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To investigate the effect of exclusive breastfeeding on the likelihood of Japanese preschool children
being overweight, population-based cross-sectional survey data from M town in Japan were used.
Using the population registry of this town, all 616 preschool children were identified, and a self-
administered questionnaire was sent to their parents. The exposure variable of interest was exclusive
breastfeeding from birth to 6 months, and the outcome variable of interest was the children being
overweight at preschool age. Statistical analyses used included logistic regression and sensitivity
analyses. In the final analyses, we included 448 preschool children. Although all point estimates indi-
cated a protective effect, logistic regression analyses showed no significant reduction in being over-
weight due to exclusive breastfeeding in the unadjusted model (odds ratio (OR)=0.70, 95% confidence
intervals: 0.30-1.64), the model adjusted for birth weight (OR=0.70, 95% CI: 0.30-1.63), the model
adjusted for child lifestyle (OR= 0.71, 95% CI: 0.30-1.67), or the model adjusted for parental factors
(OR=0.46, 95% CI: 0.15-1.37). In sensitivity analyses, point estimates were not significant, but a
protective effect was observed. In conclusion, our results suggest that breastfeeding might have a
protective effect on Japanese preschool children against being overweight, although statistical signifi-
cance was not observed due to the limitation of the statistical power of the findings.
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he protective effect of breastfeeding and the

dose-dependent effect of breastfeeding duration
on the likelihood of children becoming overweight have
been reported [1, 2]. Indeed, recent meta-analyses
suggest a 10-20% reduced risk of obesity in breastfed
infants [3, 4], and a further 4% reduction in obesity
risk for each additional month of breastfeeding [5].
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While not breastfeeding is not the only cause of the
obesity epidemic, increasing breastfeeding rates might
be one way to attenuate the epidemic of children
becoming overweight [6]. Thus the World Health
Organization and the United Nations Children’s Fund
have recommended exclusive breastfeeding during the
first 6 months of life in both developed and developing
countries [7].

In Japan, the proportion of breastfed infants has
gradually decreased [8], whereas the prevalence of
Japanese children who are overweight has rapidly
increased in the last 2 decades [9]. Therefore, much
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attention has been given to the effect of exclusive
breastfeeding on preventing children from becoming
overweight as a population strategy [10].

Although one previous study investigated the
prevalence of exclusive breastfeeding and the factors
associated with breastfeeding in Japan, no study has
examined the effect of breastfeeding on the body
weight of Japanese children [11]. Therefore, in the
present study, we used population-based cross-sec-
tional survey data from M town to verify the research
hypothesis that breastfeeding had a protective effect
which prevented Japanese preschool children from
becoming overweight.

Materials and Methods

Study design and participants. In February
2008, M town conducted a population-based cross-
sectional survey to investigate the descriptive features
of this town related to maternal and child health. M
town is a rural area in Okayama prefecture, Japan,
and has a population of about 15,000. In the present
study, using the February 2008 population registry of
this town, all 616 preschool children aged 2-6 years
and their parents were chosen as a target population.
A self-administered questionnaire was sent to the
parents by staff from the municipal office of M town.
Parents filled in their children’s basic characteristics
and lifestyle factors and their own characteristics,
and returned the questionnaire by mail. In order to
increase the follow-up rate, municipal office staff
reminded the parents to return the completed ques-
tionnaire. It was considered that the return of the
questionnaire indicated that informed consent had been
given. We then used this descriptive survey data to
investigate the effect of exclusive breastfeeding on the
prevalence of preschool children being overweight.

Measurements. Our exposure variable of
interest was the infant feeding pattern from birth to 6
months. We asked the parents the following question:
“What form of infant feeding did you use during the
first 6 months of life?” This question was answered
using a b-category scale: exclusive breastfeeding;
more breastfeeding than infant formula; both equally;
more infant formula than breastfeeding; exclusive
infant formula. The validity of maternal recall of their
children’s infant feeding habits was examined in previ-
ous studies [12, 13] which suggested that this type of

Acta Med. Okayama Vol. 63, No. 1

questionnaire has high validity.

Our outcome variable of interest was whether each
preschool child was overweight. Height and weight
were collected by parents as part of the self-adminis-
tered questionnaire, and were reported to the nearest
0.1cm and 0.1kg, respectively. Although these mea-
surements were self-administered, recent data suggest
that such measurements have high validity among
children and adolescents [14, 15]. Body mass index
(BMI) was calculated as weight in kg divided by the
square of height in m. Then the age and sex-specific
criteria of the International Obesity Task Force
(IOTF) were used to determine if each child was
overweight [16].

