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Abstract

This study aims to identify the optimal postnatal weight gain through age
6 to prevent obesity in preterm infants. Nested case-control study using a
nationwide South Korean cohort (2008-2015) included preterm infants
with obesity (cases) and those with BMI between the 5th-85th
percentiles (controls) at age 6. Weight-for-age and BMI z-scores were
compared using Cohen’s d. Logistic regression identified obesity risk
factors, and net benefit analysis determined optimal intervention points
by birth weight. Among 41,286 preterm infants, 3,349 (8.1%) developed
obesity. Birth weight z-score differences between cohorts were small
(Cohen’s d = 0.115), but differences in weight-for-age z-scores emerged
at 4-6 months (Cohen’s d = 0.474) and grew over time (3 years: Cohen’s
d = 1.278). Risk factors included low gestational age, high birth weight,
rural residence, lower socioeconomic status, and recent birth. Higher z-
scores correlated with greater net benefit, with extremely low birth
weight infants showing earlier increases. In conclusion, a rapid increase
in z-scores from 4-6 months was strongly linked to obesity at 6 years.
Optimal predictive values varied by birth weight, emphasizing the need
for early monitoring and tailored cut-off values for z-scores based on

corrected age to prevent obesity.
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Introduction

Preterm infants are a leading cause of neonatal mortality and are
strongly associated with poor long-term growth, neurodevelopmental
challenges, and various health complications across the life course. In
2014, an estimated 10.6% of global births, equivalent to 14.8 million
newborns, were preterm!. Similarly, another study reported an increase
in preterm births from 13.4 million in 2010 (9.8% of all births) to 13.8
million in 2020 (9.9%) worldwide2. Among the many health concerns
linked to preterm birth, obesity in childhood and adolescence—often
persisting into adulthood—is increasingly recognized as a major issue3.
Catch-up growth in preterm infants has long been a focus of research,
but the potential risks of rapid weight gain, including overweight,
obesity, and metabolic syndrome, have often been overlooked. Postnatal
catch-up growth in preterm infants is generally defined as an accelerated
growth rate that allows them to reach normal growth parameters for
their corrected age. However, due to the lack of a universally
standardized definition, criteria vary across studies depending on the
growth charts used?. Typically, catch-up growth is considered to occur
when an infant reaches between the 5th and 10th percentiles on a
growth chart, usually by 12 to 18 months of corrected age>®.

The risk of childhood obesity among preterm infants varies by gestational
age and birth weight® and is closely linked to rapid post-discharge weight
gain’. These differences highlight the lack of standardized guidelines

specifying appropriate weight gain milestones at different stages.



Applying definitions of rapid weight gain derived from term infants to
preterm infants—who present wide variability in gestational age and
birth weight—is challenging. Current recommendations often suggest for
preterm infants to achieve normal weight by 2-3 years of corrected age,
yet the optimal rate of weight gain at intermediate time points remains
unclear, making clinical assessment difficult®8.

For instance, accelerated weight gain (defined as a change in weight z-
score >1.67) during the first 12-48 months has been associated with a
higher risk of childhood obesity among very preterm infants®. Similarly,
rapid increases in weight and weight-to-length ratios during the first two
years have been associated with obesity at 10 years in girls born
extremely preterm!9. Given the diverse conditions, broad
recommendations in current guidelines are often inadequate. More
detailed and specific guideline is urgently needed to determine the
appropriate rate of weight gain at intermediate time points, tailored to
the unique characteristics of preterm infants.

This study aims to determine whether changes in weight-for-age z-scores
during early infancy, based on corrected age, are associated with obesity
at 6 years of age in preterm infants, and to identify the extent of risk

according to birth weight.

Results

Participants Characteristics



Among non-small for gestational age (SGA) preterm infants (<37 weeks,
< 2.5 kg), 8.1% (3,349/41,286) developed obesity (body mass index
[BMI]-for-age and sex = 95th percentile) by age 6 (Table 1,
Supplementary Table 1). There was no difference in the gender ratio,
with 1,681 males (50.2%). By birth weight, 2,988 (89.2%) were low birth
weight (LBW), 308 (9.2%) very low birth weight (VLBW), and 53 (1.6%)
extremely low birth weight (ELBW). By gestational age, 1,725 (51.5%)
were late preterm, 821 (24.5%) moderately preterm, 693 (20.7%) very
preterm infants, and 110 (3.3%) extremely preterm.

