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ABSTRACT

Many advantages have been reported among the various studies in the literature about the efficacy of breastfeeding on
brain development, which is mainly attributable to the abundant presence of the bioactive compounds and the
essential fatty acids in breast milk. Moreover, it has been proven that breastfeeding enhanced long-term outcomes in
children. In this context, arachidonic acid and docosahexaenoic acid are two fatty acids that were previously reported
to be associated with the developmental outcomes of the retina, nerve cells and brain. Both of these amino acids have
also been found in breast milk, and they are not present in other milk formulas as cow’s milk which is usually
administered to newborns. In the present literature review, we aim to discuss the impact of exclusive breastfeeding on
neurodevelopment. The findings from various studies indicate the strong effect of breastfeeding on the
neurodevelopmental outcomes as compared to the administration of other milk formulas. Another finding from
previous literature, the favorable events that are obtained from breastfeeding were also found to be sustained to the
school-age of these children. On the other hand, evidence regarding the efficacy of breastfeeding on brain
development in preterm infants is still poor. As a result, further studies are needed to furtherly validate this point. The
main mechanisms by which favorable neurodevelopmental outcomes are obtained following breastfeeding are the
nutritional values that are found within the breast milk along with the physical interactions between the mothers and
infants during breastfeeding.
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INTRODUCTION

Evidence in the literature indicates that individuals who
have higher intelligence scores than others significantly
have better socioeconomic statuses, enhanced educational
outcomes, and higher success rates in their careers.'
Back in 1929, an investigation by Hoefer et al was the
first to demonstrate that children that were breastfed had
significantly higher cognitive abilities than other children
who were not.> Many advantages have been reported
among the various studies in the literature about the
efficacy of breastfeeding on brain development, which is

mainly attributable to the abundant presence of bioactive
compounds , and the essential fatty acids in the breast
milk, moreover, it has been proven that breastfeeding
enhance the long-term outcomes in these children.®® In
this context, arachidonic acid and docosahexaenoic acid
are two fatty acids that were previously reported to be
associated with the developmental outcomes of the retina,
nerve cells and brain. Both of these amino acids have also
been found in breast milk and are not present in other
milk formulas as cow’s milk that are usually administered
to newborns. In this context, evidence from previous
studies in the literature has indicated that motor functions
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and eyesight abilities were significantly improved among
children that were breastfed during the early months of
their lives.2%1¢ It should be noted that not many studies
have investigated the efficacy of exclusive breastfeeding
in enhancing neurological outcomes, and many studies do
not differentiate between the different milk formulas.
Therefore, in the present literature review, we aim to
discuss the impact of exclusive breastfeeding on
neurodevelopment according to studies in the literature.

We performed an extensive literature search of the
Medline, Cochrane, and EMBASE databases on 18™ July
2021 using the medical subject headings (MeSH) or a
combination of all possible related terms. This was
followed by the manual search for papers in Google
Scholar and the reference lists of the initially included
papers. Papers discussing exclusive breastfeeding and its
impact on neurodevelopment were screened for relevant
information. We did not pose any limits on date,
language, age of participants, or publication type.

DISCUSSION
Impact of breastfeeding on neurodevelopment

Many studies in the literature have been previously
published research related to the impact and outcomes of
exclusive breastfeeding on neurodevelopment and
cognitive abilities. Most of the studies in the literature are
observational. However, other randomized trials could
also be identified in the current literature because they
have stronger evidence related to the validation of the
effectiveness of the used interventions. In general, there is
strong evidence supporting the enhanced outcomes of
breastfeeding on the cognitive abilities of the breastfed
children.  Nevertheless, evidence regarding other
neurological-related outcomes as emotional, behavioral,
and social functions is still poor. In a previous cohort
investigation by Jedrychowski et al, the authors aimed to
assess the effectiveness of exclusive breastfeeding on the
neurodevelopmental outcomes in a long study that lasted
for 7 years of follow-up.’” The authors reported that in
children with exclusive breastfeeding, the intelligence
quotients (1Qs) were higher by 2.1 points than other
children that were administered mixed breastfeeding
formulas. Besides, they reported that the acquired
enhancements in the IQ in the exclusive breastfeeding
group were significantly maintained for the preschool
age, although it was originally acquired within the first
year of life. These results are in line with the previous
recommendations by the world health organization that
all children should administer exclusive breastfeeding
during the first six months of life.?¥2° Another
investigation by Jing et al also has shown that children
that were breastfed by their mothers were significantly
observed to have enhanced brain electrical activities
during infancy when compared to other children that were
administered soy or cow’s milk.?! In this context, the
authors attribute such events to the abundant presence of
the omega-3 polyunsaturated fatty acids and other

