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Abstract
Objective: The present study was performed to investigate whether breast-feeding
is associated with early pubertal development among children 7–9 years old
in Korea.
Design: Children were divided into those who did and did not receive breast-
feeding for 6 months or longer in accordance with the recommendations of the
WHO. Pubertal status was determined by clinical examination using Tanner
staging.
Setting: Prospective observational study.
Subjects: We conducted a follow-up study of children aged 7–9 years in 2011 who
had taken part in the Ewha Birth & Growth Cohort study.
Results: Fifty (22·8 %) of the total of 219 children were in early puberty, with the
proportion being slightly higher for girls (24·1 %) than boys (21·4 %). Children
who had entered early puberty were taller, weighed more and had a higher
concentration of insulin-like growth factor 1. Moreover, the change in weight
Z-score from birth to follow-up was significantly lower in children who were
breast-fed than in those who were not (weight Z-score change: 0·32 (SD 1·59) v.
0·77 (SD 1·61), respectively, P= 0·04). Comparison of breast-feeding by puberty
status indicated a preventive association with early puberty in children who were
breast-fed for 6 months or longer (OR= 0·37; 95 % CI 0·18, 0·74). This association
remained significant after adjustment for relevant covariates.
Conclusions: These results demonstrate a beneficial association between breast-
feeding and early pubertal development, especially in those breast-fed for
6 months or longer. The study suggests that interventions would need to start early
in life to prevent early pubertal development.
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The incidence of precocious puberty has increased con-
sistently over the past several decades in the Republic of
Korea and has become a major public health problem. The
age of menarche occurs earlier than it did several decades
ago, as reported in the 2005 Korean National Health and
Nutrition Survey, which estimated that the average age
at menarche decreased from 16·9 years in women born
between 1920 and 1925 to 13·1 years in women born
between 1986 and 1995(1). Although the reasons under-
lying the forward shift in the average age of puberty onset
are not well understood, the early development of puberty

could lead to various psychological and social problems
because physical development is not in line with cognitive
development(2). It is also thought to be a potential risk
factor for polycystic ovary syndrome, breast cancer and
CVD(3,4).

Puberty is a complex developmental process that depends
on a number of factors, including prenatal, behavioural and
environmental factors, as well as genetic heritability. Inter-
estingly, some studies suggest that nutrition during infancy,
especially breast-feeding, may have a favourable effect on
the timing of pubertal development(5,6). Breast-feeding is
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well known for its positive impact on infant growth
and child health. Additionally, the WHO recommends
breast-feeding for the first 6 months to achieve optimal
growth(7). Nutrition during infancy is directly associated
with weight gain, which also has a dominant effect on
the development of puberty. Although breast-feeding has
been recommended to prevent early puberty, there are
conflicting opinions regarding whether breast-feeding
is related to a decrease in age of puberty onset(8–11).
Recently, a study reported that an additional month of
breast-feeding decreases the risk of earlier menarche(5),
but that study did not consider postnatal growth.

Therefore, we investigated the association between
breast-feeding and early pubertal development in Korean
children aged 7–9 years considering the growth change
from birth to age at follow-up.

Methods

Sample
We conducted a follow-up study in 2011 of 7–9-year-old
subjects who had participated in the Ewha Birth & Growth
Cohort study, a prospective cohort that was established
from 2001 to 2006. That study followed a single hospital-
based cohort composed of offspring and their mothers,
who were recruited between 24 and 28 weeks of preg-
nancy during prenatal care visits at Ewha Womans Uni-
versity Mokdong Hospital, Seoul, Republic of Korea. This
is a tertiary general hospital and one of the largest facilities
(857 beds; an average of ~ 2700 out-patients daily) in the
western area of central Seoul. During the recruitment
period from August 2001 to August 2006, a total of 940
pregnant women participated in the study. From this
cohort, 664 children were eligible for the present study.
Only 344 subjects were contacted, and 260 of them
participated in the 2011 follow-up programme. The cohort
composition and methodology are described in a previous
study(12).

