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Objectives: We aimed to analyze trends in growth and nutrient intake patterns in Korean
toddlers and preschoolers and generate data for international comparisons of early child-
hood growth status.

Methods: Overall, 3,661 children aged 1-4 years were included. This study used the data
from the 5th-8th Korea National Health and Nutrition Examination Survey. The weight-for-
height, height-for-age, weight-for-age, and body mass index-for-age z-scores of the partici-
pants were calculated using the World Health Organization 2006 child growth z-score refer-
ence cutoff points. The 24-hour recall method was used to determine dietary intake, which
was assessed according to the Dietary Reference Intakes for Koreans. All statistical analy-
ses were conducted and weighted according to a complex sample design.

Results: Most Korean toddlers and preschoolers demonstrated normal growth, with an in-
creasing trend noted over the survey period. Concurrently, the prevalence of overweight de-
creased. The mean intake of energy from fat exhibited an upward trend, paralleling that of
protein and fat. Conversely, the intake of several essential micronutrients declined. The
prevalence of nutritional inadequacy showed significant variation throughout the survey pe-
riod: the proportion of inadequacy in carbohydrate intake decreased, whereas those of
iron, vitamin A, thiamin, niacin, and vitamin C increased.

Conclusion: South Korea is making significant progress in supporting toddlers and pre-
schoolers, as evidenced by consistent increases in the proportion of children with normal
growth and decreases in the prevalence of malnutrition. Future research should focus on
exploring dietary patterns and analyzing specific food groups that are essential for promot-
ing optimal growth and nutritional status in children.

Keywords: child; nutritional status; World Health Organization; growth charts

INTRODUCTION

Childhood is a critical period for growth and development that lays the foun-
dation for health and well-being. Adequate nutrition during early childhood is
essential for healthy growth and development [1]. In 2022, an estimated 45.0 mil-
lion children aged < 5 years (6.8%) suffered from wasting, and 13.7 million (2.1%)
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experienced severe wasting. Additionally, in 2019, at
least 340 million children under 5, or one in every two,
had micronutrient deficiencies [2, 3].

Malnutrition in early childhood can have severe and
long-lasting consequences. Wasting in children weak-
ens their immune system, making them more suscep-
tible to illnesses and death. Those who survive often
face growth restrictions and long-term developmental
issues. Micronutrient deficiencies adversely affect sur-
vival, growth, immunity, and brain development [4-6].
Overweight or obese children are likely to suffer from
low self-esteem, poor mental health, and a higher risk
of noncommunicable diseases, such as cardiovascular
disease, in adulthood [7]. Currently, 37 million children
aged < 5 years globally are overweight, marking an in-
crease of almost 4 million since the year 2000 [2]. South
Korea has seen a rise in childhood obesity rates due to
significant socioeconomic changes over the past few
decades that have altered dietary patterns and lifestyle
behaviors, affecting the growth and nutritional status of
children [8]. The prevalence of obesity among children
aged 2-18 years increased from 8.6% in 2001 to 9.8% in
2017 [9].

Changes in the stages of the nutrition transition have
exacerbated disparities in nutrient intake across the
population. The Korea National Health and Nutrition
Examination Survey (KNHANES) data (2009-2011) in-
dicated that children aged 1-5 years from lower-income
households were more likely to have elevated weight-
for-height and faced a higher risk of inadequate intake
of micronutrients such as thiamin and vitamin C com-
pared to their higher-income counterparts [10]. A study
on calcium intake among Korean children and adoles-
cents (aged 1-18 years) revealed that 75.0% experienced
inadequate intake, with the prevalence increasing
significantly from toddlers (45%-55%) to adolescents
(78%-86%) [11].

Undernutrition in Korea appears to have been largely
resolved and is now a primary concern in developing
nations. However, continuous monitoring and analysis
of growth trends and nutrient intake patterns among
Korean children remains essential because of the dy-
namic nature of their dietary habits and lifestyle be-
haviors. We aimed to provide an updated and compre-
hensive analysis of these trends in Korean toddlers and
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preschoolers, contributing to the generation of inter-
nationally comparable data for cross-national research
and policy insights.

METHODS

Ethics statement

Written informed consent was obtained from all partici-
pants and/or their guardians for the survey. The survey
procedures and protocols were approved by the Institu-
tional Review Board (IRB No. 2010-02CON-21-C,
2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-
4C, 2013-12EXP-03-5C, 2018-01-03-P-A, 2018-01-03-C-A,
2018-01-03-2C-A, 2018-01-03-5C-A). The survey was con-
ducted in accordance with the guidelines outlined in the
Declaration of Helsinki.

