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Abstract

Background: Adolescence is a formative period for lifelong dietary patterns, yet Korean
adolescents show low fruit and vegetable intake, high sugar and sodium consumption, and
rising obesity, highlighting the importance of multidimensional assessment that integrates
behavioral, cultural, environmental, and competency-related factors. Methods: A total of
1010 adolescents aged 12–18 years completed an online cross-sectional survey assessing
food intake, dietary and physical activity behaviors, dietary culture, and Food Literacy
(FL) competencies. Standardized scores were used for hierarchical and K-means cluster-
ing to identify dietary practice patterns, and between-cluster differences were examined
using ANOVA. Correlation and regression analyses were conducted to examine associa-
tions between Dietary Guideline Adherence (DGA) and FL. Results: Four clusters were
identified—selective intake–low support (20.4%), regular habits–unbalanced intake (33.3%),
high adherence (23.2%), and low adherence (23.1%)—with significant differences in DGA
total and domain scores (p < 0.001). The high-adherence cluster showed balanced intake,
regular routines, and strong household support, whereas the low-adherence cluster showed
poor diet quality, irregular behaviors, and lower socioeconomic status. FL differed across
clusters (p < 0.001) and correlated with DGA (r = 0.496, p < 0.01). Total FL predicted DGA
(β = 0.496, p < 0.001), explaining 25% of its variance (R2 = 0.246). Conclusions: Adolescent
diet quality appears to be associated with behavioral, cultural, and competency-related
factors. These findings suggest that cluster-specific strategies—such as fat–sugar–sodium
reduction, promotion of low-sodium and diverse diets, and maintenance of balanced-
dietary patterns—may support tailored school- and community-based nutrition programs
and inform further longitudinal and intervention research.

Keywords: dietary guideline adherence; food literacy; adolescent nutrition; cluster analysis;
dietary behaviors

1. Introduction
Adolescence represents a transitional stage between childhood and adulthood, charac-

terized by rapid physical growth as well as cognitive and emotional development. It is also
a critical period during which lifelong health-related behaviors are established. As adoles-
cents gain greater independence, their lifestyle and dietary habits are increasingly shaped
within the contexts of family, school, community, and cultural influences. Establishing
healthy eating patterns and engaging in adequate physical activity during this stage plays
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a crucial role in reducing the risk of obesity and chronic diseases in adulthood, thereby
enhancing long-term health and quality of life [1–3].

In response to these concerns, many countries have developed dietary guidelines
aimed at promoting healthy eating behaviors across populations, including adolescents.
The Dietary Guidelines for Americans are periodically revised to improve nutritional status
and overall health [4–6], highlighting inadequate fruit and vegetable consumption as well
as excessive intake of sugar-sweetened beverages and sodium among adolescents as major
issues [7,8]. Similarly, the Dietary Guidelines for Koreans (DGK) emphasize the importance
of balanced food intake, regular physical activity, and the development of sustainable
dietary cultures [9]. However, findings from the 2016–2019 Korea National Health and
Nutrition Examination Survey (KNHANES) indicated that only 1.4% of adolescents met the
recommended intake levels for both fruits and vegetables, whereas 79.5% failed to meet the
recommendations for either food group [10]. In contrast, sugar-sweetened beverage intake
remained high; adolescents aged 12–18 years consumed an average of 46–55 g of free sugars
per day, accounting for more than 10% of their total energy intake [11]. Sodium intake
also substantially exceeded the WHO recommended limits, with the rising consumption of
processed and fast foods has been further identified as a key risk factor contributing to the
deterioration of diet quality in this age group [12].

Consistent with these dietary patterns, the prevalence of obesity among Korean ado-
lescents more than doubled, from 5.6% in 2011 to 13.4% in 2021, with one of the steepest
increases reported among OECD countries [13]. Such trends are far from aligned with the
goals of promoting healthy and sustainable diets [14]. Moreover, the affordability and wide
availability of ultra-processed foods reinforce and entrench unhealthy eating behaviors
among adolescents [15]. Therefore, guiding adolescents toward healthier and more sustain-
able dietary practices requires not only individual-level efforts but also systemic changes
within the broader food environment.

While the family remains a key anchor for adolescents [16], their growing indepen-
dence in food choice has also been linked to negative perceptions of parental influence.
Evidence indicates a rising prevalence of meals consumed outside the home, accompanied
by greater intake of energy-dense, processed, and “trendy” foods, which have been linked
to less healthy dietary patterns [17,18]. Nevertheless, parental education and the house-
hold food environment continue to exert strong influence, with evidence that parental
role modeling and socioeconomic factors play a decisive role in shaping adolescent eat-
ing behaviors [19,20]. These dynamics suggest that adolescent dietary practices cannot
be fully explained by nutrient intake indicators alone; rather, they require a multidi-
mensional approach that considers food choices, dietary behaviors (e.g., meal regularity
and physical activity), and cultural or environmental factors (e.g., family support and
individual practices).

To address this complexity, the Dietary Guideline Adherence (DGA) tool—developed
based on the DGK—has been employed as a framework for comprehensively evaluating
adolescents’ dietary intake, dietary and physical activity behaviors, and dietary culture [21].
At the same time, increasing attention has been directed toward understanding dietary prac-
tices through the lens of practical competencies in everyday life. Food literacy (FL)—defined
as the knowledge, skills, attitudes, and behaviors required for planning, selecting, prepar-
ing, and consuming food [22]—is a critical capacity developed during adolescence [23,24]
and has a lasting influence on the establishment of healthy and sustainable dietary habits
in adulthood [25,26].

Accordingly, this study aimed to (1) apply the DGA tool to comprehensively assess
adolescents’ dietary intake, dietary behaviors and physical activity, and dietary culture in
order to identify clusters and their sociodemographic correlates, and (2) incorporate FL
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as a complementary indicator to examine whether these clusters align with adolescents’
practical dietary competencies.

2. Materials and Methods
2.1. Settings and Participants

A cross-sectional online survey was conducted between May and August 2023. Par-
ticipants were Korean adolescents aged 12–18 years who completed a web-based self-
administered questionnaire after being informed of the study’s aims and procedures and
providing consent. A stratified sampling design was employed, with 25% of respondents
recruited from county-level rural areas. To ensure representativeness, the sample size was
calculated to achieve a margin of error less than 0.04 at the 95% confidence level. In total,
1010 adolescents from 17 provinces, which were reclassified into six regions for analyti-
cal purposes (the Capital, Gangwon, Chungcheong, Jeolla, Gyeongsang, and Jeju) were
included in the final analysis after excluding incomplete or duplicate responses. Ethical
approval was obtained from the Institutional Review Board of Sangmyung University
(IRB-SMU-C-2023-1-0015).

