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Excessive Weight Gain in Infants
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Purpose: The purpose of this study is to identify the association between maternal feeding practices and excessive
weight gain in infants. Methods: This study adopted a cross-sectional design and included 240 pairs of mothers and
their infants (129 boys and 111 girls) in public healthcare centers in the Daejeon area in South Korea. Via multivariate
analyses, the association between maternal feeding practices and excessive weight gain in infants was identified.
Results: Among 240 infants in this study, 39 (16.3%) infants gained excessive weight during 12 months after birth.
Using multivariate logistic regression with adjustment for covariates, more than 7 months of exclusive breastfeeding
was associated with a reduced likelihood of excessive weight gain in infants during the 12 months after birth (adjusted
odds ratio: 0.39, 95% confidence interval: 0.02~0.81, p=.029). Conclusion: Based on these results, nurses in
communities and clinics should educate mothers on the importance of longer durations of exclusive breast feeding
and develop strategies for encouraging such behavior. Furthermore, support for exclusive breast feeding should be

provided in various settings.
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INTRODUCTION

Infants are likely to develop rapid weight gain and obe-
sity due to physiologic fat accumulation, changes in feed-
ing patterns and eating habits [1]. Thus, infancy is consid-
ered a critical period for obesity prevention in children [2].
According to systematic reviews and meta-analysis, ex-
cessive weight gain in infancy is significantly associated
with subsequent childhood obesity [3]. In addition, exces-
sive weight gain of infants results from excessive energy
intake and nutritional status [2]. In these contexts, the as-
sociation between maternal feeding practices and exces-
sive weight gain of infants needs to be investigated for de-
velopment of interventional programs to prevent exces-
sive weight gain in infants. Furthermore, identification of
factors specific to the Korean population that are related to
maternal feeding practices associated excessive weight
gain in infants is essential because these factors may be dif-
ferent in different races or ethnicities [4]. In this connec-

tion, as prevalence of exclusive breastfeeding which pro-
viding only breast milk without other liquids including
formula was 18.3% at 5~6 months after childbirth in 2016
[5], this low prevalence of exclusive breastfeeding was re-
lated with the situation that maternal leave was 12 weeks
for working mothers, and breast feeding was not sup-
ported at the workplace [6]. Chubby infants were also con-
sidered as healthy and well-developed in Korea [7]. In this
context, Korean people tend to encourage more eating, de-
spite the infants’ satiety cues [7]. Thus, associated factors
with excessive weight gain in infants in Korea differ from
those in western countries. However, most associated fac-
tors have been identified in Western countries [1-4]. In ad-
dition, excessive weight gain in infancy can be a result of
different maternal feeding practices such as lack of exclu-
sive breastfeeding [1], regular feeding without reflecting
on signs of hunger in infants [1], overfeeding associated
with parental behaviors e.g., feeding large amounts of for-
mula [1], and early introduction of solid foods, i.e. before
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4~6 months of age [8]. However, the significance of asso-
ciated factors such as exclusive breastfeeding is not con-
sistent in previous studies [9]. In this connection, Lefebvre
and John [9] suggested controlling covariates including
prenatal (e.g. body mass index of mothers before preg-
nancy) and infants’ factors (e.g. birth weight) apart from
feeding habits of infants to confirm the association be-
tween maternal feeding practices and excessive weight
gain in infants.

According to a model from developed by Monasta et al.
[10], factors associated with excessive weight gain in
young children can be categorized as children’s factors,
parental factors, and environmental factors. In the same
vein, according to literature reviews, sex (boys) of infants
[11], birth by cesarean section [11] and birth weight >4,000
g [1,11] as infants’ factors were positively associated with
excessive weight gain in infants. In addition, maternal fac-
tors during the prenatal stage such as maternal pre-preg-
nancy obesity [1], excessive weight gain during pregnancy
[10,11], smoking during pregnancy [10,11], depression
during pregnancy [11], and gestational diabetes mellitus
[11] were positively associated with excessive weight gain
in infants. Parental factors also include maternal age at
childbirth [10], parental body mass index (BMI) [10], cur-
rent maternal employment status [10], and maternal edu-
cational level [10]. In addition, environmental factors in-
clude family history of diabetes mellitus [10] and current
socioeconomic status of the family [10]. Thus, this study
aimed to identify the significance of association between
maternal feeding practices and excessive weight gain in
infants after controlling the covariates including maternal
factors during the prenatal stage, infants’ factors, parental
factors, and environmental factors.

METHODS

1. Design

This study used a cross-sectional design.

