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Abstract

The credibility and wide usability of nutrition fact labels (NFLs) have increased due to the
pandemic, which may lead to healthier nutritional choices. This cross-sectional study aimed
to evaluate the association between NFL use and meeting the estimated average require-
ments (EARs) for vitamins and minerals not listed on NFLs during the prepandemic (2019, n
= 6606) and pandemic periods (2020 and 2021, n= 12085) using KNHANES data. House-
hold surveys, health behavior interviews, and health checkup examinations were conducted
for all participants. Subjects were included in the unAware+noUse, Aware+noUse, and
Aware+Use groups according to NFL usage, and nutritional intake was analyzed by the 24-
hour recall method. Complex-sample multiple logistic regression analysis was used to deter-
mine the odds ratios (ORs) and 95% confidence intervals (Cls) for meeting the EARs
according to NFL usage in the crude and adjusted (including metabolic conditions) models.
The primary finding was that awareness and NFL use were associated with adequate intake
above the EARs for vitamin A, vitamin By, niacin, folate, Ca, Fe, and P; this association was
more evident during the pandemic. After adjusting for covariates, during the pandemic, the
ORs of meeting the EARs in the Aware+noUse group and Aware+Use group were 1.25 (ClI
1.06-1.47) and 1.36 (Cl 1.05-1.75) for vitamin A, 1.26 (Cl 1.06-1.50) and 1.54 (Cl 1.19—
2.00) for vitamin B,, 1.32 (Cl 1.13-1.56) and 1.46 (Cl 1.15—1.85) for folate, and 1.46 (ClI
1.06—2.00) and 1.73 (1.09-2.75) for P, respectively. Additionally, the ORs for niacin (1.21,
1.02-1.43) and Fe (1.29, 1.08-1.54) were significant in the Aware+noUse group, and that
for Ca (1.39, 1.08—1.78) was significant in the Aware+Use group (all p <0.05). In conclusion,
NFL awareness and use are associated with meeting the EARs for vitamins and minerals
not listed on NFLs. For future recurring health crises, effective NFL use is necessary for
healthy dietary practices.

PLOS ONE | https://doi.org/10.1371/journal.pone.0296268 December 28, 2023 1/19


https://orcid.org/0000-0002-6172-7583
https://doi.org/10.1371/journal.pone.0296268
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0296268&domain=pdf&date_stamp=2023-12-28
https://doi.org/10.1371/journal.pone.0296268
https://doi.org/10.1371/journal.pone.0296268
http://creativecommons.org/licenses/by/4.0/
https://knhanes.kdca.go.kr/knhanes/eng
https://knhanes.kdca.go.kr/knhanes/eng

PLOS ONE

NFL use is related to meeting the requirements for vitamins and minerals: KNHANES VI

Research Foundation of Korea (NRF) funded by the
Ministry of Education (2022R111A1A01066215).
The funders had no role in the study design, data
collection and analysis, decision to publish, or
preparation of the manuscript.

Competing interests: The author has declared that
no competing interests exist.

Introduction

Food labeling has an important role in helping consumers reach their health goals, making
them consider the nutritional impact of their food choices [1,2]. Nutrition fact labels (NFLs),
which are displayed on prepackaged foods, have been established as a one-size-fits-all public
health tool in many countries worldwide for decades [3-5]. To date, the positive impact of
NFLs on dietary intake has primarily involved energy and macronutrients [6,7]. Additionally,
NFLs have been studied as a tool to avoid the consumption of nutrients that have negative
impacts on health. For example, the role of NFLs in reducing the intake of beverages with
added sugar [8], calories from saturated fats [9], and sodium [10] has been empirically revealed
in previous studies. In addition to the impact of the nutrient information listed above, for
which inclusion in NFLs is mandatory, it was also found that NFLs partially mediate attitudes
toward overall healthy food choices. In particular, increased consumption of fresh fruits and
vegetables and increased fiber intake were associated with frequent NFL reading [11]. The
coronavirus disease 2019 (COVID-19) pandemic marked the beginning of 2020, and the
spread of the disease has affected public health worldwide. As a result of the pandemic situa-
tion, face-to-face health and nutrition consultations with experts were impossible [12,13], and
the reliability of nutritional information on unauthorized websites is reported to be very low
[14]. Thus, this study hypothesized that the credibility of NFLs increased further due to the
health crisis of the pandemic, and this trend may have led to healthier nutritional choices.

Due to the pandemic, many special nutritional modifications have been proposed; health
professionals generally suggest eating a balanced diet with sufficient nutrients, such as foods
rich in vitamins A, C, E, and By, zinc, and iron (Fe), which are recommended for individual
health [15]. Moreover, the government’s efforts to set appropriate intake levels and dietary
guidelines for the public also continued [16,17]. Estimated average requirement (EAR) cutoff
points were set to suggest intakes suitable for individuals in specific gender groups or life stages
[18,19]. EARs are indicators that belong to the Dietary Reference Intakes (DRI, also called
Recommended Dietary Allowances (RDAs)) and represent the average daily nutrient level esti-
mated to meet the requirements of 50% of healthy individuals. In particular, EARs are used to
determine the proportion of the population that meets the EAR when assessing adequate
intake [20]. Thus, meeting EARs has many public health implications; however, to date,
research on the relationship between NFL use and meeting EARs, which are the government’s
two major health concerns, and the association between the two, which would have been more
evident during the pandemic, is insufficient.

The aim of this cross-sectional study was to evaluate the odds ratio between NFL use and
meeting the EARs for vitamins and minerals that are not needed to be included on labels
among Korean adults (aged 19 to 85 years old) using state-of-art Korea National Health and
Nutrition Examination Survey (KNHANES) VIII data covering both the prepandemic (2019,
n = 6606) and pandemic periods (2020 and 2021, n = 12085). Subjects were included in the
unAware+noUse, Aware+noUse, and Aware+Use groups according to NFL usage, and nutri-
tional intake was analyzed by the 24-hour recall method to determine whether the EARs were
met.

