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Objectives: This study aimed to develop a NOVA-based scoring approach for evaluating ul-
tra-processed food (UPF) intake among Korean adults and to examine its performance. 
Previous studies have reported that young adults have the highest levels of UPF consump-
tion. Accordingly, this study focused on adults aged 19–40 years and developed scoring 
components reflecting dietary patterns specific to Korean eating habits.
Methods: Using 24-hour dietary recall data from adults aged 19–40 years in the Korea Na-
tional Health and Nutrition Examination Survey (2021–2023), foods were classified ac-
cording to the Korean-adapted NOVA system. The top 10 food groups accounting for ≥ 80% 
of cumulative UPF-derived energy were selected to construct the scoring components. The 
tool was operationalized using food frequency questionnaire (FFQ) data from the Gangwon 
cohort study (2022–2024). Intake frequencies were converted into scores ranging from 0 
(“rarely or never”) to 5 (“≥ 1 time/day”), and summed to generate the NOVA–UPF score 
(range: 0–50).
Results: Among 237 young adults (aged 20–49 years), the mean NOVA–UPF score was 
22.9 ± 8.3. A positive association was observed between the NOVA–UPF score and FFQ-
based UPF energy intake (Spearman’s ρ = 0.629, P < 0.001). Cross-classification showed 
that 51.9% were classified into the same tertile and 94.9% into the same or adjacent ter-
tiles, with a weighted kappa coefficient of 0.279.
Conclusion: This NOVA-based scoring approach may serve as a preliminary tool for assess-
ing UPF intake in Korean young adults. Further refinement and rigorous validation using 
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INTRODUCTION

Recent domestic and international studies describe ul-

tra-processed foods (UPFs) as products manufactured 

using industrially processed food (PF) ingredients and 

a wide range of additives [1]. These foods are charac-

terized by high energy density and increased added 

sugar, sodium, and saturated fat contents, while being 

low in dietary fiber and micronutrients [1]. Several epi-

demiological studies have reported that excessive UPF 

consumption increases the risk of major chronic dis-

eases, including obesity [2], dyslipidemia [3], metabolic 

syndrome [4, 5], and coronary and cerebrovascular dis-

orders [6]. Further, diets high in UPFs increase sugar, fat, 

and sodium intake, thereby lowering overall diet quality 

and emerging as an important public health concern [1, 

7, 8].

The NOVA classification system is a representative 

framework for classifying foods according to their level 

of processing [9]. It categorizes foods and beverages 

into four groups based on the purpose and extent of 

industrial processing: (1) minimally PF, (2) processed 

culinary ingredients, (3) PF, and (4) UPF [1]. In Korea, 

UPF consumption has steadily increased due to dietary 

westernization and the widespread availability of con-

venience foods, with particularly high intake observed 

among young adults [10-12]. This age group has irregu-

lar eating schedules due to academic or work demands 

and prefers convenient, palatable foods, making them 

more likely to consume PFs [11, 13]. Such trends reflect 

changing food consumption patterns among young 

adults and emphasize the need for early identification 

and monitoring of the health impacts of UPF intake.

Globally, several countries have developed and vali-

dated UPF intake assessment tools tailored to their di-

etary environments, and practical instruments for rap-

idly assessing UPF consumption are currently employed 

in Brazil, Senegal, Colombia, and other countries [14-

quantitative dietary assessment methods and more diverse populations are required be-
fore broader application.

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

17]. However, in Korea, a standardized and simplified 

assessment tool remains unavailable to evaluate UPF 

intake. Most studies rely on complex dietary assessment 

methods, including 24-hour recalls or food frequency 

questionnaires (FFQs), which require substantial time, 

cost, and analytical effort [15, 16]. Further, the rapidly 

evolving food environment has created a gap in up-to-

date data that can capture new dietary patterns and the 

changing trends in UPF consumption [14, 17]. There-

fore, the development of a standardized tool that en-

ables quick and simple assessment of UPF intake at the 

population level is warranted.

The need for a simplified UPF assessment approach 

reflecting Korean dietary habits has been recognized; 

however, existing international UPF tools are largely 

based on Western dietary patterns and may not ad-

equately capture the characteristics of Korean food 

consumption [18]. For example, traditional fermented 

condiments, such as Doenjang and Gochujang, are 

widely used as household cooking ingredients, but their 

commercial production may involve added sugars and 

seasonings, thereby making their level of processing 

nontrivial [19]. These considerations emphasize the 

need for developing a Korea-specific scoring approach 

that accounts for the unique characteristics of Korean 

dietary culture.