1. Study design

This cross-sectional study was conducted in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines (https://
www.strobe-statement.org/).

2. Study subjects
This study used nationally representative data from
KNHANES for the following periods: 5th (2010-2012),
6th (2013-2015), 7th (2016-2018), and 8th (2019-2021).
Conducted by the Korea Disease Control and Preven-
tion Agency, KNHANES serves as a national surveillance
system tasked with evaluating the health and nutritional
status of Koreans. It gathers comprehensive data regard-
ing participants’ demographic, social, health, and nutri-
tional statuses through three primary surveys: a health
interview, health examination, and nutrition survey [12].
The sampling plan utilized a stratified multistage
clustered probability sampling design. This study con-
centrated on toddlers and preschoolers aged 1-4 years
(n = 3,859). Participants lacking height, weight, house-
hold, or nutritional intake data (n = 162) and those with
implausible energy intake (< 1st and > 99th percentile,
n = 36) were excluded, yielding a final sample of 3,661
toddlers and preschoolers.

3. Anthropometric assessment

Height and weight were measured following a standard-
ized protocol during health examinations. Participants
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wore light clothing without shoes, and their weight was
measured to the nearest 0.1 kg using a GL-6000-20 scale
(G-Tech International Co., Ltd.). The height was mea-
sured to the nearest 0.1 cm. The caregivers were asked to
remove the children’s socks, shoes, and hair ornaments
before the measurements. Children who could stand
were measured using a seca 274 (seca), whereas those
aged < 2 years were measured in the supine position
using a seca 416 (seca). The World Health Organization
(WHO) 2006 child growth z-score reference cutoff points
were used to classify children’s growth and nutritional
status [13, 14]. The weight-for-height z-scores (WHZ),
height-for-age z-scores (HAZ), weight-for-age z-scores
(WAZ), and body mass index (BMI)-for-age z-scores
(BAZ) were calculated using the WHO Anthro software
(version 3.2.2; WHO) [15]. The WHO classification is as
follows:

a. Nutritional status based on WHZ
Wasted: < -2

Normal: > -2 to 2

Overweight: > 2

b. Nutritional status based on HAZ
Stunted: < -2

Not stunted: > -2

c. Nutritional status based on WAZ
Underweight: < -2

Normal: > -2 to 2

Overweight: > 2

d. Nutritional status based on BAZ

Wasted: < -2

Normal: > -2 to 2

Overweight: > 2

4. Nutritional assessment

The nutritional survey employed a 24-hour recall meth-
od. Nutrient intake was evaluated based on age-specific
intake reference values from the 2020 Dietary Reference
Intakes for Koreans (KDRIs) and the 2010 KDRIs for vi-
tamin A intake during the 5th and 6th surveys [16, 17].
The prevalence of nutrient inadequacy was determined
as the percentage of children whose nutrient intake fell
below the estimated average requirement (EAR). The
EARs used in this study are shown in Table 1.
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5. Statistical analysis

Sample weights were derived using a complex survey
design, nonresponse rate, and post-stratification, then
applied to all analyses to represent the Korean pop-
ulation. Data are presented as weighted percentages
and standard errors (SE) for categorical variables, and
weighted mean and SE for continuous variables. Gen-
eral characteristics were analyzed using the Rao-Scott
chi-square test for categorical variables and analysis
of variance for continuous variables, with subsequent
Bonferroni testing if significant differences were detect-
ed. Complex sample analysis employed the Rao-Scott
chi-square test to compare children’s growth status dis-
tribution and nutrient intake below the EAR based on
survey timing. Linear trends were analyzed using a Gen-
eral Linear Model for continuous variables and Logistic
Regression for categorical variables to assess changes in

Table 1. Dietary reference intakes for Korean children aged 1-4
years

Nutrients Age (year)
1-2 3-5

Total energy (kcal/d) 900 1,400

From protein (%) 7-20 7-20

From carbohydrate (%) 55-65 55-65

From fat (%) 20-35 15-30
Protein (g/d) 15 20
Carbohydrate (g/d) 100 100
Calcium(mg/d) 400 500
Phosphorus (mg/d) 380 480
Iron (mg/d) 4.5 5
Vitamin A

7th-8th survey (ug RAE/d) 190 230

5th-6th survey (ug RE/d) 200 230
Thiamin (mg/d) 0.4 0.4
Riboflavin (mg/d) 0.4 0.5
Niacin (mg NE/d) 4 5
Vitamin C (mg/d) 30 35

All nutrient intakes were evaluated based on the 2020 dietary refer-
ence intakes for Koreans, except for vitamin A in the 5th-6th surveys,
which were assessed using the 2010 dietary reference intakes for
Koreans. The estimated average requirements (EAR) were used for all
nutrients except total energy, which was compared with the estimated
energy requirements (EER). Energy from the three macronutrients
was compared with the acceptable macronutrient distribution range
(AMDR).

