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ABSTRACT

Background: This study examined the relationship of infant feeding with anthropometric 
indices of children during their first six years of life relative to the Korean National Growth 
Charts (KNGC) and the World Health Organization Child Growth Standards (WHO-CGS).
Methods: The study population consisted of 547,669 Korean infants and children who were 
6 months-old to 6 years-old (born in 2008–2009) and participated in the National Health 
Screening Program for Infants and Children. Data on height, weight, and type of feeding during 
the first 6 months (exclusively breastfed [BF] vs. mixed- or formula-fed [FF]) were analyzed.
Results: BF boys and girls were significantly shorter and lighter than FF counterparts from the 
age of 6 months to 4 years, but these differences were not significant after the age of 4 years. BF 
boys and girls only had significantly lower body mass index at the age of 2 years. Under the age 
of 2 years 6 months, and especially under the age of 1 year, BF boys and girls were significantly 
taller and heavier than the 50th percentile values of the 50th percentile value of the WHO-CGS.
Conclusion: In this study using large-scaled national data, Korean breastfed children 
are shorter and lighter by 3 years 6 months–4 years 6 months, but afterward, there is no 
significant difference from those who had mixed- or formula-feeding. Substantial disparities 
in the anthropometric indices of Korean infants under the age of 1 compared to KNCG and 
WHO-CGS were found, regardless of their infantile feeding types. Our results emphasize the 
importance of constructing a nationwide reference chart based on actual measurements of 
BF Korean infants.
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INTRODUCTION

The height and weight of growing children are important indicators of their health and 
nutritional status. Standardized growth references are helpful in determining whether the 
physiological growth and development of children are achieved during this critical stage.
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The World Health Organization (WHO) published growth charts in 2006 that provided 
universal standards for “optimal growth” of all healthy breastfed infants worldwide, 
regardless of geographical origin or ethnicity.1 The WHO Child Growth Standards (WHO-
CGS) were developed using data from a multi-center growth reference survey (MGRS) of 
healthy children who were breastfed at least 4 months after birth in Brazil, Ghana, India, 
Norway, Oman, and the U.S.1 The WHO-CGS is now the gold standard for growth charts, 
and many countries have adopted it as a reference for infant and child growth.2 However, 
several countries reported considerable discrepancies between the WHO-CGS and their own 
national anthropometric data.3-9

Since 2017, the Korean National Growth Charts (KNGC) for infants and children younger 
than 3 years-old used the WHO-CGS because of the lack of infant feeding data from the 
National Anthropometric Survey.10 The WHO-CGS was adopted because the growth of 
infants is generally similar among ethnic groups, although concerns were raised in some East 
Asian nations due to the omission of East Asian populations, especially China, Korea, and 
Japan from the MGRS.

The National Health Screening Program for Infants and Children (NHSPIC) of Korea began 
in 2007. Its goal was to improve infant health by monitoring the growth and development 
of infants who were covered by the Korean National Health Insurance Service (NHIS). The 
NHSPIC adequately represents the Korean pediatric population because coverage by the 
NHIS is mandatory for all Korean citizens. The NHSPIC conducts seven surveys of children 
from the age of 4 to 72 months, and this includes anthropometric data and health-related 
questionnaires that have questions about the type of feeding during infancy.

The present study examined the effect of different types of feeding during infancy on the 
distribution of key anthropometric indices — height, weight, and body mass index (BMI) 
— in Korean children during their first six years of life using data from the NHSPIC. We also 
compared data on these anthropomorphic indices to the established KNGC and WHO-CGS.

METHODS

Study population
This study enrolled Korean children born in 2008 (n = 469,248) and 2009 (n = 448,459) who 
received at least one of the seven NHSPIC checkups and were followed until 2017. Among 
all NHSPIC participants, the study population consisted of individuals aged 6 months to 6 
years at 6-month intervals. Each age group (6 months, 1 year, 1 year 6 months, 2 years, etc.) 
included subjects of the specified age up to 30 days after the specified age. Thus, a subject 
whose age was 1 year 17 days was in the 1 year group. The final study population consisted of 
547,669 children after excluding 71,444 without birth weight data, 5,859 twins, 46,772 who 
had premature births, 27,576 who were in intensive care units for more than 5 days within 3 
months of birth, and 1,455 with chromosome abnormalities.