In this context, the present study serves as an initial 

step toward constructing a UPF intake scoring tool 

suitable for Korea. The NOVA–UPF scoring tool was 

developed as an FFQ-derived scoring approach based 

on selected food items relevant to UPF consumption, 

rather than as a standalone questionnaire. Major UPF 

food groups commonly consumed by young adults—

who exhibit relatively high UPF intake—were first iden-

tified using 24-hour recall data from the Korea National 

Health and Nutrition Examination Survey (KNHANES, 

2021–2023) and applying the Korean-adapted NOVA 

classification. The association between the constructed 
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score and the proportion of energy from UPFs was ex-

amined using FFQ data from the Gangwon Obesity and 

Metabolic Syndrome (GOMS) cohort study (2022–2024) 

to provide preliminary evidence on its performance in 

the Korean population.

METHODS

Ethics statement

The written informed consent was obtained from all par-
ticipants. This study was conducted with the approval of 
the Research Ethics Committee of Hallym University In-
stitutional Review Board (HIRB-2021-077-2-RR-CR-R-
CR-R).

1. Study design
This study was conducted as a cross-sectional study 

and reported in accordance with the Strengthening 

the Reporting of Observational Studies in Epidemiol-

ogy (STROBE) statement, available at https://www.

strobe-statement.org/.

2. Data collection
This cross-sectional study developed a simplified NO-

VA-based scoring tool for assessing UPF intake among 

young Korean adults and evaluated its performance. 

The study comprised two phases (Fig. 1).

Phase 1 used 24-hour dietary recall data from the KN-

HANES (2021–2023), a nationwide survey that annually 

assesses the health and nutritional status of a randomly 

selected representative sample of the Korean population 

through health examinations and nutrition surveys. This 

phase aimed to identify UPF items consumed by young 

adults. Food items were classified according to the 

NOVA food classification system [18, 19]. Food groups 

with high contributions to total energy intake were ex-

tracted among the identified UPFs, and the foundational 

components of the scoring tool included the top 10 food 

groups that collectively accounted for ≥ 80% of cumu-

lative energy contribution. A total of 4,285 adults aged 

19–40 years were initially included, whereas individuals 

with missing data or implausible daily energy intake (< 

500 kcal or > 5,000 kcal; n = 426) were excluded, leading 

to a final analytic sample of 3,859 participants.

Phase 2 used FFQ data from the GOMS cohort collect-

ed between 2022 and 2024. The GOMS study is an ongo-

ing observational cohort designed to investigate dietary 

and lifestyle determinants of obesity and metabolic 

health among Korean adults in Gangwon province [20].

The GOMS study employed a dish-based semiquan-

titative FFQ developed in 2009 to assess usual dietary 

intake over the preceding year, covering 112 food and 

dish items [21]. Participants reported the frequency 

of consumption across nine categories, ranging from 

“never or less than once per month” to “three times per 

day,” along with standard portion sizes. The FFQ has 

been previously validated and demonstrated acceptable 

reproducibility and validity [21]. In the present study, al-

coholic beverages were excluded from the NOVA classi-

fication, resulting in 109 items included in the analysis.

In the FFQ, food items were categorized based on pro-

cessing level using the NOVA system to assess UPF in-

take [19]. Scores for the NOVA–UPF tool were calculated 

using the UPF list identified in the 24-hour recall analy-

sis, whereas the FFQ-based UPF energy proportion was 

used as a reference indicator for assessing tool perfor-

mance. This study analyzed 237 adults aged 20–49 years 

(65 men and 172 women). Individuals with insufficient 

PHASE 1
24-hour dietary recall

(KNHANES, 2021–2023)

Korean NOVA classification

Evaluation of NOVA–UPF score performance

3,859 young adults
(19–40 years)

Identification of top 10 
UPF groups

237 adults
(20–49 years)

Development of the 
NOVA–UPF scoring tool

PHASE 2
FFQ

(GOMS, 2022–2024)

Fig. 1. Diagram of data analysis employed in the development 
and performance evaluation of the NOVA–UPF scoring tool. 
KNHANES, Korea National Health and Nutrition Examination 
Survey; FFQ, food frequency questionnaire; GOMS, Gangwon 
Obesity and Metabolic Syndrome; UPF, ultra-processed food.

https://www.strobe-statement.org/
https://www.strobe-statement.org/
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literacy, moderate or severe cognitive impairment, or 

participation in other clinical or observational studies 

were excluded [20].

