,508 0.81(0.72, 0.90) 801 0.68 (0.56, 0.82)

The number of missing values were as follows: education level (n = 418), household income (n = 49), alcohol consumption (n = 259), smoking status
(n = 271), physical activity (n = 1,108), and marital status (n = 16).

Adjusting for age (continuous), total energy intake (continuous), total food intake (continuous), education level, household income, residential area,
household composition (single-person household), smoking status, alcohol consumption, and physical activity.

OR, odds ratio; Cl, confidence interval, BMI, body mass index.

Table 5. Multivariable-adjusted gender-specific analysis of sociodemographic and health behavior factors associated with kimchi in-
take from 2022 to 2024.

Total kimchi = 40 g/day vs. < 40 g/day

Related factors Total Men Women
n OR (95% Cl) n OR (95% Cl) n OR (95% Cl)

Age (year)

30-64 9,138 1.00 3,797 1.00 5,341 1.00

=65 5,106 1.33(1.18, 1.51) 2,206 1.42(1.18, 1.71) 2,900 1.09 (0.93, 1.28)
BMI

Low weight 759 0.93(0.78,1.12) 213 1.10 (0.73, 1.68) 546 0.89 (0.72,1.11)

Normal weight 5,093 1.00 1,690 1.00 3,403 1.00

Overweight 3,280 1.09 (0.96, 1.22) 1,564 1.03 (0.85, 1.24) 1,716 1.07 (0.92, 1.24)

Obese 5,112 1.10 (1.00, 1.21) 2,536 1.09 (0.92, 1.29) 2,576 1.03(0.90, 1.17)
Education level

Under middle school 4,146 1.00 1,428 1.00 2,718 1.00

High school 4,230 1.01 (0.88, 1.16) 1,816 1.13(0.89, 1.42) 2,414 0.88 (0.74, 1.05)

Beyond college 5,450 0.90 (0.77, 1.05) 2,596 0.91(0.71, 1.16) 2,854 0.76 (0.63, 0.91)
Household income

Low 2,920 1.00 1,072 1.00 1,848 1.00

Middle-low 3,484 1.17 (1.02, 1.36) 1,396 1.33(1.03, 1.73) 2,088 1.07 (0.90, 1.26)

Middle-high 3,783 1.13(0.96, 1.32) 1,673 1.35(1.04, 1.76) 2,110 0.98 (0.82, 1.19)

High 4,008 1.12 (0.95, 1.32) 1,848 1.34 (1.03, 1.75) 2,160 0.95 (0.79, 1.15)
Alcohol consumption

No 7,164 1.00 2,092 1.00 5,072 1.00

Yes 6,821 1.24 (1.13, 1.35) 3,821 1.43(1.23, 1.65) 3,000 1.03 (0.93, 1.15)
Smoking status

Never smoker 8,578 1.00 1,325 1.00 7,253 1.00

Past smoker 3,443 1.33(1.19, 1.48) 2,922 1.02 (0.85, 1.22) 521 1.01 (0.81, 1.25)

Current smoker 1,952 1.25 (1.09, 1.40) 1,656 0.97 (0.80, 1.18) 296 0.84 (0.64, 1.10)
Physical activity

Inactive 7,608 1.00 3,076 1.00 4,532 1.00

Active 5,528 0.99 (0.90, 1.08) 2,435 1.08 (0.93, 1.25) 3,093 0.89 (0.80, 1.00)
Residential area

Urban 11,042 1.00 4,595 1.00 6,447 1.00

Rural 3,202 1.32 (1.15, 1.50) 1,408 1.38 (1.12, 1.69) 1,794 1.24 (1.07, 1.44)

(Continued to the next page)
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Table 5. Continued

Total kimchi = 40 g/day vs. < 40 g/day

Related factors Total Men Women
n OR (95% Cl) n OR (95% Cl) n OR (95% Cl)
Marital status
Single 3,692 1.00 1,225 1.00 2,467 1.00
Married 10,536 1.12 (1.00, 1.27) 4,772 0.95 (0.76, 1.18) 5,764 1.21 (1.06, 1.40)
Eating alone
None 3,847 1.00 1,887 1.00 1,960 1.00
1/day 4,895 0.83(0.74, 0.93) 2,313 0.77 (0.64, 0.92) 2,582 0.93 (0.79, 1.08)
> 2/day 5,502 0.73(0.64, 0.83) 1,803 0.80 (0.65, 0.98) 3,699 0.76 (0.65, 0.88)
Dining out frequency
> 1/day 2,250 1.00 1,435 1.00 815 1.00
1-6/week 7,243 0.87 (0.77,0.98) 3,005 0.89 (0.75, 1.06) 4,238 0.96 (0.80, 1.16)
1-3/month 3,220 0.90 (0.77, 1.05) 1,110 0.79 (0.60, 1.02) 2,110 1.11 (0.91, 1.37)
Scarcely 1,531 0.84 (0.69, 1.03) 453 0.65 (0.47,0.92) 1,078 1.09 (0.84, 1.41)
Meal frequency
3/day 9,935 1.00 4,166 1.00 5,769 1.00
1-2/day 4,309 0.78 (0.71, 0.85) 1,837 0.70 (0.60, 0.82) 2,472 0.83 (0.74,0.93)

The number of missing values were as follows: education level (n = 418), household income (n = 49), alcohol consumption (n = 259), smoking status

(n =271), physical activity (n = 1,108), and marital status (n = 16).

Adjusting for age (continuous), total energy intake (continuous), total food intake (continuous), education level, household income, residential area,
household composition (single-person household), smoking status, alcohol consumption, and physical activity.

OR, odds ratio; Cl, confidence interval, BMI, body mass index.

associated with kimchi consumption using 2022-2024
data.

The observed changes in kimchi consumption trends
extend beyond a simple reduction in quantity and may
be interpreted as patterns reflective of broader trans-
formations in traditional meal structures and the food
consumption environment. The proliferation of sin-
gle-person households has been identified as a factor
associated with the attenuation of traditional kimjang
culture [23], suggesting that the role of kimchi in the Ko-
rean diet may have diminished relative to prior gener-
ations. The most pronounced decline was observed for
baechu kimchi; given its dominant share of total kimchi
consumption, this decline was likely the primary con-
tributor to the overall reduction [24]. In gender-stratified
analyses, men reported a higher absolute kimchi intake
than did women; however, the magnitude of the decline
was greater among men. Men tend to consume kimchi
in large quantities, whereas women tend to consume
smaller but more regular amounts [25]; this difference
in consumption patterns may explain the observed gen-
der differences in the magnitude of decline.

https://doi.org/10.5720/kjcn.2026.00108

The transient increase in yeolmu kimchi consumption
between 2019 and 2020 may be attributable to changes
in kimchi types served in food service establishments
during that period [26]. The possibility that menu diver-
sification and seasonal preferences in home and institu-
tional food service settings synergistically contributed to
this transient increase cannot be excluded. Nonetheless,
the long-term trend of declining kimchi consumption
and increasing proportion of non-consumers persisted
throughout the observation period, corroborating an
overall shift in the role of kimchi in the Korean diet.

Another salient finding was the concurrent decrease
in kimchi as a side dish and an increase in kimchi as an
ingredient in composite dishes. This shift is consistent
with evidence of a transition from the traditional Korean
meal structure comprising rice, soup, and side dishes to
single-dish meals (e.g., stir-fried rice, stew, and noodle
dishes), in which kimchi serves as a secondary ingre-
dient, and toward HMR products and processed foods
[27]. This trend was most pronounced among adults
aged 20-39 years, suggesting an acceleration in genera-
tional transitions in dietary culture [28]. These findings
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indicate that kimchi consumption is being restructured
away from traditional meal settings toward diverse food
environments and may reflect a shift in supply from
home preparation to commercial product purchases
and food service or processed food channels [29, 30].

Changes in food consumption according to meal lo-
cation have important social and scientific implications.
The robust maintenance of restaurant-based kimchi
consumption among older adults reflects consistent
cultural food palatability preferences across eating
contexts, whereas the sharp decline in at-home kimchi
consumption among young and middle-aged adults
suggests that household size contraction and changes
in household structure may be important contextual
factors in the erosion of traditional dietary habits. These
findings align with prior logistic model-based analyses
that reported a significant 0.34% increase in the proba-
bility of consuming kimchi at meals per additional year
of age (P < 0.001), indicating that kimchi remains a cen-
tral mealtime component in older adults [31].

Lower income and educational attainment were asso-
ciated with relatively higher kimchi intake; these associ-
ations were broadly maintained in multivariable-adjust-
ed models (Tables 4 and 5). Dietary diversification tends
to accompany a higher socioeconomic status, and indi-
viduals with greater economic resources were more like-
ly to consume a wider variety of food groups rather than
relying predominantly on a single food category [32].
This may reflect a structural dietary change in which the
traditional role of kimchi as a primary vegetable source
is being replaced by a more diverse array of food groups.
In addition to its role as a major vegetable source, kim-
chi, as a fermented food, is recognized as a dietary com-
ponent associated with the gut microbiome and meta-
bolic health. Accordingly, declining kimchi intake may
not simply represent a change in the consumption of a
single food, but may reflect broader dietary structural
changes in fermented food and vegetable intake pat-
terns, warranting further investigation relative to overall
dietary quality and chronic disease risk. Gender-specif-
ic differences were also apparent; women with higher
educational attainment showed lower compliance with
the recommended intake in multivariable analyses,
whereas men with higher household income showed
greater compliance. These findings suggest that women
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with higher education may more actively pursue di-
etary diversification and health-conscious food choices,
whereas men’s dietary habits may be relatively stable,
irrespective of income level [33]. As socioeconomic vari-
ables contributing to dietary behavior differ by gender,
these findings underscore the need for gender-stratified,
economically sensitive nutritional education strategies.

The consistently higher kimchi intake among rural
versus urban residents, maintained in multivariable-ad-
justed models, contrasts with the Westernization of
dietary habits and increased reliance on eating-out
and processed foods, which are characteristic of urban
settings. Married individuals were more likely to meet
the recommended intake than are single individuals,
which may be related to a higher frequency of home-
based meals and greater meal regularity [34]. Higher
frequency of solo dining, meal skipping, and lower meal
frequency were all significantly and inversely associated
with kimchi intake after multivariable adjustment, sug-
gesting that dietary changes associated with the rise of
single-person households and the spread of solo dining
culture may contribute to the decline in traditional side
dish consumption [35, 36]. Alcohol consumption and
smoking were positively associated with kimchi intake,
potentially attributable to increased consumption of
savory accompaniments during drinking or a prefer-
ence for pungent and spicy flavors [37, 38]. Higher odds
of meeting the recommended kimchi intake among
individuals with obesity may reflect elevated total food
intake or palatability-driven eating behaviors, rather
than an independent effect of kimchi per se [39]. In
multivariable analyses, underweight adults aged > 65
years showed lower compliance with the recommend-
ed intake, possibly reflecting generalized reductions in
food intake and nutritional inadequacy associated with
aging.

In summary, the trends observed in kimchi consump-
tion may be concomitant with broader changes in meal
composition and overall dietary behavior. Future public
health strategies should shift from pursuing increases
in kimchi intake to dietary pattern-centered approaches
that consider overall diet quality and balance, including
total energy and sodium intake, with kimchi embedded
within that broader context [40]. These findings high-
light the need for tailored nutritional education and

https://doi.org/10.5720/kjcn.2026.00108



Kimchi consumption trends and related factors

food environment improvement strategies that reflect
the changing dietary landscape of young adults and sin-
gle-person households.

Limitations

The present study has some limitations. First, as the
study relied on single-day 24-hour dietary recall data,
the findings reflect dietary intake on the day of assess-
ment rather than long-term habitual dietary patterns.
In particular, ‘non-consumers on the dietary recall day’
should not be equated with habitual abstainers, and
the potential for non-differential misclassification of
kimchi consumption status should be acknowledged.
Therefore, the results should be interpreted as reflecting
changes in consumption patterns rather than absolute
intake levels.