2. Participants

Participants in our study included mothers and their 12
months-old infants who visited public health centers lo-
cated in Daejeon (metropolis), South Korea for immuniza-
tion. Public health centers were selected by the conveni-
ence sampling method. The three included public health
centers were located in Dong-gu, Jung-gu, and Seo-gu in
Daejeon. Mothers and infants from each public health cen-
ter were selected using the convenience sampling method

according to the following inclusion and exclusion criteria.
The inclusion criteria were as follows: (1) mothers who
agreed to participate in this study, (2) infants who were
born after 37 weeks of gestation with a birth weight of >
2,500 g, and (3) mothers who were able to read and answer
the questionnaires without assistance. The exclusion cri-
teria were as follows: (1) children who were prematurely
born or twins, (2) children with congenital disorders and
other developmental and health problems that influence
weight gain (e.g., diabetes mellitus, gastrointestinal disease,
renal disease, heart disease, and endocrine disease), (3) chil-
dren receiving medical and non-medical interventions for
obesity management, and (4) infants who could not be mea-
sured with respect to length and weight because of devel-
opmental and health problems.

To verify the statistical power of our sample, a mini-
mum of 170 pairs were required to achieve an odds ratio of
1.74 [12]. This calculation was based on the sample size of
a previous study with an @ of .05 and a logistic regression
power of .80 (G*Power, version 3.1) [13]. This study invol-
ved 240 pairs of mothers (19~45 years) and their infants
(129 boys and 111 girls).

3. Measurements

1) Outcome variable

Excessive weight gain. Adiposity of infants was eval-
uated using BMI to identify excessive weight gain in infants.
Infants were weighed to the nearest 5 g in the supine posi-
tion on a standard digital scale (Tanita Corporation of Ame-
rica Inc., Model BD 590, Illinois, USA) while they wore only
a diaper. Supine length was measured to the nearest 0.1
cm from the top of to the soles of the feet using an infan-
tometer (Seca North America, Model 417, CA, USA).
Weight and length were measured twice, and the mean
values were used to calculate the BMI. The BMI of each in-
fant was calculated as: weight in kilograms divided by the
height in meters squared; the BMI was then converted to a
percentile, and > 97th percentile on the sex- and age-spe-
cific growth chart for Korean children was considered as
excessive weight gain [14].

A self-reported questionnaire based on the recall of
mothers was used for measurements of independent vari-
ables and covariates. The recall of mothers regarding their
experience during pregnancy and childbirth (e.g. smok-
ing, health problems, birth weight of infants) showed
good validity [15].

2) Independent variables
(1) Introduction timing of solid foods
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The introduction timing of solid foods was evaluated
with a single question on the month after birth when solid
foods were introduced. The introduction timing of solid
foods was categorized as follows: <4 months after birth,
4~6 months after birth, 7~11 months after birth, >12
months after birth [11].

(2) Duration of exclusive breastfeeding

The duration of exclusive breastfeeding was evaluated
with a single question on the number of months during
which the children were exclusively breastfed. The dura-
tion of exclusive breastfeeding was categorized as follows:
<1 month, 1~6 months, >7 months [11].

(3) Feeding style according to infants” hunger and sati-
ety cues

The maternal feeding style according to the infants’
hunger and satiety cues was evaluated using the Infant
Feeding Practices Questionnaire [16]. This instrument
consisted of two items: first, “Did you feed the infant when
the infant gave a cue for hunger without a fixed feeding
schedule?” and second, “Did you feed the infant according
to a fixed feeding schedule regardless of the infant’s hun-
ger and satiety cue?”. Responses were marked as “never,”
“almost not,” “occasionally,” “often,” and “always” for each
item. Mothers who responded “often” and “always” for
the first item and “never,” and “almost never” for the sec-
ond item were determined as having a responsive feeding
style. Meanwhile, mothers who responded “never” and
“almost never” for the firstitem and “often” and “always”
for the second item were determined as having a non-
responsive feeding style. Mothers with other responses
were determined as having a mixed responsive and non-
responsive feeding style.

4. Covariates

1) Maternal factors during the prenatal stage

(1) Pre-pregnancy weight

Maternal BMI was calculated to evaluate the pre-preg-
nancy weight of mothers using the self-reported height
and weight before pregnancy. According to the criteria rec-
ommended by the Korean Society for the Study of Obesity
[17], the BMI of each mother before pregnancy was used
to classify them as underweight (<18.5 kg/ m’), normal
weight (18.5 kg/ m’ and <23 kg/ m’), overweight (23 kg/ m’
and <25 kg/ m?), or obese (25 kg/ m’).