3. Assessment of UPF intake and performance evaluation

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

data

To reflect contemporary dietary patterns, the present 

study used 24-hour dietary recall data from the KN-

HANES (2021–2023) to identify UPF food groups con-

sumed by Korean adults aged 19–40 years. The 24-hour 

dietary recall method requires respondents to report all 

foods and beverages consumed over the previous day 

[22].

All reported food items were classified into the four 

NOVA processing levels (Groups 1–4) following the 

framework proposed by Monteiro et al. [23]. Given that 

the original NOVA criteria may not fully capture domes-

tic food manufacturing processes or consumption con-

texts in Korea, a secondary classification was conducted 

using the Korean-adapted NOVA guidelines, which 

consider commonly consumed traditional foods such as 

kimchi, fermented soybean pastes, and side dishes [18].

Foods were re-examined using updated information 

on cooking methods, product names, brand informa-

tion, food types, nutrient composition (particularly 

sugar and sodium content), and ingredient lists to 

better reflect recent changes in the industrial food sup-

ply [18, 19]. The classification process was conducted 

through expert panel discussions involving specialists 

in nutritional epidemiology, and discrepancies were 

resolved through iterative deliberation until consensus 

was reached. Among the classified foods, only those 

categorized as ultra-processed (Group 4) were retained 

as candidate UPF items. A total of 2,081 food items were 

initially evaluated, of which 949 were classified as UPFs.

Among the identified UPF items, food groups with 

high contributions to total daily energy intake were se-

lected. The contribution of each UPF food group to total 

UPF-derived energy intake was calculated and ranked. 

Cumulative energy contribution was identified by se-

quentially summing energy contributions in descending 

order, and food groups accounting for approximately 

80% or more of cumulative UPF-derived energy were se-

lected as the final candidates for inclusion in the scoring 

tool [24].

2) Scoring of the tool using the FFQ

The NOVA–UPF scoring tool was developed based on 

24-hour dietary recall data from the 2021–2023 KN-

HANES, using the top 10 food groups that accounted 

for ≥ 80% of cumulative UPF-derived energy as scoring 

components. FFQ food items were grouped by match-

ing them to these 10 UPF food groups identified from 

the contribution analysis and the list of foods classified 

as NOVA Group 4 [19]. Details of how FFQ items corre-

spond to each scoring component are provided in Sup-

plementary Table 1.

The consumption frequency of each grouped FFQ 

item was scored using the frequency categories of the 

FFQ administered in the GOMS cohort (2022–2024). 

Frequency responses were converted into scores rang-

ing from 0 (“rarely or never”) to 5 (“≥ 1 time/day”) 

based on a six-point scale. The scores of all items were 

summed to generate an individual’s NOVA–UPF total 

score, with higher scores indicating higher UPF con-

sumption levels.

3) Assessment of tool performance

The performance of the NOVA–UPF scoring tool was 

assessed by evaluating its association with the propor-

tion of energy intake from UPFs (%kcal), derived from 

FFQ data. Each FFQ item was classified according to the 

NOVA processing level following established criteria 

[19], and the percentage of total energy intake attribut-

able to UPFs was calculated for each participant. This 

FFQ-based UPF energy proportion (%kcal) was utilized 

as the reference indicator.

To examine the extent to which the tool captured 

relative UPF intake, Spearman’s rank correlation co-

efficients were calculated between NOVA–UPF scores 

and the FFQ-based UPF energy proportion. In addition, 

both measures were categorized into tertiles to evalu-

ate agreement in classification, and cross-classification 

analyses along with the weighted kappa coefficient were 

used to assess concordance between the two indicators.
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4. Assessment of sociodemographic and lifestyle  
characteristics
Education level was classified into “middle school or 

below,” “high school graduate,” and “college or above.” 

Household income was categorized into “< 2 million 

KRW per month,” “2–4 million KRW,” and “≥ 4 million 

KRW.” Household composition was classified as sin-

gle-person or multi-person households. Alcohol con-

sumption was categorized as current drinking (yes/no), 

whereas smoking status was classified as never smoker 

(lifetime consumption < 100 cigarettes), former smoker, 

or current smoker. Physical activity was assessed follow-

ing the World Health Organization guidelines, which 

recommend at least 150 minutes of moderate-intensity 

physical activity or 75 minutes of vigorous-intensity 

activity per week. Vigorous-intensity activity time was 

multiplied by two and combined with moderate-inten-

sity time to identify total activity, after which partici-

pants were categorized into “none,” “insufficient,” and 

“sufficient” activity levels [25, 26].