Second, the quantities of food within composite
dishes in the KNHANES were estimated based on na-
tional standardized recipes and may not fully capture
the variability in kimchi content attributable to actual
preparation methods in home or restaurant settings.
Furthermore, while intake weight (g) was used as the
unit of analysis, kimchi incorporated into heat-pro-
cessed composite dishes (e.g., stews and stir-fry) may
exhibit nutritional properties different from those of raw
kimchi (e.g., changes in sodium concentration), a factor
not accounted for in the current analyses.

Third, while consumption form was classified as
‘side dish’ or ‘ingredient in a composite dish’ by linking
food codes (N_FCODE) with dish codes (N_DCODE),
classification of certain composite dishes relied on dish
names and standardized recipe-based information,
precluding complete disambiguation of consumption
form. When the same dish name encompasses different
preparation methods or kimchi usage, the possibility of
nondifferential misclassification cannot be entirely ex-
cluded.

Fourth, the cross-sectional study design precluded
a causal interpretation of the observed associations.
Notwithstanding, the present study contributes to the
literature by comprehensively analyzing quantitative
and qualitative changes in kimchi consumption over
approximately 15 years using the most recent large-
scale nationally representative data through 2024 and
provides a multidimensional evaluation of traditional
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food culture changes and associated dietary patterns
by simultaneously considering consumption form and
meal environment.

Conclusion

The findings of the present study suggest that the role
of kimchi in everyday eating is undergoing a structural
transformation and raise the need for a reexamination
of nutritional policies and food cultural approaches
predicated on conventional kimchi consumption pat-
terns. Therefore, future strategies to promote kimchi
consumption should extend beyond the preservation
of traditional food cultures and encompass practical
approaches that reflect contemporary dietary patterns
and living environments. These findings provide foun-
dational evidence for policy formulation aimed at im-
proving dietary quality and fostering the contemporary
succession of traditional Korean food culture among the
Korean population.
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Objectives: This study evaluated the effects of a 7-week nutrition intervention based on the
personal and environmental constructs of social cognitive theory (SCT) and the transtheo-
retical model (TTM) on dietary behavior-related factors, dietary behavior outcomes, and
stages of dietary behavior change among community-dwelling older adults.

Methods: A quasi-experimental nonequivalent control group pretest-posttest design was
conducted from May to December 2024 at seven senior facilities in Seoul and Gyeonggi,
Korea. Older adults aged = 65 years were assigned by facility to either an intervention
group (n = 66; four facilities) or a control group (n = 65; three facilities). The intervention
group completed a 7-week program consisting of baseline assessment, five weekly group
education sessions, individualized nutrition counseling, and post-intervention assessment.
The control group received one general nutrition education session. Outcomes included di-
etary knowledge, outcome expectations, value expectations, self-efficacy, environmental
factors (food accessibility and household food availability and social support), dietary be-
havior outcomes assessed using the Nutrition Quotient for the Elderly (NQ-E), and stage of
change. Program effects were analyzed using ANCOVA adjusted for age, family composi-
tion, education, baseline dietary knowledge, and value expectations.

Results: Compared with the control group, the intervention group demonstrated significant-
ly greater improvements in dietary knowledge (P < 0.001), outcome expectations (P =
0.018), self-efficacy (P < 0.001), environmental factors (P < 0.001), and NQ-E total score (P

https://kjcn.orkr
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= 0.011). No significant between-group difference was observed for value expectations.
The proportion of participants in the action stage increased from 9.1% to 93.9% in the in-
tervention group, and post-intervention stage distribution differed significantly between
groups (P < 0.001). Program satisfaction was high (4.69 * 0.41).

Conclusion: A 7-week nutrition intervention incorporating SCT-based personal and environ-
mental constructs and TTM-based stage-matched counseling improved dietary behavior-re-
lated factors, dietary behavior outcomes, and stage distribution among community-dwell-

ing older adults.

Keywords: aged; nutrition education; social cognitive theory; transtheoretical model; nutri-

tion quotient
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METHODS

Ethics statement

This study was approved by the Institutional Review Board of
Sungshin Women’s University (IRB No. SSWUIRB-2024-013).
Written informed consent was obtained from all participants
prior to participation.

1. G184

B A1E H55A4 2 A5 A (quasi-experimental de-
sign with nonequivalent control group pretest-posttest) A=,
TREND statement (Transparent Reporting of Evaluations with
Nonrandomized Designs)2] X 11 X0 wte} 7]&5FH Tt
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807, thR* 807, & 1602 RstaAt sttt tiAfAte
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M2 EgFog mysiolct. taka o vy Ad 992
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EHEE St F 16082 LASHH oW, o] F 292 A9
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Potential participants (n = 160)

}

Excluded (n = 29)
* Did not meet inclusion criteria (n = 16)
¢ Insincere respondents (n = 13)

.

Final participants (n = 131)
Randomly assigned to intervention
vs. control groups

|
. .

Intervention group (n = 66)

Control group (n = 65)

* Pre-test ¢ Pre-test
* 7-week nutrition education * General nutrition education
* Post-test * Post-test

Fig. 1. Flowchart of participant recruitment, allocation, and
analysis.
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RESULTS

1. IPOHAIRLS] UEHY S

AT Re] Yuba] EAQL Table 10] AASFAT. AA] 1319
% A2 665(50.4%), TR 655(49.6%)01 Ao, Hat
AL 7460 + 619419 TARF] REL 0124(93.1%)
olgith. A 7+ 544 A4 AT AP = 0.006), AHP =

Table 1. Homogeneity test for general characteristics of participants (n = 131)

Characteristics Intervention (n = 66) Control (n = 65) P-value
Sex 0.006
Male 9(13.6) 0(0.0)
Female 57 (86.4) 65 (100)
Age (year) 73.39 +6.02 78.82 +6.16 0.025
Family type 0.012
Living alone 16 (24.2) 0 (46.2)
Living with spouse 24 (36.4) 18 (27.7)
Living with children 7 (10.6) 11 (16.9)
Living with spouse and children 15 (22.7) 5(7.7)
Others 4(6.1) 1(1.5)
Education level <0.001
< Elementary school 8(12.1) 18 (27.7)
Middle school 7 (10.6) 15 (23.1)
High school 22 (33.3) 24 (36.9)
> University 29 (43.9) 8(12.3)
Economic support status 0.478
NBLS recipient 4 (6.1) 7 (10.8)
Low-income 5 (7.6) 7 (10.8)
None 57 (86.4) 51 (78.5)

n (%) or Mean + SD.

P-values were obtained using the chi-square test or independent t-test, as appropriate.

NBLS, national basic livelihood security.
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0.025), 7F=A(P = 0.012), S-&(P < 0.001)0l|4] 3-2I3F =}o]
7t vebs o, A4 XY AeoAe BAZHoZ fo5t &}
o] 7} I A] AUTHP = 0.478).

2. QIX|™ Q9l9| Hi5}
Q1A A 2919] WS Table 20 A|AISHGTE A48 2|4, &4
7|, 7HX71d, Rotistel Wske At Ay, A%
A4 e FATNA AP 10.03 + 1.99F0)A] A 12.67
t 1.249 02 F7loto], AA Wi HSHFS 2.6470|, B
AE W WleFo] 2.80 + 0.198 0 & Vet on ol o
29] ¥islEH0.87 + 0.19F)Ect 1.934 © 2 WstTHP <
0.001). o]=|gt A3h= 2 =2 TJHo] =919 AL I |4
Tl AdAHO R 7|59 BojEth. Air|d S-S
ZAo] A AFA 20.68 + 2,610 A AFS 21.86 + 2,490
2 1,187 &7}t 1, BAH B Wskgo] 1.54 + 0.394 2
2 Yehgon, ol tjzo] ¥WsleH0.14 + 0.39%)Kc} 1.40
4 o 2 ASFITHP = 0.018). AItH o=, A7 AL A
o] 7kA& 3744 Axtol thgt Ql4lo] Aste A o= AT
et BHE 77 F42 S R B AR o]
AZ ZTFetg o, A 7 BAYH Hsls] Xpol= BAXHL

FOJotA] AUTHP = 0.194). 7127tz ©@7179] 0% 5
Agro 2= A ¥okA G vlwd ARl 5] 8919 7t
5/9E AR Aotast FH2 SAOlA ABd 2212 +
2.6080) A A}B 24,33 + 2757802 2218 Z7}5+9
e B HIkFol 2.33 + 03670 F YEGoH, o]

R

rr
Ea i

)

Z79] W3}EH0.33 £ 0.363)H ) 2.004 ¢ & HSFATHP <
0.001). M¥tH o0& Q1A A @9l F AL 4], A7 o, &
otF oA FAEY F71E0] ¥ IA UEt. o]et T
Hsh= SAEAA 1473 A8ES AARE AHT & ke

Aol AotE des RojE

15 24 2 7P W AF 784 e A
47 + 230804 A 1561 + 1.88%F 08 Z7}
Sto], AR P+ MRS 1.14%0]0 1, BYH W Mo
1.29 + 0.23F 02 Yepston, ol tixo] Welak0.33 +
0.23%)HErt 0.96% &  HMBFATHP = 0.006). °|23t A=
oAt d4ste AF il 9 0189 &ol 3 7 Wi AE
T o] MIHUES Auidtet ARlH A4 M A
oA A 6.56 + 1.22%00A4 A 7.26 + 1.328 08 Z7}
sto], AA Bt Wekg2 070701901, BAE W Aol
0.71 + 0.174 22 Yehgon, o= tjx39] Wa}0.06 +
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Table 2. Changes in cognitive factors related to dietary behavior after the nutrition intervention

Adjusted change

Variables/group Pre Post ([post-pre] + SEY) P-value®

Dietary knowledge total score <0.001
Intervention (n = 66) 10.03 + 1.99 12.67 + 1.24 2.80+0.19
Control (n = 65) 9.11+2.13 10.14 £ 2.01 0.87 £0.19

Outcome expectation total score 0.018
Intervention (n = 66) 20.68 £ 2.61 21.86 +2.49 1.54 £ 0.39
Control (n = 65) 20.09 + 2.65 20.60 + 2.36 0.14 + 0.39

Value expectation total score 0.194
Intervention (n = 66) 2245 +2.16 2259 +231 0.66 + 0.30
Control (n = 65) 21.05+2.26 21.63+2.53 0.06 +0.31

Self-efficacy total score <0.001
Intervention (n = 66) 2212 +2.60 24.33+2.75 2.33+0.36
Control (n = 65) 2242 + 297 22.86+2.81 0.33+0.36

Mean + SD.

Dietary knowledge scores ranged from O to 14, with 1 point assigned for each correct response. Outcome and value expectations ranged from 5 to
25, and self-efficacy ranged from 6 to 30. Higher scores indicate greater dietary knowledge, more positive expectations, and higher self-efficacy.

SE, standard error.

YAdjusted mean differences (post-pre) were estimated using analysis of covariance (ANCOVA), adjusted for age, family type, education level, baseline

dietary knowledge, and baseline value expectations.

Ip-values indicate differences between the intervention and control groups after adjustment.
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Table 3. Changes in environmental factors related to dietary behavior after the nutrition intervention

Variables/group Pre Post (Q%gffz?eﬁzagéi) P-value?
Food accessibility/availability 0.006
Intervention (n = 66) 14.47 +2.30 15.61 + 1.88 1.29 £ 0.23
Control (n = 65) 13.88 + 2.36 14.35 £ 2.39 0.33+£0.23
Social support 0.011
Intervention (n = 66) 6.56 + 1.22 7.26 £ 1.32 0.71+0.17
Control (n = 65) 6.60 + 1.47 6.68 +1.29 0.06 £0.17
Environmental factors total score <0.001
Intervention (n = 66) 21.03+2.88 22.86 + 2.60 2.00+£0.28
Control (n = 65) 20.48 +2.91 21.03+£3.03 0.39 +0.29

Mean * SD.

