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ABSTRACT

BACKGROUND/OBJECTIVES: This study aimed to evaluate the food sources of zinc and the
usual intake of dietary zinc among Korean toddlers and preschool children.
SUBJECTS/METHODS: A total of 2,679 children aged 1-5 years was selected from the 2009—
2013 Korea National Health and Nutrition Examination Survey (KNHANES) data. Dietary
data collected from a single 24-h recall were used to evaluate the food sources of zinc. To
estimate usual zinc intake, the distribution obtained from single 24-h recall data in the total
sample was adjusted using the ratio of within-to-between-person variance in zinc intake
obtained from 2-day 24-h recall sub-sample data of the 2009 KNHANES. The proportion of
children with usual zinc intake below the estimated average requirement (EAR) and above the
tolerable upper intake level (UL) was assessed.

RESULTS: The main sources of zinc in Korean children were grains, dairy products, and meat.
The mean usual intakes of zinc among all individuals, those aged 1-2 yrs, and those aged 3-5 yrs
were 5.50, 5.01, and 5.83 mg/d, respectively. In all participants, 1.1% of the children consumed
zinc below the EAR, whereas 10.7% exceeded the UL. The proportion of children with excessive
zinc intake was 25.6% in the 1-2 yrs age group and 0.6% in the 3-5 yrs age group.
CONCLUSIONS: According to the current UL, the risk of excessive zinc intake appears to be
high among Korean toddlers. Future studies that monitor the health effects of excessive zinc
intake are needed to appropriately guide zinc intake in children.

Keywords: Zinc; nutritional status; diet; child; micronutrients

INTRODUCTION

Zinc is an essential nutrient that plays a central role in child growth and development
through its versatile action on nutrient metabolism, taste and smell acuity, and the hormonal
mediation of bone metabolism [1]. This trace element is necessary for the immune system
and reproduction and also affects the regulation of appetite and food intake [2].

The overall causes of zinc deficiency include inadequate intake, malabsorption, impaired

utilization, and increased losses and requirements [3]. Infants, children, adolescents,
and pregnant and lactating women are at a high risk of zinc deficiency owing to increased
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requirements [3]. It has been estimated that half of the world’s population is at risk for
inadequate zinc intake [4]. In some countries, the proportion of young children at risk for
inadequate intake remains high [5-7]. However, information on zinc nutrition in young
Korean children is limited.

Nutrient recommendations have been established to ensure the adequate intake of essential
nutrients. Dietary reference intakes (DRIs) were introduced as a new paradigm for nutrient
recommendations by the Institute of Medicine in 1997 [8]. This suggests a safe and adequate
nutrient intake. DRIs include four reference values, among which the estimated average
requirement (EAR) and tolerable upper intake level (UL) represent evaluation criteria for
inadequate intake and excessive intake with potential toxicity, respectively. Dietary evaluation
of inadequacy and potential toxicity in population groups was performed by comparing usual
intake to DRIs (i.e., EAR for inadequacy and UL for potential toxicity). In Korea, a nutrition
survey with nationally representative samples is conducted annually. However, only one

day of dietary data was collected. Thus, usual intake estimations cannot be made, and the
proportion of the population at risk is not suggested appropriately.

In addition, due to the absence of a zinc nutritional database, evaluation of zinc intake has
not been conducted in Korea. Recently, a zinc nutritional database was constructed from
foods consumed by Korean children aged 1-5 yrs to make dietary zinc assessment of children
possible [9].

This study was performed to examine zinc nutritional status and dietary sources in young
Korean children using dietary intake data from a nationally representative sample of the
2009-2013 Korea National Health and Nutrition Examination Surveys (KNHANES). We
estimated the usual intake distribution of zinc from food and beverage sources to evaluate
dietary zinc status. Another important purpose of this study was to present reference data for
better insight into the recent changes in zinc intake levels.

SUBJECTS AND METHODS

Data and study subjects

This study used cross-sectional data from the 2009-2013 KNHANES, which food list is
covered by the newly developed zinc database [9]. Supplementary results were presented
using data from 2016-2021 KNHANES. The KNHANES is conducted by the Korea Disease
Control and Prevention Agency (KDCA) annually to assess and monitor the nutritional
health status of Koreans. The survey used a stratified, multistage probability sampling design
to select nationally representative samples of the non-institutionalized civilian Korean
population. The KNHANES has three parts: health interviews, health examinations, and
nutrition surveys. Detailed explanations of the KNHANES are described elsewhere [10].

Among participants aged 1-5 yrs (n = 2,766) in the 2009-2013 survey, those who had an
implausible energy intake (< 1st or > 99th percentile of energy intake, n = 55) and those who
had no information on household income (n = 32) were excluded. Thus, 2,679 children were
included in the data analyses. Through the same procedure for the selection of study subjects,
supplementary analyses were conducted using data from 1,351 children for the 20162018
data and 839 children for the 2019-2021 data. This study was conducted in accordance

with the principles of the Declaration of Helsinki. This study was approved by the KDCA
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Institutional Review Board (IRB No. 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-
06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2018-01-03-P-A, 2018-01-03-C-A, 2018-01-03-
2C-A, and 2018-01-03-3C-A). Written informed consent was obtained from the parents or
guardians of all subjects.