Using information from previous studies [1, 17,
18], we considered the following variables as poten-
tial confounders: children's basic characteristics
(birth weight), children’s lifestyle factors (breakfast
habits, snack consumption, sleep duration, television
watching time), and parents’ characteristics (over-
weight (BMI > 25kg/m? and educational attainment).
Birth weight was transcribed by the parent from the
Maternal and Child Health Handbook to the question-
naire.

Statistical analysis.  In our study, infant feed-
ing variables were dichotomized into 2 categories:
“exclusive breastfeeding”, and “others”, the latter of
which encompassed the more breastfeeding than infant
formula/both equally/more infant formula than
breastfeeding/exclusive infant formula feeding pat-
terns. The “others” category was used as a reference
for comparison with “exclusive breastfeeding”. All
other potential confounders were also dichotomized:
birth weight (>2,500g, <2,500g); breakfast habits
(eats every day, does not eat every day); snack con-
sumption (>4days per week, <4days per week);
sleep duration (>=9h, <9h), television watching time
(>2h per day, <2h per day); parental body weight
(at least one overweight parent, both parents not
overweight); paternal and maternal educational attain-
ment (secondary school or high school, other levels of
education), respectively.

We first examined the prevalence of overweight
preschool children separated by infant feeding cate-
gory, and conducted a chi-square test to determine the
proportion who were overweight. Then we investi-
gated the difference between the 2 dichotomized infant
feeding categories, using a chi-square test for the
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proportion and a itest for the mean of each basic
characteristic.

Secondly, we used multivariate logistic regression
to estimate the effect of exclusive breastfeeding on
preschool children becoming overweight. We con-
structed 4 models. Model 1 was a crude model. In
order to adjust for children’s basic characteristics,
model 2 included birth weight plus model 1. In model
3, we adjusted for children’s lifestyle factors such as
breakfast habits, snack consumption, sleep duration,
and television watching time plus model 2. Finally, in
model 4, we included parental body weight and pater-
nal educational attainment plus model 3 to adjust for
parental factors. Paternal educational attainment was
used as a marker of the socio-economic status of the
family.

Finally, we conducted sensitivity analyses changing
the grouping of infant feeding categories to investigate
the stability of the effect estimate of “exclusive
breastfeeding”. First, we combined the last 2 infant
feeding categories, “more infant formula than breast-
feeding/exclusive infant formula”, as a reference to
estimate the effect of “exclusive breastfeeding”. Next
we used the last infant feeding category, “exclusive
infant formula”, as a reference. We also conducted
further sensitivity analyses controlling for maternal
educational attainment instead of paternal educational
attainment, and controlling for both maternal and
paternal educational attainment in model 4.

We reported odds ratios (ORs) and 95% confi-
dence intervals (Cls). Statistical significance was
defined at two-sided p values less than the 0.05 level.
All analyses were conducted using the statistical
software package SPSS 15.0J (SPSS Japan Inc.
Tokyo, Japan).

Table 1
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Results

Questionnaires were returned by parents of 476 of
the 616 preschool children (77.3%). We excluded
those who had no identification number (n=2), those
who had no information about breastfeeding (n=3),
and those who had no information about height and
weight (n=23). Therefore, we included 448 pre-
school children in the final analyses.

In descriptive analyses of the 5 feeding categories
(Table 1), the proportion of exclusive breastfeeding
was 24.6%, while the proportion of exclusive infant
formula was 3.8%. The prevalence of overweight
children was 6.4% in the exclusive breastfeeding cat-
egory, while the prevalence of overweight children in
the exclusive infant formula category was 11.8%.
However, there was no significant difference in the
prevalence of being overweight among the five catego-
ries. Moreover, when categories were dichotomized
into the “exclusive breastfeeding” category and the
“others” category (Table 2), there were no differences
in children’s basic characteristics, children’s lifestyle
factors, parental characteristics, or missing values.
There were a few missing values among the children’'s
factors, while 8.9-21.9% of parental characteristics
were missing.

From the results of logistic regression analyses
(Table 3), there was no significant reduction in the
prevalence of being overweight in the exclusive
breastfeeding group either in the unadjusted model
(OR=0.70, 95% CI: 0.30-1.64 (model 1)) or the
adjusted models (OR=0.70, 95% CI: 0.30-1.63
(model 2); OR=0.71, 95% CI: 0.30-1.67 (model
3); OR=0.46, 95% CI: 0.15-1.37 (model 4)) when
compared with a reference category. However, all
point estimates indicated a protective effect of exclu-
sive breastfeeding against becoming overweight.