Food accessibility/availability scores ranged from 4 to 20, social support scores ranged from 2 to 10, and total environmental factor scores ranged

from 6 to 30. Higher scores indicate more favorable environmental conditions.

SE, standard error.

YAdjusted mean differences (post-pre) were estimated using analysis of covariance (ANCOVA), adjusted for age, family type, education level, baseline

dietary knowledge, and baseline value expectations.

?p-values indicate differences between the intervention and control groups after adjustment.
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Fig. 2. Changes in stages of dietary behavior change before
and after the intervention in the intervention (n = 66) and
control groups (n = 65). Behavioral stages were reclassified
into three categories: precontemplation/contemplation (C),
preparation (P), and action (A). The figure presents the dis-
tributional change in behavioral stages before and after the
intervention in each group. Within-group pre-post changes in
stage distribution were examined using cross-tabulation, and
the McNemar-Bowker test was applied when the reclassified
distribution formed a square table. Between-group differences
in post-intervention stage distribution were compared using
the chi-square test, and the consistency of the result was
additionally confirmed using the Fisher-Freeman-Halton exact
test.

AT PEHsA BxE = 3 7F 93 ZolE BYokx’
= 31.629, P < 0.001). 37}=2 2]A|35} Fisher-Freeman-Halton
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Table 4. Changes in NQ-E index by subdomains after the nutrition intervention

Variables/group Pre (ﬁggf_tf)?e(]:lagéi) P-value?

Balance domain 0.013
Intervention (n = 66) 60.51 + 13.47 65.78 + 13.68 5.68 + 1.89
Control (n = 65) 61.00 + 15.98 59.87 + 17.01 -1.54+1.91

Moderation domain 0.412
Intervention (n = 66) 65.96 + 31.18 74.76 + 28.06 5.44 + 3.57
Control (n = 65) 59.64 + 30.99 66.12 + 30.37 9.89 + 3.60

Practice domain 0.047
Intervention (n = 66) 66.61 + 12.54 7115+ 12.54 453+1.24
Control (n=65) 65.32 £ 13.94 66.08 £ 13.39 0.77 £ 1.25

NQ-E total score 0.011
Intervention (n = 66) 63.18 + 10.58 68.54 + 10.53 525+1.24
Control (n = 65) 62.37 £ 12.27 62.66 + 12.12 0.40+1.25

Mean + SD.

NQ-E domain and total scores were calculated using the official scoring system and converted to a 0-100 scale. Higher scores indicate more favor-

able dietary behavior outcomes.
NQ-E, Nutrition Quotient for the Elderly; SE, standard error.

YAdjusted mean differences (post-pre) were estimated using analysis of covariance (ANCOVA), adjusted for age, family type, education level, baseline

dietary knowledge, and baseline value expectations.

Ip.values indicate differences between the intervention and control groups after adjustment.
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Table 5. Comparison of pre-program interest and post-program perceived helpfulness (n = 66)

Topics Pre-program interest  Post-program helpfulness P-value”
Individual nutrition counseling 4.15 +0.68 4.64 +0.48 0.001
Meal planning for regular and balanced diets 4,08 +0.77 4.45 + 0.56 0.001
Prevention and management of chewing and swallowing difficulties 3.95+0.79 4.29 + 0.65 0.001
Safe food purchasing and storage practices 4,24 + 0.66 4.48 + 0.56 0.015
Selection of foods beneficial for health 4.36 £ 0.60 452 +0.53 0.105

Mean + SD.

Scores were rated on a 5-point Likert scale, with higher scores indicating greater interest or perceived helpfulness.

YP-values were obtained using paired t-tests.
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Objectives: The need for a sustainable diet is being emphasized as dietary changes are
linked to climate change, biodiversity loss, and worsening food security. The purpose of
this study was to investigate university students’ awareness, knowledge, behaviors, per-
ceived importance, and performance of sustainable diets, and to compare these variables
between students who had taken a food and nutrition course and those who had not.
Methods: A total of 300 university students in the Daegu Gyeongbuk regjon, Korea, partici-
pated in an online survey conducted in 2024, and 292 valid (male, 139; female, 153) re-
sponses were analyzed. The survey assessed awareness, knowledge, behaviors, perceived
importance, and performance of sustainable diets. These were compared between partici-
pants (134) and non-participants (158) in the food and nutrition course.

Results: Our results showed that 54.5% of students were aware of sustainable diets, and
58.7% expressed an intention to participate in sustainable diet education in the future. The
total knowledge and behavior scores on sustainable diets were 7.09/10 and 3.67/5, re-
spectively, and the scores of the course-taking group were significantly higher than those
of the non-course-taking group. The actual level of performance of sustainable diets
(3.63/5) was relatively low compared to their perceived importance (3.93/5). Students
who took the course demonstrated significantly higher importance (society) and perfor-
mance (environment, health, and society) scores than those who did not. No significant dif-
ferences were detected between the two groups regarding the importance of the environ-
mental and health aspects of sustainable diets.

Conclusion: Students taking the food and nutrition course demonstrated high levels of
awareness, knowledge, behavior, perceived importance, and performance regarding sus-
tainable diets. These findings highlight the need for systematic educational strategies in

https://kjcn.orkr
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higher education to promote sustainable dietary competencies among university students.

Keywords: awareness; knowledge; behavior; universities; diet

INTRODUCTION
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A 471531 A4S (sustainable diets)S T3l JoF ZA10] A
o] ILE goi, A& ik fE-axH-H7] A B A &
A ALS] A A[&47FsdS aLElsoF gtk 2A194 £olA 5
sttt ol2gt E-2 1986\ Gussow & Clancy [1]7} 7] &
ol o] BAH WAS SFeol Bri YA Hzz
ARSI, 200095 S0 £-AX5R17|F(Food and Agri-
culture Organization of the United Nations, FAO)E S4 o2
FEAAY A o] B4-AY- A7 WAL JFS B
o2 wolas] AN, 20104 FAOE A47h5e 41

oN,

P

=
Joz Fostnt2]. B3t A&7t A" Ay 845
A A%, v -84 715, T84 o, XIgh
A sitE A EAE, 2ot 7e, AET 994 a4
FEAA- ALY 67l FHLR AAsHH, ot 945 T
Ho 2 FEsH AT AFelor 3 BEHAHS]

20194 World Health Organization (WHO)%} FAO9]
FSustainable healthy diets: guiding principles, WHE 53| A
St AT 22 A A A4 Pt T
EAT-Lancet Commission [5]2 A& W5/} 7| SHsH A&
chbd A, Aleln ofsjel 4@ oR AAHt: 1A%
AAsHH A&7Hs3 A8 20 Hee] oS FESHH

FEluehs 20099 FESAAETY ABZRSA LR Al
7% ol% 2010978 5dvttt A wS 7| EA DS sHot
A&7t A8ES =7 A8 FA9] i Iger 4%
SHHTHS, 7], 53] A|3x} 7124 =(2020-2024)°1 A= A&71s
o ARES A7HIY) AEE Hol 5 -8 A 5 Rt
ARR]A 71x] 9] Adef 7]ojshs do® Sstginte]. ol
wel SolAE 59w AL A AESE W A
A AR So] SiEHAY. FEFEIAY 716 A4
58], AEUSA LAt STV EYF ] H=vl &E
O, A9 sikE 2 A A28t 718 & (10], skl s A
W T2 NE11] 52 of2fjt ¥sle] f#4 oojth. &
o =] AA = A&7 ABZ NS Y2 Hol
G- A - BAE EZtohs Al 78 g o g WSk v
[12].

oty E2 Z219 olF HigS4, 7MY HE AR oyt
ofA] AF7F STHEULL, AHF - 7IsAE B At AL
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A&l et 4] 2 7Y oL koot 85 4n] A
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[e]

A= A0E Uea[19], e A&7 A8ES
387 SHLE olsfsh= F7Fol AstH, ARl A AA
o Tt ol = R A O & e TH20].

& AR 7E A DA sloF & A&7 =3 (Sus-
tainable Development Goals, SDGs) 177} & A|A|5F} 00,
o] & 3 204] 7]o} s Z(zero hunger), H3 120]4 Azt
Q= AH|Q} A AH(responsible consumption and production)S
PABHRAAL21], FHIAF = SDGs @< A%t A&7t ddan
<-(Education for Sustainable Development) 20302] o]3JS 7
ZoricH22]. ol 22 S5 AT R 4N -1
7|12 olojAl= FEAAE A 3Fgo] AT} ALl pA= g
ol mf Ath= FE HolFH, A&7kt A8E 97

29 Z2IRS Gob 2FEOHY thol thEE[s-11, 23-25)
ole, tiehy thy A e REG Aol et 18 A
ol A%7Fse A4Te AAHOE GRL WS w3
=2 4golehel.

webd] & AR BT A% A e o A
S/l AT R AAE, A4, WE 52, FLES} 5
P ZASLL, AF G P2 57 ool e Ho|g &

Hstol, G thot mENA Y| &M AT oo 7
9ot 8 S EE5TA st

I
i

METHODS

Ethics statement

The informed written consent was obtained from each
participant. The study protocol was approved by the Insti-
tutional Review Board of Kyungpook National University
(approval number: KNU 2024-0452).
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(cross—sect10nal study)O]UfI, STROBE (Strengthening the Re-
porting of Observational Studies in Epidemiology) X211 ]3]
(https://www.strobe-statement. org/)-& $5=0}0] 7]&3l% T}

2. 170 THAL & 7|2

B oI50] AR o GrpowerS B4 AREE 30002 3
HOom], HEAL 20239 129, THoHY 209 AR o=
A 7% 239 olSE, ol = 5-& Tefste] 44 HesHg
o} B A= 202449 1Y 595 19 25U714] gt AR 7|

o A 37) thefael] AsEe dehg 3003L oz 2ot
QGBS ANSAT, BEE S8 8RS AT 2925
o 1398, efohy 15398 0] FEHSIeh

(body mass index, BMI)= thahu|qrs}s][27]9] H]ql7|so) u}a}
<18.5 kg/m’ A A%, 18.5-22.9 kg/m’ %A%, 23.0-24.9 kg/m*
TH%, > 25 kg/m? H|FEo 2 AT}

4. K2 7H5 3 AMEIO T3t QIXIE 2 XIA] A}

A& 5T AP g QA% BE I Kim 2019 A
2 Fastel A47Rse YT B AAE, AX Hz,
B Fol A 5 F 3ugo TSIt xw}—s} 44
ol that A4 YL (A3 AYBES 71 8A, (9 W
82 IMoE § 10E9E TSSO, U 18, 25
0¥ o st 108 v oz Hrlatict.