The follow-up programme of the Ewha Birth & Growth
Cohort study has been conducted annually since 2005,
when the participating children reached 3, 5, 7, 8 and 9
years of age. In 2011, we performed the first follow-up
with 9-year-old subjects and conducted clinical assess-
ments of puberty. We contacted a total of 344 parents of
children 7–9 years old by telephone. They were informed
of the follow-up, and the subjects visited the hospital. For
the present study, data were collected from July to August
2011. A total of 260 subjects (75·6 %) participated in the
2011 follow-up programme with consent from the children
and their parents or guardians. The characteristics of the
participants compared with those of non-participants were
as follows: maternal age (years)= 31·43 (SD 3·64) v. 31·18
(SD 3·57) and birth weight (kg)= 3·20 (SD 0·52) v. 3·18
(SD 0·53), respectively; these differences were not sig-
nificant. Detailed follow-up data were obtained from the

participants through a questionnaire and by blood and
urine sampling.

Subjects were excluded if a blood sample was not
obtained (n 1), data for breast-feeding were missing
(n 10), or if they were small or large for gestational age
(n 28 and n 2, respectively). Complete data were available
for 103 boys (47·0 %) and 116 girls (53·0 %), a total of 219,
consisting of eighty-two subjects at 7 years old (37·4 %),
fifty-seven at 8 years old (26·0 %) and eighty at 9 years
old (36·5 %). The study protocol was approved by the
Institutional Review Board of Ewha Womans University
Hospital.

Data collection
Data regarding the occurrence and total duration of breast-
feeding were gathered from parents or guardians using
questionnaires. According to WHO recommendations(7),
infants should be exclusively breast-fed for the first
6 months to achieve optimal growth. In our study, we
collected responses to the question: ‘How long did you
breast-feed your baby following birth?’ We did not ask
specifically about ‘exclusive breast-feeding’ because it is
difficult to define. We classified the subjects into two
groups: those who were breast-fed for 6 months or longer
(any breast-feeding, n 113) and those who were not
(n 106). Additionally, the 6-month criterion was a statistical
median point of breast-feeding duration in our data. We
repeatedly collected breast-feeding data by questionnaire
at 12 months, 18 months and during the present follow-up
study. The questionnaires at 12 and 18 months were
returned by mail. The return rates were 48·8 % at
12 months and 41·0 % at 18 months. As a result of follow-
up loss, data from only seventy-five subjects (single
response at 12 months: n 23; single response at 18 months:
n 21; response at 12 and 18 months: n 31) were used.
When the two groups were classified by report of
6 months or more of breast-feeding or not, the kappa
value was 0·9. We used parents’ recall of earlier breast-
feeding collected when the children were 7–9 years of age
(follow-up year, 2011) because some data from 12 and
18 months of age were missing.

We collected data regarding possible risk factors
including birth weight, gestational age and maternal age at
delivery from hospital records, and socio-economic indi-
ces and maternal age at menarche from questionnaires.
For the baseline information, gestational age was calcu-
lated based on ultrasound measurements performed by
an obstetrician combined with the last menstrual date. Birth
weights had been measured by trained nurses in the
delivery room. Mothers’ education level and current
household income were used as indicators of socio-
economic status. The education level was categorized
into two levels: graduated from high school and graduated
from college/university. Household income was classified
into three groups by monthly income: <3 million KRW,
3·0–4·9 million KRW and >5 million KRW (KRW= South
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Korean Won). Data regarding maternal age at menarche
were also collected as a proxy for genetic heritability(13).

Measurements
Anthropometric data were collected by well-trained
researchers when children aged 7–9 years visited the
hospital. The height and weight of each child were measured
with the child wearing light clothing and no shoes to the
nearest 0·1 cm and 0·1 kg, respectively, using a stadiometer
and calibrated scale (DS-102; Dong Sahn Jenix, Co.,
Ltd, Seoul, Korea). Body fat mass as a measure of body
composition was measured (Inbody 230; GE Healthcare,
Madison, WI, USA). The BMI was calculated as weight
divided by height squared (kg/m2). The height, weight and
BMI were converted to age- and gender-specific Z-scores
using the criteria from the 2007 Korean Children and Ado-
lescents Growth Standards(14). Age was treated in units of
month. The weight Z-score change was calculated by sub-
tracting the birth weight Z-score from the current weight
Z-score, and was applied to the analysis as a continuous
variable. Children with age- and gender-specific BMI Z-scores
higher than the 85th percentile were classified as overweight,
and obesity was determined based on current BMI. For
comparison with other studies, overweight was defined using
the criteria of the International Obesity Task Force(15).