RAE, retinol activity equivalent; RE, retinol equivalent; NE, niacin equiv-
alent.
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consumption and growth status over time. All analyses
were conducted using IBM SPSS software version 27
(IBM Co.). The level of statistical significance was set at
a=0.05.

RESULTS

1. Sociodemographic characteristics

Table 2 summarizes the sociodemographic characteris-
tics of the participants. The distribution trend over the
survey period was observed for household income (P <
0.001). This study included toddlers and preschoolers,
with 47.4% aged 1-2 years and 52.6% aged 3-4 years.
The gender distribution showed that 51.4% of the par-
ticipants were boys. Based on geographical distribution,
more than half of the children (85.8%) resided in urban
areas, whereas 14.2% lived in rural regions. Moreover,
40.6% of participants were from lower-income house-
holds, while 59.4% belonged to upper-income house-
holds. Household income trends indicated an increase
in the upper-income category and a decrease in the
lower income.

2. Nutritional characteristics
Anthropometric data revealed significant patterns of
physical growth across the survey period, as shown

in Table 3. Both height (P < 0.01) and weight (P <0.05)
significantly increased during the survey period. How-
ever, only height showed a consistent upward trend (P
< 0.001), with an average value of 94.6 cm. Weight aver-
aged 14.7 kg but did not show a clear upward trend. BMI
analysis revealed a significant decrease (P < 0.001) over
time, which was consistent with the observed decreas-
ing trend (P < 0.001). The mean BMI was 16.3, indicat-
ing a reduction in BMI over the survey duration.

Statistically significant differences were noted in nu-
trient intake during the survey period. These differences
were marked in total energy derived from protein (P
< 0.01), carbohydrate (P < 0.001), and fat (P < 0.001),
as well as in the intake of protein (P < 0.01), fat (P <
0.001), calcium (P < 0.05), phosphorus (P < 0.01), iron
(P < 0.001), vitamin A (P < 0.001), thiamin (P < 0.001),
riboflavin (P < 0.001), niacin (P < 0.05), and vitamin C
(P < 0.01). Increasing trends were noted in the intake of
total energy (P < 0.05), total energy derived from fat (P <
0.001), protein (P < 0.05), and fat (P < 0.001) during the
survey period. Conversely, the total energy derived from
carbohydrates (P < 0.001) and most micronutrients
showed declining trends over time, especially phospho-
rus (P < 0.001), iron (P < 0.001), vitamin A (P < 0.001),
thiamine (P < 0.001), niacin (P < 0.001), and vitamin C (P
<0.001).

Table 2. Sociodemographic characteristics of Korean children aged 1-4 years across survey periods (n = 3,661)

Survey period

Variables P-value”
Total 5th (2010-2012) 6th (2013-2015) 7th (2016-2018) 8th (2019-2021)

Age (year) 0.072
1-2 47.4 (0.9) 51.1 (1.8) 471 (1.7) 46.9 (1.8) 43.9 (2.3)
3-4 52.6 (0.9) 48.9 (1.8) 52.9 (1.7) 53.1(1.8) 56.1(2.3)

Gender 0.931
Boy 51.4 (0.9) 52.4 (1.8) 51.4 (1.8) 50.8 (1.7) 50.9 (2.3)
Girl 48.6 (0.9) 47.6 (1.8) 48.6 (1.8) 49.2 (1.7) 49.1 (2.3)

Region 0.447
Urban 85.8(1.2) 85.3(2.3) 83.7 (2.6) 85.6 (2.7) 89.3 (1.9)
Rural 14.2 (1.2) 14.7 (2.3) 16.3 (2.6) 14.4 (2.7) 10.7 (1.9)

Household income® <0.001
Lower 40.6 (1.1) 47.8 (1.9) 36.3(2.1) 41.4(2.1) 36.5 (2.7)
Upper 59.4 (1.1) 52.2 (1.9) 63.7 (2.1) 58.6 (2.1) 63.5 (2.7)

% (SE).

All values were weighed and analyzed considering the complex sample design.

By Rao-Scott chi-square test.