(2) Weight gain during pregnancy
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Weight gain during pregnancy was evaluated using a
single question: “How much weight did you gain during
pregnancy?” By applying the weight-gain criteria during
pregnancy, according to the pre-pregnancy weight status
of Korean women, the appropriate weight-gain range was
determined as 16.7~24.7 kg for underweight, 11.5~21.5 kg
for normal weight, 8.0~17.7 kg for overweight, and 7.5~
21.9 kg for obese women [18]. Weight gain that was less
than the appropriate range was considered as insufficient
weight gain and that more than the appropriate range was
considered as excessive weight gain.

(3) Gestational diabetes mellitus

Gestational diabetes mellitus was evaluated via a single
question regarding the mothers’ diagnosis of diabetes melli-
tus during pregnancy. Responses were marked as yes or no.

(4) Smoking during pregnancy

Smoking during pregnancy was evaluated with a single
question regarding the mothers’ active smoking experi-
ence. Responses were marked as yes or no.

(5) Depression during pregnancy

Depression during pregnancy was evaluated with a sin-
gle question regarding the mothers’ diagnosis or treat-
ment for depression during pregnancy by a psychiatrist.
Responses were marked as yes or no.

2) Infants’ factors
Sex. Sex was categorized as boy or girl.

(1) Birth by cesarean section

Birth by cesarean section was evaluated with a single
question about the birth of their children. Responses were
marked as yes or no.

(2) Birth weight

Birth weight of children was evaluated with a single
question about the birth weight of the children. The birth
weight was categorized into <2,500 g, 2,500~<4,000 g,
and >4,000 g [1].

3) Parental factors

Parental factors were evaluated as follows. Maternal
age at childbirth was evaluated with a single question on
the age of mother at the time of childbirth. Responses were
categorized as follows: < 20 years, 21~25 years, 26~30 years,
31~35 years, and >35 years. Parental BMI was evaluated
using the self-reported height and weight of mothers and
fathers. BMI of mothers and fathers was classified as un-
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derweight (<18.5 kg/m®), normal weight (>18.5 kg/m’
and <23 kg/m?), overweight (>23 kg/m’ and <25 kg/m’,
or obese (=25 kg/m?) [17]. Parental weight status was
categorized as non-overweight both parents, overweight/
obesity in one parent, and overweight/obesity in both
parents. Current maternal employment was evaluated with
a single question regarding the current employment status
of the mothers. Responses were marked as unemployed
(housewife), part-time employment, or full-time employ-
ment. Finally, maternal educational level was categorized
as follows: less than high school, high school, Junior col-
lege (2~3 years), and more than university (university and
graduate school).

4) Environmental factors

Family history of diabetes mellitus was evaluated with
a single question regarding the presence of diabetes melli-
tus among immediate maternal and paternal family mem-
bers. Responses were marked as yes or no. Current socio-
economic status of the family was evaluated with a single
question regarding perceived current socioeconomic sta-
tus of the family. Responses were categorized into high,
middle, and low.

5. Data Collection and Ethical Considerations

Data collection was conducted by a researcher and three
research assistances with master’s degree in nursing from
between June and August 2017. The research assistances
contacted all mothers who visited the public health centers
for immunization of their infants and confirmed that the
mothers met the eligibility criteria. After that, the re-
searcher explained the purpose, data collection procedure
and how to complete the questionnaire, to mothers who
met the eligibility criteria. The researcher distributed and
collected questionnaires before mothers left the public
health centers after immunization of their infants. Total
262 mothers was recruited and 22 mothers refused to an-
swer the questionnaire. Among the 22 mothers, 10 moth-
ers wanted to leave the public health centers without de-
lay and 12 mothers did not want to share private experi-
ence and information during pregnancy. The researcher
and research assistances performed measurements of
weight and supine length in the public health centers.

All research procedures were approved by the institu-
tional review board of the research institute at which the
study was conducted (IRB No. 2-1046881-A-N-01-2017-
HR-025). The mothers were informed of their right to re-
fuse to participate or to withdraw from the study at any
stage. Written informed consent was obtained from moth-

ers who participated in this study.

6. Data Analysis

SPSS (version 22.0 for Windows, IBM, Armonk, NY,
USA) was used for data analysis. Descriptive statistics
were calculated to describe the characteristics of outcome
variable (excessive weight gain), independent variables
(maternal feeding practices), and covariates (maternal fac-
tors in prenatal stage, infants’ factors, parental factors, and
environmental factors). In addition, excessive weight gain
in infants was determined by factors on different levels in-
cluding infants’, parental and environmental level. On
this multilevel structure, a single-level analysis with fac-
tors at individual level might miss important group-level
effects called as atomistic fallacy [19]. Thus, using multi-
variate analyses on multilevel model with logistic regres-
sion, the association between maternal feeding practices
and excessive weight gain in infants were identified. A
two-sided significance level of p <.05 indicated statistical
significance.