2.2. Survey Instrument

Dietary behaviors were assessed using the DGA tool, developed in line with the
DGK [21]. The instrument consists of 24 items across three domains: food intake, dietary
and physical activity behaviors, and dietary culture. Items were rated on a five-point Likert
scale, with some reverse-coded, and higher scores indicated greater adherence. FL was
measured using a validated 19-item tool that covers five domains: selection, production,
distribution, preparation/cooking, and intake [27]. Higher scores represented stronger
competencies in healthy food practices and sustainability awareness. Sociodemographic
variables included sex, age, grade, residential area, household type, and economic status.
Self-reported height and weight were collected to calculate body mass index (BMI).

2.3. Data Analysis

To identify patterns of dietary practices among adolescents, cluster analysis was
conducted. This method classifies individuals into mutually exclusive groups based on sim-
ilarity, such that participants within a cluster share similar characteristics, while differences
are maximized between clusters [28,29]. A two-step strategy was employed to determine
the number of clusters. First, hierarchical cluster analysis using Ward’s method [30] with
squared Euclidean distance was applied to explore potential clustering solutions [31].
Examination of the scree plot and dendrogram suggested a four-cluster solution as a mean-
ingful and interpretable structure (Appendix A Figure A1). Subsequently, K-means cluster
analysis was performed to finalize group allocation, with different initial seeds tested to
ensure stability.

Clustering was performed using standardized (z-score) values of the 24 individual
items from the DGA assessment, encompassing food intake, dietary and physical activity
behaviors, and dietary culture domains. Although the DGA tool provides weighted scores
(0–100) reflecting domain importance, all items were standardized (z-scores, mean = 0,
SD = 1) prior to clustering so that each variable contributed equally [28,32]. The four
derived clusters were retained without reclassification [33–35].

As a reference measure, the Calinski–Harabasz index was calculated for clustering
solutions with varying numbers of clusters (k = 2–10) to evaluate relative cluster separation
(Appendix A Figure A2) [36]. Although the index was highest for solutions with fewer
clusters, the four-cluster solution was retained based on a balance between statistical
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separation and interpretability, consistent with prior clustering studies in nutrition and
public health research [37,38].

Between cluster differences were examined by comparing mean scores across clusters
using one-way analysis of variance (ANOVA) with Tukey’s post hoc tests. Chi-square
tests were conducted to examine differences in the distribution of categorical variables [39].
To explore associations between DGA and FL, Pearson’s correlation analysis was first
used to examine domain-level association patterns, and simple linear regression analysis
was subsequently conducted using composite scores to quantify the overall association
and explained variance. Normality of the variables was assessed using the Shapiro–Wilk
test. Descriptive statistics were used to summarize sociodemographic characteristics. All
analyses were conducted using SPSS version 29.0.2 (IBM Corp., Armonk, NY, USA), and
statistical significance was set at p < 0.05. In addition, cluster validity indices, dendro-
grams, and graphical visualizations were generated using Python version 3.14 (Python
Software Foundation, Wilmington, DE, USA) with pandas, NumPy, scikit-learn, SciPy,
and matplotlib.

3. Results
3.1. Cluster Profiles and Characteristics

A four-cluster solution was identified through the two-step cluster analysis (clus-
ter 1: n = 206, 20.4%; cluster 2: n = 336, 33.3%; cluster 3: n = 235, 23.2%; cluster 4:
n = 233, 23.1%). As shown in Figure 1a, total DGA scores and all three domain scores
(food intake, dietary and physical activity behaviors, and dietary culture) differed signif-
icantly across clusters (p < 0.001). Cluster 3 yielded the highest overall adherence (total
score = 69.61; food intake = 55.75; dietary and physical activity behaviors = 66.06; di-
etary culture = 80.71), whereas cluster 4 showed the lowest scores across all domains
(total = 39.54; food intake = 26.83; dietary and physical activity behaviors = 37.81; dietary
culture = 48.59). Cluster 1 demonstrated relatively high food intake (43.70) but below-
average scores in dietary and physical activity behaviors (49.56) and dietary culture (62.93),
while cluster 2 showed the opposite pattern, with low food intake scores (33.46) but higher
scores in dietary and physical activity behaviors (52.39) and dietary culture (72.05).

Significant differences were also observed at the item level (Table 1, Figure 1b–d). In
the food intake domain, cluster 3 reported the highest consumption of vegetables (total and
yellow), fresh fruits, beans/nuts, and grains, while cluster 4 showed the lowest intakes (all
p < 0.001). Cluster 1 had the lowest scores on reverse-coded items, including sweetened
beverages, salty soups, and fried foods, indicating the highest consumption of these items.
In contrast, cluster 2 scored highest on these items, indicating the lowest intake (p < 0.001).
In the dietary and physical activity behaviors domain, cluster 3 reported significantly
higher levels of vigorous exercise, weight management, daily meal frequency, and meal
regularity. Meanwhile, cluster 4 scored lowest on meal frequency and regularity (p < 0.001).
In the dietary culture domain, cluster 3 demonstrated the strongest household support (e.g.,
accessibility of fruits/vegetables and dairy products, as well as parental meal preparation)
and personal practices (e.g., checking expiration dates, using one’s own dishes, and using
local food). Meanwhile, cluster 4 consistently scored lowest across all items (p < 0.001).
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Figure 1. Visualized differences in total, domain-level, and item-level DGA scores across clusters:
(a) Total and domain-level DGA scores; (b) Food intake domain items; (c) Dietary and physical
activity behaviors domain items; (d) Dietary culture domain items.

Table 1. Weighted mean (SE) of total and domain-level Dietary Guideline Adherence (DGA) scores
by cluster 1 among adolescents aged 12 to 18 years.