Anthropometric measurements
Each screening at a primary health care clinic recorded weight, height, BMI. Height was 
measured with the child dressed comfortably and standing upright (if more than 2 years-old) 
or supine (if less than 2 years-old) and was recorded to the nearest 0.1 cm using a height 
measuring unit for the former group and a height measuring mat for the latter group. Weight 
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was measured using an electronic scale with the child dressed in simple clothing and was 
recorded to the nearest 100 g. BMI was calculated as weight divided by height squared (kg/m2).

Demographics
The NHSPIC questionnaire was used to collect information about birth weight and type of 
feeding during infancy, and the NHIS database was used to obtain data on household income 
and residential area.

At the initial 6-month checkup, data on the type of feeding were collected in the sub-category 
of nutrition based on answers to the question, “What have you mainly fed your child?” The 
possible answers were: “only breast milk,” “only formula milk,” “both formula milk and 
breast milk,” and “a special formula milk.” For statistical analysis, feeding was classified as 
exclusively breastfed (BF) or as mixed- or formula-fed (FF). This latter group included only 
formula milk, both formula milk and breast milk, and special formula milk.

The quartile of household income was determined by the amount of insurance co-payment 
(1: lowest quartile, 4: highest quartile). The residential area was classified as “Seoul”; 
“Metropolis” for residents of Busan, Daegu, Incheon, Gwangju, Daejeon, or Ulsan; “Urban” 
for residents of other cities; and “Rural” for residents of other counties or districts. The 
NHSPIC questionnaire collected information on birth history, including date of birth, birth 
weight, and prematurity status.

Statistical analysis
Weight, height, and BMI data are presented as means ± standard deviations (SDs). 
Participants were classified into different percentiles according to age and sex for height (3, 
25, 50, 75, 97) and for weight and BMI (5, 15, 50, 85, 95). The t-test was used to determine 
the significance of differences in height and weight according to infant feeding type. The 
z-scores for height and weight were calculated as: (measured value − mean)/SD. All statistical 
analyses were performed using SAS Enterprise Guide 7.1 (SAS Institute Inc., Cary, NC, USA), 
and a P value below 0.05 was regarded as significant.

Ethics statement
All procedures were in accordance with the current National Health Insurance Act for the use 
of de-identified individual data for research purposes. The Institutional Review Board of the 
Inje University Sanggye Paik Hospital approved the present study with waived informed consent 
(approval number: SGPAIK 2021-04-007).

RESULTS

We first analyzed the basic demographic characteristics of the 547,669 study subjects (Table 1). 
A total of 1.5% of them had birth weights less than 2.5 kg, and 2.4% had birth weights more 
than 4 kg, most lived in Seoul, another metropolis, or an urban area, and most had household 
incomes in the second, third, and fourth quartiles. Data on infant feeding were available for 
338,210 subjects, 45.2% of whom were BF (Supplementary Table 1).

Analysis of the height, weight and BMI of boys and girls in different age groups indicated 
boys were generally 1 cm taller, weighed 0.4 to 0.8 kg more, and had greater BMI (Tables 2-4). 
For boys, the 50th percentile BMI decreased slightly between the ages of 2 to 4 years but 
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changed very little between the ages of 4 to 6 years. At the age of 5, girls had the lowest 50th 
percentile BMI.

Comparison of the BF and FF groups indicated the BF group had a higher proportion of girls 
(50.9% vs. 46.5%), was significantly heavier, was more likely to live in Seoul, and had a higher 
household income (Supplementary Table 1).