RESULTS

1. Excessive Weight Gain of Infants

Among the 240 infants in this study, 39 (16.3%) gained
excessive weight during 12 months after birth.

2. Characteristics of Maternal Feeding Practices

Table 1 shows characteristics of maternal feeding practi-
ces and covariates. Most mothers (81.3%) introduced solid
foods to their infants at 4~6 months after birth. In addition,
18.7% of mothers introduced solid foods to their infants at
7~12 months after birth. Among 52.5% of mothers, the du-
ration of exclusive breastfeeding was 1~6 months after
child birth. In addition, 32.5% of mothers exclusively fed
breast milk for more than 7 months after childbirth. More
than half of the mothers (65.0%) had a mixed non-re-
sponsive and responsive feeding style, while only 18.7% of
mothers had a responsive feeding style according to their
infants” hunger and satiety cue.

3. Association between Maternal Feeding Practi-
ces and Excessive Weight Gain in Infants

A multilevel logistic analysis was performed to assess

the association between maternal feeding practices and
excessive weight gain in infants (Table 2). In the first
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Table 1. Characteristics of Maternal Feeding Practice and Covariates associated Excessive Weight Gain of Infants  (N=240)
Variables Categories n (%) M=SD Range
Independent variables

Maternal feeding Introduction timing of <4 0(0.0)
practices solid foods (months 4~6 195 (81.3)
after birth) 7~11 45 (18.7)
>12 0(0.0)
Duration of exclusive None 36 (15.0)
breastfeeding (month) 1~6 126 (52.5)
>7 78 (32.5)
Feeding style according Non-responsive 39 (16.3)
to infants' hunger and Responsive 45 (18.7)
satiety cues. Mixed with non-responsive and responsive 156 (65.0)
Covariates
Maternal factors in Pre-pregnancy weight Under weight 51(21.3)  21.024+3.12 15.82~30.85
prenatal stage by BMI Normal weight 153 (63.7)
Overweight 18 (7.5)
Obese 18 (7.5)
Weight gain during Insufficient 117 (48.8)
pregnancy Appropriate 108 (45.0)
Excessive 15 (6.2)
Gestational diabetes Yes 18 (7.5)
mellitus No 222 (92.5)
Smoking during Yes 12 (5.0)
pregnancy No 228 (95.0)
Depression during Yes 3(1.3)
pregnancy No 237 (98.7)
Infants' factors Sex Boys 129 (53.7)
Girls 111 (46.3)
Birth by cesarean Yes 120 (50.0)
section No 120 (50.0)
Birth weight (g) <2,500 15 (6.3) 3,300+0.49 1,960~4,400
2,500~ < 4,000 213 (88.7)
>4,000 12 (5.0)
Parental factors Maternal age of child <20 3(1.3) 31.61+4.56 19~45
birth (year) 21~25 21 (8.7)
26~30 57 (23.8)
31~35 99 (41.2)
>35 60 (25.0)
Parental BMI Non-overweight of both parents 24 (10.0)
Non-overweight of mothers & overweight 135 (56.2)
or obesity of fathers
Overweight or obesity of mothers & 24 (10.0)
non-overweight of fathers
Overweight or obesity of both parents 57 (23.8)
Current maternal Unemployed 189 (78.7)
employment Part time 9(3.8)
Full time 42 (17.5)
Maternal education Less than high school 93.7)
level High school 42 (17.5)
Junior college of 2~3 years 66 (27.5)
More than University 123 (51.3)
Environmental factors ~ Family history of Yes 96 (40.0)
diabetes mellitus No 144 (60.0)
Current socioeconomic High 18 (7.5)
status of the family Middle 179 (81.7)
Low 43 (10.8)