Materials and methods
Data collection and study participants of the KNHANES

In this study, data from the eight periods of the KNHANES (2019-2021) were used, and the
total number of subjects for the 3 years was 22559. Among them, the number of subjects meet-
ing the inclusion criteria stated below for the 3 years was 18691. In Korea, the first COVID-19
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patient was diagnosed in early 2020, and pandemic waves occurred until the fall of 2021 [21];
therefore, 2020 and 2021 were set as the pandemic years in this study. The KNHANES is an
annual nationally representative survey based on official government statistics (Article 16 of
the National Health Promotion Act, Statistics approval number 117002). Over the past 20
years, this survey has been considered to provide accurate, timely, and nationwide health sta-
tistics, including health interview, health examination, and nutritional survey results [22]. The
KNHANES is conducted by the Korea Disease Control and Prevention Agency (KDCA) as
instructed by the Ministry of Health and Welfare of Korea. The KNHANES uses Korea’s popu-
lation and housing census data as a sampling frame, and the survey is conducted in respon-
dents” homes by professionally trained interviewers using a computer-assisted personal
interviewing (CAPI) method. The sample is drawn by multilayer stratification, and weights are
provided for complex sample analysis. For the development of internal and external quality,
public—private partnerships among 180 experts have been formed by academic societies, and
improvements in mobile examination centers (MEC) have been introduced. The annually col-
lected KNHANES data from 1995 are publicly available on the KDCA web page (https://
knhanes.kdca.go.kr).

Inclusion criteria and the NFL group

The inclusion criterion was Korean adults aged 19 to 85 years. Because nursing homes and
hospitals are excluded from the survey districts, all included subjects stayed in local residences
and were not in an acute disease state. This study established inclusion groups according to the
following criteria. 1) Excluding the population in the growth stage of infants, children, and
adolescents (excluding the population under 19 years of age), 2) for the representativeness of
this study, an age cutoff that can represent more than 80% of the entire Korean population was
used; the population distribution of 19-85 years old, which accounts for 82.40% of the total
Korean population, was selected. Rather, it accounts for 74.53% of the total population for
those aged 19-75 and 65.57% for those aged 19-65. Additionally, the age category of 19-85
years includes 97.67% of the entire Korean adult (19 or over) population (Korean Statistical
Information Service and National Statistics Portal, as of November 2023).

There may be the following potential biases in setting these age criteria. 1) Given that the
elderly group aged 65-85 years was included, it is possible that diet and nutrient intake were
affected by aging-related diseases. 2) As the proportion of young participants in the overall
study group was relatively small (compared to previous studies that mainly studied people
aged 19-65 years old), there is a possibility that the likelihood of study subjects consuming suf-
ficient nutrients may be underreported. Therefore, this study attempted to minimize bias due
to inclusion criteria in the analysis of the relationship between NFL use and vitamin and min-
eral intake by using stratified weights provided by KNHANES and correcting the following
variables as covariates: age and sex, metabolic conditions, energy and macronutrient intake,
etc. (more detail in each section below). After including only 19- to 85-year-old subjects, the
questions used to divide participants into groups according to NFL usage were as follows: Are
you aware of/do you know about NFLs? Do you use NFLs? Fig 1 shows the flow diagram of
the study group.

Ethical review

The KNHANES was approved by the Institutional Review Board of the KDCA (2018-01-
03-C-A) and conducted in accordance with the tenets of the Declaration of Helsinki. Written
informed consent was obtained from all subjects before survey participation. All data were
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Fig 1. Flow diagram of the study group.
https://doi.org/10.1371/journal.pone.0296268.9001

deidentified for research purposes, and the analysis was conducted in accordance with the

guidelines and regulations of the KCDA.

Household surveys, health behavior interviews, and health checkup

examinations

The KNHANES health survey consists of three major parts: household surveys, health behav-
ior interviews, and health checkup examinations. In the household survey, data on sex, age, the
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number of family members, the type of housing and residence, level of education, and house-
hold/individual income were collected. To evaluate health status and health behavior, informa-
tion on disease history and/or current diseases, physical activity, daily life restrictions due to
physical problems, working hours, medical facility use, vaccination status, subjective health
status, quality of life, smoking status, alcohol consumption (frequency and amount), depres-
sion and stress, safety awareness, and pregnancy was obtained. As part of the health behavior
investigation, information related to nutrition and dietary intake was also collected, detailed in
a separate section below. Medical checkup examinations and anthropometric measurements
were conducted; data on height, weight, waist circumference, blood pressure and pulse and
blood (hematology and biochemistry) and urinary test results were collected. From the above
measurement data, this study calculated body mass index (BMI = weight (kg)/height (m?),
[23]), and the number of metabolic syndrome risk factors was counted [24]. The following
metabolic syndrome criteria were taken from the National Cholesterol Education Program
(NCEP) Adult Treatment Panel ITT (ATP III) guidelines: a high blood pressure (>130/85
mmHg) or treatment for hypertension (HTN); a fasting plasma glucose level >100 mg/dL or
treatment for diabetes mellitus (DM); a fasting plasma triglyceride (TG) level >150 mg/dL; a
high-density lipoprotein (HDL)-cholesterol level <40 or <50 mg/dL in males and females,
respectively; and a waist circumference >90 or 80 cm (Asian-Pacific criteria) in females and
males, respectively.

Dietary intake analysis with a 24-hour recall survey

A single 24-hour recall (one day before the survey) was used for the analysis of each individu-
al’s dietary intake. Data on the following aspects were collected: water intake, food name, food
code and name, total amount of food cooked (volume, weight), food intake (volume, weight),
product name, manufacturer name, food group classification, and intake amount. Based on
the Food Ingredient Table database (Rural Development Administration of Korea, 2020, ver.
9.2), food intake was converted into nutrient data. By adding the intakes of all nutrients in a
day, daily intake data for 52 nutrients were calculated (Fig 2).