Assessment of zinc intake

The dietary data used in this study were collected from a single 24-h dietary recall conducted
as part of the KNHANES nutrition survey. Energy and macronutrient intake for each subject
were calculated using the 7th and 8th food composition tables established by the Rural
Development Administration (RDA) [11,12]. The KDCA distributed zinc intake data after

the survey year 2016. Zinc intake for each subject from the 20092013 survey data was
calculated using a zinc database developed in 2021 [9]. The newly developed zinc database was
established to estimate the intake levels of zinc in Korean toddlers and preschool children. It
contains the zinc content of 3,361 food items commonly consumed by young Korean children
[9]. Information on zinc content used to develop the zinc database in 2021 was collected from
the latest RDA (9th revision) food composition tables and the United States Department of
Agriculture (legacy release). For the zinc content of each food item, the collected values were
primarily used (n =1,188). Missing values were replaced with calculated values or imputed
values based on the collected values of food items listed in the database. For foods with an
identical name but different origins or conditions from those of the collected values, the zinc
content was calculated considering the moisture content (n = 350). For foods with different
names, the zinc content of a food as similar as possible based on a biological classification
system was imputed according to its moisture content (n = 1,727). For mixed foods containing
several food ingredients, the sum of the zinc content of each food ingredient was calculated
using the food recipe (n = 62). For the 34 food items, the zinc content was assumed to be zero.
Zinc intake per food group was also evaluated according to age group.

Estimation of usual zinc intake

As the KNHANES collects one-day 24-h dietary recall data for each subject, it was not
possible to evaluate the usual intake of zinc. Thus, to estimate usual zinc intake among
the study subjects, zinc intake obtained from single 24-h recall data was adjusted using
within-person and between-person variations in zinc intake obtained from 2009 KNHANES
2-day 24-h recall data. In the 2009 KNHANES, 2-day 24-h recall data were collected from a
sub-sample of the total survey participants. In the 1-5 yrs age group, a total of 167 children
had 2-day 24-h recall data (n = 79 for 1-2 yrs and n = 88 for 3-5 yrs). The within-person and
between-person variances in zinc intake were calculated using analysis of variance after
the square root transformation of the zinc intake data [13]. The within-to-between-person
variance ratio in zinc intake was 0.59 for 1-2 yrs and 2.45 for 3-5 yrs.

The usual zinc intake in the study population was estimated according to the method
described in a report of Nutrient Adequacy: Assessment Using Food Consumption Surveys
published by the National Research Council in 1986 [13]. Adjusted (usual) zinc intake for
each child was calculated using the following equations (Equations 1-3) [13,14] with the
ratio of within- (S,?) to between-person variance (S,?) of zinc intake obtained from 2-day
24-h recall data of the 2009 KNHANES. The distribution of zinc intake was also skewed.
Thus, zinc intake values were transformed using the natural logarithm (In). The KDCA
began to provide zinc intake data in 2023 for KNHANES years after 2016. The same ratio
and procedures were applied to calculate the usual zinc intake in the supplementary analysis
using 2016-2021 KNHANES data.
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To evaluate usual zinc intake based on recommended levels, the EAR and UL values
suggested in the 2020 DRIs for Koreans were used [15]. The EAR was 2 mg/d for children
aged 1-2 yrs and 3 mg/d for children aged 3-5 yrs. The UL was 6 mg/d for children aged 1-2 yrs
and 9 mg/d for children aged 3-5 yrs. The proportions of children with intake below the EAR
and those with intake above the UL were calculated.

Systematic review of the ratio of within-to-between-person variance in zinc
intake among young children

The variance data of Korean children were compared to those of foreign children of similar
ages. Information on the ratio of within-to-between-person variance of zinc intake among
young children was identified by searching for published articles in the PubMed database
through June 2022. The following keywords were used for the primary literature search:
(zinc or mineral or micronutrient or minerals or micronutrients in the title or abstract)

and (children in title or abstract) and (intake or intakes in title or abstract) and (variation

or variance or variability in title or abstract). An additional literature search through the
PubMed database was conducted with the following keywords to identify relevant articles
precisely: (usual in the title or abstract) and (intake or intakes in title or abstract) and
(micronutrient or micronutrients or mineral or minerals or zinc in title or abstract) and
(children in title or abstract). The references were screened from the retrieved articles. Two
authors independently assessed the eligibility of the study based on the following selection
criteria: 1) articles published in English or Korean; 2) articles included eligible age groups

of participants; and 3) articles containing appropriate information on the ratio of within-to-
between-person variance of zinc intake. The following information was extracted from the
selected articles: 1) the first author’s name and publication year; 2) country in which the study
was performed and number of study subjects; 3) data and study period; 4) dietary assessment
methods; 5) study subjects’ age and gender; 6) ratio of within-to-between-person variance of
zinc intake; and 7) intake levels of energy, protein, and zinc.