Neonatal intensive care unit (NICU) admission, exclusive breastfeeding,
perinatal status, congenital malformations, and chromosomal
abnormalities showed no differences. Weight trends by birth weight

category are shown in Supplementary Figure 1.

Comparison of Effect Size Between Obesity and Control Groups at
Different Time Points

The effect size for the difference in weight-for-age z-scores between two
groups at birth was small (Cohen's d = 0.115) (Figure 1a,
Supplementary Table 2a). However, differences in weight-for-age z-
scores became apparent by 4-6 months of age (Cohen's d = 0.474) and
progressively grew more pronounced with age, reaching a large effect
size by 3 years (Cohen's d = 1.278). When stratified by birth weight into
LBW, VLBW, and ELBW, similar patterns were observed (Figure 1b-1d,

Supplementary Table 2b-2d).



Comparison of Z-Score Changes Between Obesity and Control
Groups at Different Time Points

The weight-for-age z-score change from birth to 4-6 months was 1.27 in
the obesity group and 0.92 in the control group, with a difference of 0.35
(1.72) between the two groups. This difference decreased to 0.20 (1.44)
at 9-12 months and 0.26 (1.70) at 21-24 months, indicating a narrowing
trend but persisted (Figure 2a, Supplementary Table 2a). By age 3,
the difference widened again to 0.34 (1.41), and this trend of increasing
disparity continued thereafter.

In the three birth weight categories—LBW, VLBW, and ELBW—the
weight-for-age z-score change from birth to 4-6 months in the obesity
and control groups was 1.30 vs. 0.98, 0.87 vs. 0.31, and 0.15 vs. -0.24,
respectively (Figure 2b-2d, Supplementary Table 2b-2d). These
groups exhibited similar patterns of the difference in z-score change over

time.

Optimal Z-Scores for Obesity Prediction Stratified by Birth Weight
at Different Time Points.

To estimate optimal z-scores for predicting obesity at different time
points, stratified by birth weight, we calculated net benefit (Figure 3a-
3c¢). In all three groups, net benefit increased with age, indicating
greater predictive value at later time points. Higher z-scores were

associated with higher net benefit, reflecting the increased obesity risk.
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In ELBW group, net benefit increased earlier (4-6 and 9-12 months) than
in LBW and VLBW groups (Figure 3c). The VLBW group exhibited a
relatively higher net benefit at 21-24 months compared to LBW infants
(Figure 3b).

The Youden's Index z-score for prediction of obesity in LBW infants
decreased from 1.0 at 4-6 months to 0.2 at 21-24 months, before
increasing to 1 by 5 years (Figure 4). In VLBW infants, the z-score for
prediction of obesity remained relatively stable, ranging between 0.2 and
0.8, with 0.6 at 4-6 months. For ELBW infants, the z-score for prediction
of obesity decreased from 0.4 at 4-6 months to -0.4 at 9-12 months, then

increased to 0.4 by approximately 5 years of age.

Risk Factors for Childhood Obesity

The risk of obesity did not differ between males and females (males:
adjusted odds ratios [aOR] 0.947, 95% confidence interval [CI] 0.854-
1.05, p = 0.30) (Figure 5). Obesity was more common in higher birth
weight (LBW: 7.82%; VLBW: 5.99%; ELBW: 2.72%), with LBW infants at
higher risk than ELBW (aOR 2.903, 95% CI 1.485-5.675, p = 0.002). Late
preterm infants had lower obesity risk than very preterm (aOR 0.699,
95% CI 0.547-0.893, p = 0.004).

Risk factors included NICU admission (aOR 1.139, 95% CI 1.008-1.287, p
= (0.04), birth in rural areas (aOR 1.248, 95% CI 1.02-1.527, p = 0.03),
low socioeconomic status (aOR 1.526, 95% CI 1.308-1.78, p < 0.001),

and birth in more recent years (2014-2015) (aOR 1.823, 95% CI 1.585-

9



2.096, p < 0.001). Exclusive breastfeeding (aOR 0.998, 95% CI 0.873-
1.142, p = 0.98), perinatal status, congenital malformations, and

chromosomal abnormalities were not significant factors.