Total
(N = 1010)

Cluster 1
(N = 206,
20.4%)

Cluster 2
(N = 336,
33.3%)

Cluster 3
(N = 235,
23.2%)

Cluster 4
(N = 233,
23.1%)

F 2

Weighted mean (weighted SE)
Total DGA score (overall) 54.46 (0.38) 54.07 (0.49) b3 54.44 (0.31) b 69.61 (0.45) c 39.54 (0.43) a 846.77 ***

Domain-level (subtotal)
scores

DGA food intake 39.21 (0.45) 43.70 (0.76) c 33.46 (0.45) b 55.75 (0.70) d 26.83 (0.60) a 415.4 ***
DGA dietary and physical

activity behaviors 51.63 (0.52) 49.56 (0.97) b 52.39 (0.72) b 66.06 (0.95) c 37.81 (0.84) a 171.22 ***

DGA dietary culture 66.79 (0.48) 62.93 (0.78) b 72.05 (0.48) c 80.71 (0.61) d 48.59 (0.76) a 439.93 ***

Food intake item-level
scores

Total vegetables 3.27 (0.03) 3.30 (0.06) b 3.14 (0.05) b 4.11 (0.05) c 2.58 (0.06) a 133.89 ***
Yellow vegetables 2.07 (0.03) 2.09 (0.07) b 1.70 (0.05) a 2.99 (0.08) c 1.67 (0.05) a 103.13 ***

Various food groups 2.78 (0.04) 3.06 (0.08) c 2.49 (0.05) b 3.56 (0.08) d 2.15 (0.06) a 84.88 ***
Fresh, whole fruits 2.40 (0.04) 2.78 (0.08) b 1.93 (0.05) a 3.21 (0.08) c 1.94 (0.06) a 99.34 ***

Meat or eggs 3.19 (0.04) 3.72 (0.07) c 2.96 (0.06) b 3.77 (0.07) c 2.45 (0.07) a 87.9 ***
Beans or nuts 2.91 (0.04) 2.95 (0.08) b 2.74 (0.06) b 3.74 (0.07) c 2.27 (0.06) a 78.17 ***

Dairy products 2.44 (0.04) 3.01 (0.08) b 2.07 (0.06) a 3.06 (0.08) b 1.84 (0.06) a 82.42 ***
Grains 3.12 (0.04) 3.42 (0.08) c 2.94 (0.07) b 3.71 (0.07) d 2.53 (0.08) a 43.03 ***

Fish or seafood 2.23 (0.03) 2.76 (0.07) b 1.81 (0.04) a 2.65 (0.06) b 1.97 (0.06) a 72.08 ***
Water 3.53 (0.07) 3.65 (0.15) 3.53 (0.11) 3.47 (0.14) 3.48 (0.13) 0.3

Sweetened beverages 3.35 (0.04) 2.26 (0.07) a 3.81 (0.05) c 3.57 (0.06) b 3.45 (0.07) b 117.68 ***
Spicy and salty soup 3.25 (0.03) 2.63 (0.06) a 3.49 (0.04) b 3.31 (0.06) b 3.38 (0.06) b 48.09 ***

Fried foods 3.51 (0.03) 2.68 (0.06) a 3.86 (0.04) c 3.56 (0.06) b 3.68 (0.06) bc 90.74 ***
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Table 1. Cont.

Total
(N = 1010)

Cluster 1
(N = 206,
20.4%)

Cluster 2
(N = 336,
33.3%)

Cluster 3
(N = 235,
23.2%)

Cluster 4
(N = 233,
23.1%)

F 2

Dietary and physical
activity behaviors
item-level scores
Vigorous exercise 2.60 (0.04) 2.91 (0.08) b 2.25 (0.05) a 3.26 (0.08) c 2.17 (0.06) a 61.31 ***

Effort to maintain healthy
weight 3.04 (0.04) 2.75 (0.08) a 3.12 (0.06) b 3.69 (0.07) c 2.52 (0.06) a 49.83 ***

Meals in a day 3.14 (0.03) 2.83 (0.07) b 3.38 (0.05) c 3.83 (0.06) d 2.39 (0.06) a 106.24 ***
Regularity of meals 3.50 (0.07) 3.59 (0.04) b 3.59 (0.03) b 3.74 (0.04) c 3.08 (0.05) a 52.14 ***

Dietary culture item-level
scores

Accessibility of fresh
fruits/vegetables at home 3.59 (0.03) 3.47 (0.07) b 3.76 (0.05) c 4.22 (0.06) d 2.82 (0.07) a 88.59 ***

Accessibility of fresh dairy
products at home 3.91 (0.03) 3.71 (0.06) b 4.25 (0.04) c 4.49 (0.05) d 3.02 (0.06) a 149.03 ***

Parental meal preparation 3.78 (0.03) 3.64 (0.06) b 4.01 (0.04) c 4.43 (0.04) d 2.89 (0.05) a 184.09 ***
Parental encouragement
toward healthy snacking 4.15 (0.03) 4.07 (0.07) b 4.49 (0.04) c 4.54 (0.05) c 3.33 (0.08) a 100.63 ***

Checking of expiration dates
on food packaging 2.78 (0.03) 2.80 (0.06) b 2.65 (0.04) b 3.31 (0.06) c 2.39 (0.06) a 46.94 ***

Use of one’s own dishes to
serve leftovers 3.56 (0.03) 3.28 (0.07) b 3.80 (0.05) c 4.11 (0.06) d 2.92 (0.07) a 75.63 ***

Use of local food 3.85 (0.03) 3.63 (0.07) b 4.07 (0.05) c 4.38 (0.05) d 3.18 (0.08) a 72.47 ***
1 The four clusters have been identified using a cluster analysis of the DGA scores, and they have been assigned
descriptive names that characterize the dietary adherence patterns of each cluster: Cluster 1 (selective intake-low
support), Cluster 2 (regular habits-unbalanced intake), Cluster 3 (high adherence), Cluster 4 (low adherence);
2 p-values are from F tests on cluster differences (*** p < 0.001); 3 Values within a row with identical letters were
significantly different, as determined by analysis of variance with Tukey post hoc tests.

Based on these patterns, the clusters were labeled as follows: selective intake–low sup-
port pattern (cluster 1), regular habits–unbalanced intake pattern (cluster 2), high adherence
pattern (cluster 3), and low adherence pattern (cluster 4), in line with previous studies that
named clusters according to dietary intake and lifestyle characteristics [33,40,41].

