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Background: Excessive consumption of ultra-processed foods (UPFs) has been 
linked to an increased risk of cardiovascular disease. We aimed to investigate the 
association between the percentage of energy intake from UPFs and the American 
Heart Association’s cardiovascular health (CVH) metrics in Korean adults.

Methods: This study analyzed adults aged 40 years and older using data from the 
Korean National Health and Nutrition Examination Survey 2016–2018 (n = 9,351). All 
foods or beverages reported in a 24-h dietary recall were categorized using the NOVA 
system, and the percentage of energy from UPFs was calculated. Each CVH metric 
was scored 0–2 (poor, intermediate, ideal). The sum of six component scores was 
classified as inadequate, average, or optimum. Multinomial logistic regression models 
were used to estimate the covariate-adjusted odds ratios (ORs) and 95% confidence 
intervals (CIs) for inadequate and average CVH versus optimum CVH.

Results: The mean percentage of energy from UPFs was 24.2%. After adjusting for 
covariates, participants in the highest UPF quartile had 26% higher odds of having 
inadequate CVH than those in the lowest quartile (OR 1.26, 95% CI 0.94–1.69, P-
trend  =  0.03). The percentage of energy from UPFs was positively associated with 
current smoking, physical inactivity, body mass index, and total cholesterol and 
was inversely associated with blood pressure and fasting glucose.

Conclusion: The percentage of energy from UPFs accounted for one-fourth 
of total calorie intake in Korean adults aged 40  years and older. Higher UPF 
consumption was associated with poorer CVH, underscoring the potential of 
limiting UPF consumption as a preventative measure for cardiovascular diseases.
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Introduction

Cardiovascular diseases (CVDs) are the leading cause of death globally, responsible for 32% 
of all deaths in 2019 (1). In Korea, heart disease is the second leading cause of death in 2019, 
accounting for 59.6 and 61.3 deaths per 100,000 population for males and females (2). To 
monitor and improve CVD rates, the American Heart Association (AHA) has developed seven 
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cardiovascular health (CVH) metrics consisting of smoking status, 
physical activity, healthy diet score, body mass index, total cholesterol, 
blood pressure, and fasting glucose (3). These metrics align with the 
leading modifiable global CVD risk factors, according to the Global 
Burden of Disease Study (4). Research indicates that having more ideal 
CVH metrics is associated with a considerably lower risk of CVD 
incidence and mortality (5, 6).

Among the behavioral risk factors for CVD, dietary factors 
contribute the most to CVD mortality (4). Ultra-processed foods 
(UPFs) have drawn attention due to their harmful impact on health 
and increasing consumption (7). UPFs, as defined by NOVA, are often 
energy-dense, high in sugar, unhealthy fat, and salt, and low in fiber, 
protein, vitamins, and minerals (8). Examples include sweetened 
beverages, energy drinks, packaged snacks, processed cheese, instant 
sauces, nuggets, sausages, hot dogs, and ready-to-eat foods (8). 
Although UPFs are convenient to eat, tasty, and inexpensive (8), a 
growing body of evidence indicates their negative effects on health. 
According to previous studies, the consumption of UPFs is associated 
with lower nutritional quality of diets (9) and higher risks of chronic 
disease incidence including type 2 diabetes (10), cancer (11), 
cardiovascular disease (12), as well as mortality (13), and metabolic 
conditions including overweight and obesity (14), dyslipidemia (15), 
and hypertension (16).

Few studies have examined the relationship between UPF intake 
and CVH metrics, which assess cardiovascular risk comprehensively. 
In the United States, two studies have found an inverse association 
between UPF consumption and CVH metrics in both adults and 
adolescents (17, 18). Given an increasing trend in UPF consumption 
(19) and the burden of CVDs in Korea (2), it is necessary to examine 
the association between UPF consumption and CVH. Therefore, this 
study aimed to investigate the association between the percentage of 
energy intake (%E) from UPFs and the AHA’s CVH metrics (excluding 
diet) in Korean adults aged 40 years and older, using data from the 
Korea National Health and Nutrition Examination Survey 
(KNHANES) 2016–2018. We  hypothesized that higher UPF 
consumption would be associated with poorer CVH.