5. Statistical analysis
KNHANES is based on a stratified, clustered, and sys-

tematic sampling design, and all statistical analyses 

were conducted by accounting for sampling weights, 

stratification variables, and clustering variables. The 

proportion of energy intake from UPFs (%kcal) was cal-

culated and categorized into tertiles using the 24-hour 

dietary recall data from KNHANES (2021–2023). Socio-

demographic characteristics and major variables of par-

ticipants were summarized using descriptive statistics 

based on the GOMS cohort (2022–2024). Consumption 

frequencies for the FFQ data for each food group were 

converted to scores of 0 to 5, and these were summed 

to obtain the NOVA–UPF total score. Total scores were 

expressed as means and standard deviations, and dif-

ferences across sociodemographic and lifestyle factors 

were assessed using independent t-tests and one-way 

analysis of variance.

Spearman’s rank correlation coefficient was used to 

examine the correlation between the NOVA–UPF score 

and the FFQ-based proportion of energy intake from 

UPFs. Further, both the NOVA–UPF score and the FFQ-

based UPF energy proportion were categorized into ter-

tiles, and cross-classification analysis was conducted to 

assess the degree of agreement between the two indica-

tors. The proportions of participants classified into the 

same tertile, adjacent tertiles, and opposite tertiles were 

calculated. Agreement between the two classifications 

was further evaluated using the weighted kappa coeffi-

cient. Stata MP version 17.0 (StataCorp LLC.) was used 

for all statistical analyses.

RESULTS

1. Comparison of energy intake (%) from subgroups 
of UPF in terms of gender among adults aged 19–40 
years: KNHANES in 2021–2023
Table 1 presents the adjusted mean percentage of ener-

gy intake from UPF subgroups among adults aged 19–40 

years according to gender. Overall, noodles and pasta 

dishes contributed the largest proportion of UPF-de-

rived energy intake (16.0%), followed by soda and bev-

erages (15.0%), breads and bakery products (13.4%), 

seasonings and condiments (10.2%), and traditional 

sauces (9.0%). Significant gender differences were ob-

served in several subgroups. Men had higher energy 

contributions from noodles and pasta dishes (17.1% in 

men and 14.1% in women, P < 0.001), traditional sauces 

(9.8% and 8.1%, P = 0.013), processed meat and pack-

aged meat products (10.1% and 7.1%, P < 0.001), and 

convenience or ready-to-eat foods (5.5% and 4.2%, P = 

0.011). Women had higher contributions from breads 

and bakery products (15.7% in women and 11.3% in 

men, P < 0.001), snack foods (8.0% and 4.7%, P < 0.001), 

frozen desserts or ice cream (3.1% and 2.0%, P = 0.001), 

and dairy products (5.4% and 3.0%, P < 0.001). No sig-

nificant gender differences were observed for the re-

maining UPF subgroups. Detailed characteristics of par-

ticipants according to tertiles of ultra-processed foods 

energy intake are provided in Supplementary Table 2.

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

UPF subgroups to total UPF energy intake based on 24-

hour recall data. The major contributing subgroups 

included noodles and pasta (15.4%), beverages (14.9%), 

and breads and baked goods (13.6%), which together 
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accounted for approximately 44% of total UPF energy 

intake. Seasoning products (10.3%), traditional sauces 

(8.7%), processed meats (8.3%), and snack foods (6.6%) 

followed, all of which demonstrated relatively high con-

tributions.

Conversely, chocolate products (3.6%), frozen des-

serts and ice cream (2.7%), processed seafood (2.8%), 

and dairy products (4.4%) contributed smaller propor-

tions. Dietary supplements, jams, processed rice cakes, 

fats and oils, pickled products, food additives, and sug-

ars each accounted for < 1% of total UPF energy intake. 

Overall, the top eight UPF subgroups contributed > 80% 

of total UPF-derived energy.

3. Scoring criteria for NOVA–UPF items according to 
consumption frequency
Table 2 shows the scoring criteria for each item includ-

ed in the NOVA–UPF scoring tool. The consumption 

frequency for each food group was categorized into six 

levels, scored from 0 (“rarely or never”) to 5 (“≥ 1 time 

per day”). The same scoring criteria were applied to 

all 10 major UPF food groups, including noodles and 

pasta, beverages, breads and baked goods, seasoning 

products, processed sauces/pastes, processed meats, 

snack foods, ready-to-eat or convenience foods, dairy 

products, and chocolate products. An individual’s to-

tal NOVA–UPF score was calculated by summing the 

scores across all food groups, with a possible total score 

ranging from 0 to 50. Higher total scores indicate more 

frequent UPF consumption.