Nutrients needed to be included in NFLs and established EARs for
nutrients in Korea

Fig 2 shows the nutrients needed to be included in NFLs and the established EARs for nutri-
ents in Korea, presented in a Venn diagram format. In Korea, NFLs were introduced in 1994,
concurrent with the enforcement of the US Nutrition Labeling and Education Act of 1994
[25]. Currently, in Korea, NFLs must include the amount of calories, sodium, carbohydrates,
sugars, fat, trans fat, saturated fat, cholesterol, and protein, the percentage of the product’s
nutrients in the total daily value (DV%) and the serving size portion [26]. Regarding DRIs,
with the enactment of the National Nutrition Management Act in 2010, the management of all
work related to DRIs for Koreans shifted from the private sector and academia to the govern-
ment [27]. Among the various standards of DRIs, EARs are values calculated from the median
daily nutrient requirements of Koreans, which means that the EARSs can satisfy the needs of
50% of the population [28,29]. EARs can be set if there is a sufficient scientific basis for the
needed amount of nutrients and calculated from the median daily nutrient requirements of
healthy people [30]. Additionally, EARs are mainly used to assess Korea’s aims to reduce the
frequency/proportion of the population eating less than the EARs from a public health stand-
point. In Korea’s DRIs, the EARs for 19 nutrients have been established. Among the nutrients
surveyed in the KNHANES, vitamins/minerals not listed on NFLs and for which EARs have

PLOS ONE | https://doi.org/10.1371/journal.pone.0296268 December 28, 2023 5/19


https://doi.org/10.1371/journal.pone.0296268

PLOS ONE NFL use is related to meeting the requirements for vitamins and minerals: KNHANES V||

KNHANES surveyed

Dietary fiber, twenty-five FAs", n-3 FA,
n-6 FA, Monounsaturated FA,
Polyunsaturated FA, beta-Carotene,
Retinol, vit D, vit E, and Potassium

vit A, vit B,
vit B,, Niacin,
Folate, vit C,

Calorie (energy),
Sugars, Fat,
Saturated FA,

Cholesterol, and Calcium,
Sodium Carbohydrates BRaspiprs,
and Iron

and Protein

Trans FA vit B¢, vit By,

Magnesium, Zinc, Copper,
Iodine, Selenium, and
Molybdenum

NFL mandatory EAR established

Fig 2. Venn diagram of the analyzed nutrients in the KNHANES, nutrients needed to be included in NFLs, and established nutrient EARs. Vit; vitamin,
FAs; fatty acids, *Capric acid, Lauric acid, Myristic acid, Palmitic acid, Stearic acid, Arachidic acid, Behenic acid, Lignoceric acid, Myristoleic acid, Palmitoleic
acid, Oleic acid, Eicosenoic acid, Erucic acid, Nervonic acid, Linoleic acid, Alpha-linolenic acid Gamma-linolenic acid, Stearidonic acid, Eicosadienoic acid,
Dihomogamma-linolenic acid, Arachidonic acid, Eicosapentaenoic acid, Docosadienoic acid, Dotopentaenoic acid, Docohexaenoic acid.

https://doi.org/10.1371/journal.pone.0296268.g002

been established include vitamin (vit) A, vitamin B,, vitamin B,, niacin, folate, vitamin C, cal-
cium, phosphorus (P), and Fe. The EARs for the above nine nutrients are shown in Table 1.

Multiyear, complex-sample weighted analysis and statistical methods

To integrate the prepandemic (2019) and pandemic period complex samples (2020-2021), the
appropriate strata, layer, and colony weights were applied. General characteristics are pre-
sented as numerical values and percentages (categorial variables) and means + standard errors
(SEs, noncategorical variables). Average estimations of daily energy, macronutrient (energy
intake adjusted), and vitamin/mineral intake (energy and macronutrient adjusted) according
to NFL use were conducted by a general linear model. The proportion of subjects who met the
EARs according to NFL use was analyzed in both the prepandemic and pandemic periods by
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Table 1. Estimated average requirements (EARs).

/day

Age
19-29
30-49
50-64
65-74

> 75

vit A vit B, (mg)
(ng RAE)

M F M F
570 460 1.0 0.9
560 430
530 410
510 0.9 0.8
500 0.7

vit B, (mg) Niacin (NE Folate vit C (mg) Calcium (mg) Phosphorus (mg) Fe
mg) (ug DFE) (mg)
F M F M/F M/F M F M/F M F
1.3 1.0 12 11 320 75 650 550 580 8 11
600 6
1.2 0.9 11 10 7
1.1 0.8 10 9 5

Daily reference intake for Koreans (issued by Ministry of Health and Welfare and Korean Nutrition Society, 2020). M; male, F; female, Vit; vitamin, RAEs; retinol

activity equivalents, NEs; niacin equivalents, and DFEs; dietary folate equivalents.

https://doi.org/10.1371/journal.pone.0296268.t001

crosstabulation (weighted percentages (%) and unweighted frequencies for the number of sub-
jects). Complex-sample multiple logistic regression analysis was used to determine the odds
ratios (ORs) and 95% confidence intervals (Cls) for meeting the EARs (adequate intake)
according to NFL usage in both the crude model and the adjusted model. Sex, age, region of
residence, income quartile, education level, and energy, carbohydrate, protein, and fat intake
were included as covariates. In addition, since the chronic disease-related health status (which
may affect dietary intake and NFL use) of the subjects was not considered in the inclusion cri-
teria, the number of risk factors for metabolic syndrome was also included as a covariate. All
data were analyzed using SPSS version 26.0 (IBM/SPSS Corp., Chicago, IL, USA), and a two-
tailed P value of less than 0.05 was considered statistically significant.

Results
Basic characteristics of the participants

Table 2 outlines the basic characteristics and NFL use of the adult participants of the 2019 and
2020-2021 KNHANES. In the prepandemic and pandemic periods, the average age of the sub-
jects was 48.1+0.5 years old and 48.6+0.4 years old, respectively, and male subjects accounted
for 44.7% and 44.6% of the sample, respectively. Among the metabolic conditions, there were
significant differences in the proportion of participants with DM, low HDL levels, and high
TG levels between the two periods (p<0.05), and 78.4% and 80.1% of the subjects lived in
urban areas (p = 0.005). A total of 36.2% to 37.6% of the subjects had a college degree or higher
education in the prepandemic and pandemic periods. Except for subjects who did not respond
to the NFL survey, NFL use information was collected from the subjects, and there was no dif-
ference by period.