Methods

Study population

The KNHANES, administered by the Korea Disease Control and 
Prevention Agency, is an ongoing, cross-sectional, and nationally 
representative survey to monitor the health and nutritional status of 
the noninstitutionalized civilian population in Korea (20). To ensure 
the representativeness of the noninstitutionalized Korean population, 
KNHANES used a complex and multistage probability sampling 
design (20). KNHANES data collection includes health interviews, 
health examinations, and nutrition surveys. More information on the 
rationale, design, and methods of the KNHANES is detailed elsewhere 
(20). For the 7th KNHANES (2016–2018), 31,689 persons were 
screened, and 24,269 participants completed at least one or more 
surveys of health interviews, health examinations, and nutrition 
surveys (response rate: 76.6%) (21).

Among 13,959 adults aged 40 years and older, we  excluded 
participants if they had the following conditions: missing information 
on dietary data or implausible energy intakes (<500 kcal or > 5,000 kcal) 

(n = 2,430); pregnant or lactating (n = 4); self-reported severe diseases 
(n = 1,290); missing information on CVH metrics (n = 884). The final 
analytic sample included 9,351 adults (Supplementary Figure 1). The 
study protocol was approved by the Institutional Review Board of 
Hallym University (HIRB-2021-087-R-CR).

Assessment of ultra-processed food 
consumption

The nutrition survey was administered 1 week after the health 
interviews and examinations. Trained dieticians collected dietary 
information (description, quantity, and time and place of eating) on 
all foods and beverages consumed using a 24-h dietary recall. The 
respondents reported the quantity of consumed foods and beverages 
in units of volume with the assistance of standard measuring tools 
and/or guides. The multiple-pass method was used to obtain a 
complete food recall while minimizing respondent burden. Daily 
energy and nutrient intakes were estimated from the Ninth Edition of 
the Korean Food Composition Table of the Rural Development 
Administration (22).

A NOVA classification system was used to classify all reported 
foods or underlying ingredients of mixed dishes into one of four food 
categories based on the extent and purpose of food processing. In 
NOVA, the first group indicates unprocessed or minimally processed 
foods; the second group indicates processed culinary ingredients; the 
third group indicates processed foods; and the fourth group indicates 
UPFs (23). A Korean NOVA system, based on the matrix maintenance 
of natural foods and traditional eating experiences, was used to 
account for the uniqueness of Korean cuisine (dish-based with 
multiple ingredients) (24). For example, Korean fermented sauces 
(e.g., soybean paste) can be classified as UPFs in the original NOVA 
system, while they could be classified as either ultra-processed or 
processed foods in the Korean NOVA system, depending on whether 
they are produced through mass production or traditionally. Detailed 
examples are available elsewhere (24). During the 24-h dietary recall 
interview, participants reported consuming 3,894 items in 2016–2018. 
Unprocessed or minimally processed foods included raw vegetables, 
fruits, meats, and grains (966 items). Processed culinary ingredients 
comprised condiments and oils (247 items). Processed foods include 
soups, stews, kimchi, and grilled or marinated vegetables and meat 
(504 items). Ultra-processed foods included mass-produced bread, 
snacks, soft drinks, and noodles (2,177 items).