Statistical analyses

All statistical analyses were performed using the Statistical Analysis Systems (SAS), version
9.4 (SAS Institute, Cary, NC, USA). All data analyses conducted in this study considered the
complex sampling design effect and used appropriate sampling weights. Dietary zinc intake
per food group calculated based on one-day 24-h dietary recall data is presented as the mean,
SE, 95% confidence limit (CL) for the mean, and 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th,
and 99th percentiles. Adjusted (usual) zinc intake is presented as the mean and SE with 95%
CL by children’s age group, gender, living area, and household income. For the distribution of
adjusted (usual) zinc intake, 1st, 5th, 10th, 25th, 50th, 75th, 90th, 95th and 99th percentiles
are also presented. The proportion of children who had usual dietary zinc intake below

the EAR and above the UL was estimated, and differences in proportions by children’s age
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group, gender, living area, and household income were tested using the y? test. Statistical
significance was set at a. = 0.05.

RESULTS

Characteristics of study subjects

The characteristics of the study participants are listed in Table 1. Among the study subjects
aged 1-5 yrs, the mean age was 3.0 years (SE = 0.03). Approximately 52% of the children were
boys. About 83% of the children lived in urban areas, and 8.8% of the study subjects lived in
low-income households. The average energy intake level was 1,203 kcal (SE =10.4) in this
study population. Macronutrient intake level was 192.2 g (SE = 1.7) for carbohydrate, 41.2 g
(SE = 0.4) for protein and 30.1 g (SE = 0.4) for fat.

Evaluation of zinc intake and its food sources

The dietary zinc intake per food group is shown in Table 2. Among all study subjects, about
2.2 mg of zinc intake came from grains and their products, with the remainder coming from
milk and dairy products (1.1 mg), meat and its products (0.8 mg), eggs, vegetables, fish and
shellfish and legumes and its products. By age group, young children had higher zinc intake
from milk and dairy products but lower intakes from meat and grains and their products
compared to older children. Recent 6 yrs data for the dietary zinc intake per food group is
presented in Supplementary Table 1.

Estimation of usual zinc intake and its adherence to recommended levels
Table 3 presents distribution of usual zinc intake according to children’s characteristics. Among
total subjects, the mean intake was 5.50 mg/d (SE = 0.04) after adjusting for the ratio of within-

Table 1. Characteristics of study subjects (n = 2,679)"

Variables Values
Age group

1-2yrs 40.4

3-5yrs 59.6
Gender

Boys 51.8

Girls 48.2
Age group x Gender

1-2yrs, boys 21.7

1-2yrs, girls 18.8

3-5yrs, boys 30.1

3-5yrs, girls 29.4
Living area

Urban 83.3

Rural 16.7
Household income

Low 8.8

Medium-low 34.4

Medium-high 33.3

High 23.5
Energy and nutrient intake

Total energy (kcal) 1,203 + 10.4

Carbohydrate (g) 192.2+ 1.7

Protein (g) 41.2+0.4

Fat (g) 30.1+0.4

Values are presented as % frequency or mean + SE.
YAll analyses accounted for the complex sampling design effect and appropriate sampling weights.
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Table 2. Dietary zinc intake per food group by age group”?