5. KIZ7H53t AME $S U SRT0 ST XA
A&7bse AT BF BHS FAOZL ANE Ad7sa 4]
BB 67} 2401 AR 3, A7, A8l9 3] dgoz 7
Batol & 20882 NS, 5 84715 ARG, 3
34 A AR ABAEY £ AL FolA] B0, 2
WA, 4B 4%h T ABRY HIY F A2E Fol
N AOR, THA BARY, BIAF714S FolAl A8
ooz AERSIA. A&7k BT BE BRASE
YAE 59 HEg A8 5to] Aot

A&7Pss AT TSt FAEY $YE FIL (A%
ARFES NRAY, [6lolA AN A%, B, AslEhe)
A aLE Avht SRS AT FYEAE B
Sfete] 87 6%, A% 25, A8 2590 B 1089L 7
wstslonl, RE BRe IAE 57 AR Totl A4E
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6. SHEAM

TE gL IBM SPSS Statistics 30 IBM Co.) T2 132 A}
f{5ta] BAA T 9 BAslglon, RE EAA 942 P <
0.059] 4204 AA|5IoTE Ao T2 QILEATH EA
I A&7HsSE A digh A == W= EE)et Hat
+ BEHEAR A A6 on, o] 2 Zjol= wAHEA I}
t-test2 oI} A FF A £7 o7 B2 A&7t
5o A g A EE NESMMES)R Ao,
WAHEA 0 R AolE HForh EI A&7He3 A8
A X4 B% S5} S ugL F2EAE A 5HY

o6, o5 4o AE- G B 57 of o] B Hol 4
Mo PO slo] FRAEAOE AL A5
e B %&EQ} SUYE 7 BB ttestE AF B0,

=t

Q51 i mportance per-
formance analy51s SRS Aot B3 74 B gt
A =E 4% 23 Cronbach Yutgho] A& ka3t A4
A QAL 0,663, HEL 0,947, 2QTLE 0902, LPTL
0.918% Z+Z} Lrepbyttt.

RESULTS
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AT o tistE2l IRAFGS Table 13} Zom, d2} 139
T4(47.6%), oA} 15379(52.4%)°1 AL, Wol= A Bt 22.14]
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7} oJ&4(20.2 kg/m?)HEt} 82514 &%hI(P < 0.001), F
g Aol 7 WokoU(59.6%), IHAE o2 wl&2 det
2(64.7%)°] AAHB(7.2%)°0 HI3l &2 A2 HEHTHP <
0.001). W] 4]F AF S} B]&(82.5%)°] B =343L(P < 0.001),
AE ¥ AHE A Aol fle S vle(41%)el H =
OH(P < 0.001), 8 A5 FF = 4 o FollA dehA
2 A o2 A7t ose 4 A9l o= B9t

To - 1 0
ot g 7t 72t Afel 7t QAAUTHP < 0.001). F7 FEH= A
glo] 7 wokal(59.2%), AHH(27.7%), 715AK11.3%) =22

2. X|&7tsst A4 tist 88 R AE-8Y 34 +2
01520 IIHE QIK| =

HshdE] A&7hed A8 et OJXlE% =4
< Table 29} g}, X|&7Hedt A& st
oot 4 ok 7E 54.5%A3L, £l H
E0H7F 32.9%A0. FIL Sl HEL AHAB(G7.5%)°] &
H(51.0%) 20 &9FI(P < 0.01), A& -JF 25 $747
(68.7%)°] T573F TH(42.4%) E.T} EQFTHP < 0.001).
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Table 1. Demographic characteristics of the participants

Variable Total (n = 292) Male (n = 139) Female (n = 153) P-value”
Age (year) 221 +1.95 225+2.13 21.8+1.72 0.005
Body mass index (kg/m?) 21.9+2.39 23.7+1.70 20.2 +1.58 <0.001
Underweight 17 (5.8) 0(0.0) 17 (11.1) <0.001
Normal 174 (59.6) 9 (35.3) 125 (81 7)
Overweight 68 (23.3) 57 (41.0) 1(7.2)
Obesity 33(11.3) 3(23.7) 0 (0.0)
Maijor <0.001
Food related major 51 (17.5) 17 (12.2) 34 (22.2)
Non-food related major 241 (82.5) 122 (87.8) 119 (77.8)
Food and nutrition courses <0.001
Attended 134 (45.9) 48 (34.5) 86 (56.2)
Not attended 158 (54.1) 91 (65.5) 67 (43.8)
Residence type 0.592
Home 173 (59.2) 77 (55.4) 96 (62.7)
Living alone 81 (27.7) 41 (29.5) 40 (26.1)
Dormitory 33(11.3) 18 (12.9) 15 (9.8)
Other 5(1.7) 3(2.2) 2(1.3)
n (%) or Mean + SD.

YP-value is calculated by t-test or chi-square test.

Table 2. Comparison of awareness of sustainable diets by sex and food and nutrition course attendance among the participants
Total Male Female Attended Not attended

Variable (n=292) (n=139) (n=153) P-value (h=134) (n=158) P-value®
Awareness of sustainable Never heard of it 37 (12.7) 12(8.6) 25 (16.3) 0.006 9(6.7) 28 (17.7) <0.001
diet Heard of it but don’t 96 (32.9) 56 (40.3) 40 (26.1) 33(24.6) 63(39.9)
know well
Know a little 141 (48.3) 59 (42.4) 82 (53.6) 80(59.7) 61(38.6)
Know well 18(6.2) 12(86) 6(3.9) 12 (9.0) 6(3.8)
Pathway to learning about Never heard of it 37(12.7) 12(8.6) 25(16.3) 0.003 9 (6.7) 28 (17.7) <0.001
sustainable diet School 94 (32.2) 40(28.8) 54 (35.3) 64 (47.8) 30 (19.0)
Mass media 146 (50.0) 83(59.7) 63 (41.2) 54 (40.3) 92 (58.2)
Family 14 (4.8) 322 11(7.2) 7(5.2) 7 (4.4)
Others 1(0.3) 1(0.7)  0(0.0) 0(0.0) 1(0.6)
Willingness to participate Not at all 2(0.7) 2(L4) 0(0.0) 0001 0(0.0) 2(1.3) <0.001
in sustainable diet edu- Not willing 23(79) 15(10.8) 8(5.2) 2 (1.5) 21(13.3)
cation Neutral 94(32.2) 54(38.8) 40 (26.1) 30(22.4) 64 (40.5)
Willing 139 (47.6) 60(43.2) 79 (51.6) 78(58.2) 61(38.6)
Strongly willing 34(11.6) 8(5.8) 26 (17.0) 24 (17.9) 10 (6.3)
n (%).
YP-value is calculated by chi-square test.
A ° A2E AAFoZ A7t 50.0%2 7 W 5o A WS o] QAb= I TH47.6%), WS- 1¥ch
, SH(32.2%), 7}5(4.8%) <ol A& I B +4F (11.6%) & 3ot 59.2%% VERITE E3H o 51RY(68.6%)0] &

-Yliﬂ

e SH(47.8%), THETAE0.3%), SO1E A 86.7%). 7b SHBA9.0%)ETHP = 0.001), ST (T6.1%)0] HIS7 U
2(5.20) <0l9LT, TSR A9 hEHASL 582%2 7h (44.9%)REHP < 0.001) ol QA e Fo.z ek,

A 9ka, SHLO9%), BoEA 98(17.7%), 7H5(4.4%) %

O 7% oo wHE ol7k USALHP < 0.001). FF A&7k

I
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Table 3. Comparison of knowledge of sustainable diets by food and nutrition course attendance among the participants

Total

Attended

Not attended

. % 1)

Questions (n=292) (n=134) (n = 158) P-value

Climate change from global warming does not affect food production ~ 0.83 + 0.37 0.84+036 0.82+0.38 0.618

Lower food mileage increases the carbon footprint 0.35+0.47 0.47+050 0.25+0.43 <0.001

Food waste cannot be recycled 0.72+0.44 0.84+0.36 0.62+0.48 <0.001

Vegetarian and plant-based meats use fewer resources and emitless 0.79 + 0.40 0.87+£0.33 0.73+0.44 0.007
greenhouse gas than livestock farming

Vegetarian and plant-based meats are not related to reducing over- 0.76£0.42 0.86+0.34 0.67 £0.47 <0.001
fishing and marine pollution from aquaculture

Vegetarian diets and plant-based meats are separate from the ethical 0.63 + 0.48 0.69 + 0.46 0.58 + 0.49 0.047
issues of traditional animal farming

Vegetarian diets have a larger carbon footprint compared to meat- 047+050 050+050 0.44+0.49 0.343
based diets

Plant-based meats address global food issues by efficiently providing  0.84 + 0.35 0.88+0.31 0.81+0.38 0.168
protein

Vegetarian diets produce more waste and packaging compared to 0.88+031 0.89+0.30 0.87 £0.32 0.744
meat-based diets

Vegetarian diets benefit local communities and promote sustainable  0.78 + 0.41 0.78+0.41 0.77 £0.41 0.652
agricultural practices

Total” 7094211 765+2.01 6.62+2.07 <0.001

Mean + SD.

Yp-value is calculated by ANCOVA, the analysis of covariance adjusted for sex.

Iotal score 10 points.
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Importance and performance of sustainable diets

Table 4. Comparison of behaviors related to sustainable diets by food and nutrition course attendance among the participants

Area Questions?

Total Attended  Not attended Pvalue®
(n=292) (n=134) (n=158)

Environment  Use reusable items (shopping bags, tumblers, etc.) instead of

disposable ones

Cook only as much as you can eat to avoid food waste

Use energy-efficient appliances when cooking

Avoid purchasing products containing animal-derived ingredi-

ents whenever possible

Participate in vegetarian challenges like “Meatless Monday” to 3.46 +1.21 3.65+ 1.17

reduce meat consumption

Try to consume various types of plant-based meats regularly
Choose vegetarian snacks and plant-based milk alternatives

3.85+£090 397+0.85 3.75+0.93 0.126

403+0.78 4.11+0.70 3.96+0.84 0.267
3.85+0.90 4.05+0.84 3.68+0.92 0.003
354+1.09 382+1.00 330+111 <0.001

3.31+1.23 0.020

3.62+1.02 3.80+1.02 347+1.01 0.008
3.67+1.02 3.86+1.00 3.50+1.01 0.003

Participate in gardening or grow vegetables and fruits athome 3.37 +1.29 355+ 1.22 3.22+1.33 0.062

Choose eco-friendly products (pesticide-free, organic, etc.)

when buying agricultural products

3.74+0.97 3.89+090 3.61+1.02 0.030

Buy domestic agricultural products over imported ones consid- 3.87 +0.96 4.05+0.84 3.71+1.02 0.006

ering food mileage
Average
Health

when selecting foods

Read food labels to check for additives, allergens, and nutri-

ents when choosing plant-based meats
Plan vegetarian meals to meet nutritional needs

Look for vegan restaurants or options when eating out

Average

Society
tea, etc.

Show interest in food donation activities to help the socially

disadvantaged

Consider allergies and sensitivities when choosing foods
Check food labels (expiration date, ingredients, nutrient, etc.)

3.70+0.71 3.88+0.69 3.55+0.70 <0.001
3.70+1.05 4.03+0.83 341+112 <0.001
3.88+096 4.14+0.76 3.67+1.06 <0.001

3.68+1.06 3.76+1.01 3.62+1.09 0.304

3.68+1.04 3.88+1.02 3.51+1.03 0.003
342+1.08 3.67+103 3.22+1.09 <0.001
3.67+0.80 3.89+0.69 3.48+0.84 <0.001

Check for fair trade certification when buying coffee, chocolate, 3.44 +1.25 3.63+1.11 3.29+1.34 0.029

3.59+099 3.71+1.02 3.50+0.96 0.140

Choose products from companies that support animal welfare  3.50 £ 0.93 3.62+0.93 3.39 +0.92 0.121

(free-range animal products, etc.)
Interest in local specialties and traditional foods

Share information about plant-based meats and vegetarian

diets with others
Average
Total average

3.80+0.98 3941099 3.69+0.96 0.078
3.78+0.99 3.96+1.02 3.63+0.94 0.007

3.62+0.83 3.77+£0.87 3.50+0.78 0.016
3.67+0.73 3.85+0.70 3.52+0.72 <0.001

Mean + SD.

YP-value is calculated by ANCOVA, the analysis of covariance adjusted for gender.