Two investigators (S.J. and JY.K.) classified all foods and 
ingredients of mixed dishes into one of the four food groups in NOVA, 
and the entire classification was thoroughly cross-checked against one 
another. For dishes with multiple ingredients, we first sorted out the 
main ingredient in the mixed dishes using a standard recipe for 
Korean dishes and the ingredient database. The main ingredient was 
identified as the ingredient with the largest proportion of the total 
amount of dishes. When disagreement occurred, we then checked the 
following: (1) the product name and manufacturer information to 
identify the raw ingredients; and (2) the amount of sodium or sugar 
in such items based on the food code in the nutrient database. This is 
due to the likelihood that more processed foods tend to have more 
sodium and/or sugar content. All food items and ingredients were 
mutually exclusively classified into one of the four NOVA groups. Our 
focus was on the fourth group of the NOVA classification that is UPFs.
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Calculation of cardiovascular health 
metrics

The CVH metrics were based on the Life’s Simple 7 set of risk 
factors proposed by the AHA (3). Originally, there were seven health 
components, including smoking status, physical activity, healthy diet 
score, body mass index, total cholesterol, blood pressure, and fasting 
plasma glucose (3). In this study, the main exposure of interest was 
UPF consumption, and thus the diet component was omitted from 
the final CVH metrics calculation. We  used the definitions of 
optimum, average, and inadequate CVH as described in 
Supplementary Table 1.

Smoking status

Current smokers were defined as those who are currently smoking 
cigarettes every day or some days. Former smokers were defined as 
those who had smoked at least 100 cigarettes in their lifetime but had 
quit for less than 12 months. Never smokers were defined as those who 
had smoked no more than 100 cigarettes in their lifetime or those who 
had smoked at least 100 cigarettes in their lifetime but had quit for 
more than 12 months. The status of never smokers, former smokers, 
and current smokers was defined as ideal, intermediate, and poor, 
respectively.

Physical activity

Participants reported the frequency and duration of any physical 
activity they engaged in for transportation, work, leisure, or exercise 
in a typical week. In KNHANES 2016–2018, there are five modes of 
activities, including vigorous work-related activity, moderate work-
related activity, walking or bicycling, vigorous leisure-time activity, 
and moderate leisure-time activity. Physical activity (minutes per 
week) was quantified for each mode of activity by multiplying the 
frequency and duration. The physical activity component calculation 
used the following definitions: ideal was defined as “≥75 min of 
vigorous activity” or “≥150 min of moderate activity” or “≥150 min 
of combined moderate and vigorous physical activity”; intermediate 
was defined as more than 0 min of physical activity but less than 
recommendations; and poor was defined as 0 min of physical activity 
per week.

Body mass index

Anthropometric measurements were collected throughout the 
health examination using standardized examination procedures and 
calibrated equipment (20). Standing height (cm) was measured on a 
stadiometer, and body weight (kg) was measured with a metric weight 
scale, with sample participants in light clothing. Body mass index (BMI) 
was computed using the ratio of measured weight (kg) to standing height 
squared (m2). The Korean Society for the Study of Obesity defined 
18–22.9 of BMI as normal and ≥ 25 of BMI as obesity (25). Thus, the BMI 
component calculation used the following definitions: ideal was defined 
as <23; intermediate was defined as 23–24.9; and poor was defined as ≥25.

Total cholesterol

Ideal was defined as less than 200 mg/dL of untreated total 
cholesterol level; intermediate was defined as 200–239 mg/dL of 
untreated total cholesterol level or taking cholesterol-lowering 
medication and being treated to goal (<240 mg/dL); and poor was 
defined as ≥240 mg/dL of untreated total cholesterol level or taking 
cholesterol-lowering medication but not being treated to goal.

Blood pressure

Ideal was defined as untreated systolic blood pressure (SBP) 
<120 mmHg and untreated diastolic blood pressure (DBP) <80 mmHg; 
intermediate was defined as SBP 120–139 mmHg or DBP 80–89 mmHg 
or taking antihypertensive medication and being treated to goal (SBP 
<140 mmHg and DBP <90 mmHg); and poor was defined as SBP 
≥140 mmHg or DBP ≥90 mmHg or taking antihypertensive 
medication but not being treated to goal.

