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ABSTRACT

Background: A positive association between birth weight (BW) and body mass index 
(BMI) has been shown among children in many populations. The aim of this study was to 
investigate BMI trajectory according to BW status and the protective effect of breastfeeding 
on the prevalence of overweight/obesity in children 6 years of age.
Methods: A retrospective cohort study was conducted between January 1, 2008 and 
December 31, 2016 utilizing data from the National Health Information Database of Korea. 
The 38,049 subjects were followed until the end of 2016, providing that subjects were 
completely eligible for all health check-ups from birth to 6 years of age. At each check-up 
period, multiple logistic regressions were used to investigate the association between BW 
status (low birth weight [LBW], normal birth weight [NBW], high birth weight [HBW]) and 
growth development.
Results: HBW infants were highly likely to be overweight/obese compared to NBW infants 
(odds ratio [OR], 1.70–2.35) and LBW infants were highly likely to be underweight (OR, 
1.69–2.20) through 6 years of age. The risk of overweight/obesity decreased significantly if 
HBW infants were breast-fed for 6 months (OR, 0.54–0.76).
Conclusion: HBW status is associated with overweight/obesity during early childhood. 
Exclusive breastfeeding is a significant protective factor against overweight/obesity in 
children with HBW.
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INTRODUCTION

The increase in the prevalence of childhood overweight and obesity, which began in the 
1970s, has grown into a global epidemic.1,2 Obesity persists from childhood to adolescence 
and into adulthood and is a leading cause of health problems. Extensive epidemiological 
studies have demonstrated that obesity is an important risk factor for many chronic diseases 
in adulthood, including diabetes mellitus, stroke, ischemic heart disease, hypertension, and 
several cancers.3
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Early childhood may be a particularly sensitive period in which there is an increase in variation 
in levels of fatness.4 The development of overweight and obesity among 4- to 5-year-old children 
may be associated with the timing of the adiposity rebound, the point at which body mass index 
(BMI) begins to rise from the childhood trough.5 Several studies have indicated that high birth 
weight (HBW) is associated with an increased risk of childhood and adolescent obesity.6-8

Children in the low ranges of BW tended to show rapid weight gain in early life, which 
ultimately may lead to obesity in adulthood. Children in the upper ranges of BW also had an 
increased BMI in adulthood, showing signs of tracking.9 The tendency of BW to determine 
growth status throughout childhood has been demonstrated in several studies.10 Over the 
previous decade, many studies have indicated an association between breastfeeding and 
childhood obesity.11,12 However, literature regarding the preventive effect of breastfeeding on 
childhood obesity is still inconsistent.

Therefore, the aim of this study was to investigate BMI trajectory according to BW status and 
to study the protective effect of breastfeeding on obesity in a cohort of children who were 
followed longitudinally from birth to 6 years of age utilizing the National Health Information 
Database (NHID).

METHODS

Study design
A cohort study was conducted with 273,121 subjects born in 2008 who underwent the first 
infant medical check-up provided by NHID in 2008 or 2009. NHID is a public database 
which catalogs health care utilization, medical check-ups, socio-demographic variables, and 
mortality for the whole population of South Korea, and was formed by the National Health 
Insurance Service (NHIS). We utilized the qualification database and infant medical check-up 
data from the NHID database.

The selected 38,039 subjects had completed all seven infant medical check-ups: the 1st 
check-up at 4 to 6 months of age, 2nd check-up at 9 to 12 months of age, 3rd check-up at 
18 to 24 months of age, 4th check-up at 30 to 36 months of age, 5th check-up at 42 to 48 
months of age, 6th check-up at 54 to 60 months of age, and 7th check-up at 66 to 72 months 
of age. At each medical check-up, the height (cm) and weight (kg) of children were measured 
and BMI (kg/m2) was calculated accordingly. In the qualification database, information 
regarding socioeconomic status (SES) was retrieved from the monthly contribution, which 
was calculated based on household income. We categorized SES into five groups: one 
group of medical aid beneficiaries and four groups with similar population size. Through 
questionnaires in medical check-ups, BW and feeding behavior were obtained. Feeding 
behavior was categorized into breastfeeding only, formula feeding only and mixed feeding 
based on the response to the questionnaire at the1st check-up.