We then compared the anthropometric indices of boys and girls who were BF and FF (Table 5  
and Fig. 1). The results indicated that BF boys and girls were significantly shorter from the 
age 6 months to 3 years 6 months. In both sexes, this height disparity at the age of 6 months 
was 0.6 cm, and increased to 0.8 cm at the age of 1 year 6 months. After the age of 2 years, 
this difference in height decreased, and there were no significant differences after the age of 4 
years in boys and after the age of 4 years 6 months in girls. Analysis of body weight indicated 
that BF children weighed significantly less from the age of 6 months to 3 years 6 months 
(boys) and 4 years 6 months (girls). The weight disparity was only 0.1 to 0.2 kg at the age of 6 
months, increased to 0.4 to 0.5 kg at the age of 1 to 2 years, then decreased with age and was 
no longer significantly different in boys older than 4 years and girls older than 5 years. For all 
ages, the mean BMI of FF children was greater than that of BF children, but this difference 
was only statistically significant for boys and girls who were 2 years-old (both P < 0.05). The 
lowest BMI in both feeding types was at the age of 4 years in boys and 5 years in girls.
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Table 1. General characteristics of the study population
Characteristics Total (n = 547,669) Boys (n = 281,253) Girls (n = 266,416)
Age

6 mon 137,034 70,149 66,885
1 yr 127,642 65,653 61,989
1 yr 6 mon 60,626 31,026 29,600
2 yr 93,211 48,318 44,893
2 yr 6 mon 68,066 34,510 33,556
3 yr 90,132 46,719 43,413
3 yr 6 mon 74,213 37,799 36,414
4 yr 86,019 44,470 41,549
4 yr 6 mon 70,667 36,079 34,588
5 yr 85,557 44,165 41,392
5 yr 6 mon 71,864 36,329 35,535
6 yr 28,742 14,920 13,822

Birth weight, kg
< 2.5 8,465 (1.5) 3,370 (1.2) 5,095 (1.9)
2.5–4 526,091 (96.1) 269,304 (95.8) 256,787 (96.4)
> 4 13,113 (2.4) 8,579 (3.1) 4,534 (1.7)
Mean ± SD 3.24 ± 0.39 3.29 ± 0.39 3.19 ± 0.38

Residence
Seoul 138,012 (25.2) 70,531 (25.1) 67,481 (25.3)
Metropolis 124,472 (22.7) 64,055 (22.8) 60,417 (22.7)
Urban area 213,633 (39.0) 109,850 (39.1) 103,783 (39.0)
Rural area 66,298 (12.1) 34,108 (12.1) 32,190 (12.1)
Unknown 5,254 (1.0) 2,709 (1.0) 2,545 (1.0)

Household income
1 (low) 57,299 (10.5) 29,302 (10.4) 27,997 (10.5)
2 129,404 (23.6) 66,347 (23.6) 63,057 (23.7)
3 211,516 (38.6) 108,430 (38.6) 103,086 (38.7)
4 (high) 129,636 (23.7) 67,031 (23.8) 62,605 (23.5)
Unknown 19,814 (3.6) 10,143 (3.6) 9,671 (3.6)

Values are presented as number (%).
SD = standard deviation.



We then determined the mean z-scores for length or height (length for age z-score [LAZ] or 
height for age z-score [HAZ]) and weight (weight for age z-score [WAZ]) of boys and girls 
according to the feeding types (total vs. breastfeeding) and age using the WHO-GCS and 
KNGC standards (Fig. 2). Based on the WHO-GCS, at the age of 6 months the mean LAZ 
was close to +1 regardless of feeding types, with slightly lower scores for BF infants. The LAZ 
gradually decreased until the age of about 3 years and then remained relatively steady at about 
−0.1 for boys and about −0.2 for girls, again with slightly lower scores for BF infants. Also, 
based on the WHO-GCS, the mean WAZ for boys and girls had similar changes over time as 
the LAZ, but the WAZ stabilized at about +0.3 for boys and at about +0.2 for girls. Notably, 
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Table 2. Mean, SD, and selected percentile values of height (cm) in boys and girls at different ages
Age Boys Girls