Fasting plasma glucose

Ideal was defined as less than 100 mg/dL of untreated fasting 
plasma glucose level; intermediate was defined as 100–125 mg/dL 
of untreated fasting plasma glucose level or taking insulin or 
medication to lower blood glucose and being treated to goal 
(<126 mg/dL); and poor was defined as ≥126 mg/dL of untreated 
fasting plasma glucose level or taking medication for diabetes but 
not being treated to goal.

Scoring

Each of the CVH metric components received a score of 2 if 
categorized as ideal, 1 if categorized as intermediate, and 0 if 
categorized as poor. A total score was calculated by summing the 
scores of six components (range: 0–12). For the analysis, the total 
score was classified into three groups: inadequate (0–4), average (5–8), 
or optimum (9–12) (17).

Assessment of covariates

Potential covariates included age (40–49, 50–59, or ≥ 60 years), sex 
(male or female), residential area (urban or rural), education level (less 
than high school graduate, high school graduate or higher), monthly 
household income (quartiles of equivalized household income), and 
marital status (married or not).

Statistical analysis

In this study, UPF consumption was presented as %E from UPFs. 
To describe the general characteristics of the study participants, 
we presented the weighted means and their standard errors (SEs) for 
continuous variables and the weighted prevalence and their SEs for 
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categorical variables by CVH metrics categories (inadequate, average, 
or optimum). The significance of differences between CVH metrics 
categories was assessed by a student t-test for continuous variables and 
a chi-square test for categorical variables.

The restricted cubic spline model was fitted with 3 knots 
determined at the 5th, 50th, and 95th percentiles to test deviation 
from a linear association between %E from UPFs and CVH scores 
(26); no evidence of a nonlinear association was observed (p = 0.58 for 
nonlinearity). We also presented the adjusted differences in CVH 
scores by using the median of the lowest UPF consumption quartile 
(5.2% of calories from UPFs) as a reference (Supplementary Figure 2).

Multinomial logistic regression models were used to estimate 
the covariate-adjusted odds ratios (ORs) and 95% confidence 
intervals (CIs) for inadequate and average CVH versus optimum 
CVH, comparing quartiles 2, 3, and 4 with quartile 1 of %E from 
UPFs. We also examined the association between %E from UPFs 
and individual components of CVH metrics. We presented the 
covariate-adjusted ORs and 95% CIs for poor and intermediate 
individual CVH components versus ideal, comparing quartiles 2, 
3, and 4 with quartile 1 of %E from UPFs. To assess potential 
linear trends, the median %E from UPFs in each quartile was 
treated as a continuous variable in multinomial logistic regression 
models. We  presented two adjusted models: (1) an age and 
sex-adjusted model; and (2) a multivariable-adjusted model 
including age, sex, residential area, high school graduate, monthly 
household income quartiles, and marital status. When analyzing 
individual CVH metrics separately, the multivariable-adjusted 
model additionally included other individual CVH components 
except for itself.

Potential interaction effects of %E from UPFs and selected 
sociodemographic covariates were tested by including the cross-
product term of UPF consumption and each covariate. The only 
significant interaction found was between education and %E from 
UPFs (p = 0.04); consequently, estimates are presented overall and by 
education level (less than high school graduate vs. high school 
graduate or above).

For all analyses, sample weights accounting for the complex 
sampling design of the KNHANES were incorporated. SAS software 
(version 9.4, SAS Institute Inc., Cary, NC, United States) was used to 
analyze the data. All tests were two-sided, and the level of significance 
was set at 0.05.

Results

Participant characteristics

General characteristics of the sample by CVH metrics categories 
are shown in Table 1. Of the 9,351 participants, the mean age was 
56.3 years (≥65 years, 24.3%), 51.5% were females, 84.8% were urban 
residents, 67.8% were at least high school graduates, 32.7% had the 
highest quartile of monthly household income, and 80.3% were 
married. The weighted prevalence of inadequate, average, and 
optimum CVH was 6.4, 55.0, and 38.7%, respectively. Participants 
with lower CVH scores were more likely to be male, reside in rural 
areas, have lower levels of education and monthly household income, 
and be unmarried.