BMI=body mass index.
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model, covariates such as maternal factors in prenatal childbirth), and environmental factors (e.g. family history
stage (e.g. pre-pregnancy weight), Infants’ factors (e.g. birth of diabetes mellitus) were entered. Of maternal factors in
by cesarean section), parental factors (e.g. maternal age at the prenatal stage, overweight and obese mothers before
Table 2. Association between Maternal Feeding Practices and Excessive Weight Gain in Infancy (N=240)
Model 1 Model 2
Variables Categories
aOR  95% CI p aOR  95% CI p
Maternal Pre-pregnancy weight Overweight or obese 514 1.25~2115 .023 146 0.20~10.82 .710
factors in (Ref.: non-obesity)
prenatal stage
Weight gain during Insufficient 090 035~232 820 036 0.11~1.22 102
pregnancy (Ref.: )
appropriate) Excessive 464 0.65~33.07 125 314 0.22~45.63 402
Infants' Sex (Ref.: girls) Boys 087 035~211 751 1.08 0.37~3.20 .884
factors
Birth by cesarean section ~ Yes 326 131~813  .011 333 1.18~9.37 .023
(Ref.: no)
Birth weight 2,500 g~<4,000 g 032 006~1.71 182 024 0.04~1.67 151
(Ref.: <2,500 g) >4.000 g 041 0.03~551 498 014 0.01~3.47 233
Parental Maternal age of child birth  31~35 427 115~1577 .030 5.02 096~2637  .057
factors (year) (Ref.: <30) 35< 334 081~13.68 .095 4.83 0.94~2492 .060
Parental BMI (Ref.: non Non overweight of mother 6.15 1.16~32.71 .033 3.08 1.34~7.09 .008
overweight of both & overweight of father
parents)
Overweight or obesity of ~ 2.65 0.65~10.89 177 3.00 0.68~13.33  .149
mother & non overweight
of fathers
Overweight or obesity of ~ 6.54 1.19~35.93 .031 553 241~12.73 .003
both parents
Current maternal Part time or full time 295 1.10~794  .032 696 1.83~2646 .004
employment
(Ref.: unemployed)
Maternal education level ~ Junior college of 2~3 years  1.62 0.46~5.65 451 1.71 0.40~7.24 468
(Ref.: less than high school More than University 112 033~3.84 855 191 044~825 .385
& high school)
Environmental ~ Family history of diabetes ~ Yes 469 150~14.69 .008 530 210~12.34 .002
factors mellitus (Ref.: no)
Current socioeconomic Middle 138 0.62~310 431 1.34 0.54~3.12 523
status of the family Low 156 0.74~3.28 243 178 0.74~4.28 195
(Ref.: high)
Maternal Introduction timing of solid >7 months 1.85 0.17~3.62 .755
feeding foods (Ref.: <6 months)
practices
Duration of exclusive <6 months 146 0.11~1.76 .249
breastfeeding (Ref.: none) >7 months 0.39 0.02~0.81 .029
Feeding style (Ref.: Non responsive 2.07 0.87~4.93 261
responsive) Mixed with non-responsive 0.98 0.37~2.59 .870

and responsive

OR=o0dds ratio; aOR=adjusted OR; Cl=confidence interval; Ref.=reference.

Vol. 30 No.1,2019 95



pregnancy were associated with an increased likelihood of
excessive weight gain in infants during 12 months after
birth (adjusted Odds Ratio [aOR]: 5.14, 95% Confidence
Interval [CI]: 1.25~21.15, p=.023). Of infants’ factors, birth
by cesarean section was associated with an increased like-
lihood of excessive weight gain in infants during 12 months
after birth (aOR: 3.26, 95% CI: 1.31~8.13, p=.011). Of pre-
natal factors, 31~35 years of maternal age at child birth
was associated with an increased likelihood of excessive
weight gain in infants during 12 months after birth (aOR:
4.27,95% CI: 1.15~15.77, p=.030). In addition, among pa-
rental factors, non-overweight mothers and overweight or
obesity in fathers (aOR: 6.15, 95% CI: 1.16~32.71, p=.033)
as well as overweight or obesity in both parents were asso-
ciated with an increased likelihood of excessive weight
gain in infants during 12 months after birth (aOR: 6.54,
95% CI: 1.19~35.93, p=.031). Part time or full time employ-
ment of mothers were also associated with an increased
likelihood of excessive weight gain in infants (aOR: 2.95,
95% CI: 1.10~7.94, p=.032). Of environmental factors, fam-
ily history of diabetes mellitus was associated with an in-
creased likelihood of excessive weight gain in infants dur-
ing 12 months after birth (aOR: 4.69, 95% CI: 1.50~14.69,
p=.008).

In the second model, independent variables regarding
maternal feeding practices and the covariates were entered.
Of maternal feeding practices, more than 7 months of ex-
clusive breastfeeding was associated with reduced like-
lihood of excessive weight gain in infants (aOR: 0.39, 95%
CI: 0.02~0.81, p=.029). As covariates, among infants’ fac-
tors, birth by cesarean section was associated with in-
creased likelihood of excessive weight gain in infants
(@OR: 3.33,95% CI: 1.18~9.37, p=.023). Of parental factors,
non-overweight mothers and overweight or obesity in fa-
thers (aOR: 3.08, 95% CI: 1.34~7.09, p=.008) as well as over-
weight or obesity in both parents were associated with in-
creased likelihood of excessive weight gain in infants dur-
ing 12 months after birth (aOR: 5.53, 95% CI: 2.41~12.73,
p=.003). Part time or full time employment of mothers
were also associated with an increased likelihood of ex-
cessive weight gain in infants during 12 months after birth
(aOR: 6.96, 95% CI: 1.83~26.46, p=.004). Of environmental
factors, family history of diabetes mellitus was associated
with an increased likelihood of excessive weight gain in
infants during 12 months after birth (aOR: 5.30, 95% CI:
2.10~12.34, p=.002).