Daily energy and nutrient intake and the proportion of subjects who met
the EARs according to NFL use

Table 3 shows the population-weighted daily average energy and nutrient intakes and the pro-
portion of subjects who met the EARs according to NFL use in the prepandemic and pandemic
periods. The average intake of energy varied from 1745.5+29.5 kcal/d to 2046.7+24.3 kcal/d in
the prepandemic period and from 1710.8+26.2 kcal/d to 1956.8+19.2 kcal/d in the pandemic
period. After energy intake was included as a covariate, daily average carbohydrate, protein,
and fat intake was calculated for each NFL group. Additionally, daily vitamin A, vitamin B,
vitamin B, niacin, folate, vitamin C, calcium, phosphorus, and Fe intake were evaluated after
including macronutrients as covariates (statistically not significant among the three groups in
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Table 2. Basic characteristics of the study participants.

Age, mean and n (%)
19-49y (young)
50-85y (middle age and elderly)
Sex, n (%)
Male
Female
BMI, mean (kg/mz)
Region of residence, n (%)
Urban area
Rural area
Education level, n (%)
Middle school or below
High school
College or over
NFL use status, n (%)*
unAware+noUse
Aware+noUse
Aware+Use
Metabolic conditions, n (%)°
DM
HTN
Abdominal obesity by WC
Low HDL cholesterol
High TG

Prepandemic Pandemic-era p
2019 (n = 6606) 2020-2021 (n = 12085)
48.1+0.5 48.6+0.4 0.371
2680 (40.6) 5089 (42.1)
3926 (59.4) 6996 (57.9)
0.417
2956 (44.7) 5387 (44.6)
3650 (55.3) 6698 (55.4)
23.9+3.6 24.1+3.7 0.058
0.005
5293 (80.1) 9472 (78.4)
1313 (19.9) 2613 (21.6)
0.402
1649 (30.2) 3001 (32.3)
1980 (33.4) 3689 (34.4)
2293 (36.2) 4036 (37.6)
0.513
1564 (23.7) 2555 (21.1)
2638 (39.9) 4515 (37.4)
545 (8.3) 913 (7.6)
2440 (36.9) 4796 (39.7) <0.001
2720 (41.2) 4990 (41.3) 0.445
2880 (43.6) 5532 (45.8) 0.196
1709 (25.9) 3453 (28.6) 0.014
1741 (26.4) 3026 (25.0) 0.025

Meanzstandard error (SE) or the number of subjects. P values were derived from Pearson tests (categorical variables) and ANOV A tests (continuous variables). P < 0.05

was considered significant. *Except for subjects who refused to answer, did not know, and had no response. "Metabolic conditions criteria were from the National
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines. BMI; body mass index. DM; diabetes mellitus, HTN; hypertension, WC; waist
circumference, HDL; high-density lipoprotein cholesterol, TG; triglyceride.

https://doi.org/10.1371/journal.pone.0296268.t1002

each period). The proportion of subjects who met the EARs and the number of subjects in
each NFL group in the pre- and pandemic periods are also shown in Table 3. In the pandemic
period, the lowest proportion of subjects meeting the EAR for vitamin A ranged from 19.8% to
25.4% by NFL use, with the largest proportion meeting the EAR for P ranging from 77.2 to
84.4% by NFL use. The significant differences in the proportion of subjects meeting each nutri-
ent’s EAR among the unAware+noUse, Aware+noUse, and Aware+Use groups were analyzed
by using a crude model, as described in the next section.

Association between NFL use and meeting EARs

The OR analysis of meeting EARs according to NFL use is presented in Table 4. Overall, the
relation between NFL use and meeting EARs during the pandemic period was greater than
that during the prepandemic period, and statistically significant cases are indicated in bold text
in the model including basic information and adjusting for metabolic conditions (reference;
unAware+noUse group in each period = 1.0). In the adjusted model for the prepandemic
period, the OR of meeting the EAR for folate was 1.24 (95% CI: 1.02-1.52, p = 0.035) for the
Aware+noUse group and 1.46 (1.04-1.51, p = 0.030) for the Aware+Use group. The OR of

PLOS ONE | https://doi.org/10.1371/journal.pone.0296268 December 28, 2023 8/19


https://doi.org/10.1371/journal.pone.0296268.t002
https://doi.org/10.1371/journal.pone.0296268

PLOS ONE NFL use is related to meeting the requirements for vitamins and minerals: KNHANES V||

Table 3. Daily energy and nutrient intake and the proportion of subjects who met the EARs according to NFL use in the pre- and pandemic periods.

Prepandemic Pandemic era

unAware+noUse (n = 1564) | Aware+noUse (n = 2638) | Aware+Use | unAware+noUse (n = 2555) | Aware+noUse (n = 4515) | Aware+Use
(n =545) (n=913)

Energy (kcal) 1745.5£29.5 2046.7+£24.3 1869.9+48.0 1710.8+£26.2 1956.8+£19.2 1826.9£31.5
Carbohydrates’\ (g) 289.9+2.6 280.7+1.9 255.0+£3.9 277.8+2.6 268.2+1.4 251.4+2.7
Protein® (g) 68.8+0.7 72.5%0.6 76.2+1.3 67.910.7 71.1£0.4 74.3£0.9
Fat' (g) 41.1£0.8 47.5+£0.6 56.1+1.3 42.7+£0.7 48.4%0.9 54.5+0.9
vit A (ug P\AE)i 380.6+15.4 376.6+8.8 362.4%+13.0 361.4%8.1 382.3+6.8 398.7£11.6
>EAR, n (%) 275 (18.8) 632 (25.2) 121 (21.7) 467 (19.8) 1104 (24.8) 232 (25.4)

vit By (mg)¢ 1.4+0.0 1.3£0.0 1.3+£0.0 1.2+0.0 1.2+0.0 1.1+0.0
>EAR, n (%) 995 (67.0) 1751 (71.6) 309 (60.1) 1307 (55.9) 2615 (61.9) 470 (54.9)
vit B, (mg)i 1.5£0.0 1.6£0.0 1.7£0.0 1.6£0.0 1.6£0.0 1.6£0.0