Associations between UPF consumption 
and CVH

Table  2 shows the covariate-adjusted association between %E 
from UPFs and CVH. The mean %E from UPFs was 24.2% (with a 
median of 5.2% in quartile 1 and 45.6% in quartile 4). In the 
multivariable-adjusted model, participants in the highest UPF quartile 
had 26% higher odds of inadequate CVH than those in the lowest 
quartile (OR 1.26, 95% CI 0.94–1.69, P-trend = 0.03). After adjusting 
for confounders, the highest UPF consumption (quartile 4) was 
associated with 14% higher odds of average CVH compared to 
quartile 1, but was not statistically significant (OR 1.14, 95% CI 0.97–
1.33, P-trend = 0.08). The age- and sex-adjusted results were not 
statistically significant.

Figure 1 shows the covariate-adjusted association between 
%E from UPFs and each individual CVH metric. The percentage 
of energy from UPFs was positively associated with poor CVH, 
including current smoking, physical inactivity, higher BMI, and 
higher total cholesterol, and was inversely associated with blood 
pressure and fasting glucose. The percentage of energy from 
UPFs was only positively associated with an intermediate CVH 
for BMI.

Subgroup analysis

Education-level stratified analysis shows that the positive 
association between %E from UPFs and inadequate CVH was greater 
for participants with a lower education level than those with a higher 
education level (p-interaction = 0.04) (Table 3). Participants with a 
lower education level in the highest quartile of %E from UPFs had 
1.79 times higher odds of inadequate CVH than those in the lowest 
quartile (OR 1.79, 95% CI 1.11–2.89, p-trend = 0.02). Participants with 
a higher education level in the highest quartile of %E from UPFs had 
1.28 times higher odds of inadequate CVH than those in the lowest 
quartile (OR 1.28, 95% CI 1.06–1.55, P-trend = 0.84).

Discussion

In this cross-sectional study of Korean adults, we  observed a 
positive association between %E from UPFs and inadequate CVH 
after adjusting for sociodemographic characteristics. A higher %E 
from UPFs was associated with poorer individual CVH metrics, 
specifically current smoking, physical inactivity, higher BMI, and 
higher total cholesterol. Unexpectedly, there was an inverse association 
between UPF consumption and blood pressure and fasting plasma 
glucose. When stratified by education level, a stronger positive 
association between UPF consumption and inadequate CVH was 
observed in participants with a lower education level than in those 
with a higher education level.

A previous cross-sectional study reported that a higher %E from 
UPFs is linearly associated with 1.4–2.6 times higher odds of 
inadequate CVH in US adults (17). In our study, comparing quartiles 
2, 3, and 4 with quartile 1 of %E from UPFs, the multivariable-adjusted 
ORs for inadequate CVH (compared with optimum) were 0.8, 0.8, and 
1.3, respectively. This discrepancy may be  explained by the 
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considerable differences in the amount of UPF consumption between 
US and Korean adults. The midpoint of %E from UPFs ranged from 
40.4 to 70.5% in US adults (17), while it ranged from 5.2 to 45.6% in 

Korean adults. Considerably lower levels of UPF consumption among 
Korean adults may not be enough to detect significant associations 
with CVH.

TABLE 1 General characteristics by cardiovascular health metric categories among Korean adults aged 40  years and older, KNHANES 2016–2018a.