Food group Food group intake (g) Zinc intake per food group (mg)
Mean Mean + SE 95% CL P1 P5 P10 P25 P50 P75 P90 P95 P99
Total subjects (n = 2,679)
Grains and its products 182.0 2.22 £ 0.03 2.16-2.28 0.25 0.66 0.95 1.44 2.04 2.87 3.77 4.31 5.47
Potatoes and starch-rich foods 22.3 0.07 + 0.00 0.06-0.08 0.00 0.00 0.00 0.00 0.00 0.08 0.20 0.36 0.74
Sugar and sweets 5.4 0.02 + 0.00 0.02-0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.09 0.43
Legumes and its products 29.8 0.22+0.01 0.20-0.24 0.00 0.00 0.00 0.00 0.08 0.28 0.60 0.86 1.89
Nuts and seeds 1.8 0.04 + 0.00 0.04-0.05 0.00 0.00 0.00 0.00 0.01 0.03 0.09 0.23 0.69
Vegetables 76.7 0.29+0.01 0.27-0.32 0.00 0.01 0.03 0.09 0.22 0.39 0.60 0.81 1.36
Mushrooms 2.8 0.03 £ 0.00 0.02-0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.06 0.13 0.40
Fruits 162.2 0.16 + 0.01 0.15-0.17 0.00 0.00 0.00 0.00 0.08 0.21 0.41 0.58 1.15
Meat and its products 41.0 0.84+0.03 0.79-0.89 0.00 0.00 0.00 0.10 0.51 1.20 2.18 2.90 4.69
Eggs 23.7 0.31+0.01 0.29-0.34 0.00 0.00 0.00 0.00 0.10 0.46 0.91 1.18 2.01
Fish and shellfish 19.7 0.26 + 0.02 0.21-0.30 0.00 0.00 0.00 0.02 0.10 0.26 0.56 0.87 1.96
Seaweeds 3.6 0.04 + 0.00 0.04-0.05 0.00 0.00 0.00 0.00 0.02 0.06 0.11 0.17 0.34
Milk and dairy products 264.2 1.11+0.03 1.04-1.17 0.00 0.00 0.00 0.45 0.84 1.48 2.18 2.80 5.26
Oils and fats 3.4 0.00 + 0.00 0.00-0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04
Beverages and alcohol 28.1 0.04 = 0.00 0.03-0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.22 0.67
Seasonings 11.7 0.08 + 0.00 0.07-0.08 0.00 0.00 0.00 0.01 0.04 0.10 0.18 0.26 0.54
Processed foods 0.8 0.01 + 0.00 0.00-0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19
Total intake 5.75+0.06 5.63-5.87 1.60 2.56 3.05 4.10 541 7.02 873 9.92 12.01
1-2yrs (n=1,097)
Grains and its products 152.6 1.86 = 0.04 1.78-1.95 0.07 0.44 0.69 1.17 1.67 2.43 3.22 3.87 4.84
Potatoes and starch-rich foods 20.5 0.06 + 0.01 0.05-0.07 0.00 0.00 0.00 0.00 0.00 0.07 0.19 0.32 0.64
Sugar and sweets 3.9 0.02 £ 0.00 0.01-0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.35
Legumes and its products B8ORS 0.22 + 0.01 0.19-0.24 0.00 0.00 0.00 0.00 0.07 0.28 0.61 0.86 1.93
Nuts and seeds 1.6 0.03 = 0.00 0.03-0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.06 0.14 0.61
Vegetables 55.8 0.20+ 0.01 0.19-0.22 0.00 0.00 0.01 0.05 0.14 0.28 0.45 0.58 1.05
Mushrooms 2.4 0.02 + 0.00 0.02-0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.11 0.37
Fruits 150.0 0.16 + 0.01 0.14-0.17 0.00 0.00 0.00 0.00 0.08 0.21 0.39 0.56 0.99
Meat and its products 30.2 0.63 +0.03 0.57-0.70 0.00 0.00 0.00 0.01 0.32 0.87 1.76 2.53 3.56
Eggs 20.9 0.28 + 0.02 0.24-0.31 0.00 0.00 0.00 0.00 0.06 0.40 0.81 1.07 1.71
Fish and shellfish 15.7 0.21 + 0.02 0.17-0.25 0.00 0.00 0.00 0.00 0.07 0.20 0.51 0.76 1.78
Seaweeds 2.8 0.04 + 0.00 0.03-0.04 0.00 0.00 0.00 0.00 0.01 0.05 0.09 0.14 0.30
Milk and dairy products 273.2 1.37 £ 0.06 1.25-1.49 0.00 0.00 0.00 0.54 1.03 1.82 271 3.72 6.86
Oils and fats 2.5 0.00 += 0.00 0.00-0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03
Beverages and alcohol 20.2 0.03 £ 0.01 0.01-0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11 0.48
Seasonings 7.4 0.05 + 0.00 0.04-0.05 0.00 0.00 0.00 0.01 0.02 0.07 0.12 0.18 0.38
Processed foods 0.5 0.00 + 0.00 0.00-0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07
Total intake 5.18 £ 0.09 5.01-5:35 1.44 2.34 2.76 3.59 491 6.41 7.86 8.78 11.48
3-5yrs (n=1,582)
Grains and its products 202.0 2.46 £ 0.03 2.39-2.53 0.47 0.93 1.22 1.69 2.25 3.06 4.00 4.55 5.93
Potatoes and starch-rich foods 23.5 0.07 £ 0.01 0.06-0.08 0.00 0.00 0.00 0.00 0.00 0.08 0.20 0.37 0.81
Sugar and sweets 6.5 0.03 +0.00 0.02-0.04 0.00 0.00 0.00 0.00 0.00 0.01 0.04 0.10 0.45
Legumes and its products 23.0 0.22 +0.01 0.20-0.25 0.00 0.00 0.00 0.00 0.08 0.28 0.58 0.85 1.73
Nuts and seeds 2.0 0.05 +0.00 0.04-0.06 0.00 0.00 0.00 0.00 0.01 0.03 0.11 0.27 0.70
Vegetables 90.9 0.35+0.02 0.32-0.39 0.00 0.03 0.06 0.14 0.27 0.45 0.69 0.93 1.59
Mushrooms 3.1 0.03 £ 0.00 0.02-0.03 0.00 0.00 0.00 0.00 0.00 0.02 0.07 0.15 0.41
Fruits 170.4 0.16 +0.01 0.15-0.18 0.00 0.00 0.00 0.00 0.08 0.21 0.42 0.58 1.27
Meat and its products 48.3 0.98 £ 0.03 0.92-1.05 0.00 0.00 0.00 0.19 0.64 1.42 2.33 3.20 4.83
Eggs 25.6 0.34+0.01 0.31-0.37 0.00 0.00 0.00 0.00 0.13 0.51 0.96 1.22 2.02
Fish and shellfish 22.5 0.29 + 0.04 0.22-0.36 0.00 0.00 0.00 0.03 0.13 0.29 0.61 0.92 2.05
Seaweeds 4.1 0.05+0.00 0.05-0.06 0.00 0.00 0.00 0.00 0.02 0.07 0.13 0.18 0.39
Milk and dairy products 258.0 0.93 £0.03 0.88-0.98 0.00 0.00 0.00 0.38 0.78 1.35 1.91 2.25 3.09
Oils and fats 4.0 0.01 +0.00 0.00-0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.04
Beverages and alcohol 33.5 0.05+0.01 0.04-0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.30 0.86
Seasonings 14.6 0.09 + 0.00 0.09-0.10 0.00 0.00 0.01 0.02 0.06 0.12 0.21 0.28 0.59
Processed foods 1.1 0.01+0.00 0.00-0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.24
Total intake 6.14 +0.08 5.99-6.30 1.80 2.86 3.38 4.53 5.88 7.56 9.19 10.40 12.12