4. General characteristics of study participants in terms 
of gender based on the FFQ among adults aged 20–49 
years from the GOMS cohort study in 2022–2024
Table 3 shows the characteristics of the 237 participants, 

comprising 27.4% (n = 65) men and 72.6% (n = 172) 

Table 1. Comparison of energy intake (%) from UPF subgroups according to gender among adults aged 19–40 years in the KN-
HANES (2021–2023) (n = 3,859)
UPF subgroups (%kcal) Total (n = 3,859) Men (n = 1,726) Women (n = 2,133) P-value
Noodles and pasta dishes 16.0 ± 0.5 17.1 ± 0.7 14.1 ± 0.6 < 0.001
Soda, beverages 15.0 ± 0.4 15.7 ± 0.6 14.2 ± 0.5 0.060
Breads and bakery products 13.4 ± 0.4 11.3 ± 0.6 15.7 ± 0.6 < 0.001
Seasonings and condiments 10.2 ± 0.3 10.3 ± 0.4 10.1 ± 0.4 0.705
Traditional sauces 9.0 ± 0.3 9.8 ± 0.5 8.1 ± 0.4 0.013
Processed meat and packaged meat products 8.6 ± 0.3 10.1 ± 0.5 7.1 ± 0.4 < 0.001
Snack foods 6.3 ± 0.3 4.7 ± 0.4 8.0 ± 0.4 < 0.001
Convenience or ready-to-eat foods 4.9 ± 0.3 5.5 ± 0.4 4.2 ± 0.3 0.011
Dairy products 4.2 ± 0.2 3.0 ± 0.3 5.4 ± 0.3 < 0.001
Cocoa and chocolate products 3.5 ± 0.2 3.4 ± 0.4 3.6 ± 0.3 0.581
Processed fish and seafood products 2.8 ± 0.2 2.7 ± 0.2 2.8 ± 0.2 0.772
Frozen desserts or ice cream 2.5 ± 0.2 2.0 ± 0.2 3.1 ± 0.3 0.001
Processed agricultural products 2.6 ± 0.2 2.8 ± 0.3 2.4 ± 0.2 0.285
Dietary supplements 0.8 ± 0.1 1.0 ± 0.2 0.5 ± 0.1 0.059
Jams and spreads 0.2 ± 0.0 0.2 ± 0.0 0.3 ± 0.0 0.131
Processed rice cakes 0.2 ± 0.0 0.2 ± 0.1 0.2 ± 0.1 0.783
Edible oils and fats 0.2 ± 0.1 0.1 ± 0.0 0.1 ± 0.0 0.980
Pickled or preserved foods 0.1 ± 0.0 0.1 ± 0.0 0.0 ± 0.0 0.459
Food additives 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.361
Sugars and sweeteners 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.318

Adjusted mean ± SE from multivariate regression models. 
All values, except for the total energy intake, are expressed as %kcal/day.
All estimates were calculated using sampling weights to account for the complex survey design of KNHANES.
P-values indicate overall differences according to gender.
UPF, ultra-processed food; KNHANES, Korea National Health and Nutrition Examination Survey.
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Fig. 2. Cumulative contribution of UPF subgroups based on 24-hour dietary recall data among adults aged 19–40 years in the KN-
HANES (2021–2023) (n = 3,859). UPF, ultra-processed food; KNHANES, Korea National Health and Nutrition Examination Survey.

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

Food group
NOVA–UPF score

Rarely or 
never

1–3  
times/month

1  
time/week

2–4  
times/week

5–6  
times/week

≥ 1  
time/day

NOVA–UPF 
score range

Noodles and pasta dishes 0 1 2 3 4 5 0–5
Soda, beverages 0 1 2 3 4 5 0–5
Breads and bakery products 0 1 2 3 4 5 0–5
Seasonings and condiments 0 1 2 3 4 5 0–5
Traditional sauces 0 1 2 3 4 5 0–5
Processed meat and packaged meat products 0 1 2 3 4 5 0–5
Snack foods 0 1 2 3 4 5 0–5
Convenience or ready-to-eat foods 0 1 2 3 4 5 0–5
Dairy products 0 1 2 3 4 5 0–5
Cocoa and chocolate products 0 1 2 3 4 5 0–5
Total possible score Total possible NOVA–UPF score: 0–50

UPF, ultra-processed food.