>EAR, n (%) 770 (54.3) 1737 (70.7) 371 (71.7) 1329 (57.1) 2980 (70.6) 635 (73.1)
Niacin (NE mg)]IF 12.9+0.2 12.8+0.1 13.2+0.3 12.4+0.1 12.7£0.1 12.3£0.2
>EAR, n (%) 563 (28.7) 1281 (35.8) 247 (37.7) 874 (38.6) 2051 (49.9) 375 (44.5)
Folate (ug DFE)* 324.4+5.2 315.1+3.4 317.5+7.9 317.3+4.2 305.9+2.4 305.1+5.4
>EAR, n (%) 574 (40.1) 1113 (44.1) 198 (35.8) 933 (39.4) 1846 (41.9) 297 (33.8)
vit C (mg)iE 61.7+£3.5 63.5+1.6 72.7£3.9 61.7£3.3 66.8+2.3 66.8+3.6
>EAR, n (%) 356 (23.0) 714 (28.1) 155 (29.1) 527 (22.5) 1197 (26.5) 214 (24.1)

Ca (mg):r 496.1+£8.0 498.9+6.2 513.5£12.7 483.7+7.5 485.1+4.7 500.1+9.4
>EAR, n (%) 347 (25.2) 777 (31.6) 160 (30.4) 578 (25.1) 1286 (28.7) 251 (28.0)

P (mg)i 1044.1£6.0 1045.6+4.4 1049.1+£8.6 1045.5+£6.3 1036.2£3.6 1039.0+£7.3
>EAR, n (%) 1092 (75.2) 2139 (87.5) 433 (84.7) 1844 (77.2) 3696 (87.0) 731 (84.4)
Fe (mg)i 12.1+0.2 11.7+0.1 11.5+0.3 10.6+0.2 10.4£0.1 10.3£0.3
>EAR, n (%) 1082 (72.7) 1757 (70.0) 287 (56.6) 1499 (61.3) 2687 (61.4) 415 (48.7)

Values are the meantstandard error (SE). "Energy intake was used as a covariate, ¥ Energy, carbohydrate, protein, and fat intake were used as covariates for determining
the weighted mean intake for each year by weighted complex sample general linear model analysis. >EAR; the number and proportion of subjects who met the
estimated average requirement (EAR) for each nutrient, Vit; vitamin, RAEs; retinol activity equivalents, NEs; niacin equivalents, DFEs; dietary folate equivalents, Ca;

calcium, P; phosphorus, Fe; iron.

https://doi.org/10.1371/journal.pone.0296268.t003

meeting the EAR for vitamin C was 1.23 (95% CI: 1.01-1.51, p = 0.045) for the Aware+noUse
group and 1.57 (95% CI: 1.17-2.13, p = 0.003) for the Aware+Use group. The OR of meeting
the EAR for P was 1.54 (95% CI: 1.10-2.18, p = 0.013) for the Aware+noUse group and 2.31
(95% CI: 1.26-4.23, p = 0.007) for the Aware+Use group.

In the adjusted model for the pandemic period, the OR of meeting the EAR for vitamin A was
1.25 (1.06-1.47, p = 0.009) for the Aware+noUse group and 1.36 (95% CI: 1.05-1.75, p = 0.019)
for the Aware+Use group; that of meeting the EAR for vitamin B, was 1.26 (95% CI: 1.06-1.50,

p = 0.010) for the Aware+noUse group and 1.54 (95% CI: 1.19-2.00, p = 0.001) for the Aware
+Use group; that of meeting the EAR for folate was 1.32 (95% CI: 1.13-1.56, p = 0.001) for the
Aware+noUse group and 1.46 (95% CI: 1.15-1.85, p = 0.002) for the Aware+Use group; and that
of meeting the EAR for P was 1.46 (95% CI: 1.06-2.00, p = 0.020) for the Aware+noUse group
and 1.73 (95% CI: 1.09-2.75, p = 0.021) for the Aware+Use group. In the adjusted model for the
pandemic period, the following nutrients showed significant ORs in only one group (compared to
the reference group): niacin, with an OR of 1.21 (95% CI: 1.02-1.43, p = 0.026) in the Aware
+noUse group; vitamin C, with an OR of 1.24 (95% CI: 1.05-1.47, p = 0.013) in the Aware+noUse
group; Ca, with an OR of 1.39 (95% CI: 1.08-1.78, p = 0.011) in the Aware+Use group; and Fe,
with an OR of 1.32 (95% CI: 1.13-1.56, p = 0.001) in the Aware+noUse group.
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Table 4. Odds ratios of meeting the EARs according to NFL use in the pre- and pandemic periods.

Prepandemic Pandemic era
Crude P Adjusted’ P Crude P Adjusted’ P
Refer. unAware+noUse 1.00

vit A Aware+noUse 1.45 0.000 1.13 0.343 1.34 0.000 1.25 0.009
(1.19-1.76) (0.88-1.46) (1.15-1.59) (1.06-1.47)

Aware+Use 1.19 0.023 0.92 0.631 1.38 0.004 1.36 0.019
(0.92-1.55) (0.65-1.30) (1.11-1.71) (1.05-1.75)

vit B Aware+noUse 1.24 0.027 0.97 0.803 1.29 0.000 0.95 0.564
(1.03-1.50) (0.73-1.27) (1.12-1.47) (0.80-1.13)

Aware+Use 0.74 0.023 0.82 0.238 0.96 0.708 0.82 0.158
(0.59-0.93) (0.59-1.14) (0.79-1.17) (0.62-1.08)

vit B, Aware+noUse 2.03 0.000 1.14 0.300 1.80 0.000 1.26 0.010
(1.71-2.40) (0.89-1.45) (1.57-2.07) (1.06-1.50)