2Household income based on the KNHANES standards (lower: lower to middle lower, Upper: middle upper to upper).
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Table 3. Nutritional characteristics of Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value® P-trend®
(2010-2012) (2013-2015) (2016-2018) (2019-2021)

Anthropometry
Height (cm) 94.6+0.1 93.6+0.3 94.4+0.3° 94.7+0.3" 96.0 + 0.4° 0.001 <0.001
Weight (kg) 14.7 £ 0.0 14.7+0.1° 146 +0.1° 145+0.1° 15.0 £+ 0.1° 0.041  0.135
BMI 16.3+0.0 16.6 + 0.0° 16.2 + 0.0° 16.1+0.0° 16.2+0.0° <0.001 <0.001

Nutrient intake
Total energy (kcal/d) 1216.4+81 1,196.3+174 12047 +14.1 12262+140 1,2436+19.4 0210 0.043
From protein (%) 13.6 £ 0.0 13.8+0.1° 13.3+0.1° 135+04*"  139+0.1° 0.009  0.545
From carbohydrate (%) 62.7 + 0.1 63.9+0.3° 63.1+0.3° 63.3+0.3° 60.1+0.4° <0.001 <0.001
From fat (%) 23.2+01 225+0.3° 229+0.2° 226+0.2° 25.3+0.3° <0.001 <0.001
Protein (g) 41.4+0.3 41.2+0.7°  40.0+0.6" 41.2+05®  435+0.9° 0.005  0.029
Carbohydrate (g) 1901+13  1904+28  190.0+24  1935+23  1858+3.0 0114  0.500
Fat (g) 31.8+0.3 30.4 +0.6° 30.8+0.5° 31.3+0.5° 35.4+0.8° <0.001 <0.001
Calcium(mg) 450.9+55  483.0+12.9° 4233+95° 4574+89° 4382+12.0° 0.035 0.066
Phosphorus (mg) 7265+59  781.8+13.0° 704.7+105° 7049+9.4° 7129+146° 0.001 <0.001
Iron (mg) 6.7+ 0.0 7.0+0.1° 8.0+0.1° 6.4 +0.1c 52+02° <0.001 <0.001
Vitamin A (ug RAE)® 376.7 +6.9 4418 +13.9° 4271+16.6° 324.8+9.9° 297.0+12.6° <0.001 <0.001
Thiamin (mg) 0.86 £ 0.0 0.78 £ 0.0° 1.0+0.0° 0.84 +0.0° 0.70+0.0° <0.001 <0.001
Riboflavin (mg) 1.0+0.0 1.0+0.0° 0.92 +0.0° 1.1+0.0° 11+0.0° <0.001 <0.001
Niacin (mg NE) 75+0.0 8.0+0.1° 7.7+0.1° 70+0.1° 7.2+0.2° 0.012 <0.001
Vitamin C (mg) 635+14 74.5 +3.3° 68.7 +3.2° 50.8 + 1.8° 58.9 +3.0° 0.001 <0.001

Mean + SE. Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

BMI, body mass index; RAE, retinol activity equivalent; NE, niacin equivalent.

1’By ANOVA (P < 0.05 followed by a Bonferroni test).
2By General Linear Model.
I5th & 6th survey measured vitamin A in RE (n = 2,101).

3. Dietary assessment
Table 4 shows notable variations in the prevalence of
nutritional inadequacy for carbohydrate (P < 0.05), cal-
cium (P < 0.05), iron (P < 0.001), vitamin A (P < 0.001),
thiamin (P < 0.001), riboflavin (P < 0.01), niacin (P <
0.001), and vitamin C (P < 0.001). The prevalence of
carbohydrate inadequacy decreased, whereas inade-
quacy in iron (P < 0.001), vitamin A (P < 0.001), thiamin
(P < 0.01), niacin (P < 0.001), and vitamin C (P < 0.01)
increased. The average number of micronutrients con-
sumed below the EAR was 2.17. Among Korean children
aged 1-4 years, the prevalence of micronutrient inad-
equacy based on EAR showed a statistically significant
increasing trend over the survey periods (P < 0.001 for
differences, P-trend = 0.006).

Trends in total energy and fat intake among Korean
children aged 1-4 years were examined (Table 5). The
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proportion of children consuming less than the esti-
mated energy requirement remained relatively stable
over the survey period, ranging 46.1%-49.0%. However,
the proportion of children consuming fat below the
acceptable macronutrient distribution range (AMDR)
decreased significantly from 27.1% in the 5th survey
to 14.3% in the 8th survey (P < 0.001). Conversely, the
proportion of children with excessive fat intake (above
the AMDR) increased significantly from 11.2% in the 5th
survey to 18.2% in the 8th survey (P < 0.01).