In sensitivity analyses, the ORs (95% Cls) of

Prevalence of overweight preschool children, according to infant feeding categories (n =448)

(Total =448)

Exclusive breastfeeding

More breastfeeding than infant formula
Both equally

More infant formula than breastfeeding
Exclusive infant formula

number of overweight (%)
preschool children

6.4

11 11.3

7 9.3

10 6.7

2 11.8
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Table 2  Basic characteristics of children’s factors and parental factors according to the dichotomized infant feeding categories

Exclusive breastfeeding Others™
p value
n=110 n=2338
Children’s basic characteristics
Sex Male (%) 49 (44.5) 176 (52.1) 0.17
Female (%) 61 (55.5) 162 (47.9)
Mean age (SD) 44 (14) 46 (1.4) 0.30
Birth weight; >2,500g (%) 101 (91.8)" 306 (90.5)" 0.55
Children’s lifestyle factors
Breakfast habit; everyday (%) 101 (91.8) 313 (92.6) 0.79
Snack consumption; >4 days per week (%) 39 (35.5) 120 (35.5)" 0.98
Sleep duration; >9h per day (%) 63 (57.3) 180 (53.3) 0.46
Television watching time; > 2h per day (%) 23 (20.9) 98 (29.0) 0.10
Parental factors
Parental body weight; at least one overweight parent (%) 24 (21.8) 82 (24.3) 0.47
Missing values (%) 21 (19.1) 74 (21.9)
Paternal education; secondary or high school (%) 52 (47.3) 155 (45.9) 0.70
Missing values (%) 11 (10.0) 30 (8.9)

Abbreviation: SD represents standard deviation.

**Others” includes the following 4 infant feeding categories: more breastfeeding than infant formula; both equally; more infant formula
than breastfeeding; exclusive infant formula.

"These categories have one missing value. There were no missing values in the other categories of children’s basic characteristics and
lifestyle factors.

Table 3  Odds ratios (ORs) and 95% confidence intervals (Cls) for exclusive breastfeeding associated with overweight preschool chil-
dren, according to 4 logistic regression models

Model 1 Model 2 Model 3 Model 4
n=448 n =446 n=445 n=351
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl
Exclusive breastfeeding 0.70 0.30-1.64 0.70 0.30-1.63 0.71 0.30-1.67 0.46 0.15- 1.37
Others™ 1.00 1.00 1.00 1.00
Birth weight (>2,5008/ < 2,5008)" 1.77 0.41-7.65 1.75 0.40-7.62 1.22 0.27- 5.61
Breakfast habit 1.37 0.30-6.14 1.72 0.21-13.82
(everyday/not everyday) '
Snack consumption 0.65 0.30-1.42 0.42 0.17- 1.05
(>4days/ < 4days)!
Sleep duration (= 9h/<9h)" 0.86 0.44-1.70 0.82 0.37- 1.79
Television watching time 1.13 0.52-2.48 1.26 0.50- 3.20
(=2h/<2h)"
Parental body weight 0.97 0.42- 2.27
(at least one overweight parent/both parents not overweight) '
Paternal educational attainment 0.40 0.17- 0.92

(secondary or high school/other level of education) '

**Others” includes the following 4 infant feeding categories: more breastfeeding than infant formula; both equally; more infant formula
than breastfeeding; exclusive infant formula.
TLatter category was used as a reference.
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exclusive breastfeeding were 0.56 (0.17-1.92) when we
used the last 2 infant feeding categories combined as
a reference category in model 4 and 0.15 (0.02-1.01)
when we used the last infant feeding category as a
reference category in model 4. Both point estimates
indicated a protective effect of breastfeeding against
becoming overweight, but this result was not statisti-
cally significant. Moreover, when we controlled for
maternal educational attainment instead of paternal
educational attainment in model 4, the adjusted OR of
exclusive breastfeeding was almost the same as in
model 4 (data not shown). Even when we adjusted for
both paternal and maternal educational attainment
together, the adjusted OR still remained almost the
same (data not shown).

Discussion

In the present study, although no significant effect
of exclusive breastfeeding on the likelihood of pre-
school children being overweight was found, all point
estimates indicated a protective effect of exclusive
breastfeeding on body weight. The results of sensitiv-
ity analyses were consistent with this finding. There-
fore, these findings suggest that exclusive breastfeed-
ing may reduce the likelihood of preschool children in
Japan becoming overweight.