Exclusive breastfeeding was defined as infants who were fed no food other than breast milk 
for 6 months. The data included the infant's BW, but not the maternal gestational age. 
Therefore, infants were categorized into three groups by BW; low birth weight (LBW) was 
defined as BW less than or equal to 2,500 g,13 normal birth weight (NBW) was defined as BW 
greater than 2,500 g and less than 4,000 g, and HBW was defined as BW greater than or equal 
to 4,000 g. For the growth development outcome, underweight, overweight and obesity were 
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defined based on BMI, according to criteria established by Korean National Growth Charts.14 
Subjects with a BMI less than or equal to the 10th percentile were classified as underweight; 
those with BMI greater than or equal to the 90th percentile were classified as overweight, and 
those with BMI greater than or equal to the 97th percentile, as obese. For subjects over 2 years 
of age, we referenced the cut-off BMI from the Korean National Growth Charts by their age 
and gender. As there was no reference for subjects from birth up to 2 years of age, we applied 
the same standard for the growth development outcome for this group as well.

Statistical analyses
General characteristics of the subjects of each check-up period are presented as numbers 
and percentages, and the differences were compared using the χ2 test. At each check-up 
period, multinomial logistic regression was used to investigate the association between three 
BW groups (LBW, NBW, and HBW) and three groups of growth development (overweight/
obese, normal, and underweight), adjusting for sex and parental SES at infant's birth. These 
adjustments are selected from the available variables based on a directed acyclic graph. For 
each check-up, multiple logistic regression was used to investigate the effect of breastfeeding 
behavior on overweight. All analyses were performed with SAS statistical package version 9.4 
(SAS Institute Inc., Cary, NC, USA).

Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board 
(IRB) of Ewha Womans University College of Medicine (approval No. 2017-01-029) and 
National Health Insurance Service (research management No. NHIS-2017-1-069). Informed 
consent was waived by the board.

RESULTS

Table 1 shows the general characteristics of the subjects by LBW, NBW, and HBW groups. Of 
38,049 subjects, 19,380 (51.0%) were male and 18,659 (49.0%) were female. The mean body 
weight were 2.25 ± 0.31 kg, 3.23 ± 0.32 kg and 4.14 ± 0.17 kg in LBW, NBW, and HBW groups, 
respectively. There were more boys than girls in the HBW group, and LBW infants received 
formula milk more than breast milk (P < 0.001).
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Table 1. General characteristics at each check-up period by BW groups
BW group No. (%) or mean (± SD)

LBW (n = 2,312) NBW (n = 34,332) HBW (n = 1,405) P value
BW, kg 2.25 ± 0.31 3.23 ± 0.32 4.14 ± 0.17
Sex < 0.001

Male 1,012 (44.0) 17,469 (50.9) 899 (64.0)
SES 0.960

1 67 (2.9) 967 (2.8) 39 (2.8)
2 514 (22.3) 7,612 (22.2) 326 (23.2)
3 643 (27.9) 9,831 (28.6) 407 (29.0)
4 584 (25.4) 8,663 (25.2) 334 (23.8)
5 494 (21.5) 7,259 (21.1) 299 (21.3)

Feeding < 0.001
Breastfeed 724 (31.9) 16,487 (48.4) 673 (47.9)
Formula milk 1,071 (47.1) 10,780 (31.6) 416 (29.6)
Mixed 477 (21.0) 6,816 (20.0) 303 (22.5)