Subjects were instructed to fast for at least 8 h prior to
providing a blood sample. We measured the levels of tes-
tosterone and oestradiol as indices of pubertal development.
Testosterone was measured in boys using a commercial
RIA kit (KIP1709; DIAsource ImmunoAssays S.A., Nivelles,
Belgium); the minimum detection level in the assay was
0·3 ng/dl. The threshold level of testosterone considered to
indicate entry into puberty (250 ng/dl) was established in a
previous study(16). The oestradiol level in the blood was
measured in girls by a competitive electrochemiluminescence
immunoassay method using an Elecsys E170 analyser (Elec-
sys Estradiol II; Roche Diagnostics GmbH, Mannheim,
Germany); the minimum detection level was 5 pg/ml. The
oestradiol level considered to indicate entry into puberty
was determined as 15 pg/ml based on a previous study(17).

Insulin, insulin-like growth factor 1 (IGF-1) and leptin
were also measured to investigate the relationships
between their concentrations and pubertal development.
Serum insulin was measured using an immunoradiometric
assay kit (Biosource Europe, Nivelles, Belgium). The
serum IGF-1 concentration was measured using a quanti-
tative sandwich ELISA technique (Quantikine Human
IGF-1 Immunoassay; R&D Systems, Minneapolis, MN,
USA). Serum leptin levels were measured using commer-
cial kits (Millipore, Linco Research, St. Charles, MO, USA).
All measurements had inter- and intraassay CV< 10 %.

Assessment of early puberty
Pubertal development was determined as clinician-
reported Tanner stage assessments. Self-reported Tanner
staging can be problematic, especially in differentiation

between fat tissue and breast tissue in girls. Hence,
assessments of anthropometric development were made
following examination by clinicians. Early puberty was
defined as Tanner stage 2 or higher(18,19).

Statistical analysis
The results are given as means with standard deviations,
and the categorical variables are expressed as the number
of subjects and percentage. We compared the various
features according to pubertal development status using
the t test for differences in means and the χ2 test for dif-
ferences in frequency. The insulin and leptin concentra-
tions were skewed, so the raw data were log-transformed.
The postnatal growth from birth to follow-up according to
pubertal development was evaluated based on weight,
and changes were estimated using a mixed analysis.
Repeated measurements within individuals were clustered
according to the group, early puberty, or other categories.
The model’s fit accounted for variations causing different
intercepts (random effect), with group, period (age) and
the interaction between group and period (group× age) as
fixed effects. To choose the working correlation, the
model fit was assessed using the Bayesian information
criterion. The results are presented as least-squared means
(LSmeans) with standard errors using an unstructured
covariance structure and are shown in Fig. 1.

We assessed the magnitude of the association between
breast-feeding and early puberty by multiple logistic
regression analysis with sequential adjustments for sets of
covariates. Covariate selected were those with P< 0·3
on univariate analysis. Additionally, we considered other
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Fig. 1 The weight Z-score change from birth to current by
puberty status ( , early puberty; , average puberty)
among children aged 7–9 years, Ewha Birth & Growth Cohort
study, Republic of Korea. The weight Z-scores are
standardized for age and sex and represent least-squared
means with their standard errors represented by vertical bars at
each time point, which were estimated using mixed analysis using
unstructured covariance structure. The model’s fit accounted for
variations causing different intercepts (random effect), with the
group, period (age), interactions between groups and period
(group×age) being a fixed effect. At birth, n 219; age 3 years,
n 95; age 5 years, n 72; aged 7–9 years, n 219

3302 HA Lee et al.

https://doi.org/10.1017/S1368980015000518 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980015000518


factors, such as covariates that have been shown to be
related to pubertal development. Covariates, classified
considering age and gender, included maternal effects
(maternal age at delivery and maternal age at menarche)
and birth effects (birth weight(14), gestational age and
postnatal growth effect(20)). All analyses were two-tailed
and P< 0·05 was taken to indicate statistical significance.
All statistical analyses were performed using the SAS
statistical software package version 9·1.