biological compounds that are naturally found in breast
milk than other formulas observed in their cohorts. In
addition, other studies have demonstrated that
breastfeeding provides the breastfed children with
significant maternal attachments which might also be the
main cause behind the enhanced cognitive abilities in
these children. This has been also associated with better
psychological outcomes on children later on in their
life.?25 It is logical because, during breastfeeding, there
are increased amounts of physical stimulation, mutual
touch, and mother’s gaze than what can be observed
during bottle feeding. Also, maternal intelligence might
be significantly associated with breastfeeding, although it
was not adequately measured among studies in the
literature.

A previous 10-year Australian study has assessed the
language abilities of their included children at the age of
10 years old, and its association with the duration of
breastfeeding during childhood. The authors of this study
have reported that increased scores of the used language
ability test were higher than average by two points for
children that were exclusively fed by breast milk for at
least six months, and higher than other children that were
administered other milk formulas.?® This is also consistent
with a previous meta-analysis that combined the results of
20 controlled investigations, and they showed that after
adjustment of the cofactors, children that were treated
with breast milk formulas had significantly higher
cognitive-developmental scores by 2.3 points than other
children that were treated with formula-feeding
modalities.?” No significant heterogeneity was also
reported by the meta-analysis for the included
investigations. As previously mentioned, the observed
outcomes were noticed during the early months following
the initiation of breastfeeding, and the favorable
outcomes were furtherly maintained during the following
years, as well. On the other hand, a previous large cohort
investigation by Der et al has reported that breastfeeding
had no or little impact on the intellectual and cognitive
abilities of the breastfed children.?® However, the authors
of the study considered the effect of breastfeeding only,
and compared their cohorts being on whether or not they
were breastfed, and no correlation with exclusive
breastfeeding was established in this study. Consequently,
the authors were vague about the definition of
breastfeeding as some of the “breastfeeding groups”
might have occasionally administered mixed formulas
with very little breast milk during the study period.
Accordingly, the results of this investigation should be
carefully interpreted, and we suggest that other
aforementioned investigations have stronger evidence.

It should be noted that the evidence regarding the
association between gestational age and cognitive
abilities of children is still poor in the current literature.
Among the different studies in the literature, gestational
age is only considered in cases of assessing delivery
complications, rates of premature infants, or in the
determination of obesity among infants. Accordingly, the
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evidence regarding the association between gestational
age and cognitive abilities in breastfed infants is still not
clear within the current literature. As it was previously
demonstrated that the gestational age of newborns is
significantly associated with overweight. It could be
suggested that increased gestational age might negatively
impact the cognitive and psychological abilities of the
corresponding children.