Discussion

In this study, 8.1% of non-SGA preterm infants developed obesity by age
6. By 4-6 months, a significant z-score difference between the obesity
and control groups was already evident and widened over time across
LBW, VLBW, and ELBW infants. This difference was driven by variations
in weight gain velocity, with LBW infants in the obesity group showing a
z-score increase of 1.30, exceeding the recommended 0.67 for full-term
infants. While VLBW and ELBW infants exhibited smaller z-score
changes, the obesity risk gap remained consistent.

The z-score difference persisted from 4-6 months onward, indicating that
early rapid weight gain was sustained, contributing to obesity risk at age
6. While LBW infants experienced the most pronounced weight increase,
VLBW and ELBW infants showed smaller changes, despite a maintained
obesity risk disparity. Given these variations, a single standardized z-
score threshold may not be adequate for preterm infants.

Net benefit values were analyzed across birth weight groups to evaluate
early intervention effectiveness. ELBW infants exhibited an increased
obesity risk at lower z-scores during early infancy, whereas in VLBW
infants, net benefit values were higher than in LBW infants around two

years of age. At 4-6 months, the optimal corrected weight-for-age z-score
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cutoffs for predicting obesity at six years were 1.0 (LBW), 0.6 (VLBW),
and 0.4 (ELBW). These values initially declined with age but began to
rise around four years. The need for birth weight-specific z-score
thresholds highlights the limitations of using a universal reference for
preterm weight monitoring. Until standardized guidelines are
established, weight tracking should be tailored to birth weight categories
to improve early obesity risk assessment and intervention.

Rapid weight gain during the first six months is associated with early
adiposity rebound and an increased risk of obesity!!-12, Our study focused
on preterm infants. Our findings confirm that rapid weight gain in
preterm infants during the first 4-6 months is significantly associated
with an increased risk of obesity. Other studies also show that preterm-
born children with obesity already exhibited a higher BMI than their
peers by 24 months!3. Excessive weight gain in extremely preterm
infants during the first two years!? and in very preterm infants between
12-48 months increases the risk of obesity in later childhood®.14,
However, unlike previous studies, our findings suggest that excessive
weight gain and z-score changes during the first 4-6 months—an even
earlier period than previously reported—significantly influence obesity.
In preterm infants, accelerated postnatal growth ("catch-up growth") is
typically considered essential and associated with improved
neurodevelopmental outcomes!®. However, when excessive, it is linked to
increased abdominal fat accumulation contributing to higher risk of

metabolic syndrome, cardiovascular disease, and obesity!6. Preterm-born
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adults are also at greater risk of metabolic syndrome, including increased
fat mass, higher fasting glucose levels, greater insulin resistance, higher
total cholesterol, and hypertension, compared to term-born adults!’. In a
long-term cohort study, preterm-born adults had higher rates of obesity,
hypertriglyceridemia, and metabolic syndromel8. Therefore, emerging
perspectives suggest that slower weight gain may promote greater fat-
free mass accumulation, potentially improving metabolic outcomes!9.20,
However, there is no guideline on the optimal rate of weight gain in
preterm infants. The World Health Organization 2! and Centers for
Disease Control and Prevention (CDC) 22 provides growth charts for
tracking weight percentile change. These recommendations focus on full-
term infants, with no specific recommendations of weight gain velocity
for preterm infants. In full-term infants, rapid weight gain is defined as
an increase in weight-for-age z-score of =0.67, or a shift above the 25th
percentile within the first 4-6 months or before two years23. However,
such thresholds have not been established for preterm infants, making it
challenging to apply a uniform standard for growth assessment in this
population. While weight monitoring in preterm infants is based on
neonatal growth charts (Fenton or INTERGROWTH-21st) 4, these charts
are used for growth tracking rather than defining excessive postnatal
weight gain or obesity.

Childhood obesity often persists into adulthood?4. In preterm infants,
catch-up growth is emphasized, sometimes overlooking excessive weight

gain. Physicians calculate weight z-scores based on chronological age as
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for term infants. However, to prevent obesity, it is important to calculate
and monitor z-scores based on corrected age until 2 years.

Our study found that preterm infants with higher birth weights, rural
residence, lower socioeconomic status, and more recent birth years were
associated with a higher risk of obesity!3.25. While one study suggested
that preterm infants with more advanced gestational age have a higher
risk of obesity in childhood and adolescence!3, our study found the
opposite, shorter gestational age was associated with a higher risk of
obesity. Formula feeding is a known risk factor for rapid growth and high
BMI26.27, However, in our study, exclusive breastfeeding did not reduce
obesity risk. This may be attributed to the low rate of exclusive
breastfeeding, potentially limiting its protective effect.