3.2. Selection of Items and Final Scales for Each Dietary Guideline Domain

Significant differences among clusters were observed for BMI (p = 0.017), sex
(p < 0.001), residential regions (p = 0.019), and economic status (p < 0.001), and no dif-
ferences were found for age, weight status, grade, or household type (Table 2). Cluster 1
showed the highest mean BMI (22.31 kg/m2), while cluster 2 had the lowest (21.21 kg/m2).
In terms of sex distribution, cluster 1 had a higher proportion of boys (66%), whereas
cluster 2 (62.5%), cluster 3 (50.6) and cluster 4 (59.7%) had a higher proportion of girls. The
distribution of clusters differed significantly across the six regions (χ2 = 28.441, p < 0.05),
indicating that cluster membership was associated with regional classification. With respect
to economic status, clusters 1 and 3 included more adolescents from high or upper-middle
households, whereas cluster 4 included more from low or lower-middle households.

Table 2. Weighted mean and sample size of demographics by cluster 1 for adolescents aged 12 to
18 years.

Demographics Total
(N = 1010)

Cluster 1
(N = 206,
20.4%)

Cluster 2
(N = 336,
33.3%)

Cluster 3
(N = 235,
23.2%)

Cluster 4
(N = 233,
23.1%)

F/χ2 2

Weighted mean (weighted SE)
Age (years) 15.98 (0.05) 15.83 (0.12) 16.11 (0.09) 15.91 (0.12) 15.99 (0.11) 1.32

BMI (kg/m2) 3 21.68 (0.14) 22.31 (0.33) b5 21.21 (0.21) a 21.44 (0.29) ab 22.03 (0.32) ab 3.41 *
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Table 2. Cont.

Demographics Total
(N = 1010)

Cluster 1
(N = 206,
20.4%)

Cluster 2
(N = 336,
33.3%)

Cluster 3
(N = 235,
23.2%)

Cluster 4
(N = 233,
23.1%)

F/χ2 2

Weight status 4 Sample size (weighted %)
Underweight 213 (21.1) 36 (17.5) 74 (22) 53 (22.6) 50 (21.5)

9.53Normal 515 (51) 100 (48.5) 180 (53.6) 124 (52.8) 111 (47.6)
Overweight 119 (11.8) 27 (13.1) 36 (10.7) 26 (11.1) 30 (12.9)

Obesity 163 (16.1) 43 (20.9) 46 (13.7) 32 (13.6) 42 (18)

Sex
Boy 472 (46.7) 136 (66) 126 (37.5) 116 (49.4) 94 (40.3) 46.76 ***Girl 538 (53.3) 70 (34) 210 (62.5) 119 (50.6) 139 (59.7)

Grade
Middle school (12~14 years old) 287 (28.4) 63 (30.6) 84 (25) 72 (30.6) 68 (29.2) 3.04High school (15~18 years old) 723 (71.6) 143 (69.4) 252 (75) 163 (69.4) 165 (70.8)

Residential regions 6

Capital region 428 (42.3) 83 (40.3) 161 (47.9) 89 (37.9) 95 (40.7)

28.441 *

Gangwon region 27 (2.7) 5 (2.4) 10 (3) 6 (2.6) 6 (2.6)
Chungcheong region 143 (14.2) 33 (16) 49 (14.6) 41 (17.4) 20 (8.6)

Jeolla region 119 (11.8) 28 (13.6) 31 (9.2) 23 (9.8) 37 (15.9)
Gyeongsang region 278 (27.5) 56 (27.2) 77 (22.9) 71 (30.2) 74 (31.8)

Jeju region 15 (1.5) 1 (0.5) 8 (2.5) 5 (2.1) 1 (0.4)

Research site
City area 750 (74.3) 160 (77.7) 256 (76.2) 161 (68.5) 173 (74.2) 5.97

Rural area 7 260 (25.7) 46 (22.3) 80 (23.8) 74 (31.5) 60 (25.8)

Household type
With family 975 (96.5) 195 (94.7) 328 (97.6) 225 (95.7) 227 (97.4) 4.34Alone 35 (3.5) 11 (5.3) 8 (2.4) 10 (4.3) 6 (2.6)

Economic status 8

Upper 77 (7.6) 20 (9.7) 14 (4.2) 24 (10.2) 19 (8.2)

36.02 ***
Upper-middle 259 (25.6) 66 (32) 82 (24.4) 70 (29.8) 41 (17.6)

Middle 495 (49) 90 (43.7) 180 (53.6) 111 (47.2) 114 (48.9)
Lower-middle 151 (15) 24 (11.7) 52 (15.4) 27 (11.5) 48 (20.6)

Lower 28 (2.8) 6 (2.9) 8 (2.4) 3 (1.3) 11 (4.7)
1 The four clusters have been identified using a cluster analysis of the DGA 24-item scores, and they have been
assigned descriptive names that characterize the dietary adherence patterns of each cluster: Cluster 1 (selective
intake-low support), Cluster 2 (regular habits-unbalanced intake), Cluster 3 (high adherence), Cluster 4 (low
adherence); 2 p-values are from F and χ2 tests on cluster differences (* p < 0.05, *** p < 0.001); 3 Weight and
height are self-reported; 4 Weight status is categorized according to body mass index (BMI) percentiles: a BMI
under the 5th percentile indicates underweight, between the 5th and 85th percentiles indicates normal, the
85th to 95th percentiles indicates overweight, and at or above the 95th percentile indicates obesity; 5 Values
within a row with identical letters were significantly different, as determined by analysis of variance with Tukey
post hoc tests; 6 Regions were reclassified as follows: Capital region (Seoul, Gyeonggi-do, Incheon), Gangwon
region (Gangwon-do), Chungcheong region (Daejeon, Sejong, Chungcheongbuk-do, Chungcheongnam-do), Jeolla
region (Gwangju, Jeollabuk-do, Jeollanam-do), Gyeongsang region (Busan, Daegu, Ulsan, Gyeongsangbuk-do,
Gyeongsangnam-do), and Jeju region (Jeju Special Self-Governing Province); 7 The administrative divisions of the
Republic of Korea include eup (towns), myeon (townships), and ri (villages) as rural units under provincial and
city jurisdictions; 8 Economic status is self-reported.

3.3. Distribution of Component Grades Across Clusters

Analysis of total DGA and domain-specific grades showed that approximately 25% of
participants were classified as “Excellent,” 50% as “Fair,” and 25% as “Poor” (Table 3).