4. Growth assessment

Table 6 presents the distribution of growth status among
Korean children, classified by WHO z-scores throughout
the survey periods. The overall average HAZ score was
approximately zero (-0.01), indicating normal height-
for-age growth with slight improvements in subsequent
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Table 4. Trends in inadequate nutrient intakes based on EAR among Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value”  P-trend?
(2010-2012) (2013-2015) (2016-2018) (2019-2021)

Proportion of inadequay3’
Protein 3.3(0.3) 3.5(0.7) 4.3(0.7) 2.7 (0.5) 2.4 (0.5) 0.181 0.102
Carbohydrate 7.2 (0.5) 8.6 (1.2) 8.7 (1.0) 6.1 (0.8) 5.0 (1.0) 0.024 0.006
Calcium 58.2 (1.0) 53.9 (2.0) 61.2 (1.8) 57.5 (1.8) 60.4 (2.6) 0.049 0.118
Phosphorus 12.8 (0.7) 10.2 (1.1) 14.4 (1.3) 13.9 (1.3) 12.8 (1.5) 0.090 0.175
Iron 32.1(0.9) 30.0(1.8) 18.6 (1.4) 30.7 (1.8) 53.3(2.5) <0.001 <0.001
Vitamin AY 31.8 (1.0) 25.3(1.6) 24.4 (1.5) 38.1(1.8) 41.4 (2.7) <0.001 <0.001
Thiamin 10.5 (0.6) 13.3(1.2) 2.6 (0.6) 9.3 (1.0) 18.4 (1.9) <0.001 0.003
Riboflavin 8.9 (0.6) 9.7 (1.1) 12.0 (1.2) 6.6 (0.9) 6.8 (1.2) 0.002 0.007
Niacin 20.3(0.8) 15.8 (1.5) 17.9 (1.3) 23.1(1.5) 25.4(2.1) <0.001 <0.001
Vitamin C 43.0 (1.0) 34.7 (2.0) 44.6 (1.9) 49.0 (1.8) 43.6 (2.5) <0.001 0.001

No. of inadequate micronutrient?  2.17 + 0.0 1.92 + 0.0° 1.95+0.0° 228+0.0° 262+0.0° <0.001 0.006

% (SE) or Mean * SE. Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

EAR, estimated average requirement.

By Rao-Scott chi-square and ANOVA (P < 0.05 followed by a Bonferroni test).

?By Logistic Regression.

*The proportion of the population at higher risk of inadequacy was estimated as the proportion of children with intakes below the EAR.
Y5th-6th survey used 2010 dietary reference intakes for Koreans with vitamin A measured in RE (n = 2,101), while 7th-8th surveys using 2020
dietary reference intakes for Koreans with vitamin A measured in RAE (n = 1,560).

®The number of micronutrients consumed below the EAR.

Table 5. Trends in energy and fat intake relative to EER and AMDR among Korean children aged 1-4 years (n = 3,661)

Survey period

Variables Total 5th 6th 7th sth P-value® P-trend®
(2010-2012) (2013-2015) (2016-2018) (2019-2021)
Total energy
< EER? 47.8 (1.0) 48.7 (1.8) 49.0 (1.8) 472 (1.8) 46.1(2.3) 0.696 0.297
Fat energy
< AMDR" 235 (0.8) 274 (1.7) 256 (1.5) 25.1 (1.5) 14.3 (1.8) <0.001 <0.001
> AMDR? 12.7 (0.7) 11.2 (1.3) 11.0(1.1) 11.4(1.1) 18.2 (2.0) 0.001 0.005
% (SE).

All values were weighed and analyzed considering the complex sample design.
EER, estimated energy requirement; AMDR, acceptable macronutrient distribution range.

"By Rao-Scott chi-square.

?By Logistic Regression.

9< 900 kcal for 1-2 years and < 1,400 kcal for 3-4 years.
Y< 20% for 1-2 years and < 15% for 3-4 years.

9> 35% for 1-2 years and > 30% for 3-4 years.

survey periods. The WAZ remained constant with min-
imal fluctuations, showing higher scores in the initial
and final surveys. The WHZ and BAZ showed decreas-
ing trends over time, suggesting a decline in the preva-
lence of overweight. This analysis underscores the gen-
erally stable growth patterns with notable reductions
in overweight-related metrics (i.e., WHZ and BAZ) over

https://doi.org/10.5720/kjcn.2024.00241

time (P < 0.01).