Overall (n  =  9,351) CVH score 0–4 
(n  =  548)

CVH score 5–8 
(n  =  5,197)

CVH score 9–12 
(n  =  3,606)

p valueb

Demographic

Age, y 56.3 ± 0.2 54.3 ± 0.5 57.7 ± 0.2 54.7 ± 0.3 <0.0001

Age group, ≥65 years 24.3 (0.7) 16.4 (1.6) 28.1 (0.8) 20.2 (0.9) <0.0001

Sex, females 51.5 (0.5) 24.5 (2.0) 45.4 (0.8) 64.6 (0.9) <0.0001

Residency

Urban 84.8 (1.4) 80.8 (2.5) 82.4 (1.6) 89.0 (1.2) <0.0001

Rural 15.2 (1.4) 19.2 (2.5) 17.6 (1.6) 11.0 (1.2)

Socioeconomic

Education level

Elementary school 20.6 (0.6) 20.1 (2.0) 24.5 (0.8) 15.1 (0.7) <0.0001

Middle school 11.7 (0.4) 14.7 (1.8) 12.4 (0.6) 10.2 (0.6)

High school 33.1 (0.7) 33.2 (2.4) 33.0 (0.9) 33.1 (1.1)

College and higher 34.7 (1.0) 32.1 (2.5) 30.1 (1.0) 41.6 (1.3)

Household income

Q1 17.4 (0.7) 19.1 (1.8) 19.8 (0.8) 13.8 (0.8) <0.0001

Q2 22.5 (0.7) 17.7 (1.8) 24.0 (0.8) 21.1 (0.9)

Q3 27.4 (0.7) 34.8 (2.5) 26.8 (0.8) 27.1 (0.9)

Q4 32.7 (1.0) 28.4 (2.6) 29.5 (1.0) 37.9 (1.4)

Marriedc 80.3 (0.6) 79.0 (2.2) 78.1 (0.8) 83.7 (0.8) <0.0001

CVH, cardiovascular health (excluding diet component); KNHANES, Korea National Health and Nutrition Examination Survey.aAll results are weighted and presented as mean and standard 
error (SE) for continuous variables and percentage and SE for categorical variables.
bp values were determined by t-test for continuous variables and chi-square test for categorical variables.
cMarried included participants who were married and cohabiting.

TABLE 2 Weighted odds ratios (95% confidence intervals) for cardiovascular health metrics across quartiles of ultra-processed food consumption 
among adults aged 40  years and older, KNHANES 2016–2018a.

Quartiles of percentages of calories from UPFs

Q1 Q2 Q3 Q4 P trendb

N 2,337 2,338 2,338 2,338

Median of percentage of calories from 

UPFs (%)
5.2 19.9 26.6 45.6

No. of cases (inadequate CVH) (%) 141 (6.0) 125 (5.4) 133 (5.7) 149 (6.4)

No. of cases (average CVH) (%) 1,374 (58.9) 1,311 (56.1) 1,253 (53.6) 1,259 (53.9)

Age and sex-adjusted

Inadequate CVH vs. optimum 1.00 (reference) 0.72 (0.53–0.99) 0.76 (0.56–1.03) 1.11 (0.83–1.48) 0.17

Average CVH vs. optimum 1.00 (reference) 0.99 (0.85–1.15) 0.96 (0.82–1.12) 1.07 (0.92–1.24) 0.36

Multivariable-adjustedc

Inadequate CVH vs. optimum 1.00 (reference) 0.77 (0.55–1.06) 0.84 (0.62–1.15) 1.26 (0.94–1.69) 0.03

Average CVH vs. optimum 1.00 (reference) 1.02 (0.87–1.19) 1.02 (0.87–1.19) 1.14 (0.97–1.33) 0.08