In the food intake domain, cluster 3 had the highest proportion of “Excellent” grades
(74.5%) and no cases in the “Poor” category, indicating the strongest dietary intake. By
contrast, cluster 4 showed the highest proportion of “Poor” grades (57.9%), while clusters 1
and 2 were predominantly “Fair” (59.2% and 68.5%, respectively; p < 0.001). In the dietary
and physical activity behaviors domain, cluster 3 again scored highest (“Excellent” = 58.7%,
“Poor” = 3%), whereas cluster 4 showed the lowest performance with 58.4% in the “Poor”
category. Clusters 1 and 2 were mostly “Fair” (59.2% and 61.0%; p < 0.001). In the dietary cul-
ture domain, cluster 3 showed the strongest adherence (“Excellent” = 60.0%, “Poor” = 0%),
while cluster 4 showed the weakest adherence, with 77.3% rated “Poor.” Clusters 1 and
2 were largely “Fair” (61.7% and 68.2%; p < 0.001). Overall, cluster 3 consistently demon-
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strated high adherence across all domains, cluster 4 showed low adherence, and clusters 1
and 2 reflected intermediate levels of practice.

Table 3. Distribution of “Excellent,” “Fair”, and “Poor” dietary quality ratings by cluster 1 membership.

Component Grade Total
(N = 1010)

Cluster 1
(N = 206, 20.4%)

Cluster 2
(N = 336, 33.3%)

Cluster 3
(N = 235, 23.2%)

Cluster 4
(N = 233, 23.1%) χ2 2

Sample size (weighted %)
Total DGA
Excellent 3 256 (25.3) 24 (11.7) 19 (5.7) 213 (90.6) 0 (0.0)

1222.2 ***Fair 503 (49.8) 154 (74.7) 292 (86.9) 22 (9.4) 35 (15)
Poor 251 (24.9) 28 (13.6) 25 (7.4) 0 (0.0) 198 (85)

Food intake
Excellent 252 (25) 67 (32.5) 8 (2.4) 175 (74.5) 2 (0.9)

603.4 ***Fair 508 (50.3) 122 (59.2) 230 (68.5) 60 (25.5) 96 (41.2)
Poor 250 (24.8) 17 (8.3) 98 (29.2) 0 (0.0) 135 (57.9)

Dietary and physical
activity behaviors

Excellent 247 (24.5) 34 (16.5) 71 (21.1) 138 (58.7) 4 (1.7)
347.46 ***Fair 510 (50.5) 122 (59.2) 205 (61) 90 (38.3) 93 (39.9)

Poor 253 (25) 50 (24.3) 60 (17.9) 7 (3) 136 (58.4)

Dietary culture
Excellent 256 (25.3) 20 (9.7) 95 (28.3) 141 (60) 0 (0.0)

636.99 ***Fair 503 (49.8) 127 (61.7) 229 (68.2) 94 (40) 53 (22.7)
Poor 251 (24.9) 59 (28.6) 12 (3.6) 0 (0.0) 180 (77.3)

1 The four clusters have been identified using a cluster analysis of the DGA 24-item scores, and they have
been assigned descriptive names that characterize the dietary adherence patterns of each cluster: Cluster 1
(selective intake-low support), Cluster 2 (regular habits-unbalanced intake), Cluster 3 (high adherence), Cluster
4 (low adherence); 2 p-values are from χ2 tests on cluster differences (*** p < 0.001); 3 Scores are presented
as mean ± SD. Evaluation criteria were classified into three levels: Excellent (75–100%), Fair (25–74.9%), and
Poor (0–24.9%). For the total DGA score, Excellent = 62.6–100, Fair = 45.9–62.5, and Poor = 0–45.8. For food
intake, Excellent = 48.1–100, Fair = 28.8–48.0, and Poor = 0–28.7. For dietary and physical activity behaviors,
Excellent = 63.0–100, Fair = 40.5–62.9, and Poor = 0–40.4. For dietary culture, Excellent = 78.0–100, Fair = 56.5–77.9,
and Poor = 0–56.4.

3.4. Food Literacy Scores and Grades Across Clusters

Significant differences were observed in total FL scores and across all five
domains—selection, production, distribution, preparation/cooking, and intake (p < 0.001;
Table 4).

Table 4. Distribution of food literacy scores and grades by cluster 1 membership.

Food Literacy (FL) Total
(N = 1010)

Cluster 1
(N = 206, 20.4%)

Cluster 2
(N = 336, 33.3%)

Cluster 3
(N = 235, 23.2%)

Cluster 4
(N = 233, 23.1%) F/χ2 2

Mean ± SD
Total FL 52.78 ±16.40 52.72 ± 14.56 b3 50.96 ± 14.39 b 64.06 ± 15.68 c 44.05 ± 15.02 a 73.42 ***
Selection 61.83 ± 18.68 59.55 ± 17.29 b 63.27 ± 16.77 c 72.47 ± 16.36 d 51.03 ± 18.37 a 62.88 ***

Production 36.36 ± 24.45 35.26 ± 23.40 b 33.7 ± 23.03 b 48.30 ± 26.57 c 29.12 ± 20.73 a 29.20 ***
Distribution 48.18 ± 25.24 48.41 ± 24.58 b 45.37 ± 23.43 b 61.71 ± 24.69 c 38.40 ± 23.15 a 39.67 ***

Preparation and
cooking 63.62 ± 20.86 63.81 ± 19.47 b 62.58 ± 20.12 b 71.34 ± 19.15 c 57.16 ± 22.36 a 19.46 ***

Intake 54.33 ± 20.57 56.87 ± 18.27 c 50.58 ± 18.55 b 66.01 ± 18.62 d 45.74 ± 21.44 a 49.92 ***

Component grade 4 Sample size (%)
Upper 283 (28.0) 55 (26.7) 72 (21.4) 133 (56.6) 23 (9.9)

181.63 ***Upper middle 290 (28.7) 65 (31.6) 114 (33.9) 58 (24.7) 53 (22.7)
Lower middle 218 (21.6) 50 (24.3) 72 (21.4) 28 (11.9) 68 (29.2)