Mean ± SD 3p 25p 50p 75p 97p Mean ± SD 3p 25p 50p 75p 97p
6 mon 69.9 ± 2.3 65.8 68.4 70.0 71.5 74.3 68.2 ± 2.3 64.0 66.7 68.1 69.7 72.6
1 yr 77.6 ± 2.6 73.0 76.0 77.5 79.2 82.5 76.1 ± 2.6 71.5 74.3 76.0 77.7 81.0
1 yr 6 mon 83.6 ± 2.9 78.5 81.7 83.5 85.4 89.4 82.2 ± 2.9 77.1 80.3 82.0 84.0 87.8
2 yr 88.5 ± 3.0 83.0 86.5 88.5 90.4 94.0 87.2 ± 3.0 81.6 85.0 87.0 89.3 92.8
2 yr 6 mon 92.3 ± 3.0 86.7 90.3 92.3 94.2 98.1 91.2 ± 3.0 85.5 89.5 91.1 93.0 97.0
3 yr 95.9 ± 3.2 90.1 93.6 95.8 98.0 102.1 94.7 ± 3.1 89.2 92.6 94.6 96.8 100.8
3 yr 6 mon 99.4 ± 3.5 93.0 97.0 99.3 101.6 106.1 98.2 ± 3.4 92.0 95.9 98.1 100.4 104.9
4 yr 102.7 ± 3.7 96.0 100.1 102.7 105.1 110.0 101.6 ± 3.6 95.0 99.2 101.6 104.0 108.6
4 yr 6 mon 106.2 ± 4.0 99.1 103.6 106.1 108.9 113.8 105.1 ± 3.8 98.2 102.5 105.0 107.7 112.5
5 yr 109.6 ± 4.1 102.1 106.8 109.5 112.3 117.5 108.6 ± 4.0 101.2 105.8 108.5 111.2 116.2
5 yr 6 mon 113.1 ± 4.3 105.3 110.1 113.0 116.0 121.4 112.0 ± 4.2 104.3 109.1 112.0 114.9 120.0
6 yr 116.1 ± 4.5 108.0 113.0 116.0 119.1 124.7 115.0 ± 4.4 107.0 112.0 114.8 117.9 123.5
SD = standard deviation.

Table 3. Mean, SD, and selected percentile values of weight (kg) in boys and girls at different ages
Age Boys Girls

Mean ± SD 5p 15p 50p 85p 95p Mean ± SD 5p 15p 50p 85p 95p
6 mon 8.8 ± 1.0 7.1 7.1 8.5 9.5 10.0 8.2 ± 0.9 6.5 7.0 7.8 8.7 9.4
1 yr 10.4 ± 1.1 8.6 8.6 10.2 11.3 12.0 9.8 ± 1.0 8.0 8.5 9.5 10.5 11.3
1 yr 6 mon 11.7 ± 1.2 9.8 9.8 11.5 13.0 13.9 11.1 ± 1.2 9.3 9.8 11.0 12.2 13.0
2 yr 12.8 ± 1.4 10.7 10.7 12.5 14.0 15.0 12.2 ± 1.3 10.0 10.7 12.0 13.2 14.2
2 yr 6 mon 13.9 ± 1.5 11.7 11.7 13.8 15.4 16.5 13.5 ± 1.5 11.1 12.0 13.2 14.8 15.9
3 yr 14.9 ± 1.7 12.2 12.2 14.5 16.0 17.3 14.3 ± 1.6 12.0 12.8 14.2 16.0 17.0
3 yr 6 mon 16.0 ± 1.9 13.3 13.3 15.7 17.7 19.0 15.4 ± 1.8 12.9 13.7 15.2 17.1 18.5
4 yr 17.0 ± 2.1 14.0 14.0 16.5 18.5 20.0 16.5 ± 2.0 13.7 14.6 16.2 18.4 19.9
4 yr 6 mon 18.3 ± 2.5 15.0 15.0 18.0 20.4 22.7 17.8 ± 2.3 14.5 15.5 17.5 19.8 21.7
5 yr 19.4 ± 2.8 15.9 15.9 19.0 22.0 24.5 18.8 ± 2.5 15.3 16.4 18.5 21.0 23.3
5 yr 6 mon 20.8 ± 3.4 16.8 16.8 20.2 23.7 27.0 20.1 ± 3.0 16.2 17.3 19.7 22.9 25.5
6 yr 22.0 ± 3.7 17.5 17.5 21.3 25.3 29.2 21.2 ± 3.3 17.0 18.1 20.6 24.2 27.4
SD = standard deviation.