PEach item was scored on a 5-point Likert scale (1-5).
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Table 5. Comparison of the perceived importance and performance of sustainable diets among the participants

Area Questions? Ir(l:1p(=)r;a9nzc)e P(?rr]f(irrgggfe P-value”
Environment  Strive to reduce food waste 4.08+0.83 3.85+0.87 0.001
Choose and consume foods that minimize environmental harm 3.97+0.97 3.60+£0.99 <0.001
Check for low carbon certification when purchasing food 3.79+£0.98 3.47+1.04 <0.001
Interest in whether the ingredients are domestic (local) 408+0.78 3.72+0.91 <0.001
Interest in local specialties and food 3.96+093 3.65+0.99 <0.001
Prioritize purchasing local agricultural products through local food direct stores 3.85+0.99 3.61 + 1.07 0.006
Average 395+0.68 3.65+0.77 <0.001
Health Maintain a diet to prevent obesity and chronic diseases (hypertension, diabe- 4.00+1.01 3.72+ 1.01 0.001

tes, cardiovascular diseases, etc.)
Choose fresh vegetables with meals at home, in cafeterias, or dining out, etc  4.05+0.82 3.85+0.96 0.008

Average 4.02+0.73 3.78+0.86 <0.001
Society Share information about sustainable diets with others 3.83+096 349+111 <0.001
Interest in regional dietary experiences involving citizens and institutions 3.74+099 335+1.07 <0.001
Average 3.78+0.88 3.42+0.99 <0.001
Total average 393+0.68 3.63+0.76 <0.001

Mean + SD.
YP-value is calculated by ANCOVA, the analysis of covariance adjusted for gender.
PEach item was scored on a 5-point Likert scale (1-5).
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Performance

Fig. 1. Importance-performance analysis of sustainable diets. 1, strive to reduce food waste; 2, choose and consume foods that
minimize environmental harm; 3, check for low carbon certification when purchasing food; 4, interest in whether the ingredients
are domestic (local); 5, interest in local specialties and food; 6, prioritize purchasing local agricultural products through local food
direct stores; 7, maintain a diet to prevent obesity and chronic diseases; 8, choose fresh vegetables with meals at home, in cafete-
rias, or dining out, etc.; 9, share information about sustainable diets with others; 10, interest in regional dietary experiences involv-
ing citizens and institutions.
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Table 6. Comparison of the perceived importance of sustainable diets by food and nutrition course attendance among the partici-

pants

Area Questions?

Attended Not attended

value?
(n=134) (n=158) I vale

Environment  Strive to reduce food waste

Choose and consume foods that minimize environmental harm
Check for low carbon certification when purchasing food
Interest in whether the ingredients are domestic (local)

Interest in local specialties and food

Prioritize purchasing local agricultural products through local food direct

420+0.66 3.98+094 0.063
408+091 387+1.02 0.109
3.86+091 3.73+1.04 0.241
420+065 3.96+0.86 0.022
397+095 394+091 0.903
3.89+101 3.80+098 0.529

stores
Average 403+065 3.88+0.71 0.111
Health Maintain a diet to prevent obesity and chronic diseases (hypertension, diabe- 4.00 + 1.03 3.99 + 0.99 0.709
tes, cardiovascular diseases, etc.)
Choose fresh vegetables with meals at home, in cafeterias, or dining out, etc  4.17 £+ 0.61 3.94 + 0.95 0.024
Average 408+0.66 396+0.78 0.315
Society Share information about sustainable diets with others 392+096 3.74+095 0.129
Interest in regional dietary experiences involving citizens and institutions 3.86+0.96 3.62+1.00 0.079
Average 3.89+090 3.68+0.85 0.070
Total average 4,01+065 3.86+0.69 0.109
Mean + SD.

YP-value is calculated by ANCOVA, the analysis of covariance adjusted for gender.

PEach item was scored on a 5-point Likert scale (1-5).
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Table 7. Comparison of performance on sustainable diets by food and nutrition course attendance among the participants

Area Questions?

Attended Not attended Pvalue?
(n=134) (n=158)

Environment  Strive to reduce food waste

Choose and consume foods that minimize environmental harm
Check for low carbon certification when purchasing food
Interest in whether the ingredients are domestic (local)

Interest in local specialties and food

Prioritize purchasing local agricultural products through local food direct

4.04+0.75 3.70+£0.93 0.002
3.85+0.88 3.40+1.03 <0.001
3.74+£1.02 3.25+1.00 <0.001
3.96+0.80 3.54+096 <0.001
3.86+0.99 3.49+0.98 0.005
3.87+108 3.40+1.02 <0.001

stores
Average 3.88+0.72 346+0.76 <0.001
Health Maintain a diet to prevent obesity and chronic diseases (hypertension, diabe- 3.82+0.99 3.64 +1.03 0.165
tes, cardiovascular diseases, etc.)
Choose fresh vegetables with meals at home, in cafeterias, or dining out, etc. 4.03+0.77 3.71+1.08 0.007
Average 3.92+0.76 3.67 £0.92 0.019
Society Share information about sustainable diets with others 3.80+£1.09 324+107 <0.001
Interest in regional dietary experiences involving citizens and institutions 3.72+105 3.06+101 <0.001
Average 3.75+£098 314+091 <0.001
Total average 3.86+0.73 3.44+0.74 <0.001
Mean + SD.

YP-value is calculated by ANCOVA, the analysis of covariance adjusted for gender.

PEach item was scored on a 5-point Likert scale (1-5).
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Objectives: Although reduced mean sugar intakes have been reported recently, proportion
changes in the Korean population with a sugar intake higher than the World Health Organi-
zation (WHO) sugar intake recommendation (WSIR) remain unknown. Therefore, in this
study, we analyzed the sugar intake of Koreans to identify trends and prioritize target
groups for relevant policy interventions.

Methods: We used dietary intake data from the 8th and 9th Korea National Health and Nu-
trition Examination Surveys (KNHANES VIl and IX) to derive sugar intake from processed
foods (SIPF) in the Korean population. We classified, aggregated and calculated sugar in-
take from individual foods at the tertiary-level food codes, and assessed SIPF adequacy
based on whether it met the WSIR of less than 10% of the total energy intake.

Results: The proportion of the Korean population with an SIPF exceeding the WSIR was
22.7% and 22.4% in KNHANES VIl and IX, respectively. Nevertheless, more than one-third
of children, adolescents, and young adults (34.6%-39.1%) showed SIPF higher than the
WSIR with the highest proportion of 41.4% registered among school-age girls in KNHANES
IX.

Conclusion: While the mean sugar intake of Koreans has decreased slightly since 2019,
the proportion of people with SIPF exceeding WSIR is on the rise in school-age children, ad-
olescents, and young adults, implying the necessity of proactive policy responses. As the
Korean government discusses fiscal policy design and implementation to moderate the
sugar intake of the population in order to promote public health and prevent chronic dis-
eases, it should bear in mind the point emphasized in the WHO guideline as follows:
“Changes in health-related outcomes as a result of a fiscal policy are likely to occur in the
long term and should therefore be evaluated over a longer term than outcomes such as
purchasing and consumption of foods and beverages.”

Keywords: sugar intake; processed foods; WHO guideline; free sugars
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Fig. 1. Categorization of sugars. Adapted from EFSA Panel on Nutrition, Novel Foods and Food Allergens. (EFSA J 2022; 20(2):

e07074) [9].
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METHODS

Ethics statement

Ethical review and approval were waived for this study
due to the use of publicly available, de-identified data
from the Korea National Health and Nutrition Examina-
tion Survey (KNHANES). The original survey protocols
were previously approved by the Institutional Review
Board of the Korea Disease Control and Prevention Agen-
cy (KDCA).
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Fig. 2. Proportion (%) of population with sugar intake from processed foods exceeding the World Health Organization recommen-
dation. (A) Comparison by year and KNHANES round in total population. (B) Comparison by age group and KNHANES round in
total population. (C) Comparison by age group and KNHANES round in the male population. (D) Comparison by age group and KN-
HANES round in the female population. KNHANES, Korea National Health and Nutrition Examination Survey.
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Table 1. Sugar intake among adolescent boys and school-age girls sourced from the KNHANES survey round: mean and distribution

(SrgL"r]e(jy)year Sugar intake n Mean SE P5 P10 P25 P50 P75 P90 P95
Adolescent boys (12-18 year)
2019-2021 Total sugar intake () 617 69.36 257 11.76 1797 34.48 61.77 90.73 135.32 164.69

(KNHANES g gar intake from processed foods (g) 617 47.30 2.35 421 5094 1759 37.18 63.33 99.06 141.39

vl Energy contribution of sugar intake 617 816 0.34 114 168 343 6.79 1117 16.02 21.18
from processed foods (%)

2022-2024 Total sugar intake (g) 554 69.93 2.39 1142 22.62 36.39 56.60 94.61 131.61 161.67
(KNHANES  gygar intake from processed foods (g) 554 48.19 212  4.63 7.62 19.03 35.73 66.41 103.95 128.81

IX
) Energy contribution of sugar intake 554 888 0.35 149 196 3.77 735 1158 1850 22.23
from processed foods (%)

School-age girls (6-11 year)
2019-2021 Total sugar intake (g) 640 6163 1.82 1614 23.08 3859 54.40 77.87 103.20 131.45
(KNHANES  ggar intake from processed foods (g) 640 37.74 150 391 7.75 16.36 29.76 51.61 74.46 90.09

VIl
) Energy contribution of sugar intake 640 919 0.32 121 232 446 798 1211 16.84 2130
from processed foods (%)

2022-2024 Total sugar intake () 557 6111 1.68 13.72 23.18 37.03 54.77 76.02 107.69 129.23
(KNHANES  gygar intake from processed foods (g) 557 39.05 1.40 426 876 19.74 33.76 51.55 72.14 9127

IX
) Energy contribution of sugar intake 557 9.66 0.34 126 241 505 8.85 1314 1742 21.21
from processed foods (%)

KNHANES, Korea Health and Nutrition Examination Survey; SE, standard error; P, percentile.

Table 2. Proportion (%) of children with sugar intake from processed foods exceeding the WHO recommendation (2019-2024)
KNHANES 2019-2024 (year)

Group Annual percent change (95% Cl) P-value”
2019 2020 2021 2022 2023 2024

6-11 year, boys 34.0 33.9 31.6 32.8 33.0 31.5 -1.16 (-2.37, -0.06) 0.036

6-11 year, girls 36.8 321 39.1 39.5 40.5 445 4.43 (1.10, 7.85) 0.003

12-18 year, boys 30.2 34.9 24.6 34.7 325 32.0 0.92 (-6.13,8.93) 0.769

12-18 year, girls 42.3 41.0 49.3 43.8 43.6 49.1 2.20(-2.38, 7.81) 0.285

WHO, World Health Organization; KNHANES, Korea Health and Nutrition Examination Survey; Cl, confidence interval.
9P < 0.05 based on a t-test to determine if the annual percent change is significantly different from zero.
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1. GENERAL INFORMATION

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

2. AUTHORS’ QUALIFICATIONS

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

3. TYPES OF MANUSCRIPTS

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

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

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

4) Educational materials: Educational materials de-
scribe contents of nutrition education program, its
application or new approaches to nutrition education.
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inal and not published or submitted for publication in
other scientific journals.

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

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

4) Clinical trials: A clinical trial is defined as a study in
which human participants are prospectively assigned
to intervention and comparison groups to evaluate
the causal relationship between an intervention and
health outcomes. Such studies must be registered in
a publicly accessible, recognized clinical trial registry
prior to initiation, including WHO ICTRP, Clinical-
Trials.gov, ISRCTN Register, or the Clinical Research
Information Service (CRIS). The registration number
should be provided at the end of the abstract as fol-
lows:

<example>
Trial Registration: Clinical Research Information Service Identi-
fier: KCT#*# %4 %%,

However, single-arm (pre-post) studies, pilot stud-
ies, and low-risk dietary surveys or simple nutrition
education conducted within the range of usual dietary
intake are not considered clinical trials and are exempt
from registration. In contrast, studies in which partic-
ipants are prospectively assigned to intervention and
control groups, studies designed to evaluate the effects
of specific nutrients, foods, dietary patterns, function-
al foods, health-related devices, or programs, and all
comparative intervention studies, including random-
ized controlled trials, are considered clinical trials and
require registration.