In the ELBW group, net benefit increased in early infancy. This suggests
that early weight gain patterns in ELBW infants may be more predictive
of obesity risk. The VLBW group exhibited a relatively higher net benefit
at 21-24 months compared to LBW infants, highlighting the importance
of mid-infancy growth monitoring, where weight-for-age changes may be
more informative at an earlier stage. These suggest that while later time
points provide the highest net benefit across all groups, the optimal
timing for obesity risk prediction varies by birth weight, with earlier
predictability in ELBW infants and an earlier peak in VLBW infants
compared to LBW infants.

These observations were further supported by Youden’s Index, showing

lower z-score cutoff at 4-6 months in VLBW and ELBW, indicating that
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the predictive threshold varies by birth weight. Additionally, an increase
in weight z-score exceeding a certain threshold in LBW, VLBW, and
ELBW infants during the first 4-6 months may be associated with a
higher risk of obesity.

We cautiously propose that the weight-for-age z-score cutoffs at 4-6
months identified in this study may serve as a useful reference for
clinical practice in predicting long-term obesity risk in preterm infants.
Preterm SGA infants frequently experience failure to thrive, short
stature, and obesity, and their optimal catch-up growth patterns remain
uncertain28-31, For this reason, in the present study, we excluded preterm
SGA infants and analyzed only non-SGA preterm infants. Although SGA
infants were excluded, large for gestational age (LGA) infants were not
excluded. As the growth patterns of LGA infants are less well
documented, future studies are warranted to specifically evaluate their
longitudinal weight changes. In addition, this study focused on weight
gain to reduce the risk of obesity in preterm infants according to birth
weight. Neurodevelopment was not included in the aims of this study and
was therefore not evaluated. Future research evaluating the association
between weight gain and neurodevelopment in preterm infants is
needed.

The limitations of this study include the absence of weight-for-length z-
scores. Additionally, due to the moderate predictive power of the ROC
curve, the cutoff values identified cannot be considered absolute. This

study utilized dataset from the Korean National Health Insurance Service
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and the National Health Screening Program for Infants and Children;
therefore, maternal factors such as maternal diabetes and obesity were
not collected, and their potential role as confounding factors cannot be
completely excluded. However, we attempted to minimize this limitation
by adjusting for key determinants most strongly associated with
childhood obesity, including breastfeeding status, socioeconomic status,
and perinatal status. Another limitation is that this study is based on
nationwide, population-based cohort data from a single Asian ethnicity;
thus, multi-ethnic studies are needed in the future for validation. In
addition, although this study was based on a national cohort registry, the
number of enrolled ELBW infants was inevitably small due to the low
incidence of births at this birth weight. Moreover, the number of patients
in the obesity group was relatively small compared with the control
group, resulting in an imbalance. Despite these limitations, this study is
significant as it included a large cohort of preterm infants, classified into
birth weight categories, and followed up to six years. Furthermore,

weight measurements were conducted under pediatric supervision.

Conclusion

A rapid weight gain and z-score changes during the first 4-6 months
among preterm infants showed a clear correlation with obesity,
emphasizing the need for ongoing monitoring with z-scores within the

optimal cut-off values and early intervention to prevent obesity.
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Methods

Study design
This nested case-control study with a nationwide population-based cohort
utilized data from the Korean National Health Insurance Service and the
National Health Screening Program for Infants and Children. The
program conducts seven assessments for children aged 4-72 months,
covering nearly all births in Korea3233: at 4-6 months, 9-12 months, and

annually until age 6.

Study population
We analyzed 217,405 children born in South Korea between 2008 and
2015 with data on gestational age and birth weight. Among them, 85,830
had a gestational age of < 37 weeks and a birth weight of < 2.5 kg. After
excluding 44,544 classified as SGA3435 or missing BMI data, the
population was reduced to 41,286 non-SGA preterm infants. After
excluding 7,377 with BMI 85th-95th percentiles (overweight) or < 5th

percentile, 33,909 remained in the study (Figure 6).