KNHANES, Korea National Health and Nutrition Examination Survey; UPF, ultra-processed food; Q, quartile; CVH, cardiovascular health (excluding diet component). aOptimum CVH: 
CVH metrics scores 9–12; average CVH: CVH metrics scores 5–8; inadequate CVH: CVH metrics scores 0–4. 
bp for trends were determined by treating the median value of percentage of energy intake from UPFs as a continuous variable using multinomial logistic regression models. 
cMultivariable-adjusted model was adjusted for age (40s, 50s, and ≥ 60 y), sex (males, females), residential area (urban or rural), high school graduate (yes, no), monthly household income 
quartiles, and marital status (yes, no).
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Regarding individual metabolic CVH metrics, collective evidence 
suggests a positive association between UPF consumption and the risk 
of obesity, type 2 diabetes, and hypertension (10, 14, 16). A cohort 
study in older Spanish adults showed that higher UPF consumption 
is associated with a higher risk of dyslipidemia incidence (15). In 
Korea, high UPF consumption is positively associated with obesity 

only in women and an increased prevalence of elevated blood pressure 
in adults (27, 28). In our sample, there were positive associations 
between %E from UPFs and BMI and total cholesterol. As well 
supported both in the literature (8, 9) and our study, UPFs are high in 
energy density, trans and saturated fats, sodium, and sugar, but low in 
dietary fiber and several vitamins and minerals. Biological plausibility 

FIGURE 1

Adjusted odds ratios (95% confidence intervals) for poor or intermediate cardiovascular health metric (CVH) of each individual CVH metric associated 
with percentage of energy intake from ultra-processed foods, Korean adults aged 40  years and older, KNHANES 2016–2018. KNHANES, Korea National 
Health and Nutrition Examination Survey; UPFs, ultra-processed foods; Q, quartile; CVH, cardiovascular health (excluding diet component). 
Multinomial logistic regression models were used to estimate odds ratios and corresponding 95% CIs. All estimated were weighted and adjusted for 
age (40s, 50s, and  ≥  60 y), sex (males, females), residential area (urban or rural), high school graduate (yes, no), monthly household income quartiles, 
marital status (yes, no), and other individual CVH components except itself. The median value of percentages of energy intake from UPFs were 5.2% for 
quartile 1, 19.9% for quartile 2, 26.6% for quartile 3, and 45.6% for quartile 4, respectively.
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between unfavorable profiles of these nutrients in UPFs and metabolic 
risk factors for CVD includes increased oxidative stress and 
inflammation, enhancing visceral adipocyte hypertrophy, and glucose 
intolerance (29–31). Furthermore, high-intensity flavorings and low 
fiber content may disrupt digestion and satiety, which facilitate 
overeating and inhibit the glycemic response (32, 33). Some UPFs also 
contain harmful materials added during processing (e.g., food 
additives) and chemicals added while packaging (e.g., bisphenol A), 
which may be associated with negative health outcomes (34, 35).

In contrast to our hypothesis, we observed an inverse association 
between UPF consumption and blood pressure and fasting blood 
glucose. One possible explanation for this finding is that UPFs may 
include some dairy products (e.g., yogurt), which may play a beneficial 
role in diabetes or high blood pressure (36–38). In our sample, 
participants in the highest UPF consumption quartile group are likely 
to consume more dairy products than those in the lowest quartile group 
(Q1 vs. Q4, 53.1 g/day vs. 88.5 g/day) (Supplementary Table  2). 
Alternatively, it is possible that individuals with diabetes or hypertension 
may change their diets to be healthier and reduce UPF consumption, 
leading to potential reverse causation and biasing our findings. Further 
studies, using a cohort study design, are warranted to address this issue.

We found that the positive association between UPF consumption 
and inadequate CVH was more prominent in participants with lower 
education levels compared to those with higher education levels. 
Although participants with higher education levels consumed a higher 
%E from UPFs, it is possible that they consume more “premium” 
UPFs that tend to have healthier ingredients and functional attributes, 
such as granola with probiotics, than traditional UPFs. Premium 
UPFs can be expensive, and individuals with lower sociodemographic 
status may not have easy access to or cannot afford these products (39, 
40). Further research is necessary to explore this matter and better 
understand the role of specific ingredients in the UPFs consumed, 
particularly in populations with different socioeconomic backgrounds.