Lower 219 (21.7) 36 (17.5) 78 (23.2) 16 (6.8) 89 (38.2)
1 The four clusters have been identified using a cluster analysis of the Dietary Guideline Adherence (DGA) 24-item
scores, and they have been assigned descriptive names that characterize the dietary adherence patterns of each
cluster: Cluster 1 (selective intake-low support), Cluster 2 (regular habits-unbalanced intake), Cluster 3 (high
adherence), Cluster 4 (low adherence); 2 p-values are from F and χ2 tests on cluster differences (*** p < 0.001);
3 Values within a row with identical letters were significantly different (p < 0.05), as determined by analysis
of variance with Tukey post hoc tests; 4 Evaluation criteria were classified into four levels from total FL score:
Upper = 100–62, Upper middle = 51–61, Lower middle = 41–50, Lower = 0–40.
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Cluster 3 demonstrated the highest overall FL score (64.06 ± 15.68) and consis-
tently outperformed the other clusters in every domain (selection 72.47 ± 16.36, produc-
tion 48.30 ± 26.57, distribution 61.71 ± 24.69, preparation/cooking 71.34 ± 19.15, intake
66.01 ± 18.62). In contrast, cluster 4 had the lowest total score (44.05 ± 15.02) and scored
lowest in each domain: selection (51.03 ± 18.30), production (29.12 ± 20.73), distribution
(38.40 ± 23.15), preparation/cooking (57.16 ± 22.36), and intake (45.74 ± 21.44). Cluster 1
(52.72 ± 14.56) and cluster 2 (50.96 ± 14.39) fell within the medium range, with cluster 1
scoring particularly low in selection and production, and cluster 2 scoring below average
in all domains except selection.

Grade distributions also differed significantly across clusters (p < 0.001). Overall, 28.0%
of adolescents were classified as “Upper,” 28.7% as “Upper middle,” 21.6% as “Lower
middle,” and 21.7% as “Lower.” Cluster 3 had the highest proportion in the “Upper”
category (56.6%) and the lowest proportion in the “Lower” category (6.8%). In contrast,
cluster 4 had the smallest proportion in the “Upper” group (9.9%) and the largest proportion
in the “Lower” group (38.2%). Clusters 1 and 2 were mainly distributed in the “Upper
middle” category (31.6% and 33.9%, respectively).

3.5. Association Between Food Literacy and Dietary Guideline Adherence

As shown in Table 5, total DGA scores were positively correlated with total FL scores
(r = 0.496, p < 0.01). At the domain level, consistent positive correlation patterns were
observed between DGA and FL, providing insight into how specific components of food
literacy relate to dietary guideline adherence. In particular, relatively stronger associations
were observed for FL selection (r = 0.437) and intake (r = 0.429). Similarly, positive correla-
tions were observed between total FL and DGA domains, including food intake (r = 0.407),
dietary and physical activity behaviors (r = 0.334), and dietary culture (r = 0.402).

Table 5. Correlation analysis of each DGA and FL domain.

Total
DGA FI DPB DC Total FL Selection Production Distribution Preparation

and Cooking Intake

Total DGA 1 1
FI 2 0.773 **6 1

DPB 3 0.768 ** 0.404 ** 1
DC 4 0.793 ** 0.412 ** 0.413 ** 1

Total FL 5 0.496 ** 0.407 ** 0.334 ** 0.402 ** 1
Selection 0.437 ** 0.290 ** 0.298 ** 0.423 ** 0.789 ** 1

Production 0.330 ** 0.301 ** 0.213 ** 0.239 ** 0.705 ** 0.364 ** 1
Distribution 0.367 ** 0.315 ** 0.240 ** 0.291 ** 0.833 ** 0.364 ** 0.537 ** 1

Preparation and
cooking 0.276 ** 0.202 ** 0.177 ** 0.257 ** 0.603 ** 0.611 ** 0.281 ** 0.281 ** 1

Intake 0.429 ** 0.384 ** 0.312 ** 0.297 ** 0.725 ** 0.456 ** 0.446 ** 0.426 ** 0.406 ** 1

1 DGA, Dietary guideline adherence; 2 FI, Food intake; 3 DPB, Dietary and physical activity behaviors; 4 DC,
Dietary culture; 5 FL, Food literacy; 6 p-value was determined by correlation analysis (** p < 0.01).

Building on these domain-level association patterns, regression analysis was con-
ducted to quantify the overall relationship at the composite-score level. As shown in
Table 6, total FL was a significant predictor of total DGA (β = 0.50, t = 18.13, p < 0.001),
explaining approximately 25% of the variance (R2 = 0.25, F = 328.70, p < 0.001). Specifically,
a one-point increase in FL score was associated with a 0.67-point increase in DGA score
(B = 0.672).
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Table 6. Linear regression results for the association between food literacy and DGA score.

Variable B SE 2 β t p-Value 3

(constant) 16.157 2.07
Total DGA 1 0.672 0.037 0.496 18.13 <0.001

F = 328.7; p < 0.001; R2 = 0.246; adj.R2 = 0.245
1 DGA, Dietary Guideline Adherence; 2 SE, standard error; 3 p-value was determined by linear multiple
regression analysis.

4. Discussion
This study identified four clusters of Korean adolescents by comprehensively eval-

uating food intake, dietary and physical activity behaviors, and dietary culture based
on the DGK. Even with comparable total DGA scores, each cluster exhibited distinct
strengths and weaknesses across subdomains, underscoring that adolescent dietary be-
haviors cannot be sufficiently explained by a single intake indicator alone. Furthermore,
by incorporating FL into the analysis, this study clarified how multidimensional dietary
competencies—including food selection, production, distribution, preparation and cooking,
and intake—are associated with actual dietary quality.

The relationship between FL and DGA was also evident: the two indicators showed a
significant quantitative correlation, with the FL total score explaining approximately 25%
of the variance in the DGA total score. Specifically, a one-point increase in FL corresponded
to a 0.67-point increase in DGA, suggesting that adherence to dietary guidelines among
adolescents is closely tied not only to knowledge but also to practical competencies in
food selection, cooking, and intake. This finding is consistent with previous research
reporting a strong concordance between DGA and the Nutrition Quotient (NQ) [21] as well
as significant associations between the NQ and FL, thereby strengthening the validity of the
present interpretation [42,43]. Consequently, the cluster-specific characteristics observed
in this study can be understood within the broader context of competencies that extend
beyond food intake alone.

At the same time, the explanatory power of FL should be interpreted with appropriate
caution. Although FL accounted for a statistically significant proportion of variance in
dietary guideline adherence, approximately 75% of the variance remained unexplained,
indicating that adolescent dietary behaviors are inherently multifactorial. Factors beyond
individual competencies—such as food environment, household economic access, school
and community contexts, family support, and mental health—are likely to play a substantial
role in shaping dietary practices.