BW = birth weight, SES = socioeconomic status, SD = standard deviation, LBW = low birth weight, NBW = normal 
birth weight, HBW = high birth weight.
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Fig. 1 presents the trajectory of mean BMI by birthweight status according to age. Overall, 
infants' BMI decreased until 24 months after birth and stayed relatively constant afterwards. 
At each check-up period, the BMIs between three groups showed statistically significant 
difference (P < 0.001). Children born with HBW had higher BMIs and children born with 
LBW had lower BMIs compared to NBW children throughout the follow-up period. Fig. 2 
shows the trend of prevalence of overweight/obesity by BW group with time. The percentage 
of overweight/obesity among those three BW groups represents statistically significant 
difference at each check-up period (P < 0.001). About 10% of infants in the LBW group and 
15% of infants in the NBW group became overweight/obese. However, more than 25% of 
HBW infants became overweight/obese.

Table 2 presents the odds ratio (OR) of overweight/obesity for the LBW or HBW groups 
compared to the NBW group at each check-up. Until 72 months after birth, LBW infants have 
statistically significant lower risk of becoming overweight/obese, with ORs ranging from 0.64 
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Fig. 1. The mean BMI trajectory of the BW groups at each check-up period. 
BMI = body mass index, BW = birth weight, LBW = low birth weight, NBW = normal birth weight, HBW = high birth weight.
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Fig. 2. The prevalence of overweight/obesity at each check-up period in each group. 
LBW = low birth weight, NBW = normal birth weight, HBW = high birth weight.
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to 0.81. On the contrary, HBW infants showed higher risk of overweight/obesity compared to 
the NBW group (1.70–2.35) throughout the first 6 years of their lives.

Lastly, we explored the effect of breastfeeding behavior on overweight/obesity. We compared 
infants who had been only breastfed, only received formula milk, and received mixed feeding for 
up to 6 months after birth. The adjusted ORs with 95% confidence intervals (CIs; log scale) of 
overweight/obesity based on feeding behavior in different BW groups are presented in Table 3. 
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Table 2. The effect of BW on the risk of early childhood overweight/obesity at each 
check-up period comparing to the NBW group
Check-up period, mon OR (95% CI)a

LBW HBW
4–6 0.65 (0.56–0.75) 1.70 (1.50–1.93)
9–12 0.73 (0.64–0.84) 1.88 (1.66–2.13)
18–24 0.80 (0.70–0.92) 2.01 (1.77–2.27)
30–36 0.72 (0.62–0.82) 2.25 (1.99–2.54)
42–48 0.64 (0.56–0.75) 2.18 (1.93–2.46)
54–60 0.65 (0.56–0.75) 2.35 (2.09–2.65)
66–72 0.81 (0.71–0.92) 2.10 (1.86–2.37)
BW = birth weight, OR = odds ratio, CI = confidence interval, LBW = low birth weight, 
HBW = high birth weight, NBW = normal birth weight.
aORs and its associated 95% CIs from multinomial logistic regression model after 
adjusting for sex, socioeconomic status, and breastfeeding behavior.

Table 3. The effect of breastfeeding on the risk of early childhood overweight/obesity by BW group at each check-
up period
Check-up period, mon OR (95% CI)a

LBW NBW HBW
4–6

Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.80 (0.54–1.16) 0.98 (0.90–1.07) 0.94 (0.66–1.34)
Breastmilk only 0.83 (0.60–1.15) 1.05 (0.98–1.12) 1.14 (0.85–1.51)b

9–12
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.76 (0.53–1.09) 0.85 (0.78–0.92) 0.78 (0.56–1.09)
Breastmilk only 0.74 (0.54–1.01) 0.74 (0.69–0.79) 0.69 (0.52–0.91)

18–24
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.95 (0.68–1.33)b 0.83 (0.77–0.90) 0.71 (0.51–0.98)
Breastmilk only 0.68 (0.50–0.94) 0.61 (0.57–0.65) 0.54 (0.41–0.71)

30–36
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.73 (0.50–1.06) 0.94 (0.86–1.02)b 0.66 (0.48–0.92)
Breastmilk only 0.75 (0.54–1.03) 0.75 (0.70–0.81) 0.73 (0.56–0.96)