 
Fig. 2. Cumulative contribution of ultra-processed foods subgroups based on 24-hour dietary recall data 
among adults aged 19–40 years in the Korea National Health and Nutrition Examination Survey (2021–
2023) (n = 3,859). 
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women. Significant gender differences were observed 

in education level and smoking status (P = 0.011 and 

P < 0.001, respectively). Among men, 81.5% had a col-

lege-level education or higher, compared with 61.6% of 

women. Further, the proportion of current smokers was 

significantly higher among men (35.9%) than among 

women (8.8%).

Conversely, no significant gender differences were ob-

served in marital status, household income, household 

type, alcohol consumption, or physical activity level (P 

> 0.05). Overall, 82.7% of participants were married or 

living with a partner, and 67.1% had attained a college 

education or higher. Further, 60.3% reported a monthly 

household income exceeding 4 million KRW. Current 

drinkers accounted for 76.8% of the sample, whereas 

current smokers represented 16.2%. Regarding physi-

cal activity, 35.4% met the recommended activity level, 

whereas 43.9% reported no physical activity and 20.7% 

reported insufficient activity.

Table 3. General characteristics of study participants according to gender based on FFQ data among adults aged 20–49 years in the 
GOMS cohort study (2022–2024) (n = 237)
Variables Total (n = 237) Men (n = 65) Women (n = 172) P-value
Total 237 (100.0) 65 (27.4) 172 (72.6)
Marital status 0.925
  Spouse, including common-law partner 196 (82.7) 54 (83.1) 142 (82.6)
  Without a spouse1) 41 (17.3) 11 (16.9) 30 (17.4)
Education level 0.011
  ≤ Middle school 5 (2.1) 0 (0.0) 5 (2.9)
  High school 73 (30.8) 12 (18.5) 61 (35.5)
  ≥ College 159 (67.1) 53 (81.5) 106 (61.6)
Household income per month (million KRW) 0.913
  < 2 17 (7.2) 4 (6.2) 13 (7.6)
  2–4 77 (32.5) 22 (33.9) 55 (32.0)
  > 4 143 (60.3) 39 (60.0) 104 (60.5)
Household type (n = 236) 0.976
  Single member 22 (9.3) 6 (9.2) 16 (9.4)
  Non-single 214 (90.7) 59 (90.8) 155 (90.6)
Smoking status (n = 234) < 0.001
  Never smoker2) 171 (73.1) 29 (45.3) 142 (83.5)
  Former smoker 25 (10.7) 12 (18.8) 13 (7.7)
  Current smoker 38 (16.2) 23 (35.9) 15 (8.8)
Drinking status 0.287
  Current drinking 182 (76.8) 53 (81.5) 129 (75.0)
  Current abstainer3) 55 (23.2) 12 (18.5) 43 (25.0)
Recommended PA levels4) 0.160
  No PA Level 104 (43.9) 23 (35.4) 81 (47.1)
  Insufficient or inactive PA levels 49 (20.7) 18 (27.7) 31 (18.0)
  Recommended PA level 84 (35.4) 24 (36.9) 60 (34.9)

n (%).
P-values between groups were identified using chi-squared tests.
Sample sizes vary depending on the variables.
FFQ, food frequency questionnaire; GOMS, Gangwon Obesity and Metabolic Syndrome; PA, physical activity.
1)Without a spouse: individuals who are separated, divorced, widowed, or never married.
2)Never smokers: those who have smoked < 100 cigarettes over their lifetime.
3)Current abstainer: no lifetime experience of alcohol consumption or no alcohol intake during the past year.
4)Recommended PA level: engaging in at least 150 minutes per week of moderate-intensity physical activity or 75 minutes per week of vigorous-inten-
sity physical activity.
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Table 4. Mean NOVA–UPF scores according to general charac-
teristics of participants in the GOMS cohort study (2022–2024) 
(n = 237)

Variables NOVA–UPF 
score P-value

Age (year) 0.610
  20–29 21.3 ± 7.1
  30–39 23.6 ± 8.7
  40–49 22.8 ± 8.3
Gender 0.500
  Men 23.5 ± 8.6
  Women 22.6 ± 8.2
Marital status 0.907
  Spouse, including common-law 

partner
22.9 ± 8.2

  Without a spouse1) 22.7 ± 8.7
Education level 0.259
  ≤ Middle school 24.8 ± 8.7
  High school 21.6 ± 8.2
  ≥ College 23.4 ± 8.3
Household income per month  