DISCUSSION

This study identified factors associated with excessive
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weight gain in Korean infants. In this study, more than 7
months of exclusive breastfeeding was associated with
reduced likelihood of excessive weight gain in infants.
According a systematic review and a meta-analysis, in-
creasing the exclusivity and duration of breastfeeding
were strongly associated with reduced likelihood of child-
hood obesity [20]. In the same vein, children who exclu-
sively breastfed for more than 6 months had a leaner body
shape at 5 years of age [21]. Furthermore, Harder [20] pro-
posed a dose-dependent association between longer dura-
tion of breastfeeding (up to 9 months) and decreased risk
of overweight in children.

According to Bartok and Ventura [22], behavioral and
physiological characteristics of breastfeeding had preven-
tative effects on excessive weight gain in infants. Among
the behavioral characteristics, breastfeeding encouraged in-
fants’ self-regulation of energy intake [22]. Previous studies
have reported that infants have the ability to regulate the
feeding amount and intervals in response to their nutri-
tional need. However, bottle-feeding mothers tended to
better regulate the feeding amount because they could vis-
ually assess and monitor it [23]. Consequently, maternal
feeding behaviors may lead to overfeeding and restrictive
feeding practice by not responding to infants’ cues of sati-
ety and hunger [24]. Meanwhile, breastfeeding mothers
were more likely to trust their infants’ ability to self-regu-
late and responded to the infants’ satiety and hunger cues
[24]. Thus, breastfed infants compared to formula-fed in-
fants had a decreased risk for excessive weight gain with
lower prevalence of overfeeding due to a sensitive mater-
nal response towards the infants’ hunger and satiety cues
[25].

On the physiological characteristics, breast milk con-
tains proportionally more lactose for fueling the metabo-
lism of the central nervous system, and specific fats and
cholesterol for building the tissues of the central nervous
system [26]. In contrast, protein and mineral content is rel-
atively higher in formula milk from cows that experience
rapid gains in body size [26]. Thus, the higher protein and
mineral content of cow’s milk would support rapid devel-
opment of skeletal and smooth muscles, bones, and con-
nective tissues [26]. In these contexts, the higher protein
content in formula is considered a significant component
associated with excess physical growth including weight
gain in infants [26]. In addition, a higher omega-6/ome-
ga-3 ratio in formulas milk than breast milk might stim-
ulate adipocyte growth and differentiation [27]. Mean-
while, breast milk rather than formulas contains many bi-
oactive factors (e.g. immunoglobulins, live cells, enzymes,
pituitary hormones) that might control infant metabolism,
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appetite, caloric intake etc. that induce physiological ef-
fects on body fat levels and weight gain patterns [28].
Moreover, breast milk but not formula contains leptin
which regulates energy expenditure and the neuroendo-
crine axes as a satiety factor [29]. Thus, weight gain in ex-
clusively and longer breast fed infants would be less rapid
than that in formula fed infants. In most previous studies,
exclusive breast feeding and longer duration of breast-
feeding was associated with reduced likelihood of over-
weight in young children [20]. Thus, nurses in commun-
ities and clinics should educate on the importance of ex-
clusive breast-feeding for longer durations and develop
strategies for encouraging such behavior and practices. In
addition, support for exclusive breast-feeding should be
provided in various settings (e.g. schools, workplaces,
public spaces).

This study had several limitations. First, data from
mothers using self-administered questionnaires could
compromise the results due to social desirability biases
(e.g., breastfeeding, and smoking). Second, this study
used a cross-sectional survey design that limits inferences
of causality between the independent and dependent
variables. Thus, well-organized cohort studies are recom-
mended in future to verify the causality of the effect ob-
served in this study. Third, participants were selected
with convenient sampling methods that sample was taken
from mothers visited conveniently selected three public
centers. Thus, further investigations with the samples col-
lected with random sampling methods are needed to im-
prove generalization of the findings. Finally, only a few
factors were included in the covariates for identification of
associated factors excessive weight gain in Korean infants.
Thus, further studies are suggested with various potential
factors associated factors excessive weight gain in Korean
infants such as familiar and social factors (e.g. beliefs re-
garding overweight of young children, cultural value re-
garding providing high calorie food to children, and per-
ception regarding weight control behaviors according to
gender of children proposed by Davison et al. [30]).