Results

Fifty (22·8 %) of the 219 children included in the present
study were in early puberty, with the proportion being
slightly higher for girls (28/116 girls, 24·1 %) than boys
(22/103 boys, 21·4 %; P= 0·625). The subjects who

experienced early puberty were significantly taller,
weighed more and had a higher BMI than those whose
pubertal development was average. However, the dis-
tribution of overweight children did not differ according to
pubertal development. Using the International Obesity
Task Force criteria, the proportion of overweight subjects
was higher in the early puberty group. However, this
finding showed only borderline significance. The early
puberty group had elevated levels of log-transformed
insulin and IGF-1 compared with the average puberty
group (Table 1).

Of the twenty-eight girls in the early puberty group,
fifteen (53·4 %) had higher levels of oestradiol, whereas
very few boys in the early puberty group had high testo-
sterone levels; overall, the early maturing boys showed
similar mean testosterone level to boys in the average
puberty group (Table 2).

Table 1 Current anthropometric and endocrine characteristics by puberty status* among children aged 7–9 years (n 219), Ewha Birth &
Growth Cohort study, Republic of Korea

Total Early puberty (n 50) Average puberty (n 169)

n or mean % or SD n or mean % or SD n or mean % or SD P value†

Sex (boys)‡ 103 47·0 22 44·0 81 47·9 0·625
Age (years)§ 8·00 0·86 8·40 0·78 7·87 0·85 <0·001
Current anthropometric measurements
Sex- and age-specific height Z-score§ 0·40 0·89 0·62 0·87 0·34 0·88 0·047
Sex- and age-specific weight Z score§ 0·12 1·00 0·47 0·83 0·02 1·03 0·006
Sex- and age-specific BMI Z score§ −0·14 1·15 0·22 0·92 −0·24 1·20 0·012
Body fat mass (kg)§ 6·98 3·86 8·34 3·97 6·58 3·75 0·004
Overweight (≥85th percentile of BMI)‡,|| 30 13·7 8 16·0 22 13·0 0·590
Overweight (IOTF criteria)‡,¶ 50 22·8 16 32·0 34 20·1 0·079

Log insulin§ 2·08 0·31 2·16 0·30 2·06 0·31 0·044
IGF-1 concentration in blood (ng/ml)§ 1·68 1·91 2·47 3·16 1·45 1·26 0·001
Log leptin§ 1·70 0·64 1·77 0·70 1·68 0·62 0·435

IOTF, International Obesity Task Force; IGF-1, insulin-like growth factor 1.
*Early puberty is defined as a subject who reached Tanner stage 2 or greater based on clinician-reported Tanner stage assessments.
†P value from t test for differences in means and the χ2 test for differences in frequency.
‡Values are n and %.
§Values are mean and SD.
||Overweight is defined as greater than the 85th percentile of age- and gender-specific BMI values, as referenced from the 2007 Korean Children and
Adolescents Growth Standards(14).
¶Overweight is defined using the IOTF criteria(15).

Table 2 Distribution of measurements for pubertal development by puberty status* among children aged 7–9 years (n 219), Ewha Birth &
Growth Cohort study, Republic of Korea

Early puberty Average puberty

Median or n IQR or % Median or n IQR or % P value†

Boys (n 103) n 22 n 81
Testosterone (ng/dl)‡ 5·59 3·37–8·71 5·45 3·24–8·00 0·453
High testosterone level (≥25 ng/dl)§,|| 1 4·6 2 2·5 0·518

Girls (n 116) n 28 n 88
Oestradiol (pg/ml)‡ 15·00 7·40–37·75 7·45 4·90–10·65 <0·001
High oestradiol level (≥15 pg/ml)§,¶ 15 53·6 8 9·1 <0·0001

IQR, interquartile range.
*Early puberty is defined as a subject who reached Tanner stage 2 or greater based on clinician-reported Tanner stage assessments.
†P value obtained from Wilcoxon rank-sum test for non-parametric value and Fisher’s exact test for differences in frequency.
‡Values are median and IQR.
§Values are n and %.
||The cut-off for testosterone refers to the study by Potau et al.(16).
¶The cut-off for oestradiol refers to the study by Prété et al.(17).
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Among the total of 171 children (78·1 %) who were
breast-fed, 66·1 % (n 113) were breast-fed for 6 months
or more. More than half of the children in the average
puberty group were breast-fed for at least 6 months,
whereas this was true for only about 30 % of those in the
early puberty group. The maternal age at menarche with
early pubertal children was younger than that of mothers
whose children were of average age at puberty, but
this finding was not significant. Maternal age at delivery,
maternal education level, household income, birth weight
and gestational age were not significantly different
between the two groups (Table 3).