Exposure
The weight-for-age z-score at birth was calculated based on the
gestational age of preterm infants36. Weight-for-age z-scores at 4-6, 9-
12, and 21-24 months were calculated using corrected age, while annual
BMI-for-age z-scores from 3 to 6 years were based on chronological

age?2. We calculated weight-for-age and BMI-for-age z-scores separately
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for boys and girls based on their sex. Corrected age for preterm infants is
calculated by subtracting the number of weeks or months born early
(prior to the due date) from the chronological age. All anthropometric

measurements were directly taken at certified medical institutions.

Outcome - obesity
Obesity at age 6 was defined as a BMI-for-age and sex = 95th percentile

at 6 years?22,

Birth Weight and gestational age
Infants were categorized by birth weight: low birth weight (LBW, 1.5-2.5
kg); very low birth weight (VLBW, 1.0-1.5 kg); and extremely low birth
weight (ELBW, <1.0 kg). They were also classified by gestational age:
late preterm (34-36 weeks), moderately preterm (32-33 weeks), very

preterm (28-31 weeks), and extremely preterm (<28 weeks) 37.

Confounder
Exclusive breastfeeding was defined as feeding only breast milk,
excluding formula milk feeding and combined formula and breast milk
feeding, during the initial 4-6 months screening38. Birth residence was
categorized into Seoul, metropolitan, city and rural3°.Socioeconomic
status was categorized into low (=25th percentile), intermediate (25th-
=75th percentile), and high (>75th percentile) 40. Year of birth was

categorized into 2008-2010, 2011-2013, and 2014-2015. Perinatal status
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included the primary diagnosis with the International Classification of
Diseases, 10th revision (ICD-10) codes P10 X-P96X. Congenital
malformation included the primary diagnosis with ICD-10 codes Q00X-

Q89X, and chromosomal anomalies were classified under Q90X-Q99X.

Statistical analysis

Continuous variables were analyzed using t-tests, and categorical
variables using chi-square tests. Cohen’s d assessed z-score differences
at each screening, with effect sizes classified as small (0.2-0.5), medium
(0.5-0.8), or large (=0.8) 41. The “Z-score change” at each interval was
defined as the difference between the z-scores of two consecutive time
points for each individual infant (e.g., Zi,t — Zi,t—1). The values reported
in Supplementary Table 2 represent the mean of these individual-level
changes, rather than the direct subtraction of group mean z-scores. "The
difference in z-score change” was determined as the difference in z-score
changes between the two groups at each time point. We did not perform
statistical tests for repeated measures (e.g., linear mixed models or
repeated-measures ANOVA) because the primary focus of our analysis
was the nested case-control design at 6 years of age. The trajectories of
z-scores from birth to 6 years were presented solely for descriptive
purposes in the supplementary tables. Logistic regression identified
obesity risk factors at age 6, adjusting for birth and demographic factors,
NICU admission, feeding type, socioeconomic status, and congenital

conditions.

18



To determine optimal z-scores for obesity, logistic regression analyzed
BMI z-scores at each screening, adjusting for confounders. ROC curves
and Youden’s Index (Sensitivity + Specificity — 1) were calculated for
LBW, VLBW, and ELBW infants. The o = 0.2 threshold balanced
sensitivity and specificity, optimizing the trade-off between over-
identification and missed diagnoses. By prioritizing the reduction of false
negatives, our model enhanced clinical applicability in identifying infants
at the highest risk of obesity at age 642. Statistical analyses were
conducted using SAS statistical software version 9.4 (SAS Institute), and
a 2-sided P-values < 0.05 were considered statistically significant. For a
detailed explanation of the statistical analysis, refer to Supplementary

Methods.

Ethics declarations

The Institutional Review Board of the Hallym University Kangnam Sacred
Heart Hospital approved the study protocol (HKS 2024-07-022) and
waived informed consent, as the study used de-identified, publicly
available data in Korea. The use of de-identified individual data for
research purposes was authorized under the National Health Insurance
Act. This study conforms to the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines for observational

studies.
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Figure legends

Figure 1. Weight-for-age and BMI z-scores from birth to 6 years by birth
weight categories

Cohen's d, representing the effect size for the difference in z-scores
between the obesity and control groups, was small at 0.115 at birth. This
effect became apparent by 4-6 months of age (Cohen's d = 0.474) and
progressively grew more pronounced with age (a). Similar patterns were
observed when stratified by birth weight: low birth weight (1.5 kg or

more but less than 2.5 kg), 0.137 at birth, 0.383 at 4-6 months of age (b);
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very low birth weight (1.0 kg or more but less than 1.5 kg), 0.052 at
birth, 0.617 at 4-6 months of age (c); and extremely low birth weight

(less than 1.0 kg), 0.012 at birth, 0.335 at 4-6 months of age (d).