Among the 3,661 children included in the studies,
over 90% were categorized as having “Normal” growth,
representing the majority of the study participants. The
prevalence of wasting (WHZ < -2) ranged 0.35%-0.44%.
Over time, the proportion of children with normal
growth status increased, reaching its peak in the 7th
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Table 6. Growth assessment of Korean children aged 1-4 years based on WHO z-score” classification of child growth (n = 3,661)

Survey period

Growth assessment Total 5th 6th 7th sth P-value”  P-trend?
(2010-2012) (2013-2015) (2016-2018) (2019-2021)
Weight-for-height z-score
Mean score 046+0.0 067+0.0° 045+0.0° 0.32+0.0° 042+0.0° <0.001 0.007%
Wasted (< -2) 0.35(0.1) 0.27 (0.1) 0.33(0.2) 0.44 (0.3) 0.35(0.2) 0.010 <0.001"
Normal (2 -2 to 2) 93.6 (0.5) 90.6 (1.2) 94.5 (0.8) 94.9 (0.8) 94.5 (1.1)
Overweight (> 2) 6.1 (0.5) 9.1 (1.2) 5.2 (0.8) 4.7 (0.7) 5.1 (1.0)
Height-for-age z-score
Mean score -0.01+0.0 -0.08+0.0° -0.02+0.0° -0.05+0.0° 0.13+0.0° <0.001 0.095
Stunted (< -2) 1.3(0.2) 1.4 (0.4) 1.5 (0.4) 1.8 (0.5) 0.34 (0.2) 0.102  <0.001
Not stunted (= 2 to >2) 98.7 (0.2) 98.6 (0.4) 98.5 (0.4) 98.2 (0.5) 99.7 (0.2)
Weight-for-age z-score
Mean score 0.33+0.0 043+0.0° 0.31+0.0° 020+0.0° 0.38+0.0° 0.004 0.848
Underweight (< -2) 0.17 (0.1) 0.24 (0.2) 0.09 (0.1) 0.34(0.2) 0 0.315 0.070
Normal (2 -2 to 2) 96.0 (0.4) 95.1 (0.9) 96.8 (0.6) 96.3(0.6) 95.5 (1.0)
Overweight (> 2) 3.9(0.4) 4.7 (0.8) 3.1(0.6) 3.3(0.6) 4.5 (1.0)
BMI-for-age z-score
Mean score 0.48+0.0 069+0.0° 046+0.0° 034+00° 042+0.0° <0.001 0.002
Wasted (< -2) 0.40 (0.1) 0.27 (0.1) 0.33(0.2) 0.44 (0.3) 0.59 (0.3) 0.001  <0.001
Normal (2 -2 to 2) 92.6 (0.5) 89.0 (1.2) 93.5(0.9) 94.4 (0.8) 93.6 (1.1)
Overweight (> 2) 7.0 (0.5) 10.8 (1.2) 6.2 (0.9) 5.2 (0.8) 5.8 (1.1)

Mean + SE or % (SE). Values in rows with different superscripts are significantly different.
All values were weighed and analyzed considering the complex sample design.

WHO, World Health Organization; BMI, body mass index.
Y2006 WHO child growth z-score reference cutoff point.

2

By General Linear Model.

)
3)
'By Logistic Regression.

4

survey at 94.9%. The prevalence of overweight children
(WHZ > 2) exhibited a significant decreasing trend (P <
0.001), peaking at 9.1% in the 5th survey, then declining
to 5.2% in the 6th survey and 4.7% in the 7th survey, be-
fore slightly increasing to 5.1% in the 8th survey.

Children with not-stunted growth status (HAZ > -2)
were much more frequent than those with stunted
conditions, with the prevalence of stunting (HAZ < -2)
decreasing from 2010 to 2021 (P < 0.001). The estimated
prevalence of stunting was 1.3%, marginally higher than
other undernutrition categories, which all registered
below 1%: underweight (WAZ < -2) at 0.17%, and wast-
ing (BAZ < -2) at 0.40%. Overweight children ranged
3.9%-7.0% in the overall growth analysis.

The distribution of BAZ among Korean children indi-
cated that the proportion classified as normal condition
steadily increased from the 5th survey (89.0%) to the 7th
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By Rao-Scott chi-square test or by ANOVA (P < 0.05 followed by a Bonferroni test).

survey (94.4%), but slightly declined in the 8th survey
(93.6%). The prevalence of overweight children based
on the BAZ (P < 0.001) showed a decreasing trend, with
a peak of 10.8% in the 5th survey, declining to 6.2% in
the 6th and 5.2% in the 7th surveys, and a slight increase
to 5.8% in the 8th survey.