CL, confidence limit; P, percentile.
YAll analyses accounted for the complex sampling design effect and appropriate sampling weights.
IDietary zinc intake per food group was calculated based on 1-day 24-h dietary recall data.
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Table 3. Usual intake distribution of zinc (mg/d) among 1-5-year-old Korean children (n = 2,679)"%

Group Mean + SE 95% CL P1 P5 P10 P25 P50 P75 P90 P95 P99
Total subjects 5.50+0.04 5.42-5.57 2.17 3.10 3.65 4.56 5.46 6.39 7.30 7.84 9.10
Age group

1-2yrs 5.01+0.06 4.88-5.14 1.84 2.71 3.08 3.80 4.87 6.02 7.07 7.72 £.55

3-5yrs 5.83 £ 0.04 5.75-5.90 3.06 3.93 4.31 5.04 5.80 6.64 7.38 7.88 8.56
Gender

Boys 5.60+ 0.05 5.50-5.70 2.24 3.08 3.63 4.64 5.59 6.58 7.50 8.02 9.11

Girls 5.38+0.05 5.29-5.48 2.13 3.20 3.66 4.47 5.35 6.24 7.07 7.45 8.97
Age group x Gender

1-2yrs, boys 5.07 £ 0.09 4.89-5.25 1.60 2.71 3.03 3.88 4.97 6.10 7.20 7.73 9.44

1-2yrs, girls 4.94 + 0.09 4.75-5.13 1L CR 2.66 3.18 77 4.74 5.88 6.90 787 CL el

3-5yrs, boys 5.98 £ 0.05 5.88-6.09 3.07 4.00 4.45 5.16 5.818 6.82 7.64 8.07 8.69

3-5yrs, girls 5.66 = 0.05 5,565,776 2.98 3.80 4.18 4.90 5.59 6.39 7.14 7.45 8.42
Living area

Urban 5.51+0.04 5.43-5.59 2.23 3.18 3.66 4.57 5.46 6.42 7.32 7.86 9.11

Rural 5.43 £0.09 5.26-5.61 1.94 2.79 3.63 4.53 5.47 6.21 7.21 7.63 8.70
Household income

Low 5.23+0.14 4.95-5.50 2.09 2.90 3.36 4.21 5-dL5 6.24 7.07 7.44 8.61

Medium-low 5.46 = 0.07 5.83=5,.60 2.17 3.18 3.67 4.53 5.38 6.27 7.26 7.85 9.34

Medium-high 5.49 + 0.06 5.38-5.60 2.22 3.09 3.61 4.57 5.49 6.40 7.28 7.75 8.83

High 5.66 + 0.07 5.52-5.80 2.03 3.24 3.77 4.77 5.66 6.57 7.40 8.01 9.11

CL, confidence limit; P, percentile.

YAll analyses accounted for the complex sampling design effect and appropriate sampling weights.

2To estimate usual zinc intake, zinc intake obtained from 1-day 24-h recall data was adjusted using the method described in the Nutrient Adequacy: Assessment
Using Food Consumption Surveys (National Research Council, 1986). The adjusted (usual) zinc intake for each child was calculated using the ratio of within-to-
between-person variance of zinc intake obtained from 2-day 24-h recall data of the 2009 Korea National Health and Nutrition Examination Survey (0.59 for 1-2
yrs and 2.45 for 3-5 yrs).

to between-person variation of zinc intake (0.59 for 1-2 yrs and 2.45 for 3-5 yrs). Older children,
boys and children with higher household income showed higher zinc intake. However, there
was no significant difference in zinc intake according to children’s living area. Recent 6 yrs data
for the dietary zinc intake distribution is presented in Supplementary Table 2.

Table 4 shows the proportion of participants with inappropriate or excessive consumption of
zinc. Based on the usual zinc intake of the study population, 1.1% of the children showed an
inadequate intake below the EAR, and 10.7% of the children exceeded the UL. By age group,
the proportion of children who had excessive zinc intake above the UL was 25.6% in children
aged 1-2 yrs and 0.6% in children aged 3-5 yrs (P-value < 0.0001). The proportion of subjects
with inappropriate or excessive intake of zinc did not differ by children’s gender, living area,
or household income level. The zinc intake level in the study population was approximately
154% of the recommended nutrient intake (RNI) (SE = 1.1). Younger children had a higher

% of RNI (mean = 167.0%, SE = 2.2) than older children (mean = 145.6%, SE = 1.0). In terms
of gender, boys had a higher % of RNI (mean = 157.7%, SE =1.6) than girls (mean = 150.6%,
SE =1.5). Recent change in proportion of subjects who had zinc intake above the UL among
Korean young children is presented in Supplementary Fig. 1.