In addition, all variables in this study were assessed using self-reported data, which
may be subject to recall bias and social desirability bias. The absence of objective measures
of dietary intake or physical activity limits external validation of the identified patterns
and raises the possibility that the observed clusters may partially reflect differences in
response tendencies rather than true behavioral differences alone. Therefore, FL should
be regarded as one important determinant among multiple interacting factors influencing
dietary guideline adherence, rather than as a sole or dominant predictor. Future studies
incorporating objective dietary assessments and broader contextual variables are needed to
further validate and refine these findings.

Previous studies on adolescent diets, both domestic and international, have primarily
relied on intake indicators such as food frequency or nutrient intake to evaluate dietary
quality [28,44–46] and its associations with demographic factors such as sex, age, household
income, and parental education. While valuable, such approaches often fail to capture
the contextual and behavioral dimensions underlying adolescents’ actual dietary prac-
tices [33,47–49]. By contrast, the present study addressed these limitations by adopting

https://doi.org/10.3390/nu18020241

https://doi.org/10.3390/nu18020241


Nutrients 2026, 18, 241 11 of 19

a multidimensional framework that integrated food intake, behavioral elements such as
meal regularity and physical activity, and cultural factors such as household support and
personal practices. This approach revealed that groups with similar DGA scores nev-
ertheless differed in subdomains and FL levels [50,51], highlighting the importance of
multidimensional indicators for assessing adolescent dietary behaviors.

4.1. Evaluation of Checklist Alignment with Korean Dietary Guidelines

Cluster 1 (selective intake–low support pattern) exhibited high intake scores across
various food groups, suggesting balanced consumption. However, it also showed a high
intake of foods that require restraint, such as sweetened beverages, fried foods, and salty
soups, resulting in overall poor diet quality. Additionally, in terms of dietary behavior, meal
frequency was low. In the food culture domain, it exhibited characteristics of insufficient
social support, such as inadequate meal preparation at home and low parental support. This
aligns with prior research indicating that adolescents often find it challenging to maintain
healthy eating habits when parental support is low [52] and exhibit more desirable dietary
patterns when experiencing structured food parenting that respects autonomy [53,54].
Demographically, the cluster had a relatively higher proportion of male students and the
highest average BMI among the clusters. This aligns with prior research showing male
students consume more energy-dense snacks, sweetened beverages, and fast food than
female students [55–57] and also have higher rates of skipping breakfast than their female
counterparts [58]. Skipping breakfast is closely associated with increased consumption
of high-fat, high-sugar, and high-sodium foods [59,60], as well as higher BMI, which
may potentially increase the risk of weight gain and obesity in the long term [61–63].
Despite moderate overall FL, this cluster showed particular weaknesses in the selection
and production domains, including limited skills in evaluating quality, interpreting food
information, and considering sustainability. This aligns with evidence that boys often have
lower FL than girls in hygiene, cultural, and environmental aspects [64,65]. Therefore,
interventions should prioritize a “fat–sugar–sodium reduction” strategy, complemented by
healthier cooking methods, beverage choices, and family-based support such as cooking
and preparing meals together. Enhancing adolescents’ own competencies in food choice
and production through structured education is also crucial [66], given their growing
autonomy in food purchasing and dining-out practices [67].

Cluster 2 (regular habits–unbalanced intake pattern) was characterized by a higher
proportion of girls and exhibited stability in dietary behaviors and culture, including regu-
lar meals, strong parental support, and the lowest intake of sugar-sweetened beverages
and fried foods among the clusters. However, this group demonstrated marked imbal-
ance in food choices, with insufficient consumption of vegetables, fruits, and fish/seafood.
While its overall FL score was moderate, only the selection domain exceeded the mean,
suggesting an awareness of healthy selection that was not translated into actual intake [68].
This discrepancy indicates that environmental and social support alone may be insuffi-
cient if adolescents lack individual competencies in food preparation and consumption,
consistent with evidence that mere food availability does not guarantee intake unless
accessibility—such as ready-to-eat or prepared foods—is ensured [69–71]. These gaps may
partly relate to the relatively higher proportion of girls in this cluster, as prior studies have
shown that female adolescents are more prone than male adolescents to restrictive eating
for weight control [72,73] as well as to emotional eating [74–76], both of which can reduce
healthy food group consumption [77,78]. However, such patterns likely reflect broader
structural factors common to adolescents, including time constraints, reliance on school
meals, and limited exposure to a diverse range of foods [79]. Accordingly, this cluster may
be defined as possessing stable lifestyle habits but insufficient diversity in food intake due
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to limited preparation and intake skills. Intervention strategies should therefore emphasize
a “low-sodium and diverse diet” approach, maintaining control of discretionary foods
while prioritizing an increased intake of vegetables, fruits, and fish/seafood. Practical
approaches include offering fresh produce as snacks, incorporating fish and seafood as
protein sources, and adjusting school and household menus to ensure exposure to a di-
verse range of food groups. Community-level nutrition education and programs targeting
emotional eating could further strengthen food diversity, particularly when coordinated
across schools, families, and local organizations [80].

Cluster 3 (high adherence pattern) demonstrated the highest scores across food intake,
dietary behaviors, and dietary culture, as well as the highest FL across all five domains
when compared to the other clusters. This group represented the healthiest pattern, suggest-
ing that strong adherence to dietary guidelines is closely aligned with multidimensional
competencies in food selection, preparation, intake, and production [81]. The relatively
higher proportion of adolescents from middle to upper socioeconomic backgrounds also
reflects previous evidence that greater household resources and parental support facilitate
better diet quality [82–84]. Although no specific vulnerabilities were identified, adolescence
is a period of increasing autonomy and susceptibility to peer and media influences [85–87].
Maintaining these positive practices, therefore, requires sustained environmental support,
as dietary habits are dynamic and shaped by broader contexts over time [88,89]. For this
group, a “balanced diet” strategy is most appropriate. Maintaining the current diversity
of food intake is essential. At the same time, school and community initiatives could
help reinforce positive habits by promoting exemplary dietary practices and encouraging
peer-to-peer sharing of healthy eating experiences. Such reinforcement may support the
long-term continuation of healthy dietary behaviors established during adolescence.