DISCUSSION

This study utilizes the WHO child growth z-score clas-
sification and nutrient intake data to provide a compre-
hensive overview of growth and nutrient intake trends
among Korean toddlers and preschoolers. A total of
3,661 participants aged 1-4 years were included. Most
Korean children generally exhibited normal growth,
with an increasing trend observed over the survey pe-
riod, accompanied by a decline in the prevalence of
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overweight children. An increasing trend was also noted
in total energy intake, energy derived from fat, and con-
sumption of macronutrients, particularly protein and
fat. Anthropometric data collected during the survey pe-
riod indicated significant trends in the physical growth
of the population. However, a decreasing trend in the
intake of several micronutrients, along with changes in
macronutrient trends, suggests a potential shift in di-
etary patterns among Korean children.

While both height and weight showed significant
increases, the decline in BMI suggests that energy
and protein intake primarily supported linear growth
(height) rather than contributing to overweight preva-
lence. This finding aligns with that of Puentes ef al. [18],
who found that an increase in energy intake, especially
from protein sources, was a critical factor in promoting
linear growth and weight gain among children aged
6-24 months in Guatemala and the Philippines, where
chronic undernutrition is prevalent. Although Korean
children generally do not experience chronic undernu-
trition, the observed trends in their height growth sug-
gest that protein consumption plays a significant role in
promoting linear growth and mitigating the prevalence
of overweight in the context of relatively adequate nutri-
tion. A systematic review of social protection programs
indicated that while income transfers could positively
impact height-for-age, the effect was minor and not
statistically significant unless protein intake increased
significantly [19]. This finding supports the idea that
higher protein intake could promote increased height in
children, as observed in this study. Proteins and amino
acids are crucial for linear growth, facilitating tissue de-
velopment, and supporting metabolic demand. Proteins
enhance the production of hormones, such as insulin
and insulin-like growth factor (IGF)-I, which promote
skeletal growth through endochondral ossification.
Amino acids also play a vital role in the normal growth
and formation of the extracellular matrix by chondro-
cytes, which is essential for skeletal tissue formation
[20, 21]. Fat is an important energy source for normal
growth, brain development, and the absorption of
fat-soluble vitamins, while also influencing growth-re-
lated hormones, such as growth hormone and IGF-I [20,
22].

This study identified several issues related to mi-
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cronutrient intake among Korean toddlers and pre-
schoolers. The number of inadequate micronutrients
increased significantly during the study period. These
data highlight the trend of declining micronutrient
intake adequacy, particularly for iron, vitamin A, thi-
amine, niacin, and calcium. These findings indicate
the need for targeted nutritional interventions and
education to improve dietary patterns and address the
increasing risk of micronutrient deficiency in Korean
toddlers and preschoolers. Concurrently, the increased
intake of protein and energy from fat (P < 0.001) sug-
gests dietary shifts that may compromise the consump-
tion of micronutrient-rich food sources. As children age,
their calcium consumption increases because calcium
is vital for bone development, especially during growth
periods [23]. However, the declining trend in calcium
intake with age appears to be linked to children’s tran-
sition from a diet primarily centered on milk or formula
to a more diverse diet, potentially reducing calcium-rich
food sources [11].

The proportion of participants with inadequate in-
take of iron, vitamin A, thiamine, niacin, and vitamin C
demonstrated an increasing trend. Globally, the prev-
alence of iron deficiency in children aged < 15 years
rose by 5.52% between 1990 and 2019 [24]. Stevens et
al. [5] observed that the prevalence of iron deficiency in
Korean preschool children aged 6-59 months (32.1%)
exceeded that in children in the UK (31%), Nepal (27%),
and Mexico (18%). This study also noted deficiencies
in micronutrients, such as vitamins A and C, which can
impede iron absorption. Anemia, a frequent clinical
outcome of iron deficiency, impairs children’s cognitive
development, delays motor development, and reduces
their physical functioning and quality of life [25].

In accordance with the 2018 WHO-UNICEF classifi-
cation and its predefined prevalence threshold [26], the
incidence of wasting in Korea is considered very low,
with a threshold of < 2.5% and an observed rate of 0.2%.
In this study, 0.4% of the participants were classified as
having wasting conditions (WHZ < -2). Children with
overweight status (WHZ > 2) accounted for 5.1% of the
participants and were categorized as medium according
to the prevalence threshold. Interestingly, this preva-
lence was slightly lower than the model estimate of 5.4%
reported in the 2023 Joint Child Malnutrition Estimates

487



Annisa Turridha and Jae Eun Shim

(JME) [2]. The prevalence of stunting (HAZ < -2) in this
study was 0.3%, which was lower than the 1.7% model
estimate reported by the JME in 2023 [2].