Systematic review on the ratio of within- to between-person variance of zinc
intake among young children

Our primary literature search identified 177 articles in the PubMed database. Of these, 123
articles were excluded after screening their titles and/or abstracts. Based on a full-text review
of 54 articles, 52 were excluded according to the selection criteria. In addition, one article
was identified from the reference lists of the retrieved articles. A secondary literature search
identified 122 articles. After excluding 20 duplicated articles from the primary search, 85
articles were excluded after screening titles and/or abstracts, and 16 articles were excluded
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Table 4. Assessment of dietary zinc intake according to Dietary Reference Intakes for Koreans (n = 2,679)"%

Group % RNI Below EAR Above UL
Mean = SE 95% CL % p-value? % P-value®
Total subjects 154.3+1.1 152.1-156.4 1.1 10.7
Age group 0.0937 <0.0001
1-2yrs 167.0+ 2.2 162.8-171.2 1.6 25.6
3-5yrs 145.6 £ 1.0 143.7-147.5 0.8 0.6
Gender 0.4973 0.2223
Boys 157.7+ 1.6 154.7-160.8 1.0 11.6
Girls 150.6 £ 1.5 147.6-153.6 1.3 9.7
Age group x Gender 0.3157 <0.0001
1-2 yrs, boys 169.0 + 3.0 163.1-174.9 1.4 26.9
1-2yrs, girls 164.7 + 3.2 158.5-170.9 1.9 24.0
3-5yrs, boys 149.6 + 1.3 147.0-152.2 0.7 0.6
3-5yrs, girls 141.6+1.3 139.0-144.1 0.9 0.5
Living area 0.3038 0.6811
Urban 154.6 £ 1.2 152.2-157.0 1.0 10.8
Rural 152.6 £ 2.6 147.4-157.8 1.7 10.1
Household income 0.9014 0.6371
Low 147.9+ 4.4 139.2-156.6 1.0 12.1
Medium-low 153.7 £ 2.0 149.7-157.6 1.0 9.6
Medium-high 154.4 £ 1.7 151.0-157.8 1.4 11.7
High 157.5+ 2.1 153.3-161.6 1.0 10.3

CL, confidence limit; EAR, estimated average requirement; RNI, recommended nutrient intake; UL, tolerable
upper intake level.

YAll analyses accounted for the complex sampling design effect and appropriate sampling weights.

2To estimate usual zinc intake, zinc intake obtained from 1-day 24-h recall data was adjusted using the method
described in the Nutrient Adequacy: Assessment Using Food Consumption Surveys (National Research Council,
1986). The adjusted (usual) zinc intake for each child was calculated using the ratio of within-to-between-person
variance of zinc intake obtained from 2-day 24-h recall data of the 2009 Korea National Health and Nutrition
Examination Survey (0.59 for 1-2 yrs and 2.45 for 3-5 yrs).

9p-values were obtained from the y? test.

based on full-text review. Finally, four studies were selected to extract information on the
ratio of within- to between-person variance in zinc intake among young children (Fig. 1).

Table 5 lists characteristics of four selected articles [16-19]. Three studies collected dietary
data through multiple 24-h dietary recalls [16,17,18] and one study used 3-day diet records
[19]. The ratio of within- to between-person variance of zinc intake reported in selected
studies ranged from 0.41 to 3.00. Children aged 2 yrs or younger showed the lowest ratio
among all age groups, whereas children aged 2.5-3 yrs showed the highest ratio. Children
older than 5 years had lower ratios than children aged 3-5 yrs. In a study by Nel ¢t al. [18]
using the same age groups as the current study, the ratio for children aged 1-2 yrs was 1.47
and 2.82 for children aged 3-5 yrs.

DISCUSSION

Early childhood is a period of transition from milk to a family diet by accepting new foods
through which eating habits are shaped. Once eating habits are formed, they tend to

be maintained throughout their life cycle [20-25]. Therefore, diet in early childhood is
important because it not only affects growth and development but also affects health in later
life [20,26,27]. In particular, zinc plays an important role in metabolism related to growth
and development. Therefore, adequate and safe intake is required for children [1]. In this
study, we evaluated the dietary zinc intake levels in Korean toddlers and preschoolers based
on the usual intake estimation of zinc.
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177 articles identified through PubMed searching
Keywords ("zinc" [Title/Abstract] OR "mineral” [Title/Abstract] OR
"micronutrient” [Title/Abstract] OR "minerals" [Title/Abstract] OR
"micronutrients” [Title/Abstract]) AND "“children" [Title/Abstract] AND

"variability" [Title/Abstract])

("intake" [Title/Abstract] OR "intakes" [Title/Abstract]) AND
("variation" [Title/Abstract] OR "variance" [Title/Abstract] OR

123 articles were excluded based on title and/or abstract screening
52 articles were excluded based on full-text review

> - Other language (n = 2)

- Ineligible age groups of participants (n = 3)

- No information on the ratio of within- to between-person
variance of zinc intake (n = 47)

‘i 1 additional study was identified from retrieved articles

3 articles used to extract the rat
variance of

io of within- to between-person
zinc intake

122 articles were additionally searched through PubMed

Keywords "usual" [Title/Abstract] AND ("intake" [Title/Abstract] OR
"intakes" [Title/Abstract]) AND ("micronutrient” [Title/Abstract] OR