Cluster 4 (low adherence pattern) was the most vulnerable group, characterized by
lower socioeconomic status and the lowest scores across food intake, dietary behaviors,
dietary culture, and all FL domains. This cluster demonstrated an insufficient intake of
fruits, vegetables, and protein sources, coupled with a high reliance on energy-dense foods
rich in fat, sugar, and sodium. Its members reported irregular and infrequent meals, low
levels of physical activity, and minimal parental support in terms of meal preparation
and encouragement. Weaknesses across all FL domains—particularly in selection, produc-
tion, and distribution—reflect not only poor intake but also structural limitations in food
management, preparation, and intake. These vulnerabilities appear closely linked to socioe-
conomic constraints, as limited-income households prioritize affordability over nutritional
quality [90–92] often perceiving healthy foods as more costly [93] and time-consuming,
which further increases reliance on convenience foods [94,95]. Such constraints also restrict
opportunities for physical activity [96,97] and reduce parental involvement [98] in dietary
support. Targeted interventions should prioritize a “low-sodium and diverse diet” strategy,
focusing on expanding access to vegetables and fruits, introducing low-sodium options at
schools, and encouraging shared family meals while also reducing dependence on high-
sodium convenience foods [99,100]. Enhancing dietary diversity is essential, and should be
combined with initiatives to increase physical activity, such as strengthening school-based
physical education, expanding access to sports programs, and encouraging outdoor family
activities. These combined approaches may help address the multifaceted vulnerabilities of
this group.

4.2. Implications

This study demonstrated that adolescent dietary patterns can be classified multidi-
mensionally by integrating food intake, behaviors, and culture through the DGA indicator,
and further contextualized by incorporating FL. This approach highlights the importance
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of examining interactions among domains and competencies, rather than relying solely
on intake-based indicators. Notably, the strong associations observed between the selec-
tion and intake domains of FL and overall DGA scores suggest that adolescents’ practical
abilities to select and consume healthy foods represent an important component of dietary
guideline adherence among multiple interacting factors, supporting the validity of the
DGA framework while underscoring the need for a comprehensive perspective.

From a policy perspective, school- and community-based programs should be tailored
to cluster-specific differences, combining strategies such as discretionary food control,
dietary diversity, regular meal promotion, and household support. For instance, in groups
where a gap between awareness and practice is evident (e.g., cluster 2), interventions that
strengthen preparation and cooking competencies and improve access to affordable and
nutritious foods may foster meaningful behavioral changes. Such strategies may include
increasing the availability of minimally processed foods, promoting simplified cooking
methods, and diversifying school menus, all of which can be effective in fostering these
changes. For socioeconomically disadvantaged groups (e.g., cluster 4), providing low-cost
balanced diets, subsidizing access to fruits and vegetables, and enhancing community-level
availability of fresh foods are essential.

Academically, conducting a combined analysis of FL and DGA demonstrates the po-
tential to complement and enrich the interpretation of adolescent dietary assessments and
suggests opportunities for developing new tools that combine these indicators. Practically,
dietitians, parents, and community stakeholders could utilize checklists or educational
resources tailored to cluster-specific needs, enabling more concrete and actionable guid-
ance. Ultimately, creating a multilayered environment that links education, school meals,
households, and communities is critical to ensuring that adolescents’ healthy food choices
are consistently translated into actual dietary practices.

4.3. Limitations

This study has several limitations. First, its cross-sectional design prevents causal
inferences between DGA, FL, and health outcomes. Second, both indices were derived from
self-reported questionnaires, which may be subject to recall and social desirability biases.
In addition, dietary intake patterns and physical activity levels were not assessed using
objective measures, such as dietary records or device-based physical activity assessments,
limiting external validation of the identified clusters. As a result, the observed clustering
patterns may partially reflect differences in response tendencies rather than true behavioral
differences alone. Third, body mass index (BMI) was calculated based on self-reported
height and weight. Previous research has shown that adolescents tend to underreport body
weight, which may lead to systematic underestimation of BMI and obesity prevalence.
Accordingly, the observed associations between cluster membership and obesity-related
outcomes should be interpreted with caution, as these relationships may be under- or
overestimated due to reporting bias. Fourth, as the DGA and FL tools were developed
based on Korean guidelines and contexts, their generalizability to adolescents in other
cultural settings is limited. Fourth, psychosocial factors such as peer influence, media
exposure, community environment, and emotional eating were not fully captured by the
survey-based measures. Finally, the clustering results may be influenced by methodological
choices, including the use of Ward’s hierarchical clustering with squared Euclidean distance.
Although this approach was selected to maximize interpretability and cluster homogeneity,
alternative distance metrics or linkage methods may yield different clustering structures.
In addition, the cluster-specific intervention strategies proposed herein remain theoretical
and require empirical validation in real-world settings.
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Future research should employ longitudinal designs to examine how adolescent DGA
and FL levels predict adult dietary behaviors and health outcomes over time, incorporate
objective dietary and physical activity measures to validate self-reported patterns, conduct
cross-cultural comparative studies, and evaluate the effectiveness of tailored interventions
through experimental or implementation-based approaches.

5. Conclusions
This study evaluated DKG adherence among Korean adolescents using the DGA across

multiple domains and identified four distinct clusters with varying strengths and vulnera-
bilities. Even with similar total scores, differences in subdomains and FL levels highlighted
the inadequacy of single indicators for explaining adolescent dietary behaviors. Moreover,
significant associations between FL and DGA, with FL predicting adherence levels, under-
score the close linkage between adolescents’ competencies and their guideline compliance.

These findings provide academic evidence for adopting multidimensional approaches
that integrate intake, behaviors, culture, and competencies in adolescent dietary assessment.
At the policy level, the proposed tailored strategies (e.g., fat–sugar–sodium reduction, low-
sodium and diverse diet, balanced diet) offer a practical basis for designing school- and
community-based nutrition programs. Practically, they may guide actionable interven-
tions in households and food service settings. Future studies should adopt longitudinal
designs to clarify how adolescent dietary characteristics shape adult health trajectories and
endeavor to develop culturally sensitive, context-specific intervention strategies to enhance
sustainable dietary practices.
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Appendix A

Figure A1. Dendrogram of hierarchical clustering using Ward’s method based on standardized
variables. The colored branches in the dendrogram are provided for visual distinction of hierar-
chical groupings and do not represent the final cluster solution. The analysis ultimately retained
four clusters.

Figure A2. Calinski–Harabasz index values for k-means clustering solutions with different numbers
of clusters (k = 2–10).
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