Aware+Use 2.13 0.000 1.24 0.261 2.04 0.000 1.54 0.001
(1.62-2.80) (0.85-1.81) (1.05-1.50) (1.19-2.00)

Niacin Aware+noUse 1.58 0.000 1.02 0.893 1.58 0.000 1.21 0.026
(1.33-1.88) (0.80-1.30) (1.39-1.80) (1.02-1.43)

Aware+Use 1.38 0.013 1.28 0.195 1.27 0.010 1.17 0.231
(1.07-1.78) (0.88-1.86) (1.06-1.53) (0.90-1.52)

Folate Aware+noUse 1.18 0.023 1.24 0.035 1.11 0.139 1.32 0.001
(1.01-1.38) (1.02-1.52) (0.97-1.27) (1.13-1.56)

Aware+Use 0.83 0.132 1.46 0.030 0.79 0.009 1.46 0.002
(0.65-1.06) (1.04-2.04) (0.65-0.94) (1.15-1.85)

vit C Aware+noUse 1.31 0.018 1.23 0.045 1.24 0.004 1.24 0.013
(1.10-1.55) (1.01-1.51) (1.07-1.44) (1.05-1.47)

Aware+Use 1.38 0.002 1.57 0.003 1.10 0.434 1.24 0.106
(1.06-1.79) (1.17-2.13) (0.87-1.37) (0.96-1.60)

Ca Aware+noUse 1.37 0.000 1.21 0.044 1.20 0.017 1.16 0.112
(1.17-1.62) (1.01-1.46) (1.03-1.40) (0.97-1.39)

Aware+Use 1.30 0.023 1.39 0.053 1.16 0.143 1.39 0.011
(0.98-1.72) (1.00-1.93) (0.95-1.42) (1.08-1.78)

P Aware+noUse 2.31 0.000 1.54 0.013 1.98 0.000 1.46 0.020
(1.92-2.78) (1.10-2.18) (1.70-2.30) (1.06-2.00)

Aware+Use 1.83 0.000 2.31 0.007 1.60 0.000 1.73 0.021
(1.052-1.650) (1.26-4.23) (1.27-2.01) (1.09-2.75)

Fe Aware+noUse 0.87 0.023 1.10 0.397 1.01 0.928 1.29 0.006
(0.75-1.02) (0.88-1.37) (0.88-1.15) (1.08-1.54)

Aware+Use 0.49 0.023 1.11 0.608 0.60 0.023 1.11 0.441
(0.38-0.62) (0.75-1.64) (0.50-0.72) (0.85-1.46)

Values are odds ratios (ORs) and 95% confidence intervals (CIs). P values were derived from the complex-sample multiple logistic regression analysis. P < 0.05 was

considered significant, and significant ORs are shown in bold. "Adjusted model; sex, age, region of residence, income quartile, education level, number of metabolic

syndrome criteria met, energy, carbohydrates, protein, and fat intake were included as covariates. Refer.; the unAware+noUse group was used as a reference.

https://doi.org/10.1371/journal.pone.0296268.t1004

Discussion

Establishing the relationship between NFL use and dietary intake is important. This study of
nationally representative survey data in Korea newly found that 1) the awareness and use of
NFLs were associated with adequate intake above the EARs for vitamin A, vitamin B,, niacin,

folate, Ca, Fe, and P, for which inclusion on NFLs is not needed, and 2) this association has

become stronger during the pandemic than prepandemic periods.

The novelty of this is as follows: 1) it evaluated the relationship between adequate intake of
nutrients not listed in the NFL and the use of the NFL; rather, previous studies were simply
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limited to the effectiveness of the NFL on macronutrients and energy intake listed in the NFL
[7,9,31]; 2) the current study obtained nationally representative results using a stratified com-
plex sample of 18691 people collected over 3 years and included a broad range of adults, from
19 to 85 years of age, for both men and women, whereas previous studies were limited to spe-
cific age groups [1], race groups [8], and disease statuses [6]; and 3) this study calculated the
actual daily nutrient intake of the study subjects using the 24-hour recall method to confirm
whether participants were consuming enough vitamins and minerals over the recommended
amount; on the other hand, other studies just looked at healthy eating through indices [32,33]
and simply surveyed the increased frequency of vegetable/fruit/fish intake [11,31,32].

NFLs have a broad and deep practical impact on food intake and appropriate nutrient
intake [34]. Across countries, NFLs contribute to the improvement of public health by provid-
ing nutritional information for products to help consumers identify and choose the foods nec-
essary for a healthy diet [35]. In previous limited studies, the health implications of NFLs were
reported to be directly reducing energy and fat intake. Neuhauser et al. [31], using a telephone
survey of 1435 residents, revealed that NFL use was significantly associated with lower fat
intake. In their study, after controlling for all demographic, psychosocial, and behavioral vari-
ables, frequent NFL use explained 6% of the variance in fat intake. Another study also reported
that the NFL user group showed significant differences in mean nutrient intakes with lower
total energy, total fat, saturated fat, cholesterol, sodium, and sugar intake compared to non-
NFL users [7]; however, that study was limited in that it was the result of not adjusting the
basic characteristic with covariates.

In this study, during 2019-2022, the average NFL awareness ratio was approximately
46.6%, and the average usage ratio was low, at approximately 7.9%. These prevalences were
lower than those reported in studies conducted in the US (75%, [36]), Canada (52%, [37]), and
Europe (47%, [38]) targeting the general nationally representative population in each country.
This is probably because the definitions of label ‘use’ varied among the studies. In this study,
subjects were asked whether they used NFL information from the perspective of whether NFLs
influenced their food selection (consideration); rather, in other countries, use probably meant
reading or being aware of the labels. Additionally, there was no separate time frame in the
KNHANES questionnaire, so when subjects reported using NFLs ‘always or often’, the answer
would have been yes; however, previous studies had a limited period and asked whether sub-
jects had NFL usage experience within 1 month [39] or 12 months [40]. Furthermore, the
broader population of subjects up to 85 years of age included in this study, compared to that of
adults up to 65 years old in other studies, may also have been related to the low NFL use rate.