The point estimate of exclusive breastfeeding in
this study is comparable with previous studies [19].
It is possible that no significant effect of exclusive
breastfeeding was found because the study did not have
enough statistical power (type two error). This survey
was originally designed to investigate the prevalence
of maternal and child health characteristics, and con-
sequently the number of participants and the preva-
lence of overweight preschool children may have been
too small to investigate the association between exclu-
sive breastfeeding and preschool children being over-
weight. If we had used a larger number of partici-
pants and conducted the study in an area with a higher
prevalence of overweight preschool children, we might
have observed a significant protective effect of breast-
feeding. Our results are consistent with previous
studies that also failed to find an association between
breastfeeding and being overweight [20].

At least 2 possible mechanisms have been proposed
to explain the protective effect of breastfeeding. One
possible mechanism is behavioral. Infants naturally
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regulate their energy intake, but their parent’s behav-
ior can override their appetite signs. During infancy,
while bottle feeding is usually conducted by their
parents according to a regular schedule, regardless of
infants’ signals of hunger and satiety, mothers who are
breastfeeding may be more responsive to infants’ sig-
nals regarding the frequency and volume of feeding
[21]. Therefore, compared with bottle feeding, the
act of breastfeeding may promote maternal feeding
styles that are less controlling and more responsive to
infant cues of hunger and satiety, thereby allowing
infants greater self-regulation of energy intake grow-
ing up [6, 22].

Another possible mechanism is through the meta-
bolic consequences of ingesting breast milk, and
through the biologic activity of components of breast
milk. Higher plasma-insulin concentrations were
observed in bottle-fed infants than in breastfed infants,
and higher plasma insulin concentrations stimulate fat
deposition and lead to early development of adipo-
cytes [23]. Moreover, breastfed infants may have a
lower protein intake [24], and higher protein intake
early in life might increase the risk of becoming over-
weight in later life [25]. Bioactive factors contained
in breast milk may modulate growth factors which
inhibit adipocyte differentiation in witro [26, 27].
Although the mechanisms of the protective effect of
breastfeeding against becoming overweight in later life
have not yet been fully clarified, neonatal life may be
a critical period in determining the long-term effects
of feeding. It is possible that infant breastfeeding has
a long-term effect on the metabolic programming of
glucose metabolism and body composition in later life
in humans, as has been found in animal studies [28,
29]. In terms of the fetal origin of adult disease
hypothesis, which focuses primarily on the prenatal
period and infancy as determinants of long-term health
[30], our results might also suggest protective effects
of breastfeeding not only against adulthood obesity but
also against chronic diseases that can be consequences
of adulthood obesity.

When adjusted for parental factors, the results
also suggested that there was a protective effect of
exclusive breastfeeding against the likelihood of pre-
school children becoming overweight, but this finding
was not statistically significant. It is possible that this
protective effect of breastfeeding was overestimated
by selection bias because 8.9-21.9% of the values for
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parental factors were missing. However, taking into
account the protective point estimates in other models
which are almost the same as in previous studies [3,
4], it is unlikely that the direction of the association
was changed by the bias due to these missing values.

The strengths of our study are as follows. This is
the first study in Japan which verified the research
hypothesis that exclusive breastfeeding reduces the
likelihood of preschool children becoming overweight.
Moreover, this is a population-based study with a high
follow-up rate. A further strength is the fact that
birth weight, which is an important confounder of
child body weight, was transcribed from the Maternal
and Child Health Handbook.

However, there are also some limitations in our
study. First, it is possible that parents who had
overweight children remembered more bottle feeding
than breastfeeding. Our results may be overestimated
due to recall bias; however, it is unlikely that the
bias completely changes the direction of the associa-
tion, because it is not well known among ordinary
parents in Japan that bottle-fed infants become over-
weight more often than breastfed infants. Secondly,
there may be a generalizability problem. When apply-
ing our findings to other populations, it may be neces-
sary to take into account the low prevalence of over-
weight children and the basic characteristics of this
study population. However, because the effect of
exclusive breastfeeding is unlikely to be different in
urban and rural areas according to the possible
mechanisms described above, the advantage of a pop-
ulation-based study may partly overcome this general-
izability problem. Thirdly, we have no data on the
physical activity of the children studied. Therefore,
although we measured television watching time as a
surrogate measure for physical activity, there are still
residual confoundings. Fourthly, we could not disen-
tangle the effect of gestational age at birth on pre-
school children becoming overweight. Finally, we also
have no data on the duration of breastfeeding, so we
could not estimate the effect of the duration of breast-
feeding.

In conclusion, our results suggest that breastfeed-
ing might have a protective effect, acting to prevent
Japanese preschool children from becoming over-
weight, although statistical significance was not
observed due to the limitation of the statistical power
of the study. In future studies, the effect of breast-
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feeding on the prevalence of overweight adolescents
and adults needs to be verified by a large-sample lon-
gitudinal design in Japan.
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