CONCLUSION

In this study, more than 7 months of exclusive breast-
feeding was associated with reduced likelihood of exces-
sive weight gain in infants. This result suggests that nurses
in communities and clinics should educate on the im-
portance of exclusive breast-feeding for longer durations
and develop strategies for encouraging such behavior and
practice. In addition, support for exclusive breast-feeding
should be provided in various settings.

REFERENCES

1. Zhang J, Himes JH, Guo Y, Jiang ], Yang L, Lu Q, et al. Birth
weight, growth and feeding pattern in early infancy predict
overweight/obese status at two years of age: A birth cohort
study of Chinese infants. PLoS One. 2013;8(6):e64542.
https:// doi.org/10.1371/journal.pone.0064542

2. Lakshman R, Whittle F, Hardeman W, Suhrcke M, Wilson E,
Griffin S, et al. Effectiveness of a behavioural intervention to
prevent excessive weight gain during infancy (The Baby Milk
Trial): Study protocol for a randomized controlled trial. Trials.
2015;16:442-451. https:// doi.org/10.1186/513063-015-0941-5

3. Karaolis-Danckert N, B uyken AE, Bolzenius K, Perim de Faria
C, Lentze M], Kroke A. Rapid growth among term children
whose birth weight was appropriate for gestational age has a
longer lasting effect on body fat percentage than on body mass
index. The American Journal of Clinical Nutrition. 2016;84(6):
1449-1455. https:// doi.org/10.1093/ ajcn/84.6.1449

4. Cartagena DC, Ameringer SW, McGrath ], Jallo N, Masho SW,
Myers BJ. Factors contributing to infant overfeeding with
Hispanic mothers. Journal of Obstetric Gynecological, and
Neonatal Nursing. 2014;43(2):139-159.
https:// doi.org/10.1111/1552-6909.12279

5. Choi E. Breastfeeding-related social environmental factors and
their policy implications. Health and Welfare Policy Forum.
2017;249:72-81.

6. Kang NM, Lee JE, Bai Y, Van Achterberg T, Hyun T. Breast-
feeding initiation and continuation by employment status
among Korean women. Journal of Korean Academy of Nurs-
ing. 2015;45(2):306-313.
https://doi.org/10.4040/jkan.2015.45.2.306

7. Cheah CS, Van Hook J. Chinese and Korean immigrants' early
life deprivation: An important factor for child feeding practi-
ces and children's body weight in the United States. Social
Science & Medicine. 2012,74(5):744-752.
https:// doi.org/10.1016/j.socscimed.2011.10.040

8. Huh SY, Rifas-Shiman SL, Taveras EM, Oken E, Gillman MW.
Timing of solid food introduction and risk of obesity in pre-
school-aged children. Pediatrics. 2011;127(3):e544-e551.
https:// doi.org/10.1542/ peds.2010-0740

9. Lefebvre CM, John RM. The effect of breastfeeding on child-
hood overweight and obesity: A systematic review of the lit-
erature. Journal of the American Association of Nurse Practi-
tioners. 2014;26(7):386-401.
https:// doi.org/10.1002/2327-6924.12036

10. Monasta L, Batty GD, Cattaneo A, Lutje V, Ronfani L, Van
Lenthe FJ, et al. Early-life determinants of overweight and obe-
sity: A review of systematic reviews. Obesity Reviews. 2010;11
(10):695-708.
https://doi.org/10.1111/§.1467-789X.2010.00735.x

Vol. 30 No.1,2019 97



11. Bammann K, Peplies ], De Henauw S, Hunsberger M, Molnar
D, Moreno LA, et al. Early life course risk factors for childhood
obesity: The IDEFICS case-control study. PLoS One. 2014;9(2):
e86914. https://doi.org/10.1371/journal. pone.0086914

12. Thompson AL, Bentley ME. The critical period of infant feed-
ing for the development of early disparities in obesity. Social
Science & Medicine. 2013;97:288-296.
https:// doi.org/10.1016/j.socscimed.2012.12.007

13. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power
analyses using G*Power 3.1: Tests for correlation and regres-
sion analyses. Behavior Research Methods. 2009;41(4):1149-
1160. https:// doi.org/10.3758/ BRM.41.4.1149

14. Korea Centers for Disease Control and Prevention. Development
of the 2017 Korean National Growth Charts for children and
adolescents [Internet]. Osong: Korea Centers for Disease Cont-
rol and Prevention. 2017 [cited 2018 June 21]. Available from:
http:// www.cdc.go.kr/CDC/ contents/ CdcKrContentView.
jsp?cid=77684&menulds=HOMEO001IMNU1130-MNU2743-
MNU2748-MNU2745

15. Jaspers M, de Meer G, Verhulst FC, Ormel ], Reijneveld SA.
Limited validity of parental recall on pregnancy, birth, and
early childhood at child age 10 years. Journal of Clinical Epi-
demiology. 2010;63(2):185-191.
https:// doi.org/10.1016/j.jclinepi.2009.05.003

16. Baughcum AE, Powers SW, Johnson SB, Chamberlin LA,
Deeks CM, Jain A, et al. Maternal feeding practices and beliefs
and their relationships to overweight in early childhood. Jour-
nal of Developmental & Behavioral Pediatrics. 2001;22(6):391-
408.