The prevalence of wasting among Korean children
aged < 5 years has remained low, ranging from 0.3% in
2010-2013 to 0.4% in 2017-2018, significantly lower than
that in other Asian countries. In 2022, wasting preva-
lence was 5.0% in Japan, 2.3% in China (2013), 4.3% in
Iran (2017), and 14.3% in Bangladesh (2014) [2, 27-29].
Korean children’s growth, measured by BAZ scores,
showed changes over the survey periods. The proportion
of children with normal growth increased from the 5th
to the 7th survey but slightly decreased in the 8th survey,
while the overweight prevalence decreased overall but
rose to 5.8% in the 8th survey. In contrast, overweight
rates among children have significantly risen in other
countries [30, 31]: Indonesia (6.2%-16.5% between 2003-
2007), Germany (2.2%-3.0% between 2013-2018), Bel-
gium (9.0%-12.9% between 1999-2006), Cyprus (14.1%-
19.9% between 1999-2016), and Italy (25.4%-37.3%
between 1999-2010). However, despite these trends, its
prevalence in Korea remains relatively low.

The prevalence of overweight children declined from
the 5th to the 7th survey but exhibited a slight increase
in the 8th survey, likely attributable to the coronavi-
rus disease 2019 pandemic during 2019-2021. Similar
trends were observed in Austrian children under 14.4
years, with the prevalence of overweight rising from
16.7% to 20.7%. The pandemic has had significant
health, social, and economic impacts, including in-
creases in sedentary lifestyles and calorie consumption.
Lockdowns, the prohibition of team sports, and restric-
tions on physical activity have contributed to a rise in
overweight [32]. The prevalence of overweight among
children aged < 5 years in Korea is relatively lower than
that in other countries, such as Egypt, where the preva-
lence is 17% [33].

While the increasing trend of children with normal
growth status across survey periods in Korea indicates
a generally stable baseline in terms of health and nutri-
tion, disparities influenced by socioeconomic factors,
community well-being, healthcare effectiveness, and
environmental conditions remain [34]. Studies have
consistently shown that higher socioeconomic status
(SES) is associated with better nutritional outcomes,
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such as increased consumption of healthy foods and
adherence to dietary recommendations. Conversely,
lower SES restricts food choices and elevates the risk of
nutritional inadequacy [35, 36]. For instance, a Finnish
study found higher fruit consumption among children
from families with higher SES [36], while research from
Indonesia, Australia, and Canada demonstrated a
strong correlation between household income and the
prevalence of childhood overweight [37-39]. In South
Korea, children from low-income families tend to be
overweight and deficient in micronutrients, whereas
those from higher-income families generally have lower
BMI and exhibit better adherence to dietary guidelines
[10, 40]. These findings underscore the critical need for
in-depth research to tackle health inequities driven by
socioeconomic disparities and to develop targeted in-
terventions for vulnerable populations.

Limitations

This study encountered several limitations. Firstly,
the dietary data were collected using the 24-hour re-
call method, which might not accurately reflect the
participants’ usual intake. Additionally, since dietary
information was obtained from primary caregivers, it
might not fully encompass meals consumed outside
the home, such as in kindergartens or daycare centers.
Consequently, the data may not fully represent chil-
dren’s total food intake. Moreover, in Korea, nutrient
intake standards are revised every 5 years. Although
this study analyzed data spanning a 12-year period to
observe trends in nutrient consumption and growth,
the findings were compared only with the latest KDRIs.
This approach was adopted to avoid inconsistencies in
the trend analysis due to variations in the survey years
not explicitly addressed. However, an exception was
made for vitamin A, for which dietary assessment was
based on both the 2010 and 2020 KDRIs, necessitated
by the update of the standard unit for vitamin A in 2015.
Despite these limitations, this research is of significant
importance as it utilizes nationally representative data
and explores long-term trends in growth and nutritional
intake among the Korean population.

Conclusion
This study underscores the necessity of ongoing moni-
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toring and analysis of dietary patterns and growth trends
in Korean children to tackle evolving dietary habits and
lifestyle modifications. Although most Korean children
exhibit normal growth, shifts in dietary patterns, such
as increased energy intake from fat and reduced micro-
nutrient consumption, are concerning. Future research
should concentrate on detailed examinations of dietary
patterns, including specific food groups and their asso-
ciation with SES, to pinpoint the factors that influence
optimal nutrition in Korean children. Additionally, ex-
ploring the impact of micronutrient intake on growth
patterns and related food behaviors can yield valuable
insights. These initiatives are vital for crafting targeted
interventions and policies that foster optimal nutrition
and healthy growth in all children, thereby reducing
disparities and combating malnutrition.
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