If it is unclear whether a study qualifies as a clinical
trial, determination will be made in accordance with



international guidelines, and the Editor-in-Chief will
make the final decision if necessary.

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

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

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

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

5. CONSIDERATION OF SEX/GENDER

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

« Sex and gender should be described separately and
correctly.

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

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

6. SUBMISSION

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

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

8. MANUSCRIPT PREPARATION

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

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

search notes, and educational materials)

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

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

« The names and affiliations, positions of all authors

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

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

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

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

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

IStudent, Graduate School of Education, Keimyung Universi-
ty, Daegu, Korea

“Student, 00 High School, Daegu, Korea

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

<Example>

Kil-dong Hong

...... (address)

Tel: +82-2-749-0747

Fax: +82-2-749-0746

Email: kicnd5@koscom.or.kr

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

<Example>
Kil-Dong Hong https://orcid.org/* * % %k k_dkd ke k& ko

e Funding
When there is no funding associated with the manu-
script, “None” should be stated.

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

3) Data Analysis: Studies using nationally represen-
tative survey data (e.g., Korea National Health and
Nutrition Examination Survey [KNHANES], Korea
Youth Risk Behavior Survey [KYRBS], Community
Health Survey, Korea Rural Economic Institute [KREI]
Food Consumption Behavior Survey, and National
Health and Nutrition Examination Survey [NHANES])
should adhere to the following guidelines.
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(1) Analytical Principles: 1 analyses must account for

the complex sample design. Appropriate sampling
weights should be applied in accordance with the
characteristics of each dataset. For example, in
KNHANES, different weights should be applied de-
pending on the type of data combination.

(2) Presentation of Results: Key results should include

the following. The sample size should be clearly
presented separately to avoid confusion with the es-
timated values.

» Weighted estimates

« Standard errors (SE)

(3) Description of Methods: The following information

should be described in the Methods section.

« The survey year(s) and wave(s) of the data used
should be clearly specified, and the official citation
format for the dataset should be followed.

« For secondary data analysis, Institutional Review
Board (IRB) approval or exemption status should be
clearly stated.

« The statistical software and analytical procedures
used should be described in detail (e.g., SPSS Com-
plex Samples, SAS Survey Procedures).

(4) Exceptions to the Use of Complex Sample Design:

In principle, analyses must account for the complex
sample design. However, exceptions may be allowed
in the following cases. In such instances, the ratio-
nale for not applying the complex sample design
must be clearly stated, and the resulting limitations
should be discussed in the Discussion section.

e When using analytical methods that are not com-
patible with complex sample design (e.g., mediation
analysis)

* When analyzing specific subgroups with a limited
sample size

4) Arrangement of research articles: Each manuscript

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

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

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

<Example>

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

<Example>

Obtainment of informed consent was exempted by the institu-
tional review board.

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

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

org/).

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

« Conflict of Interest

<Example>

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

<Example>

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

Otherwise, there was no conflict of interest.

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

<Example>

We thank the physicians who performed the sample collection.

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

<Example>

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

5) Manuscript length: Manuscripts should comply with
the following length requirements.

" Abstract  Main Text Tables &
Article Type (words) (words) References Figures
Research kr < 3,000

articles 250~300 en < 5,000 <40 <10
) kr < 3,000
Reviews 250~300 <50 <10
en < 5,000
Research B kr<1,750
notes 250~300 en < 3.000 <30 <5
Educational 5 kr < 3,000
materials 250~300 en < 5,000 <40 <10

6) Abstract: A structured abstract of 250~300 words must
be written in English under the following headings: Ob-
jectives, Methods, Results, and Conclusion. Abstracts
should be accompanied by keywords in English.

7) Keywords: A Three to five keywords are recommend-
ed with one or two words except for technical terms.
The terminology should be listed, in principle, in MeSH
(www.nlm.nih.gov/mesh/MBrowser.html). Keywords
are written in lowercase letters except for proper nouns,
and keywords are separated by a semicolon (;).

8) Abbreviations: All abbreviations must be defined in
parentheses at first mention in the text. Abbreviations
used in a table or figure should be defined in their re-
spective table footnote or figure legend.

9) Numbers and measurements: Numbers should be
presented in Arabic numerals. For most measure-
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ments, the International System of Units (SI) is recom-

mended. The unit symbol should be placed after the

numerical value and a space should be left between

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

10) References

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

* When more than one reference is cited at the same
point in the text, they are included in the same brack-
etas below.

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

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

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

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

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

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

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

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

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

(2 Forthcoming journal articles

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

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

(2) Books
(D Entire books

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

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

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

(2 Book chapter

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

<Example> Tamura T, Picciano MF, McGuire MK. Folate in preg-
nancy and lactation. In: Bailey LB, editor. Folate in Health and
Disease. 2nd ed. CRC press; 2010. p. 111-131.

(3 Translated books
(1) Journal articles Translators. Translated title(translated version). Edi-
(D Published journal articles tion. Original language originally written by authors.
Authors. Article title. Journal title Year of publication; Publisher; Year of publication. p. Start page-Last page.
Volume(Issue): Start page-Last page.

<Example> Mo SM, Kwon SJ, Lee KS. Do you know dining table
<Example> Mo YJ, Kim SB. Sodium related recognition, dietary of children? (translated version). 1st ed. Japanese original writ-
attitude and education needs of dietitians working at custom- ten by Adachi M. Kyomunsa; 2000. p. 20-22.
ized home visiting health service. Korean J Community Nutr

2014; 19(6): 558-567.
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(3) Scientific reports
Authors. Report title. Performing organization; Year of
publication Month of publication. Report No. Report
number.

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

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

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

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

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

(6) Articles in magazine or newspaper
(D Magazine articles
Author. Article title. Magaxine title. Year Month: Page.

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

(2 Newspaper articles
Author or Organization. Article title. Newspaper title.
Year Month Day; Section: Page.

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

(7) Materials on the internet

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

vi

dress

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

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

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

11) Tables and Figures: Tables and Figures must be
written in English. Each table and figure should be
prepared on a separate page and placed at the end of
the text according to the order cited in the text. Cita-
tion of tables or figures in the text is as Table 1 or Fig.
1. Vertical lines are not used in tables. A title should
be placed at the top of a table or at the bottom of a
figure. The footnotes of the table are presented on
Arabic numerals as superscripts 1), 2), 3). In case of
indicating levels of significance, P-values should be
presented in the body of each table, and if necessary,
symbols can be used as *, **, ***, etc. To indicate the
result of multi-range tests, letters such as a, b, c, etc.
can be used.

9. PUBLICATION

Once the review process is completed, the manuscript
cannot undergo any modifications in their contents or
changes of the authors. PDF page proofs will be emailed
to the corresponding author and should be returned
within 3 days. The author pays the publication fee for the
published paper, including manuscript editing fees, refer-
ence proofreading fees, and file processing fees. Authors
who choose to withdraw a manuscript after it has under-
gone peer-review will be charged the review fee.

Any issues not indicated in these instructions will be
reviewed and decided by the Editorial Committee. Any
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additional questions or information on manuscript sub-
mission and publication can be clarified by contacting
the editorial office.

Address: 904 Hyundai Hyel, 213-12, Saechang-To, Yongsan-gu,
Seoul 04376, Korea

Tel: +82-2-749-0747

Fax: +82-2-749-0746

Email: kjcn45@koscom.orkr
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The code of research ethics .
of the Korean Society of Community Nutrition KJCN&

Korean Journal of Community Nutrition

Enactment Jan 21, 2008

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

I. GENERAL RULES

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

2. Purpose

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

1. ETHICS CODE FOR A RESEARCHER

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

4. Inclusion of Scientific Misconduct

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

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

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

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

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

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

6. Authorship

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

is based on the following four criteria.

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

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

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

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

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

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

8. Citation and Reference

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

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

9. Role and Ethics for a Journal Editor

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

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

10. Role and Ethics for a Reviewer

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

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

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

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

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

I1l. ESTABLISHEMENT AND OPERATION OF THE COMMITTEE

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

1. The establishment of the research ethics

2. The prevention and investigation on the scientific misconduct

3. Whistleblower protection and confidentiality

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

5. Restoration in the honor of the examinee

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

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

13. Report and Receipt of the Scientific Misconduct

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

14. Authority for Verification and Recommendation of the Committee

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

15. Verification Process of the Committee

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

16. Assurance of Opportunity to Be Heard

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

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

18. Disciplinary Procedures and Content

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

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

Korean Journal of Community Nutrition

Revised in October 15, 2024

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

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

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

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

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

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

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

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

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

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

e.g., SAS 9.4 (SAS Institute)

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

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

(continued to the next page)
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(Continued)

Category Items to review Check

4. Conflict of Interest - Conflict of interest must be stated.
e.g., There are no financial or other issues that might lead to conflict of interest.
e.g., Gildong Hong has been an editor since 2021. However, he was not involved in the
review process of this manuscript. Otherwise, there was no conflict of interest.
*Author information will be included in the final version but do not include it when
submitting.

5. Acknowledgments - List individuals who contributed to the writing or research, but do not meet the criteria
for authorship.
e.g., We thank the physicians who performed the sample collection.

*This information will be included in the final version, but do not include it when

submitting.

6. Data Availability - Authors should provide a data availability statement. Providing access to research data
is optional.
e.g., The data that support the findings of this study are openly available in [repository

name e.g “KNHANES”] at http://doi.org/[doi].

7. References - Notation method: [1], [2, 5], [15-20], etc. without spaces before square brackets, when
adding commas between references, add a space after commas.
e.g., research on something [1] or Kim & Lee’s research [2, 5]
- References in the text should be listed in numerical order
- The number of citations for the type of dissertation should not exceed 3.
- Verify that the reference adheres to the KJCN guidelines

8. Other indications - Write numbers and units with a space (50 kg, 600 kcal), but attach % and °C.
such as units - g/dl (X), g/dL (O)
- When indicating P-value, use capital, italic P: e.g., P-value
- Use a en-dash “-" to indicate a range of numbers: e.g., 20-25
- Use comma notation to separate thousands (this also applies to text and tables):
For example, 65,450,000.
9. Tables, figures - Capitalize only the first letter of table and figure titles
- Capitalize only the first letter of variables in the table
- Use lowercase ‘n’ in tables and figures.
- Additional checklists for tables and figures can be found in the section below.

*Examples shown in the tables are based on recent publication, 2024.
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GUIDELINE FOR TABLES AND FIGURES
Please adhere the following guidelines for tables and figures.

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

Manuscript Title:

Author(s):

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

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

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

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

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

5. The copyright in the manuscript named above will be transferred to the KJCN if the manuscript is accepted. This trans-
fer include the copyright in all forms and media including electronic media (now known or hereafter developed), and
the accompanying interests, in all languages, for the full term of copyright, and all extensions and renewals thereof.