To the best of the author’s knowledge, the present study is the first attempt to evaluate the
relationship between NFL use and adequate micronutrient intake based on EARs for energy,
carbohydrates, fat, and protein that were included as potential covariates in logistic regression
models. Additionally, this study considered metabolic conditions as a covariate when calculat-
ing ORs. This is because, in previous studies, greater NFL use was reported in situations
requiring dietary modifications and in subjects with different disease diagnosis statuses [41-
43]. Ruopeng An analyzed 2005-2010 NHANES data, and the results showed that US adults
diagnosed with diabetes/prediabetes were substantially more likely to use NFLs than those not
diagnosed with diabetes [44]. Additionally, another study showed that hypertension patients
had 71% higher odds of frequently using NFLs for sodium information than those without
hypertension [45].

Therefore, why is higher use of NFLs related to meeting the EARs for vitamins and minerals
not included in NFLs, why do subjects consume more vitamins and minerals than the EARs just
by being aware of NFLs (Aware+noUse), and why was this association more pronounced in the
pandemic period? The following are theoretical possibilities regarding the results of this study.
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First, NFLs themselves have helped consumers make healthy food decisions for high vita-
min and mineral intake. A study conducted in Spain measured the relative Mediterranean
Diet score (rMED) and found that NFL users had higher adherence to a Mediterranean diet
[32], yet that study did not examine the quantitative intake of individual nutrients. In that
study, the NFL user group showed higher intake of fish (OR per 100 g/day: 1.94; 95 CI: 1.38-
2.71), vegetables (OR per 100 g/day: 1.15; CI 95%: 1.08-1.12), and fruits (OR per 100 g/day:
1.22; 1.11-1.34). Additionally, according to a diet quality study using an income-stratified
sample conducted in the US, the Healthy Eating Index (HEI, usually based on the ratios of the
dietary constituents to energy [33]) was positively associated with both self-reported and
objective measures of NFL use in univariate models. Thus, the connection between NFL use
and MED/HEI scores, which are considered optimal in terms of adequate vitamin and mineral
intake [46-48], supports the potential role of NFLs as a tool to meet EARs indicated in the
results of this study.

Second, the use of NFLs may lead to interest in other health claims or additional informa-
tion on food packaging. In Korea, in addition to conventional NFLs, food product providers/
manufacturers can provide fortification labels and comparison labels for emphasis [49]. For
example, high vitamin C [50], high Ca [51], or comparative phrases such as more/less can be
labeled if the product is superior to others in the same product group. Often, it has been
reported that people do not use NFLs even if they are aware of them due to difficulties in
understanding the numeric/quantitative information in the table matrix format of traditional
NFLs [52-54]. In these cases, the adjective labels [55] or minimal numerical content symbols
[56] can be helpful, and alternatively, simple additional information near the NFL on the pack-
age may be helpful in making healthy food choices. Additionally, Kozup et al. reported that
when favorable nutritional information or health claims are presented on products, consumers
have more favorable attitudes toward their purchase decisions [57]. In addition, by conveying
the nutritional characteristics of foods through explanatory information such as none, low,
high, rich, and fortified, NFLs have become easier for consumers to use, and sales of claimed
foods have also increased [58]. Additional claims, currently being managed with NFLs in
Korea, would have helped the Aware+noUse group select foods that were rich in vitamins and
minerals.

Third, the percent daily values (DVs) displayed in NFLs would have helped subjects select
nutrient-dense foods instead of empty calorie foods, which would have helped them meet the
EARSs for vitamins and minerals. Inclusively, nutrient-dense foods and the nutritional quality
of individual foods are emphasized for the consumption of more beneficial nutrients in the
overall diet [59]. DVs are science-driven and user-friendly nutrient profiling systems that rate
individual foods [60]. For example, the US Food and Drug Administration (FDA) indicates
whether a food is “healthy” based on the DV, which is used if it provides >10% DV of protein,
fiber, vitamin A, vitamin C, calcium, or Fe [61]. In particular, it was verified that using sums
and means for nutrient DVs well explains the concept of the composite nutritional quality
index related to nutrient-rich foods [62]. In this study, the probability of meeting the EAR in
the Aware+Use group was higher than that in the Aware+noUse group, indicating that NFL
content consideration (use) had a greater correlation with meeting the EAR. Additionally, as
NFL ‘use’ means that food choices are influenced by NFL information in the KNHANES
enquiry, it can be highly inferred that the Aware+Use group also uses DV information, and
this would be effective and useful in helping them make more nutrient-rich food choices [63].

Fourth, NFLs probably gained credibility during the pandemic as the most prominent
source of nutrition information. In the wake of the pandemic, information seeking and the
practice of healthy eating notably increased [64,65]. Specifically, the “spread of rumors and
massive information” were major obstacles to obtaining health information, and thus, “social

PLOS ONE | https://doi.org/10.1371/journal.pone.0296268 December 28, 2023 12/19


https://doi.org/10.1371/journal.pone.0296268

PLOS ONE NFL use is related to meeting the requirements for vitamins and minerals: KNHANES V||

media accounts of official health organizations” were ranked as the most relied upon informa-
tion source during the pandemic [66]. In terms of reducing nutrition confusion, there may be
increased reliance on obtaining nutritional information from official sources such as NFLs.
New and unregulated forms of information have raised undue concerns or even been misun-
derstood [67,68]. Thus, NFLs, which are universally accessible and uniformly managed with-
out the need for technology or devices, may have become a more credible and popular source
of nutritional information. Furthermore, positive eating habit changes after the pandemic
were noted in a study in Poland [69]. In that study, over 60% of all participants reported start-
ing to eat more nutritious and regular meals after the COVID-19 pandemic. As such, the
health crisis itself may have led to active health behaviors, which may have had a practical
impact on adequate nutrient intake through NFL use.