This study has strengths. To our knowledge, this study is the first 
to evaluate the association between UPF consumption and CVH 
metrics in a nationally representative sample of Korean adults aged 
40 years and older. A Korean NOVA system used in this study, based 
on the matrix maintenance of natural foods and traditional eating 
experiences, allowed us to consider the characteristics of Korean 
cuisine, which is dish-based with the combination of many different 
specific ingredients, and thus classify UPFs more accurately (24). 
There were several limitations. First, our findings were based on a 

TABLE 3 Weighted odds ratios (95% confidence intervals) for cardiovascular health metrics across quartiles of ultra-processed food consumption and 
education level, Korean adults aged 40  years and older, KNHANES 2016–2018a.

Subgroup Percentages of energy intake from UPFs quartiles

Q1 Q2 Q3 Q4 P trendb p interactionc

Education level 0.04

Less than high school

N 1,279 967 806 699

No. of cases (inadequate 

CVH) (%)
69 (5.4) 55 (5.7) 53 (6.6) 49 (7.0)

No. of cases (average 

CVH) (%)
820 (64.1) 635 (65.7) 519 (64.4) 443 (63.4)

Multivariable-adjustedc

Inadequate CVH vs. 

optimum
1.00 (reference) 1.30 (0.79–2.14) 1.24 (0.77–2.01) 1.79 (1.11–2.89) 0.02

Average CVH vs. 

optimum
1.00 (reference) 1.24 (0.98–1.56) 1.31 (1.04–1.65) 1.10 (0.87–1.40) 0.39

High school graduate or above

N 1,048 1,366 1,532 1,635

No. of cases (inadequate 

CVH) (%)
70 (6.7) 70 (5.1) 80 (5.2) 100 (6.1)

No. of cases (average 

CVH) (%)
549 (52.4) 673 (49.3) 734 (47.9) 813 (49.7)

Multivariable-adjustedd

Inadequate CVH vs. 

optimum
1.00 (reference) 0.87 (0.71–1.06) 0.86 (0.70–1.04) 1.28 (1.06–1.55) 0.84

Average CVH vs. 

optimum
1.00 (reference) 0.88 (0.74–1.04) 0.76 (0.64–0.90) 1.02 (0.86–1.22) 0.58

KNHANES, Korea National Health and Nutrition Examination Survey; UPF, ultra-processed food; Q, quartile; CVH, cardiovascular health (excluding diet component). aOptimum CVH: 
CVH metrics scores 9–12; average CVH: CVH metrics scores 5–8; inadequate CVH: CVH metrics scores 0–4. 
bp for trends were determined by treating the median value of percentage of energy intake from UPFs as a continuous variable using multinomial logistic regression models. 
cp value for interaction was determined by including the cross-product term of UPF consumption and education level. 
dMultivariable-adjusted model was adjusted for age (40s, 50s, and ≥ 60 y), sex (males, females), residential area (urban or rural), monthly household income quartiles, and marital status 
(yes, no).
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cross-sectional survey, which precludes making causal inferences. 
Second, despite adjusting for several covariates, the results might still 
have been impacted by unidentified or unmeasured variables. Third, 
the use of only one 24-h dietary recall may not accurately reflect an 
individual’s usual intake due to day-to-day variation (a source of 
within-person error). Fourth, there are inevitable measurement errors 
due to the use of several self-reported variables (e.g., smoking status). 
Fifth, the simplistic definition, one of the unresolved issues of the 
NOVA classification system (41), may make it challenging to 
differentiate premium UPFs from conventional ones.

In conclusion, a higher %E from UPFs may be associated with 
poorer CVH in a nationally representative sample of Korean adults. 
The positive association between UPF consumption and CVH was 
more evident among those with a lower education level. Although our 
study is cross-sectional and cannot establish causality, our results 
could be used as evidence to recommend limiting UPF consumption 
for CVH improvement. Further studies with a prospective study 
design are required to establish a causal relationship, and investigating 
the underlying mechanisms of the association between UPF 
consumption and CVH can provide more definite evidence.
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