(million KRW)
0.373

  < 2 22.1 ± 10.0
  2–4 21.9 ± 7.8
  > 4 23.5 ± 8.3
Household type 0.388
  Single member 21.5 ± 10.0
  Non-single 23.1 ± 8.1
Smoking status 0.343
  Never smoker2) 22.8 ± 8.3
  Former smoker 25.0 ± 9.4
  Current smoker 22.0 ± 7.6
Drinking status 0.959
  Current drinking 22.9 ± 8.2
  Current abstainer3) 22.8 ± 8.7
Recommended PA levels4) 0.584
  No PA Level 22.7 ± 8.7
  Insufficient or inactive PA levels 24.0 ± 7.4
  Recommended PA level 22.5 ± 8.3

Mean ± SD.
P-values were obtained from an independent t-test or one-way ANOVA.
UPF, ultra-processed food; GOMS, Gangwon Obesity and Metabolic 
Syndrome; PA, physical activity.
1)�Without a spouse: individuals who are separated, divorced, widowed, 
or never married.

2)�Never smokers: those who have smoked < 100 cigarettes over their 
lifetime.

3)�Current abstainer: no lifetime experience of alcohol consumption or 
no alcohol intake during the past year.

4)�Recommended PA level: engaging in at least 150 minutes per week 
of moderate-intensity physical activity or 75 minutes per week of vig-
orous-intensity physical activity. 

5. Mean NOVA–UPF scores according to general char-
acteristics of participants aged 20–49 years from the 
GOMS cohort study, 2022–2024
Table 4 shows the NOVA–UPF scores according to par-

ticipants’ general characteristics. The mean NOVA–UPF 

score for all participants was 22.9 ± 8.3 (range: 0–50), 

and no significant difference was observed between 

men and women (P = 0.500). Similarly, NOVA–UPF 

scores did not significantly differ according to age, mar-

ital status, education level, household income, house-

hold type, smoking status, drinking status, or physical 

activity level (P > 0.05). Overall, the distribution of 

NOVA–UPF scores remained relatively consistent across 

all subgroups.

6. Cross-classification of participants by tertiles of UPF 
energy intake (%) and NOVA–UPF scores using the FFQ 
from the GOMS cohort study in 2022–2024
Table 5 presents the cross-classification of participants 

by tertiles of the NOVA–UPF scores and FFQ-based UPF 

energy intake (%kcal). Overall, 51.9% of participants 

were classified into the same tertile, and 94.9% were 

classified into the same or adjacent tertiles, while 5.1% 

were classified into opposite tertiles. The weighted 

kappa coefficient was 0.279 (standard error = 0.046). In 

addition, a positive correlation was observed between 

the NOVA–UPF score and FFQ-based UPF energy intake 

(Spearman’s ρ = 0.629, P < 0.001).

DISCUSSION

This study examined the performance of a Korean 

NOVA-based UPF scoring tool developed to rapidly as-

sess UPF intake among Korean adults. Analysis of 24-

hour dietary recall data from the KNHANES identified 

noodles, beverages, breads, seasoning products, and 

processed sauces/pastes as major contributors to UPF 

energy intake, which were subsequently used to con-

struct the scoring components. The NOVA–UPF score 

was positively correlated with the proportion of energy 

intake from UPFs (%kcal) derived from the FFQ (Spear-

man’s ρ = 0.629, P < 0.001). Cross-classification of ter-

tiles showed that the largest proportion of participants 

was classified into the same tertile for both measures.

A notable strength of this study is that the develop-
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ment of the scoring components accounted for the 

unique characteristics of Korean dietary culture. Foods 

such as seasoning products and fermented sauces are 

widely consumed in Korea and traditionally classified 

as minimally processed. However, modern commercial 

production frequently incorporates added sugars, flavor 

enhancers, and stabilizers, thereby complicating classi-

fication according to NOVA criteria [27, 28]. These char-

acteristics are not fully captured in Western-developed 

assessment tools [14-17], highlighting the importance 

of incorporating Korea-specific dietary features into tool 

development.

Previous international studies have reported positive 

correlations between NOVA-based UPF scores and 

reference indicators of UPF intake [14, 15]. In Senegal, 

a validation study demonstrated a positive linear rela-

tionship between score categories and mean UPF intake 

from repeated 24-hour recalls (P < 0.001) [15]. Similarly, 

a study of young women in Colombia reported a posi-

tive linear association between NOVA–UPF scores and 

the percentage of energy from UPFs (P < 0.001) [16]. 