Last, due to hygiene-related issues during the COVID-19 pandemic, the consumption of
packaged foods such as ready meals and home meal replacements [70] increased compared to
foods purchased from farmers markets [71]. Considering that most food packages have NFLs,
frequent exposure to NFLs while purchasing packaged food during the COVID-19 pandemic
may have helped consumers obtain appropriate nutritional information. Several studies
reported that a better understanding of NFLs was associated with frequent label use [38,72].
There is additional evidence that a positive attitude and motivation to use labels could lead to
better comprehension about the nutrition information provided in labels [73,74]. According
to the results of research from the perspective of health behavior theories [75], perceived bene-
fits, the perceived importance of nutrition in food shopping, and the perceived importance of
a healthy diet led to searching for information on food labels, and this behavior is related to
the consumption of a healthy diet. Given the potential explanation that the pandemic led to a
higher desire to explore nutrition information and develop healthy behavior, the relationship
between NFL use and meeting EARs may also be explained.

To further present Korea’s typical dietary intake patterns for readers’ additional informa-
tion, the DRIs for Koreans present the ‘Energy adequacy ratio’ as the primary dietary intake
recommendation as follows: the recommended ratio of carbohydrates to total energy is 55-
65%, the recommended ratio of protein is 7-20%, and the recommended ratio of total fat is
15-30% (for both adult men and women). Next, the recommended daily calories for men are
2600-1900 kcal/day, and for women, they are 2000-1500 kcal/day (sequentially decreasing
from age 19 to age 75 or older, [17]). According to the Korea Health Industry Development
Institute (KHIDI), although it is a limited statistic that includes the entire Korean population
older than 1, energy intake in 2019 and 2020 was 1871.79+16.5 kcal/day and 1914.69+15.67
kcal/day, respectively [76]. In addition, the average carbohydrate, protein, and fat intake of
Korean citizens in 2020 was 266.53+1.91 g/day, 70.16+ 0.81 g/day, and 49.00+0.80 g/day,
respectively, and the energy and macronutrient intake of the subjects of this study showed the
same range as the average results from KHIDI statistics and DRI. Moreover, although there
are no studies that have published the percentage of Koreans meeting the EAR for vitamins
and minerals, the daily average intake analysis of each nutrient consumed by all Korean popu-
lations (over 1 year old) is as follows. Vit A; 379.35+8.57ugRAE (below EAR), vit Bj; 1.23+0.01
mg, vit By; 1.68+0.02 mg, niacin; 12.37+0.17 mg, folate; 296.77+3.17ugDFE (below EAR), vit
C; 63.82+1.72 mg (below EAR), Ca; 487.68+5.87 mg (below EAR), P 1020.87£9.54 mg, and Fe;
10.76+0.12 mg [76]. The average values of each vitamin and mineral in this study did not differ
from the range of previous results (mean+SE).

A few limitations of the present study should be noted. First, to eliminate potential bias, this
study designed an adjusted model including as many covariates as possible, but there is a risk
of cumulative type | error due to covariates that may still exist. For example, factors such as
NFL education experience, level of basic nutritional knowledge, or consultation experience
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with a dietitian, which were not investigated in this study, may have influenced appropriate
vitamin/mineral intake. Second, although this study has the advantage of being long-term and
using a large group, the typical diet of East Asians, including Koreans, is different from the
Western diet in terms of higher vegetable consumption [77], so caution is needed when gener-
alizing the results of this study to other countries. Third, the EARs for nutrients were limited
to a small number of vitamins and minerals, making it impossible to analyze the relationship
between NFL use and the consumption of other nutrients for which individuals are known to
have reduced intake [78-80]. Last, the current study had a cross-sectional design, and the con-
clusion of this study should not be interpreted as a causal relationship.

The current study uniformly applied the EAR announced during the prepandemic period,
but there may be changes in the EARs and/or minimum intake amounts of vitamins and min-
erals due to the pandemic. Thus, it is necessary for future research to estimate the changed
value of vitamins and minerals and determine whether adequate intake is met by the renewed
references. Furthermore, as suggestion for next study, it would be better to compare NFL use
with multiple public health claims in meeting EARs. For example, survey data on whether peo-
ple know or utilize health rules, traffic light signs, front labels, etc. [81] are available at the
national level, it would be valuable to compare the relevance of meeting EARs with other pub-
lic health information.

This study offers some important implications that may directly benefit the public. First,
the most important implication of this study is that public campaigns to increase awareness of
NFLs could improve the nutritional intake status of NFL-not-listed vitamins and minerals of
the population. In other words, it can be said that the general public’s use of or awareness of
the NFL is more influential than what nutrient numerical information is included in the con-
tent. Second, rather than increasing the understanding of traditional NFLs, policymakers
should put more effort into continuously increasing public ‘awareness’ of NFLs on food pack-
ages. This is because simply being aware of the NFL can increase the relevance of consuming
sufficient vitamins and minerals. Third, information accompanied by symbols and rating pre-
sentations can have effectiveness for adequate intake [82,83]. Therefore, there is a need for
innovative approaches to develop various and simple descriptors for identifying healthy food
options so that the public can use and recognize NFL easily and quickly. Last, the use of NFLs
on fruits, vegetables, and raw produce is optional, so if NFL is mandatorily extended to
broader food categories, NFLs may have a greater impact on sufficient vitamin and mineral
intake. Applying NFLs to more prepared foods or fresh foods and frequently providing food
packaging information could help ensure sufficient nutritional intake beyond EARs.

Conclusion

In conclusion, the findings from the present study of the KHANES VIII indicate that NFL
awareness and use is associated with meeting the EARs for vitamins and minerals not listed on
NFLs. Although NFLs alone are not expected to be sufficient to modify behavior and ulti-
mately improve health outcomes, a great impact of NFLs on vitamin and mineral intake dur-
ing a communicable disease pandemic was confirmed. For future recurring health crises, it is
necessary to promote the effective use of NFLs to develop healthy dietary practices.
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