The change in weight Z-score from birth until follow-up
in children with early puberty was slightly higher than that
for children with average puberty, although the difference
was not statistically significant (weight Z-score change=
0·79 (SD 1·43) v. 0·47 (SD 1·66), respectively, P= 0·21).
We analysed the group changes in weight Z-scores over
time; the results indicated that the slope of weight change
for children who experienced early puberty showed a
gradual and persistent increase in weight Z-score, whereas
for the average puberty group, the slope tended towards
zero with increasing age. The effect of group was mar-
ginally insignificant (P= 0·06; Fig. 1). When we assessed
whether breast-feeding influenced weight change, the
change in weight Z-score from birth until follow-up in
children who were breast-fed for 6 months or more was
significantly lower compared with that for children who
were not (weight Z-score change= 0·32 (SD 1·59) v. 0·77
(SD 1·61), respectively, P= 0·04).

The associations of breast-feeding and early pubertal
development with sequential adjustment for sets of

covariates were analysed (Table 4). Breast-feeding for at
least 6 months showed a strong preventive association
against early puberty. The association remained even
after accounting for maternal features (model 2) and for
additional birth features and postnatal growth (model 3;
OR= 0·40; 95 % CI 0·19, 0·83 and OR= 0·35; 95 % CI 0·16,
0·75, respectively).

In the final model (model 3), even after reclassifying the
children into three groups, i.e. breast-fed for ≥6 months,
breast-fed for <6 months and not breast-fed at all, with the
‘not breast-fed at all’ group as the reference, the protective
association of breast-feeding for 6 months or more and
early pubertal development remained (OR= 0·27; 95 % CI
0·11, 0·66). Additionally, breast-feeding for <6 months also
showed a protective association against early pubertal
development, but the 95 % confidence interval included
1·0 (OR= 0·61; 95 % CI 0·24, 1·55), indicating that the
association was not significant.

Discussion

A major finding of the present study was that nutrition
during infancy is associated with pubertal development:
breast-feeding for 6 months or more showed a distinct
preventive association against early pubertal develop-
ment. Moreover, we found a tendency towards greater
weight gain with greater current height, weight and BMI
status in children with early puberty, although the pro-
portion of overweight children did not differ from that
among children who entered puberty at an average
age. Our results suggest that a reasonable duration of

Table 3 Effect of potential risk factors on puberty status among children aged 7–9 years (n 219), Ewha Birth & Growth Cohort study,
Republic of Korea

Early puberty (n 50) Average puberty (n 169)

n, mean or median %, SD or IQR n, mean or median %, SD or IQR P value

Main effect
Breast-feeding for ≥6 months (yes)*,† 15 30·0 98 58·0 <0·001

Factors of socio-economic status and maternal effect
Maternal age at delivery (years)‡ 31·66 2·87 31·37 3·85 0·630
Maternal age at menarche (years)§ 13·5 12·5–14·5 14·0 13·0–15·0 0·876
Maternal education†,||
Graduated high school 11 22·0 37 22·0 0·997
Above college or university 39 78·0 131 78·0

Household income†,||
<3 million KRW 6 12·0 28 16·7 0·657
3–5 million KRW 24 48·0 71 42·3
≥5 million KRW 20 40·0 69 41·1

Factors of birth outcomes and growth pattern
Birth weight (kg)‡ 3·24 0·45 3·21 0·54 0·732
Gestational age (weeks)§ 39·2 38·3–40·1 39·1 38·1–40·2 0·621
Change in weight Z-score from birth to follow-up‡ 0·79 1·43 0·47 1·66 0·214

IQR, interquartile range; KRW, South Korean Won.
*We classified the subjects into two groups: those who breast-fed for more than 6 months and those who did not.
†Values are n and %; P value obtained from Χ2 test for differences in frequency.
‡Values are mean and SD; P value obtained from t test for differences in means.
§Values are median and IQR; P value of non-parametric analysis was conducted using the Wilcoxon rank-sum test.
||Number of subjects varies due to missing data.
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breast-feeding intervention has a protective association
against early pubertal development.