42–48
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.82 (0.56–1.21) 0.97 (0.89–1.05)b 0.69 (0.50–0.97)
Breastmilk only 0.92 (0.66–1.27) 0.85 (0.79–0.91) 0.76 (0.58–1.00)

54–60
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.93 (0.63–1.37) 0.92 (0.84–1.00) 0.75 (0.54–1.03)
Breastmilk only 1.19 (0.86–1.64)b 0.87 (0.81–0.93) 0.69 (0.53–0.90)

66–72
Formula milk 1 (ref.) 1 (ref.) 1 (ref.)
Mixed 0.68 (0.49–0.96) 0.95 (0.88–1.04) 1.02 (0.72–1.45)b

Breastmilk only 0.79 (0.60–1.03) 0.87 (0.81–0.93) 1.24 (0.92–1.66)b

BW = birth weight, OR = odds ratio, CI = confidence interval, LBW = low birth weight, NBW = normal birth weight, 
HBW = high birth weight.
aORs and its associated 95% CIs; bP > 0.05.
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In all three groups (NBW, HBW and LBW), infants who received only breast milk showed lower 
tendency of overweight/obesity than infants with formula milks in every check-up periods. There 
were some contrary results. Among infants in HBW group, breast only at 4–6 months, mixed 
and breast milk only at 66–72 months and LBW infants with breast milk only at 54–60 months 
showed increased overweight/obesity over formula milk infants. However, there was no statistical 
significance (P > 0.05). In short, for both HBW and NBW infants, exclusive breastfeeding 
generally had a statistically significant protective effect against overweight/obesity, and the effect 
was higher in the HBW group (P < 0.001).

DISCUSSION

Our study found out that HBW infants are more likely to be overweight/obese compared to 
NBW infants, and LBW infants were more likely to become underweight compared to NBW 
infants until 6 years of age. And exclusive breastfeeding for 6 months was associated with a 
lower risk of childhood overweight and obesity mostly in HBW group.

Extensive epidemiological studies have demonstrated a linear positive relationship between 
BW and BMI in adulthood.15,16A population-based cohort study from Denmark indicated an 
increased risk of overweight for children 6–13 years of age with BWs > 4.0 kg compared to 
those with a BW between 3.0 and 3.49 kg.17 A meta-analysis of 66 studies from 26 countries 
demonstrated that HBW (> 4 kg) was positively associated with increased odds of childhood 
overweight (OR, 1.66; 99% CI, 1.55–1.77) compared to NBW (2.5–4 kg).18 A multinational, 
cross-sectional study of 5,141 children aged 9–11 years in 12 countries found that the ORs of 
childhood obesity were significantly higher among children whose BW was 3,500–3,999 g 
(OR, 1.45; 95% CI, 1.10–1.92) or > 4,000 g (OR, 2.08; 95% CI, 1.47–2.93) compared to the 
control group (2,500–2,999 g).7 The present study showed similar results as previous ones. 
Our study demonstrated that the mean BMI of the HBW group was higher than that of the 
NBW group until 6 years of age. HBW (≥ 4,000 g) infants were likely to be overweight/obese 
compared to NBW infants at 3 years (OR, 2.25; 95% CI, 1.99–2.54) and at 5 years (OR, 2.35; 
95% CI, 2.09–2.65), and there was higher OR between HBW (≥ 4,000 g) and childhood 
overweight/obesity compared to other previous studies.

The risk factors for higher BW including gestation over-nutrition, maternal diabetes mellitus, 
maternal obesity, maternal smoking, excessive maternal weight gain, and prolonged 
gestation increased the risk of later fatness.19,20 In addition, genetic predisposition, 
nutritional status, SES, lifestyle, low level of education, intrauterine growth retardation, 
maternal and parental body size, and short sleep duration may all have an impact on BW and 
the risk of overweight in adulthood. More recent evidence also suggests that the effect of 
maternal nutrition on fetal growth can be programmed during the periconceptional period, 
thus contributing to an intergenerational cycle of overweight and obesity.21 Unfortunately, 
we did not have information on maternal factors (esp. gestational age), but these may also be 
directly associated with subsequent obesity in the offspring.