Table 4. Mean, SD, and selected percentile values of body mass index (kg/m2) in boys and girls at different ages
Age Boys Girls

Mean ± SD 5p 15p 50p 85p 95p Mean ± SD 5p 15p 50p 85p 95p
2 yr 16.36 ± 1.4 14.32 15.02 16.28 17.70 18.68 15.98 ± 1.4 13.95 14.67 15.91 17.32 18.30
2 yr 6 mon 16.29 ± 1.4 14.27 14.96 16.20 17.61 18.54 15.97 ± 1.4 13.95 14.65 15.91 17.29 18.27
3 yr 16.18 ± 1.3 14.28 14.92 16.08 17.43 18.40 15.92 ± 1.3 14.00 14.65 15.84 17.22 18.15
3 yr 6 mon 16.16 ± 1.4 14.21 14.86 16.04 17.42 18.44 15.98 ± 1.3 14.00 14.67 15.88 17.28 18.24
4 yr 16.10 ± 1.4 14.18 14.79 15.96 17.34 18.41 15.91 ± 1.3 13.96 14.60 15.79 17.20 18.18
4 yr 6 mon 16.12 ± 1.5 14.09 14.73 15.93 17.46 18.73 15.92 ± 1.5 13.88 14.54 15.77 17.26 18.43
5 yr 16.12 ± 1.6 14.04 14.66 15.87 17.49 19.03 15.87 ± 1.5 13.81 14.43 15.69 17.27 18.57
5 yr 6 mon 16.23 ± 1.9 13.97 14.61 15.90 17.79 19.74 15.96 ± 1.7 13.75 14.38 15.70 17.50 19.05
6 yr 16.29 ± 2.0 13.95 14.57 15.89 17.98 20.16 15.98 ± 1.8 13.65 14.31 15.68 17.61 19.34
SD = standard deviation.
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Table 5. Effect of infant feeding type on mean height, weight, and body mass index in boys and girls at different ages
Characteristics Height, cm Weight, kg BMI, kg/m2

BF FF P value BF FF P value BF FF P value
Boys

6 mon 69.6 70.2 < 0.001 8.8 8.9 < 0.001
1 yr 77.2 77.9 < 0.001 10.2 10.6 < 0.001
1 yr 6 mon 83.2 84.0 < 0.001 11.5 11.9 < 0.001
2 yr 88.1 88.8 < 0.001 12.6 13.0 < 0.001 16.23 16.45 0.001
2 yr 6 mon 92.0 92.6 < 0.001 13.7 14.0 < 0.001 16.20 16.33 0.160
3 yr 95.5 96.1 < 0.001 14.8 15.0 < 0.001 16.13 16.22 0.276
3 yr 6 mon 99.1 99.6 < 0.001 15.9 16.1 < 0.001 16.10 16.18 0.498
4 yr 102.5 102.9 0.125 16.9 17.1 0.060 16.07 16.12 0.334
4 yr 6 mon 106.2 106.4 0.477 18.2 18.3 0.824 16.09 16.14 0.849
5 yr 109.4 109.8 0.003 19.3 19.5 0.520 16.09 16.14 0.639
5 yr 6 mon 113.0 113.2 0.106 20.8 20.9 0.538 16.22 16.26 0.135
6 yr 116.0 116.2 0.425 22.0 22.1 0.031 16.29 16.32 0.440