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

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

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

Date:

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

Name: Signature:



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

9
ol
A
10
Jim
0x

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

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

materials) 5= A & QU

2. 0 XA

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

3. #1o &

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

=Rl wetoR &

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

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

ofoltjo], &

o

4. 917 2]

p L=
M
HO

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

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

3) WA B A9 tido] ARl A-$- A7) Aol
Zksto] w AR Hstofof 5h, AFE $=8517] A 7]
- YD) (Institutional Review Board; IRB)2]
591 whofof it}

4) WA DA A T AAE AFH o= SAT

https://kjcn.orkr

KJICN&

Korean Journal of Community Nutrition

(20244 10€ 152 7HH)
(20264 6€ 102 %= JHH)

H|wof| vl 7gsto] SAjet A7a ) 1t Q1A E B7Fst
£ A8 it of2fgh A= AR Aol ZRIE DA
Y 5-=7|¥HWHO ICTRP, ClinicalTrials.gov, ISRCTN
Register, Clinical Research Information Service
[CRISDOll S=5tofof shH, SEH LS 25 dulo] tha
i} Zro] 7| A gtk

<ol
Trial Registration: Clinical Research Information Service Identifi-

ohil, T (pre-post) A E= TAS A, LA4H
A1 H O] A Ao]AL E e JY S ¢

A0 71514 Slol 52 a7} ke,
A= ;ﬂﬁokx—' o5 FAY R0 2 HFgSt ﬂ‘—rL
EA kA -AlZ . Ao|mfiH - 7|54 AE-ARTE 7))
L noge) Ans A3 oe 97, 1en Ba
SMHATE Eg BE W REAATE A HOR
15| 552 83T
WA g o f7F 283 Aol =4 7l
w2} mesh, ] Al HYQYgo] 2 a4ttt
5) olafi A A5 A Yck= ARG 718t FAA T iR
A A7} = 73 o & =0l S| 7] sfof gt
6) &YFA &5 A= 2 o] AteYEE S5t
of 5}, & :H.X-]oﬂ AFEA g2 A+ E Sxhao] of
A= A EEET-S2F A (http://publicationethics.
org/ mternanonal—standards-edltors—and- authors)<
Zgsic)
7) XV‘"?—J 2 )R] of| AR =] A2 = gl A
SHY =R A BE AR AE | A E oA A
?lol'oq A Esfiof 2t

=

8) EE]E%JE(preprint)' 2 S| T IYPER A &
FH AT=E-E 58517 et

5. M(SEX)/HC{(GENDER)O| CHgt 1124

E=EA Ao I & 5 U&= QARE AESHE A(sex)

T AEESH 42l At (gendenE OL%J‘E?} olo] thgt

oFf 8= =l Estoof gt


http://publicationethics.org/international-standards-editors-and-authors
http://publicationethics.org/international-standards-editors-and-authors

e

71004 (sex)Zt AE(gender)E Tsto] 24t
&3t

goll F43} 4E tiide s Eoto] Atstar
H| 24510 =5-& WIS},

o A A= TEH o R BHgg

7

.
N

Mol e oox
mlmmgmﬁ‘—u

)

L
o i

S

.
Q:

2
>,
=
)

»
rr
Ho
4m
|

WA= 2215 A A” (https://submit-kjcn. or.kr)
O & AAAET} AAE duntdE AETeh AAH R}
ZhE HA|, B AR Ao 2HYE IRB G914 AR, A
AATYAE= Q] FIA|E HRud' o JEE

rOlt

AYADY EE BYALL AR} A EnEEe
% o] AEoloA PAES B3, AR e
S Gopetal A o] ARl ket ARt BAS AL
AAAre) ojo] wek 3 MR A5 WL 65 ol wAl
Aol A Lk,

= go] AAkRte] ojdo] thg wol E ThE Aol
AASHES, B,

D 93 Y dii= MS YEE ARSI e e 9l
2 ZAJetct. 24 27+ 11 point, PZH> 200% F= 2
£ HF 07 51, P &2 Times New RomanC =
gt PEERES 1FOE sto HHSE H7|oh, YL
A& ofdio] & S E witict

2) BA): th29] W8-S E 3Tt

Aol AHARRL A Al
c AR}, Ad 9 QS FRI} JROE VA, o JEEE

ii

o

TAAA ol E Sl “t EAS SRR Sfo] o]
1, 247]80] T A9 AxjolE B 1), 2), 3
PR Bho] wAlo] ne} ol T, HERlo) A7l
ool & SAHE B3It} Aol gout, A9Y7t ot A
SOl 1), 2), 3 FHAR sto] S0 uet 2T,
AT A9, AL P, AT e BE] 4
9 24 Qo] 7RG} g} 917 gl Aol o
S ARk @A ado] gl mldRte] B9 HE

2% A9, AT s e g A&k

<ol

Youngok Kim”, Jin-Sook Yoon? !

, Kil-dong Hong®, Na-ra Kim?

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

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

IStudent, Graduate School of Education, Keimyung University,
Daegu, Korea

“Student, OO High School, Daegu, Korea

« WalAAe] A, 4 Bl ot e, A S Ake-HE
A 7

4£Z QRO

<oy

Kil-dong Hong

...... Z=ATT|)

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

Email: kjicn4b@koscom.or.kr

ORCID (https://orcid.org/)

EE A= ORCID 54 £43% 295 SS3]oFst
0, o] F% AAHALE olo] oY Be AR &
gk 4= Utk BE AAe] ORCID HEE E2RIE glo]
7|5, 11 o= vha3 A

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

AL A AW G (Funding)
ot &0l Y2t ‘None.” 2& 7|73ttt

https://kjcn.orkr


https://submit-kjcn.or.kr
https://orcid.org

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

3) Aw B4 =71 &9 2ARERE]: 1A IERAE B
A2QAATYEHZAL, A HAR]AFZAE, KREI A154:H]%
Bj AL, NHANES $)5 283 A& v 7es U
=8

1) 84 937 1= 242 B33 E 7 (complex sample
design)& LE{sto] agsfof gtk 7 RARIR O] 4
o g= AT 7S A (weight) S A-&3of gttt & &
of FRALGFURAR= A= A 730l whet Aolgt 7}
FAE ARSI

2 B} A 8 +A A= th3Z Zgsto] AlA|sfjof
st I $x(sample sizel= A SEEHA] EEE
A2 ges] A|A|sfjof gt
« 715271 285 247k (weighted estimate)

« %92} (standard error, SE)

() @+ 7le TR WeS A (Methods)oll 71
=3t
o« ARESE AR AL A B A (wave)E HE0] 7]
&oh ofd AR 0] 4] Q& B4 &5t
oAt R A Al 7|3 E-EH 1 D3(IRB) 5% E= A
9] WA o5& AR
« AFERE BA 2O 9 B4 dAE FAIF R V)&t
t}. (] SPSS Complex Samples, SAS Survey Proce-
dures §)

4 EFHEEA AL o9 Yo EFHLEA 4

= gpou, thaat 22 A% A7t 5182 4= Stk o

EAREHEAE 285k &2 AME 5] AAlsH

S Aol AghdE 112K (Discussion)oA] FFEA]

Sfofgtct.

AHZAA 9} SER] Qb 7AW

(©: w7 E I} E4)

« EA ST 4 5oz Qs BE L7t AlgHAR H¢-

4) Qa0 FA: Y11o] BASS BF JEo = AAdstal,
AL o33+ &t} Title page, Abstract, Introduction,
Methods, Results, Discussion, Conflict of Interest,

il

)~

(]

ol ]I,L] -

ol

fo dr 2 KT

ftjo

ARE

gt

o

Acknowledgments, Data Availability, References,
Tables, Figures 40 & St} o, w7 0] 79 Auke}t
129 Y88 Zel=(Contents), B7HEvaluation), AA}
A(Implications) 59 H&oZ T4 & ot F49]
73S A=Y AT 2 A&, & 289 =R
7)€ 4= Q). a#u A M) 72 (scoping review)©]
U AAA 21 (systematic review)} A+=29] &

https://kjcn.orkr

w2fof gict,

2 5132 &= EQUATOR HIE YA (http://www.equa-
tor-network.org/home/)e} o|==HEAY/FHst
=A% http://www.nlm.nih.gov/services/research_
report_guide.html)oll A QFish= B A of what il
£ I5tE S ARt
3-8 (Bthics Statement)

AR = " (Method)" a0l Holl JECZ 7]
Sfjof gttt BA| & viE ofefiof] AAlstH S, A+t
AR 59 Aol AR FHEE ol AAg.

&

<ol

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

<ol

Obtainment of informed consent was exempted by the institu-

tional review board.

A A (Study design)
ARtz "FH(Methods)" AHAAC] ALEACI&RA,
T2 2 A, IS E A E=HEHES 5) D Fa
gt B XS A 4G

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

2Z(Discussion)
A= AIE 1451 "I (Discussion)'?] RO

Limitations ¥ ConclusionZ A A2},

o]a4FZ(Conflict of Interest)

<ol

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

<ol

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

wise, there was no conflict of interest.

« 4] SH(Acknowledgments)
=AM olU AFE ERAINE AAIEA HASHA] ok

iii


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

i

|

= 71&3H.

=]
T O

i

<ol

We thank the physicians who performed the sample collection.

« g|o]E]7}-8-A4l(Data Availability)
A dolel7hg4el st A Astorsta, ol
Elof| sl = 51-85h= A& AR ol

<ofy

The data that support the findings of this study are openly avail-

able in [repository name e.g “KNHANES"] at http://doi.org/[doi].

5) 99| B th50] 23 Edith

e288 &) @op — HmEd B8
HEES  250-300 zg : 2888 <40 <10
e 250~300 :g 2 2888 <50 <10
oIREIE  250-300 zg B ;ggg <30 <5

IMESYNI=] 250~300 zg 2 :53888 <40 <10

6) FE= EZ(Objectives), ATHH(Meth-
ods), EJJ-(Results), ZE(Conclusion)9] AAZEo=Z
=oto] 250~3000] 2 ARt 28 ofjEof Ao
(Keywords)% gJEOoZ HY|3H}

7) 71E: A &olE ALt 1~2709] HolE 445 3~5
A9l 71REE 7IAE. sid 7|9 == MeSH(https://
meshb.nlm.nih.gov/search) ©f HA &= thoj& ZFAJ5H
o 7|19 B IRBARE AlQsha B ARARE H7]5)
o, & 71 5e AVEE() 2R ARt

8) 2Fol: AU A& U= ol &gt o]F2 WA #7]

T E3 Qo] oFolE ®7|5HH,  Ei= 1| AREH ©

Jf ot

Ol

ol 7t B 119 ArgollA Ageit

9) & Y o) 2 ofghH|of AR, E%h&%% SI &
& AR %, TE AL BE dH= A9} Hoj
At

10) F1Ed
« 22 S0l 8EH AU E [ ol 2 E 7] A it
« 229 3 oA ofF] 7o) JalEdE Q18 Hol=

23k 2ol 7| ARt
v

Oy Kim [3]2, Park & Lee [5]=, Brown S[7]2
25 SO HuEAY AAE 7IAchs S G last
(o)

name= 7 ]iq A7} 278 Ao T A&} Ato]
1, 3 oY i AR E7]5k

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

>4

FEd 5252 &
7 FEOE H7 ?_PE}.
The National Library of Medicine (NLM) ZZ&A|A|
(http://www.nlm.nih.gov/citingmedicine)& Wt 2+
Agict,

S}3] g2 ol &2 ;7|otE| =44 2Fo] | (PubMed 5
A HA AFO|E http://www.ncbi.nlm.nih.gov/jour-
nals) = KoreaMed SA1A] A4 Ato]E(http://www.
koreamed.org/JournalBrowserNew.php)& 115ttt
=2 283 4% 37l o] = <183t

5] 44jo] wet ofefelo} e

(1) et&x|

O F0d oA =2
AR, =2, shaA o] Ak A(R): AR o)A -u}A]
o} wjo]A]. o= 714

<ol
Mo YJ, Kim SB. Sodium related recognition, dietary attitude and
education needs of dietitians working at customized home visiting

health service. Korean J Community Nutr 2014; 19(6): 558-567.

AA}7} 701 ol AL AL 6A7FA] Z|ABT et al. S
ARG

<ol

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

@ &3 g A =2
. gh&x]oFo] Ak, Forthcoming. <22

https://kjcn.orkr


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

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

children. Korean J Community Nutr 2015. Forthcoming.