"micronutrients" [Title/Abstract] OR "mineral" [Title/Abstract] OR
"minerals" [Title/Abstract] OR "zn" [Title/Abstract]) AND
"children" [Title/Abstract]

20 duplicate studies were excluded
85 articles were excluded based on title and/or abstract screening
16 articles were excluded based on full-text review

- Ineligible age groups of participants (n = 2)
- No information on the ratio of within- to between-person
variance of zinc intake (n =14)

1 more article used to extract the ratio of within- to between-person
variance of zinc intake

l

A total of 4 studies included in this study

Fig. 1. Flowchart for the selection of studies on the ratio of within- to between-person variance of zinc intake among young children.

https://e-nrp.org

The main sources of zinc intake in young children are meat, milk, and dairy products. The
zinc content in milk and dairy products is much lower than that in other food sources, while
infants and toddlers have relatively high dependence on milk and dairy products. Additionally,
Asian children, including the subjects of this study, can obtain zinc from rice and other grain
products, which serve as staple foods in Asia [5,16,28,29]. Cereals and legumes on the list of
major sources of zinc have ambivalence for zinc nutrition because they contain high levels of
phytate, which hinders zinc absorption. US preschool children consumed zinc mainly from
ready-to-eat cereal, milk and dairy products, meat, eggs, and potatoes [16]. Young children in
South Africa obtained about 30% of their zinc intake from maize porridge [18]. Fish and sugar-
sweetened beverages are also major sources of zinc intake in young Filipino children [S]. The
high ranking of fish reflects the dietary characteristics of that country, and sugar-sweetened
beverages are often used as carriers for micronutrient fortification in that country.
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Table 5. Ratio of the within- to between-person variance of zinc intake among young children reported in selected studies

Author Country and study subjects  Data and study Dietary Age group Ratio of the within- Energy intake Protein Zinc intake
(year) period assessment to between-person (kcal/d) intake (g/d)  (mg/d)
variance of zinc intake
Arsenault US, preschool children Continuing Survey 2-day 24-h <1lyrs 0.56 (0-6 mon), 852 + 277 6.6+ 2.3
& Brown (n=7,474) of Food Intakes by  dietary recalls (n =898, 12%)  1.06 (7-12 mon)
(2003) Individuals (CSFII), 1-3yrs 2.16 1,381 + 442 7.6+3.3
1994-1996, 1998 (n = 3,908, 52%)
4-5yrs 2.89 1,667 = 485 9.1+ 3.7
(n = 2,668, 36%)
Huybrechts Belgium, preschool children 2002-2003 3-day diet 2.5-3yrs 3.00 1,414 54.9+1.1 7.9+0.2
etal. (n =661, 338 boys [51.1%] records (n =197, 29.8%)
(2008) and 323 girls [48.9%)]) 4-6.5yrs 2.70 1,483 56.7+0.7 8.5+0.2
(n = 464, 70.2%)
Nel et al. South Africa, children Provincial Dietary 2-day 24-h 1-2yrs 1.47 1,179 34.7+1.5 6.5+0.4
(2022) (n=1,326) Intake Study (PDIS), dietary recalls (n=333, 25.1%)
2018 3-5yrs 2.82 1,344 40.4+1.2 7.3+0.1
(n = 514, 38.8%)
6-10yrs 2.23 1,560 46.3+1.3 8.5+0.2
(n =479, 36.1%)
Padilha et Brazil, young children BRISA project?, 3-day 24-h 13-32 mon 0.41 1,128 + 289 50+ 14 7.9+ 4.9
al. (2017)  (n =231, 127 boys [55.0%] 2010-2012 dietary recalls

and 104 girls [45.0%])

YMean + SD (or SE).
2Aetiology of preterm birth and consequences of perinatal factors in child health: birth cohorts from 2 Brazilian cities, Sdo Luis (MA) and Ribeir&o Preto (SP) - BRISA.

When the average daily usual intake of Korean young children for the survey years 2009-2013
was compared with that of children of similar age in other countries, it was similar to the
intake level of children in some Asian countries [5,6,29] but higher than that of Filipino
young children [5]. The intake levels of Korean children in 20092013 survey years were lower
than those of Western children [16,19,30] and children in industrialized areas of South Africa
[18], while the recent levels were compared to those countries.

To estimate the proportion of inappropriate and excessive consumption in a population, it

is necessary to determine the usual intake adjusted for within-to-between-variation ratio.
The current study used the ratio obtained from the 2-day dietary data of young Korean
children. In addition, a systematic review of the literature reporting the within-person and
between-person variations of young children was conducted to compare the ratio values
according to study populations. The within-to-between-variation ratio of zinc intake in
young children selected through this systematic review differed depending on the country. A
significant trend was found when comparing the age of the children in each study. In a study
by Arsenault and Brown [16], American children had a within- to between-person ratio of less
than 1 in the first 6 months of life and about 1 in the rest of infancy. This ratio then increased
to 2.89 at 4-5 yrs of age. It then decreased. The ratio at 4-5 years of age in American children
[16] was smaller than that at 2.5-4 yrs of age, but greater than that at 4-6.5 yrs of age in
Belgian children [19]. The variation ratio of South African children [18] showed a trend
consistent with those in 2 previous studies [16,19]. These results indicated that within- to
between-person variation in young children’s zinc intake had the characteristic of being the
highest at around the age of 3 yrs. Only the study by Padilha et al. [17] on Brazilian children
showed a variation ratio of less than 1, even after infancy. Korean children aged 1-2 yrs also
had such low variance ratios.