Figure 2. Z-score changes from previous measurements and differences
in z-score changes between obese and control groups by birth weight
categories

The z-score change, calculated by subtracting the z-score of the previous
assessment from that of the current assessment, was 1.27 in the obesity
group and 0.92 in the control group between birth and 4-6 months of
age, resulting in a difference of 0.35 between the two groups. This
difference decreased to 0.20 at 9-12 months and 0.26 at 21-24 months.
By 3 years of age, the difference widened again to 0.34, and this trend of
increasing disparity continued thereafter (a). The difference in z-score
change between the two groups showed similar patterns when stratified
by birth weight: low birth weight (1.5 kg or more but less than 2.5 kg)
(b); very low birth weight (1.0 kg or more but less than 1.5 kg) (c); and

extremely low birth weight (less than 1.0 kg) (d).

Figure 3. Net benefit of z-score for obesity prediction using decision
curve analysis by birth weight categories

In all three groups, net benefit, calculated to estimate the optimal z-score
values for predicting obesity at different time points, increased as the

screening age advanced, indicating that later time points provide greater
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predictive value for obesity risk at age 6. Higher z-scores were
associated with a higher net benefit, reflecting the increased obesity risk
in infants with higher weight-for-age trajectories (a, b, c¢). In the ELBW
group, net benefit increased earlier compared to the LBW and VLBW
groups, particularly at 4-6 months and 9-12 months (c). The VLBW group
exhibited a relatively higher net benefit at 21-24 months compared to

LBW infants (b).

Figure 4. Prediction of obesity at 6 years using Youden's Index by birth
weight categories

The Youden's Index z-score for prediction of obesity in LBW infants
decreased from 1.0 at 4-6 months to 0.2 at 21-24 months, before
increasing to 1 by 5 years. In VLBW infants, the z-score for prediction of
obesity remained relatively stable, ranging between 0.2 and 0.8, with 0.6
at 4-6 months. For ELBW infants, the z-score for prediction of obesity
decreased from 0.4 at 4-6 months to -0.4 at 9-12 months, then increased

to 0.4 by approximately 5 years of age.

Figure 5. Risk factors for childhood obesity

OR and 95% CI were adjusted for sex, birth weight (LBW, VLBW and
ELBW), gestational age (late preterm infants, moderately preterm
infants, and very preterm infants), NICU hospitalization (yes vs no),
exclusive breastfeeding (yes vs no), birth residence (Seoul, metropolitan,

city and rural), socioeconomic status (low, intermediate, and high), year
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of birth (2008-2010, 2011-2013, and 2014-2015), perinatal status (0, 1-
2, and =3), congenital malformation (yes vs no), and chromosomal
anomaly (yes vs no). The risk of obesity was significantly higher in LBW
infants compared to ELBW infants (aOR 2.903, 95% CI 1.485-5.675, p =
0.002). Compared to very preterm infants, late preterm infants exhibited
a significantly lower risk of obesity (aOR 0.699, 95% CI 0.547-0.893, p =
0.004). NICU admission (aOR 1.139, 95% CI 1.008-1.287, p = 0.04) and
birth in rural areas (aOR 1.248, 95% CI 1.02-1.527, p = 0.03) were
linked to a higher risk of obesity. Low socioeconomic status also
significantly increased the risk (aOR 1.526, 95% CI 1.308-1.78, p <
0.001). Children born in more recent years (2014-2015) had a
significantly higher risk of obesity (aOR 1.823, 95% CI 1.585-2.096, p <

0.001).