17. Oh SW, Shin SA, Yun YH, Yoo T, Huh BY. Cut-off point of
BMI and obesity related comorbidities and mortality in mid-
dle aged Koreans. Obesity Research. 2004;12(12):2031-2040.
https:// doi.org/10.1038/ oby.2004.254

18. Choi SK, Lee G, Kim YH, Park I'Y, Ko HS, Shin JC. Determining
optimal gestational weight gain in the Korean population: A
retrospective cohort study. Reproductive Biology & Endocri-
nology. 2017;15:67-74.
https:// doi.org/10.1186/512958-017-0280-3

19. Diez-Roux AV. Multilevel analysis in public health research.
Annual Review of Public Health. 2000;21:171-192.
https:// doi.org/10.1146/ annurev.publhealth.21.1.171

20. Harder T, Bergmann R, Kallischnigg G, Plagemann A. Duration
of breastfeeding and risk of overweight: A meta-analysis. Ame-

98  Journal of Korean Academy of Community Health Nursing

Ra, Jin Suk

rican Journal of Epidemiology. 2005;162(5):397-403.
https://doi.org/10.1093/ aje/ kwi222

21. Michels KB, Willett WC, Graubard BI, Vaidya RL, Cantwell
MM, Sansbury LB, et al. A longitudinal study of infant feeding
and obesity throughout life course. International Journal of
Obesity. 2007;31:1078-1085.
https:// doi.org/10.1038/sj.ijo.0803622

22. Bartok CJ, Ventura AK. Mechanisms underlying the associa-
tion between breastfeeding and obesity. International Journal
of Pediatric Obesity. 2009;4(4):196-204.
https:// doi.org/10.3109/17477160902763309

23. Wright P, Fawcett JN, Crow RA. Maternal behavior during
breast- and bottle-feeding. Journal of Behavior Medicine. 1980;
3(3):259-277.

24. Farrow C, Blissett ]. Breast-feeding, maternal feeding practices
and mealtime negativity at one year. Appetite. 2006;46(1):49-
56. https:// doi.org/10.1016/j.appet.2005.10.005

25. Li R, Fein SB, Grummer-Strawn LM. Association of breastfeed-
ing intensity and bottle-emptying behaviors at early infancy
with infants' risk for excess weight at late infancy. Pediatrics.
2008;122:577-S84. https:// doi.org/10.1542 / peds.2008-1315j

26. Oftedal OT, Iverson SJ. Comparative analysis of nonhuman
milks: Phylogenetic variation in the gross composition of
milks. In: Jensen RG, editor. Handbook of Milk Composition.
San Diego, CA: Academic Press; 1995. p. 749-789.

27. Ailhaud G1, Massiera F, Weill P, Legrand P, Alessandri JM,
Guesnet P. Temporal changes in dietary fats: Role of n-6 poly-
unsaturated fatty acids in excessive adipose tissue develop-
ment and relationship to obesity. Progress in Lipid Research.
2006;45(3):203-236.
https:// doi.org/10.1016/j.plipres.2006.01.003

28. Read LC, Penttila IA, Howarth GS. Role and function of growth
factors in infant nutrition. In: Raiha NCR, Rubaltelli FF, editors.
Infant formula: Closer to the reference. Philadelphia, PA: Lip-
pincott Williams & Wilkins; 2002. p. 185-195.

29. Agostoni C. Ghrelin, leptin and the neurometabolic axis of
breastfed and formula-fed infants. Acta Paediatrica. 2005;94
(5):523-525. https:// doi.org/10.1080/08035320510031054

30. Davison KK, Jurkowski JM, Lawon HA. Reframing family-
centered obesity prevention using the family ecological model.
Public Health Nutrition. 2012;16(10):1861-1869.
https:// doi.org/10.1017/51368980012004533


1. http://www.cdc.go.kr/CDC/contents/CdcKrContentView.jsp?cid=77684&menuIds=HOME001MNU1130-MNU2743-MNU2748-MNU2745