Puberty is a complex, coordinated biological process
that leads to the eventual acquisition of reproductive
capability. Although the onset of puberty is a natural
event, as stated above, its initial timing can be influenced
by multiple factors. Some studies have suggested that early
puberty is associated with chronic diseases such as poly-
cystic ovary syndrome, breast cancer and CVD in later
life(3,4). Therefore, the decrease in average age of onset of
puberty over the past several decades has become a
public health issue worldwide. The key to resolving this
issue is to identify modifiable risk factors for prevention of
early puberty. Infancy has been proposed as a critical
period for determining pubertal timing and several authors
considered infant feeding as a potential modifiable risk
factor(2,5,6). However, there was a lack of evidence to
support this recommendation due to heterogeneity among
studies with respect to definitions, method of puberty
assessment and study subjects, although breast-feeding
had clear advantages.

Evidence collected over the last few decades suggests
that differences in diet during infancy may be partially
responsible for differences in pubertal development.
According to the Cebu Longitudinal Health and Nutrition
Survey, which involved population-based surveys, the risk
of earlier menarche decreased by 6 % with each 1-month
increase in the duration of breast-feeding (hazard ratio=
0·94; 95% CI 0·90, 0·98). They also suggested that exclusive
breast-feeding is more important than the duration of
breast-feeding(5). However, they did not consider covariates
such as postnatal growth. Breast-feeding is associated with
weight gain during early life, which itself is a possible
candidate factor for untimely puberty development. Morris
et al. reported the determinants of age at menarche based
on the Breakthrough Generations Study, but the effect of
breast-feeding was difficult to fully explain due to the large
volume of missing responses in the survey regarding breast-
feeding(21). Moreover, these two studies were conducted
primarily on girls. Although our study was relatively small
in size compared with the two studies mentioned above,

we found a marked preventive association against early
pubertal development in children who were breast-fed
for at least 6 months even after controlling for relevant
covariates (OR= 0·35; 95% CI 0·16, 0·75).

Although the mechanisms underlying the relationship
between breast-feeding and initiation of puberty are still
unclear, several studies have suggested that it may be
explained by weight gain during childhood. One Danish
cohort study reported that breast-feeding delayed weight
gain in early life and that children who were breast-fed for
more than 40 weeks had lower weight than those who
were breast-fed for less than 20 weeks(22). Kwak et al.
reported similar results(23). Our findings were consistent
with the above studies. Some studies indicated that weight
gain during the first 2 years of life predicted the sub-
sequent timing of puberty onset(8). Growth during infancy
is largely regulated by nutrition. Hence, it has been sug-
gested that nutrition during infancy may program growth
and development. When considering weight at 3 years
instead of that at 2 years due to lack of data, the results
of the present study were similar to previous studies.
Children who underwent puberty early showed acceler-
ated weight gain in the first 3 years of life. Moreover,
higher postnatal change in weight Z-score was associated
with increased risk of early puberty in the present study. In
sub-analyses, the protective association of breast-feeding
and early pubertal development remained even after
adjusting for the change in weight Z-score in the first
3 years of life (n 95) instead of those from birth to the
present, although the P value for weight change for the
first 3 years of life was not significant (data not shown).

Breast-feeding can contribute to appetite programming,
which is explained by leptin hormone regulation(24,25). An
animal study suggested that appetite may be upregulated
in formula-fed babies, which may lead to obesity(26).
Additionally, leptin secreted from adipose tissue is
also involved in the activation of central gonadotrophin
secretion. However, the evidence remains insufficient
to reach definitive conclusions. In the present study, the
log-leptin level was higher in the early puberty group
compared with the average puberty group, although the

Table 4 Model specifications for the impact of breast-feeding for more than 6 months on early pubertal development, with sequential
adjustments for sets of covariates, among children aged 7–9 years (n 219), Ewha Birth & Growth Cohort study, Republic of Korea

Model 1 (breast-
feeding effect)

Model 2 (model 1 +
maternal features)

Model 3 (model 2+ birth
features and postnatal growth)

OR 95% CI OR 95% CI OR 95% CI

Breast-feeding for ≥6 months (yes)* 0·37 0·18, 0·74 0·40 0·19, 0·83 0·35 0·16, 0·75
Maternal age at delivery (years) 1·04 0·94, 1·14 1·04 0·94, 1·15
Maternal age at menarche (years) 0·90 0·71, 1·14 0·93 0·73, 1·18
Birth weight (kg) 2·04 0·61, 6·86
Gestational age (weeks) 1·28 0·98, 1·68
Change in weight Z-score from birth to follow-up 1·49 1·04, 2·14