Girls
6 mon 67.9 68.5 < 0.001 8.1 8.3 < 0.001
1 yr 75.7 76.5 < 0.001 9.6 9.9 < 0.001
1 yr 6 mon 81.9 82.6 < 0.001 10.8 11.3 < 0.001
2 yr 86.8 87.5 < 0.001 11.9 12.3 < 0.001 15.84 16.10 < 0.001
2 yr 6 mon 90.9 91.5 < 0.001 13.1 13.4 < 0.001 15.88 16.04 0.495
3 yr 94.5 95.0 < 0.001 14.2 14.4 < 0.001 15.90 15.97 0.147
3 yr 6 mon 98.0 98.4 0.001 15.4 15.5 0.001 15.95 16.00 0.205
4 yr 101.5 101.8 0.004 16.4 16.6 0.002 15.89 15.93 0.371
4 yr 6 mon 105.0 105.4 0.332 17.6 17.8 0.040 15.90 15.95 0.494
5 yr 108.4 108.7 0.081 18.7 18.8 0.672 15.86 15.89 0.198
5 yr 6 mon 111.9 112.2 0.100 20.0 20.2 0.456 15.95 15.98 0.671
6 yr 114.9 115.1 0.607 21.1 21.3 0.481 15.97 16.00 0.383

BF = breastfed, FF = mixed- or formula-fed, BMI = body mass index.
P values marked with bold indicate statistically significant P values.

*P < 0.05, **P < 0.01, ***P < 0.001
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Fig. 1. Mean height (A) and weight (B) of BF and FF boys and girls at different ages. 
BF = breastfed, FF = mixed- or formula-fed.



when the LAZ/HAZ and the WAZ were calculated for children over 3 years old using the 
KNGC, they were nearly all closer to zero.

DISCUSSION

In this study, we analyzed the anthropometric indices of height, weight, and BMI of Korean 
children aged 6 months to 6 years using a nationally representative dataset. Our comparisons 
of BF and FF children indicated that BF boys were significantly shorter and lighter from 
the age 6 months to 3 years 6 months, and girls were significantly shorter from the age of 6 
months to 4 years and lighter from the age of 6 months to 4 years 6 months. FF children had 
a higher mean BMI than BF children at all ages, but this difference was only significant for 
2-year-old boys and girls. We also used the WHO-CGS and the KNGC to determine mean 
z-scores for height and weight of different ages of boys and girls and to compare the growth 
of BF and FF children.

BF children were shorter than FF children from the age 6 months to 3 years 6 months–4 years, 
but there were no differences after the age of 4 years-4 years 6 months. Very few other studies 
examined the effect of infant feeding type on the height of children, and most of these 
studies only studied subjects up to the age of 12 months. This could be because children over 
the age of 12–24 months stop breastfeeding and switch to a regular diet, so breastfeeding has 
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Fig. 2. (A, B) Mean Z-scores of length/height and (C, D) weight of all children (solid lines) and BF children (dashed lines) based on the WHO-CGS (blue lines) and 
the KNGC (red lines). 
WHO-CGS = World Health Organization Child Growth Standards, KNGC = Korean National Growth Charts, BF = breastfed.



less of an impact on subsequent growth. Even though direct comparisons are difficult due to 
differences in study design and the age range of subjects, our findings are comparable with 
a cross-sectional study from China11 and longitudinal studies from China12 and Germany.13 
These studies and our results all found that FF children were significantly taller than BF 
children (0.2–1.0 cm) at the age of 6 to 12 months. However, other studies of this topic have 
reported contradictory results. In particular, a longitudinal study from the Netherlands14 
reported no significant difference in length at 7 months and another study15 reported no 
significant difference in length at 13 months. In our study, the height difference between BF 
and FF children was not significant after the age of 4 years. Only one previous study compared 
the height of BF and FF children after the age of 4 years.14 This previous study of Dutch 
children aged 5 to 6 years reported that those who were BF during infancy were shorter than 
FF children, but they were taller after adjusting for height and weight during infancy.14 Our 
findings and those of this Dutch study suggest there might be physiological compensations 
for growth deficits associated with breastfeeding after children reach the age of 4 years.