(2 MM

O HPE
ARG, AT, FAARY. SAR A=, p. AlZT o] A]-01A]
gEjo]A] oz 714

<ol

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

<ol

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

Health and Welfare; 2020. p. 25-46.

@ SYE 9] 3t FHbook chapter)
(chaper) A% (chapter) A%. In: BHA, editors.
AT WAL EWAL ALk, p. Al Ho]A]-upA] o]
A, =07 714

<ol

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

®HIE
Gz} HIAMY(translated version). TAALG. YA A=
original written by YAAY. EHALETAL. p. Al

7
2o x|-upx|epso] 4. 0. 714

<ol
Mo SM, Kwon SJ, Lee KS. Do you know dining table of children?
(translated version). 1st ed. Japanese original written by Adachi M.

Kyomunsa; 2000. p. 20-22.

(3) gEIA
AR}, HIA A=, 287)3; Ax 2. Report No. &
3. &02 7R

(ol

Lee YM. A study on development of food safety and nutrition ed—

https://kjcn.orkr

ucation program for preschooler. Ministry of Food and Drug Safe—

ty; 2013 Nov. Report No. 13162consumer110.

A} =2 B 73] oldEh dx o= 71 4
AFSF] =2 master’s thesis, BIAFSHFY =22 disserta-
tion2. & 7| Agtct.

<ot

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

(6) st=rs| ¥ MEX| Xt2
A}, HHAE. Proceedings of sh&tdd; A= € ¥;
A p. AEF o] Z]-upR|d; Ho]Z], =0 2 7|7

<o

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

6) 7IAt
DA 714
A2k, A A, A% 9: Hol. 202 714

<ol

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

@ A& A& 714
A2 Em 718 7IAAIE 4
A oz 714

<ol

Lee JH. Sodium reduction need to readjust policy. Food and Bev-
erage News. 2014 Sep 29; Sect. A: 1.

7) 22121 A=
@O FA|E
AAF B 713 A& [Internet]. A7 AX [cited &



T 9 . Available from: 54 &0 2 7|4

oy

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

@ o]z
A2} B 713 AE (Internet]. (371, A= [updat-

ed A= ¥ 4; cited A& € A]. Available from: Y54
+£o2 71

<ol

Ministry of Food and Drug Safety. Winter food poisoning, be care—
ful of norovirus [Internet]. Ministry of Food and Drug Safety; 2014
Nov 14 [updated 2014 Dec 11; cited 2015 Feb 1]; Available from:
http://www.mfds.go.kr/fm/article/view.do?articleKey=1245&~
searchTitleFlag=1&boardKey=4&menuKey=167& currentPage-
No=1

1NEEEIY

Ho} 1P JROE Aok, & Aol hiA

AEH AR BE Fo] YRy BEo o183 e
pd /\]

=

Table 1 & Fig. 1 522 17|38t} & 2
= AMESHA fhe Ae dAoE S, 3O A5

o), 28] AmE 2] shete] Tk, 27 1), 2), 3
502 Ureh|3 Sietel 1 8-S EAR &, EARA)

o HAl= E E72ol| P-values & AASk= A_i Sk,
ré_g_r:)-l. 761_?_ *’ **’ steskeste %_Q_E, révg_f:,-_ 76]_(')_ *’ **’ siesfeste %i’

o W9 Aol = a, b, ¢ 528 ARERIT

vi

o

©
]

7 B =2 W8olu ARRE vHE 4= gloh wAIA A
DF TUS e-mailZ 2o 3 ojufjo] wAst
o}, ok ARt ghoto] AfE =to] HaE
Als2tet. 2= AR %—EPQ] ANER 9 HY
A wAge], 5t 7HEH] 5 AQFE HE-E BT
o, AARg o] Al o] % =t AR Folls =i
AAE DA A EAYGE AAtE ¥ FEEt £ 750
A|E]A] of 3t A2 HA Q193] 9] 4o E AX 27T

=Rt S0 I BE FOARNE HAARRAR A
Ei=g

>
N

I
15
H
i

of

g

2 o>
o,

R
[ﬂl = o
- rOll

[\

41:
m

0

%

e

o},
o)
=

T MESA 4T MERE 21312, H0SI0|Y 9004%
Hzk 02-749-0747

A 02-749-0746

00| kjcndb@koscom.or.kr

https://kjcn.orkr


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

SR AL YIS B Rel KICN&

Korean Journal of Community Nutrition

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

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

H2Z (2)

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

H2E AHxe] 2238

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

HUZ @RI UF)
TP b 2 59 2.

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

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

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

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

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

ISk

il
ol
o

o

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

H6Z (HRHE)

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

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

2. =R 291 AL £ WSS AEG A

3. 2708 98 M S A

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

https://kjcn.orkr vii



A7 (BT 5o 37)

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

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

M8z (218 X 1 HZA

© AR} o A

~

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

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

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

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

.

HI10Z (=2 AlAtgiaio] Szt 2a))

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

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

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

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

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

(1
o

I

ol
e
filo
>

=

El

?l_

rr

H1E (S22 715)

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

AT o, 2] B AG

A B Ee} vLg Aol B A

AT O AF L AF D Heloh SEEA ) U AY

T 2A o el 230 B A

71Ek 91903] 9] Fofahe g

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

[©X WAV TSN OGS I )

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

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

ol

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

https://kjcn.orkr viii



ol

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

o|H

=

I

Folo] EyA 2AE A

AN5Z (Slello] 25 HAp

QAT-22) SN T BB RAE o)A, B2AL WYl BAR APele] WE 2A AGE 6719 ool BRE|oloF &
o}, &, o] 7|t o]l AL} o] 201417] o Frka ek Aol UG 52U AH 24/ A 5 Uk ABA &
L 2L Bl BRT 9ol BRE W Y2EE 302 o] ol uHe & 4 glov), fuUsdH ol AE
Sfol R B ARARE AT S Ao,

H16= (2%7|2le] H)

A-aEatd Ao Hid sjdoAls RAl | ARl i8-8 Ad SR8kl A3al 717 Wol &AM E AET 719
£ B 240 ﬂ“*ﬂL G 8 A AR F 18] ol R Y] 3ol 45t ez Y & A 7IE F=
S e &1 713 Folof At

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

H18ZE (S ZXt 2 Lh8)

9491519 A A7t U AL, I YoIABlE 23ste] A oI5 9 AA 8-S HFH o Ak AT
42 SRtk BAE 3]98o] sl Alote] A5e Telstel A3, WYYIke] RENFA, SURA] A Ei e
59 47AE & 4 lom, Wat A9 =E A A4 1 ATE BN 5 Itk

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

https://kjcn.orkr ix



AIHEEE

KJCN

=

[=2 £ & XA =RIAR]
X% C

&

Korean Journal of Community Nutrition

(20244 10€ 152 7HH)

(% Check = FIIAI0|E0) 274 MZEgLICE)
=Tl SIoIALEE Check
==EX| 1. M= - ==2A= EX Y QE
- G2 MS2 7|22 ARKE AY(H, 289 A Hojet 11} A= UEAIRE 2H) 2HE a1
HEAAT, SX-UAF G L= M IS E ¢7), QA A, HAN 260 = HEH 2N
9| 4% M= = 2XIF0| AFCIAR! KA
0il) Development and Effectiveness Evaluation of the STEAM Education Program on Food
Groups for Kindergarteners
- Development and effectiveness evaluation of the STEAM education program on food
groups for kindergarteners: a non-randomized controlled study
0il) Program Evaluation using the RE-AIM Framework: A Systematic Review and Applica—
tion to a Pilot Health Promotion Program for Children
—) Evaluation of the pilot health promotion program for children: a systematic review
2. MAFEE - MK A% 2 AE IR FRCE UM, H YE=EY 82 YRC=0 UM, FE 7|XHAl A%
Ho= X Y|
- MAFE 121 012 st 31U AL T, HIZ[O 22 HYLIHS0IM IF E= 22 7|20l A%E
ML ELY A ks
3. M= - =2HAlE 2 HHAE L NEHO|IHS2 A, IRBSQIALY A SUAI0IE HEDI 0 2=
(EIAMOIEN =2 HEA SAl HZE, =20l BAIRE AH)
4. ORCID - BE XXl ORCID 7I1&
0i)) Gildong Hong: https://orcid.org/0000-0000-0000-0000
5. Funding (SIS  Of)) This research was supported by a grant from the National Research Foundation of
Korea (Grant No. 000).
- S ok L8O glH2tE ‘None.” 22 7|Xj
g x=2 1. ZHE=N - Objectives—Methods—Results—Conclusion 2] #=A
2. 719 - Mz E01E H/gt 1~2712] Ho{= FLME 3~6712] 7|R= 7[XH
- 7|9=& MeSH (https://meshb.nlm.nih.gov/search)0f| ZAEj= o2 2
- 7|EE IRBAIE HQIEtE 25 ARXNE HI|ofH, 12 7|S= MOIZ2()22 &y
3. AOALE - OFO1E Holotil, 11 207t ==20llA O 0|4 AFSEX| =L 2f0] A S EHR QlZ. HA| B
(full name)2 2 =t
- AE F ¥ Ola 2Z20IM A8 22, M NS f017t SHE I T FR0H CHaH 2fo] H2
EREE 1. AdaM - H1O BN=E B YELE &Y
Title page, Abstract, Introduction, Methods, Results, Discussion, Conflict of Interest,
Acknowledgments, Data Availability, References, Tables, Figures &=AZ 2y
- Method®] Study design, Results2| A5, Discussion?| Limitations, Conclusion BIEA| 24
- EDN A B, J2S Igkolo] ofLtel Iz Hz2E
2.8A 7K HE7|1Y - BF H HE Heo| 7Y
0fl) IBM SPSS Statistics 25 (IBM Corp.)
0il) SAS 9.4 (SAS Institute)
3. Ethics Statement - XXtz ‘B (Method)” 2HIS HIZ 0f20f SI122(0] 26 YRO2 J|=.
(S+e2) TH, AFLE, WSKE 59 40 M2 HEE T S22 HAL
0i)) The informed written consent was obtained from each participant. The study protocol
was approved by the Institutional Review Board of *** (approval number: **¥),
*RB 7| 2HAl= ZE20] 7ITH(ELIA HE AFHE HFZE)
0f) Obtainment of informed consent was exempted by the institutional review board.
4. Conflict of Interest 0il) There are no financial or other issues that might lead to conflict of interest.
(Ole&3) 0il) Gildong Hong has been an editor since 2021. However, he was not involved in the
review process of this manuscript. Otherwise, there was no conflict of interest.
*MAEEE AZ20] 7[H(FLA I8 MRS PRE)
(continued to the next page)
https://kjcn.orkr X



(Continued)

=

SHRIARE

o

Check

5. Acknowledgments
(HA 2)

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

6. Data Availability
(Ho|87t8

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

BAE S18l= XS MEAE

~
o
o

=)

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

- 2 W Y020 280| Ha=o= £0f YU=X| =

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

O L
A2 87| 70 HoX sl

o I

8. H?l S 7IEF BAl

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

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

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

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

9. ®, I

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

[ J W e i =

*OAlE 20248 22 AM=ES B

https://kjcn.orkr

xi




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

1. K20l A 42 B 229 L8 402 BAGHIA 2 U= B XS 29 Z3 Q10 FA

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

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

02
oo

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

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

4. Bt O8E 43

=

ol
1z
rlo

BEFEC=Z HY|

ol

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

o
4) 7|Et 20| H2 |= S0l T2t =MU2 HEE 210 2152 HASIH B 2200 H7|e HSto| UX|0E &0l

g BA, 7B A= g

Xii https://kjcn.orkr



	kjcn_v31n3_cover
	kjcn_v31n3_내지