Cashdan [31] reported that children’s acceptance of new foods expanded to 1-2 yrs of age and

then rapidly decreased, showing the lowest level at 4-8 yrs of age. This can explain the tendency
of within- to between-person variation to show the highest level around the age of three in the
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systematic review results of the present study. This suggests that the variation in dietary zinc
intake in young children is greatly affected by age-related changes in dietary diversity. Diet
diversity increased from infancy to toddlerhood. It then stabilized during early childhood.

When the within- and between-person variation was corrected for the 2009-2013 survey data,
1.1% of young Korean children had a high risk of inadequate intake below the EAR, whereas
10.7% of the children exceeded the UL with a high risk of excessive intake. In particular,
25.6% of children aged 1-2 yrs were at risk of excessive intake, whereas only 0.6% of children
aged 3-5 yrs were at risk of excessive intake. In a study of the United Arab Emirates (UAE)
children, 11% of children aged 12-23.9 mon, 5% of children aged 24-35.9 mon and 10% of
children aged 36-47.9 mon were consuming zinc from foods and supplements above the UL
[6]. The proportion of UAE infants (6-11.9 mon) with excessive zinc intake was much higher,
at 22%, whereas 32% of infants consumed zinc below the EAR.

Recently, the KDCA reported zinc intake for Koreans since 2016 using 7th and 8th KNHANES
data. These data show an increasing trend in zinc intake among children aged 1-5 yrs. In the
KNHANES, as in this study, nutrient database based on the standard food composition table
of the RDA, but a different revision of the food composition table was used. Therefore, direct
comparison was not made, instead, 7th KNHANES data (2016—2018) and 8th KNHANES

data (2019-2021) were analyzed in the same way as this study and supplementary tables were
presented. In the recent survey, compared to the 2009-2013 data, the energy intake level of
1-5yrs old children was higher, and among the main sources of zinc intake, intake levels from
grains and their products and meat and its products increased, while intake from milk and
dairy products and fish and shellfish was low. It seems to reflect the change in food intake
behavior of young children, as it shows the same trend as the change in the intake level of
the corresponding foods. In particular, high intake levels of meat and its products and zinc
of children aged 1-2 yrs were prominent, and accordingly, it was analyzed that even after
adjusting for within-person variance, half of the 1-2 yrs old children showed excessive intake
above the UL. As it is estimated that there are significant changes in the food intake patterns
of children aged 1-5 yrs, it is necessary to accurately evaluate zinc nutritional status based on
the variance data of Korean children.

When DRIs were introduced as a new paradigm of nutrient recommendation in the US and the
UL was set, it was reported that 51% of 1-3 yrs old children and 3% of 4-5 yrs old had greater
usual zinc intake from food than the UL [16]. In infancy, the majority of infants exceeded the
UL (92% of those aged 0—6 mon and 86% of those aged 7-12 mon) [16]. Zinc is an essential
nutrient for children. Attention has been paid to whether zinc is consumed at a sufficient and
safe level for growth and development. However, there have been reports of cases in which the
intake level of young children exceeded the UL without any health problems or with beneficial
results from zinc intervention. A recent systematic review reported that excessive zinc intake
had no potentially harmful effects [32]. So far, approaches for setting UL for young children
are based on limited evidence or extrapolated from adult reference values based on body
weight. Accordingly, the UL of zinc for young children might have been too low.

This study had some limitations with regard to the usual intake estimation. Zinc intake data
were collected a 1-day 24-h recall. Although within-person variation was adjusted using the
within-to between-person variation ratios, the small sample of young Korean children was

a limitation of the variation data. However, we systematically reviewed the literature and
collected relevant data to verify our variation values for these young children. In addition,
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zinc intake level might have been underestimated, as the intake from dietary supplements
was not included.

Despite these limitations, this study is significant in that it is the first to estimate the usual
intake distribution of dietary zinc intake using a representative sample of Korean young
children. In addition, this study presents the proportion of young children at a high risk of
either inappropriate or excessive intake. The distribution of 1-day zinc intake overestimated the
proportion of inappropriate or excessive intake. However, the estimation could be improved by
adjusting for within-person variations. Above all, our study results provide a basis for inferring
meaningful changes in intake levels that can be missed with only recent intake data, especially
in identifying the clinical consequences of excessive consumption at the population level.
Further research is needed to estimate the usual intake distribution in the Korean population.
An evaluation that considers the difference in bioavailability according to the source of zinc
intake is also required. Moreover, a prospective study is suggested to explore the relationship
between the growth/health status of children and zinc intake levels, aiming to establish zinc
dietary reference values for Korean young children.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Dietary zinc intake per food group by survey years

Click here to view

Supplementary Table 2
Usual intake distribution of zinc (mg/d) among 1-5-year-old Korean children by survey years

Click here to view

Supplementary Fig. 1
Change in proportion of subjects who had zinc intake above tolerable upper intake level in
Korean young children.

Click here to view
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