Figure 6. Patient flowchart

Among a cohort of 217,405 individuals with available information on
gestational age and birth weight, 85,830 had a gestational age of < 37
weeks and a birth weight of < 2.5 kgs. After excluding those who were
small for gestational age or had missing body mass index (BMI) data, as
well as those with a BMI in the 85th-95th percentile (overweight) and a
BMI <5th percentile at the 6-year screening, a total of 33,909 children
remained enrolled in the study (3,349 in the obesity cohort and 30,560 in

the control cohort).
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Table 1. Participants characteristics

Obesity group (n | Control group (n | P

Characteristic = 3,349) = 30,560)

Age at screenings, months,

mean (SD)

4-6 months 5.7 (0.9) 5.8 (0.9)
9-12 months 11.5(1.2) 11.6 (1.2)
21-24 months 21.9 (2.3) 22.0 (2.3)
33-36 month 34.0 (2.3) 34.0 (2.3)
45-48 month 45.9 (2.3) 45.9 (2.3)
57-60 month 58.1 (2.5) 58.1 (2.5)
69-72 month 70.2 (2.6) 70.0 (2.5)

Sex, n (%) 0.675
male 1,681 (50.2) 15,461 (50.6)
female 1,668 (49.8) 15,099 (49.4)

Birth weight, kg, mean (SD) 2.00 (0.38) 1.95 (0.43) <0.001

Categorized by birth weight, n <0.001

(%)
extremely low birth weight 53 (1.6) 1,014 (3.3)
very low birth weight 308 (9.2) 3,400 (11.1)
low birth weight 2,988 (89.2) 26,146 (85.6)

Gestational age, n (%) <0.001
extremely preterm 110 (3.3) 1,708 (5.6)
very preterm 693 (20.7) 5,749 (18.8)
moderate preterm 821 (24.5) 7,022 (23.0)
late preterm 1,725 (51.5) 16,081 (52.6)

NICU hospitalization, n (%) 0.012
no 1,312 (39.2) 12,669 (41.5)
yes 2,037 (60.8) 17,891 (58.5)

Exclusive breastfeeding 2, n 0.997

(%)
no 1,772 (52.9) 15,827 (51.8)
yes 406 (12.1) 3,614 (11.8)

Residence of birth, n (%) <0.001
Seoul or metropolitan 1,403 (41.9) 13,988 (45.8)
city 1,585 (47.3) 14,041 (45.9)
rural 319 (9.5) 2,240 (7.3)

Socioeconomic status ®, n (%) <0.001
low (=25P) 882 (26.3) 7,283 (23.8)
intermediate (25P-<75P) 1,686 (50.3) 14,660 (48.0)
high (>75P) 685 (20.5) 7,485 (24.5)

Year of birth <0.001
2008-2010 912 (27.2) 10,284 (33.7)
2011-2013 1,104 (33.0) 10,944 (35.8)
2014-2015 1,333 (39.8) 9,332 (30.5)

No. of perinatal status ¢, n (%) 0.123
no 253 (7.6) 2,615 (8.6)
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1-2 1,552 (46.3) 14,275 (46.7)

3-5 1,539 (46.0) 13,603 (44.5)

=6 5(0.1) 67 (0.2)
Congenital malformations ¢, n 0.757
(%)

no 1,995 (59.6) 18,115 (59.3)

yes 1,354 (40.4) 12,445 (40.7)
Chromosomal abnormalities ¢, 0.973
n (%)

no 3,329 (99.4) 30,384 (99.4)

yes 20 (0.6) 176 (0.6)

a Exclusive breastfeeding, defined as feeding only breast milk, excluding
formula milk feeding and combined formula and breast milk feeding,
during the initial 4-6 months screening; ? Socioeconomic status,
categorized into low (=25th percentile), intermediate (25th-=75th
percentile), and high (>75th percentile) according to household income; ¢
Perinatal status, included the diagnosis with ICD-10 codes P10X-P96X; d
Congenital malformation, included the diagnosis with Q00X-Q89X; ¢
Chromosomal anomalies, included the diagnosis with Q90X-Q99X.
P-values were calculated using chi-square tests for categorical variables
and t-tests for continuous variables. Significant differences were found in
birth weight, birth weight category, gestational age, NICU admission,
residence of birth, socioeconomic status, and year of birth.
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217,405 Children born in South Korea between 2008 and 2015
with available information on GA and BW

85,830 with GA <37weeks and BW <2.5kgs

v

Excluded: 44,544 with SGA or missing BMI data at
6 years.

41,286 with GA <37weeks and BW <2.5kg

\d

F—

Excluded: 4,434 with BMI >85th and <95th and
2,943 with BMI £ 5th at 6 years.

Enrolled: 33,909

h 4

A 4

Case cohort: 3,349 with BMI
> 95th at 6 years

Control cohort: 30,560 with GA, gestational age; BW, birth

weight; SGA, small for gestational
BMI >5th and <85th at 6 years age: BMI, body mass index