We observed that BF children were lighter than FF children from the age of 6 months to 
3 years 6 months in boys and to 4 years 6 months in girls. Several other studies reported 
that FF children tended to be heavier or gain weight more rapidly than BF children during 
the first 12 to 24 months of life,11,14,16-23 although some other studies found no significant 
differences.11,12,15 Previous longitudinal studies reported that the faster weight gain in FF 
infants was significant from the age of two months.13,17,21 Notably, no previous research 
examined the effect of the type of infant feeding after the age of 24 months. We found 
statistically significant but small weight differences (0.1–0.3 kg) between FF and BF children 
after the age of 2 years. Furthermore, the difference in BMI between FF and BF children was 
only evident at the age of 2 years, and was not significant at later ages.

Many previous investigations have examined why FF infants are heavier and gain weight 
faster than BF infants. Several studies attributed this to greater protein intake by FF infants. 
The DARLING study found that an FF group consumed 66 to 70% more protein than a BF 
group during the first 6 months of age.24 Another study reported that the use of a low-protein 
formula lowered the risk of obesity in school-age children.25 A second possibility is that BF 
children may have better self-control of feeding. In other words, BF infants may be better 
able to control the timing and content of their own feeding than FF infants, whose feeding 
may be more controlled by their parents. There is evidence that better self-regulation of 
eating by children who were BF may reduce problematic feeding behaviors and the risk of 
obesity.26 In agreement, another study reported that FF infants were likely to consume more 
milk and food than BF infants.27 Other research suggested that differences in gut microbiota 
composition28 and hormone levels29 between BF and FF infants may be responsible for 
growth disparities.

The KNGC adopted the WHO-CG in 2017 for Korean infants and children aged less than 3 
years-old. Our analysis of z-scores demonstrated that at the age of 6 months to 1 year, the 
mean LAZ/WAZ based on all children in the WHO-GCS exceeded +0.5, an unacceptable 
discrepancy.10 This difference was smaller but also present in BF infants. Therefore, the 
use of the WHO-CG in the KNGC for Korean infants less than 1 year-old may lead to 
overestimating growth and an inaccurate assessment of health and nutritional status, 
regardless of feeding type. Studies in other countries also concluded that it was inappropriate 
to use the WHO-CGS as a growth standard for children in their countries. For example, a 
Japanese study used the WHO-GCS and found the study population was generally shorter and 
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lighter,2 in that the LAZ values ranged from approximately from −0.9 to −0.5, and the WAZ 
values ranged from −0.6 to −0.1.5 A Chinese study that used the WHO-GCS reported the WAZ 
ranged from +0.1 to +0.7, and that the LAZ/HAZ also ranged from +0.1 to +0.7.3 In addition, 
children from Norway (range of LAZ/HAZ: 0–1, range of WAZ: 0.1–0.9) and Greenland (range 
of LAZ/HAZ: 0–1.3, range of WAZ: 0.7–0.9) were generally taller and heavier than the WHO-
GCS standard.4,8 Our findings thus emphasize the need to establish national reference charts 
based on actual measurements of Korean BF infants.

This study had some limitations. Our database enrolled all participants who responded 
to at least one of the surveys, so it had both a longitudinal component (participants in 
all seven NHSPIC surveys) and a cross-sectional component (participants in at least one 
survey). We had no data on whether breastfeeding continued after the age of 6 months or on 
complementary food intake. Nevertheless, our study presented the most recent large-scaled 
data comparing growth of BF vs. non-BF children.

In conclusion, until the age of 4 years, BF Korean children were shorter and lighter than 
FF Korean children, but these two groups had no significant differences at older ages. The 
WHO-GCS considerably overestimates the height and weight of Korean infants, regardless of 
feeding type during infancy. These results highlight the importance of developing a national 
reference chart based on measurements of Korean BF infants.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
Demographic characteristics of BF children and FF children

Click here to view
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