Brain development and proposed mechanisms

In the previous section, we have discussed the potential
developmental outcomes that breastfeeding might have
on the brains of the corresponding children. Although
these results are well-proven among the different studies
in the literature. Evidence regarding the efficacy of the
modality on many infants is still poor within the current
literature. Studies show that infants who have increased
nutritional requirements were born at an early stage from
brain development, were preterm infants that were born at
<32 weeks of gestation or have increased risk of
developing neurological impairments are more prone to
not benefit from breastfeeding regarding the brain
development.®3*  As a result of the potential
complications that might occur to these children at birth,
they are usually admitted to the hospital to be given full
care. Therefore, they are not usually breast or bottle-fed,
but they are fed with a feeding tube (Figure 1).
Accordingly, studies that have focused on the outcomes
of breastfeeding in these children should have extended
their outcomes beyond hospital discharge and investigate
the  effectiveness of  breastfeeding on  the
neurodevelopmental outcomes of children after they were
discharged from the intensive care units for further
validation. Although some studies have reported that
breastfeeding might have beneficial effects on preterm
infants, these studies were limited by the small samples
and the design limitations.3? Another important factor that
should be considered in such cases is the age when the
assessment was conducted. This is logical because
assessment of the neurodevelopmental outcomes in late
infancy might be too early to detect any favorable events
regarding cognitive abilities. On the other hand, a limited
number of studies have assessed the outcomes in large
cohorts of preschool preterm children. For instance, an
Australian investigation recruited 180 preterm infants
(born at <30 weeks of gestation), and assessed the effect
of initiating breastfeeding to these children during the
first month from neonatal intensive care units admission
on the cognitive functions at 2 and 7 years old. The
authors of the study reported that breastmilk intake was
not associated with favorable cognitive and motor
functions at 2 years old. However, it was significantly
proportionally associated with increased 1Q and motor
functions at 7 years old in their included population.
Another randomized controlled trial was also published to
elaborate more on the effectiveness of breast milk
initiation during hospitalization of preterm infants. The
donor milk for improved neurodevelopmental outcomes
(DoMINO) trial has recruited 840 infants (that were born

with <1500 g) and randomized them into receiving either
pasteurized donor milk or preterm formula as
supplementation to their mother’s milk whenever needed.
The authors reported that the rate of infants that had
cognitive impairments (based on Bayley scale scores) was
higher in the population receiving donor’s milk than the
other group. On the other hand, the authors reported that
no significant differences were noticed between the two
groups in terms of language, cognitive and motor scores
at 18 months from initiating the feeding modality. It is
worth noting that the authors also have shown that the
rate of necrotizing enterocolitis was lower in the infants
that received donor milk supplements, which might have
increased the survival rates in these infants.®
Accordingly, it has been concluded that donor milk is not
as Dbeneficial as mother’s milk in terms of brain
development and the relevant outcomes.
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Figure 1: Feeding of preterm infants during the first
months of life.*

It is widely known that breastfeeding is a common
practice among different mammals that allows for
adequate transfer of the nutritional and immunological
components to the infants from their mothers.*® Besides,
it has been demonstrated that, as the infantile brain begins
to develop within the first months of life, the nutritional
modality that is administered to these infants hugely
impacts the development of their brains. Accordingly, the
enhanced neurodevelopmental outcomes that could be
observed with the breastfed infants are most probably
attributable to the factors that are or are not related to the
nutritional components that are present in the human milk
and not present in other formulas. However, evidence
regarding the adequate identification of the nutritional
components of breast milk is still poor among the
different studies in the literature.®®3” Another important
factor would be the extended maternal care offered by
breastfeeding, which reinforces the interactions between
the mother and the baby and with the surrounding
environment leading to enhanced neurodevelopmental
outcomes and cognitive capabilities. Therefore, it has
been demonstrated that the effectiveness of breastfeeding
extends beyond the nutritional components that are
present in breast milk than other milk formulas, indicating
the importance of mother-to-infant interactions during the
very few months of life.®
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CONCLUSION

The findings from various studies indicate the strong
effect of breastfeeding on the neurodevelopmental
outcomes as compared to the administration of other milk
formulas. The favorable events that are obtained from
breastfeeding were also found to be sustained to the
school-age of these children. With evidence regarding the
efficacy of breastfeeding on brain development in preterm
infants is still poor, further studies are needed to furtherly
validate this point. The main mechanisms by which
favorable neurodevelopmental outcomes are obtained
following breastfeeding are the nutritional values that are
found within the breast milk along with the physical
interactions between the mothers and infants during
breastfeeding.
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