Although those studies used repeated 24-hour recalls 

as reference measures and the present study used FFQ-

based indicators, the consistent positive associations 

across different dietary assessment methods suggest 

that NOVA-based scoring approaches may have poten-

tial for ranking individuals according to relative UPF 

intake. The present findings provide preliminary sup-

port for the use of a simplified NOVA-based scoring tool 

within FFQ-based research contexts.

International UPF assessment tools generally empha-

size Western-typical UPFs, including breads, fast foods, 

chocolate, and sugary beverages [14-16]. In contrast, 

our analysis showed that Korean adults derive substan-

tial UPF energy not only from noodles, beverages, and 

breads but also from seasoning products and processed 

sauces/pastes. These differences reflect culturally dis-

tinct dietary patterns and contribute to structural vari-

ation in tool design between Korean and Western con-

texts. Direct comparisons across tools should therefore 

be interpreted with caution.

In Korea, UPF consumption has been increasing, 

particularly among young adults [11, 12]. The rise of sin-

gle-person households has increased demand for con-

venience and ready-to-eat foods [12, 29], and exposure 

to food-related content and marketing through social 

media may further influence UPF consumption [12, 30-

32]. Considering these trends, systematic approaches 

for monitoring UPF intake are needed. The observed as-

sociation between the NOVA–UPF score and FFQ-based 

UPF energy intake suggests that this scoring tool may 

have potential as a preliminary assessment approach in 

FFQ-based epidemiologic studies. The tool should be 

interpreted as an FFQ-derived summary score rather 

than an independently administered dietary assessment 

instrument.

Limitations
This study has several limitations. First, both the NOVA–

UPF score and the reference indicator were derived 

from FFQ data, indicating that the evaluation reflects 

internal consistency rather than true external valida-

tion. This may have contributed to a modest overes-

timation of the observed association, and validation 

against quantitative dietary assessment methods such 

as repeated 24-hour recalls was not performed. In ad-

Table 5. Cross-classification of participants by tertiles of UPF energy intake (%) and NOVA–UPF scores based on FFQ data in the 
GOMS cohort study (2022–2024) (n = 237) 

UPF consumption (%kcal)
NOVA–UPF score

Total
T1 (lowest) T2 (middle) T3 (highest)

T1 (lowest) 53 (67.1) 20 (25.3) 6 (7.6) 79 (100)
T2 (middle) 23 (29.1) 32 (40.5) 24 (30.4) 79 (100)
T3 (highest) 6 (7.6) 27 (34.2) 46 (58.2) 79 (100)
Total 82 (34.6) 79 (33.3) 76 (32.1) 237 (100)

n (%).
The weighted kappa coefficient for agreement across tertiles was 0.279.
Spearman’s correlation coefficient = 0.629, P < 0.001.
UPF, ultra-processed food; FFQ, food frequency questionnaire; GOMS, Gangwon Obesity and Metabolic Syndrome.
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dition, the weighted kappa coefficient indicated only 

fair agreement between the score-based classification 

and FFQ-derived UPF intake tertiles, suggesting limited 

exact concordance between the 2 measures. However, 

the relatively low proportion of extreme misclassifica-

tion indicates that the tool may still have potential for 

ranking individuals according to relative UPF intake 

rather than for precise classification. Second, the study 

sample primarily comprised young adults, limiting gen-

eralizability to middle-aged or older populations. Third, 

participants were recruited from a specific geographic 

region, and caution is warranted when extrapolating 

the findings to the broader Korean adult population. Fi-

nally, scoring components were derived from UPF food 

groups identified using national 24-hour recall data; 

however, the ongoing diversification of UPF products in 

Korea suggests that the tool may not fully capture all rel-

evant UPF categories. Further refinement and validation 

may be needed as food consumption patterns evolve.

Conclusion
This study evaluated the performance of a Korean 

NOVA-based scoring tool developed to assess UPF 

consumption among Korean adults. The tool was con-

structed by identifying major UPF-contributing food 

groups from national 24-hour dietary recall data and 

incorporating food categories reflecting Korean dietary 

characteristics. The positive association observed be-

tween the NOVA–UPF score and FFQ-based UPF energy 

intake suggests that the score may capture relative dif-

ferences in UPF consumption among individuals. This 

study represents a preliminary analysis to explore the 

feasibility of applying a structured NOVA-based scoring 

approach within existing FFQ-based cohort data. These 

findings indicate that the tool should be considered a 

preliminary assessment approach. Further refinement 

and rigorous validation using quantitative dietary as-

sessment methods and more diverse populations are 

required before broader application.
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