Results present adjusted odds ratio and 95% confidence intervals, which were derived from multiple logistic regression analysis. All models basically adjusted
for sex and age.
*We classified the subjects into two groups: those who breast-fed for more than 6 months and those who did not.
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difference was not significant (1·77 (SD 0·70) v. 1·68
(SD 0·62), respectively, P>0·05). However, it was difficult to
directly determine the relationship between leptin and the
pubertal process because leptin levels have been shown to
be tightly linked with body weight (r= 0·61, P< 0·0001)
and body fat mass (r= 0·75, P< 0·0001)(27). Alternatively,
insulin or IGF-1 may account for the differences in the age
of puberty. High insulin level is related to the level of sex
hormone-binding globulin and may therefore upregulate
the bioavailability of sex steroids. Additionally, an increase
in IGF-1 due to rapid weight gain was suggested to mediate
pubertal development, although the results were not
conclusive(28). These potential mechanisms are consistent
with our findings. The IGF-1 hormone levels in subjects
with early puberty were higher than those in the average
puberty group. Additionally, the average log-transformed
insulin level was also significantly different between the
two groups (2·16 (SD 0·30) v. 2·06 (SD 0·34), respectively,
P = 0·04). Unfortunately, our understanding of how breast-
feeding affects physiological and endocrine changes and
how long these effects persist is still limited. Further studies
are needed to verify the associations through longitudinal
observations. Prior obesity has also been suggested as a
risk factor for early puberty. In the present study, children
with early puberty had higher weight, BMI and body fat
mass, although the association between early puberty and
overweight was not significant. This finding is probably
reflective of inadequate statistical power caused by the
small number of subjects included in the study.

Despite considering potential confounding factors,
including the maternal age at menarche as a proxy for
genetic heritability, none of the factors other than change in
weight was a significant predictor of early puberty. Although
the average age of children with early pubertal development
was higher than that in the other group, the protective
association of breast-feeding for 6 months or more and early
pubertal development was still significant, even after con-
sidering potential confounding factors such as age.

There were several limitations in the present study. First,
we used a self-reported questionnaire about breast-
feeding and did not obtain detailed information about
breast-feeding practices, which made it difficult to define
exclusive breast-feeding. However, the rate of exclusive
breast-feeding in Korea has greatly declined from 1994 to
2012. Furthermore, the proportion of children who were
breast-fed for 6 months (even if not exclusively) was similar
to that reported in the Korea National Health and Nutrition
Examination Survey in 2001, 2005 and 2007 (49·5 %, 49·6 %,
and 55·8 %, respectively)(29). Some uncertainty may have
influenced the results, but the reliability of the questions on
breast-feeding duration was high. Second, the study
recruited subjects born in one hospital and this limited
sample makes it difficult to generalize to other populations.
The lack of statistical power due to the small sample size
also limited the generalizability of the results. Limited data
regarding growth pattern were available due to unavoidable

data loss in the follow-up process. Finally, residual con-
founding factors that we did not measure may have affected
the association between breast-feeding and early puberty.

Nevertheless, our study had advantages over previous
investigations in that we applied a reasonable criterion for
puberty assessment and did not limit our subjects to a single
gender. Moreover, clinicians assessed pubertal development
to avoid the potential errors that may result from self-report.
The study was also worthwhile because there have been
few such studies in the Asia–Pacific region. These results
were derived from a well-timed assessment that specifically
considered the age of the subjects. Previous studies on the
relationship between breast-feeding and pubertal develop-
ment were conducted through retrospective collection of
event-history data. An additional strength of our study
was that we controlled for potential confounding factors.
The nutrition status in early life is solely dependent on the
mother and nutrition status can be modified.

The relationship between breast-feeding and pubertal
development is thought to involve a stepwise causal
pathway from nutrition in infancy to weight status and
finally to pubertal development. Although our findings did
not clearly identify a plausible mechanism, we found an
independent preventive association of breast-feeding for
6 months or more and early pubertal development even
after adjusting for relevant covariates. Therefore, although
further studies are required, we suggest that breast-feeding
is a modifiable risk factor that can contribute to improve-
ment of child health, helping to prevent both extremes of
the growth pattern. Intervention must be started early in
life to prevent early pubertal development.
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