Evidence supporting the relationship between breastfeeding and childhood obesity 
development is controversial and less conclusive. According to the World Health Organization 
recommendations, infants should be exclusively breastfed for the first 6 months, and 
breastfeeding should be supplemented with additional foods for the first 2 years.22 Systematic 
review and meta-analysis demonstrated that breastfeeding significantly reduces the incidence 
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of overweight and obesity and that exclusive long term breastfeeding has been strongly 
correlated with a reduction in LDL cholesterol, blood pressure-related disorders, type 2 diabetes 
mellitus, and cardiovascular dysfunction.23 Bergman et al.24 conducted a longitudinal birth 
cohort study that tested whether exclusive breastfeeding was correlated with BMI at six years of 
age. By 3 months, bottle-fed had significantly higher BMIs and thicker skin folds than breast-
fed. From the age 4 years to 5 years and 6 years in bottle-fed, the prevalence of obesity nearly 
doubled and tripled, respectively. Early bottle feeding brings forward the obesity rebound, 
predictive of obesity in later life. Harder et al.25 reported a dose-dependent association between 
a longer duration of breastfeeding and a decrease in the risk of overweight. Breastfeeding for < 
3 months provided a minor protective effect for childhood obesity, while breastfeeding for > 7 
months showed high protection. Our study showed that exclusive breastfeeding for 6 months 
in HBW and NBW infants was associated with a lower risk of childhood overweight and obesity. 
The protective effect was higher in the HBW group compared to the NBW group.

In Table 3, some data showed discordant results, such as the 95% CI in the 54–60 months 
check-up period in LBW group is below 1 and the 4–6 months check-up period in NBW and 
HBW groups are over 1. These discrepancies can be explained because the physical and 
environmental conditions of the subjects during the check-up period could change, affecting 
weight, and this could bias the results.

There are several possible explanations for breast feeding on protection against obesity. First, 
cow's milk provides higher levels of fat and protein than breast milk. Higher protein and fat 
levels found in bovine based formula leads to increased secretion of insulin growth factor 
(IGF-1) and stimulates the overproduction of adipocytes, which are associated with overweight 
and obesity.26 Second, breast milk contains more bioactive substances, such as leptin and 
ghrelin, which can influence the proliferation and differentiation of infant adipocytes.27 Third, 
the different composition of gut microflora in formula-fed infants from breastfeeding could 
be linked to an increased risk of obesity. Fourth, concerning the feeding behavior hypothesis 
characterized by differential appetite regulation, one study noted that breastfed infants display 
a greater influence over their food intake, thereby developing self-control of caloric ingestion.28 
Thus, breast milk is rich in effective ingredients with higher nutritional value.

Prevention strategies for childhood obesity to date have usually been unsuccessful and typically 
focus on changes in lifestyle during childhood or adolescence. Our study demonstrated 
that exclusive breastfeeding for the first 6 months is a significant protective factor against 
overweight/obesity in children with HBW. Future interventions might focus on environmental 
changes targeted at relatively short periods in early life, attempting to modify factors in uterus, 
in infancy, or in early childhood, which are independently related to the later risk of obesity.

The strengths of our study are large sample size from longitudinal birth cohort and high 
attendance rate, which minimize selection bias. However, there are some limitations as 
well. The information on maternal gestational age, maternal body weight, and BMI were not 
available in our study. We sub-analyzed our LBW survey item and identified that the portion 
of preterm babies was 3.58% in our data, which was lower than Korea statistics birth data. 
However, we admit that we could not check corrected age in LBW groups. Finally, we were not 
able to fully control for the effect of these variables in the association between BW and the 
risk of childhood obesity. A further study can be expected to require large-scale prospective 
long-term follow up on the correlation between breastfeeding and overweight/obesity, along 
with maternal information.
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