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Abstract: Cognitive disorders are increasing in prevalence. Nutritional or metabolic stressors during
early life, and female sex, are predisposing conditions towards the development of cognitive diseases,
including Alzheimer’s disease. Though there is evidence that breastfeeding may play a beneficial role
in children’s neurocognitive development, the literature remains controversial. In this study we aimed
at assessing the association between exclusive breastfeeding and children’s cognitive development
from six months to five years of age, addressing sex differences. In 80 mother-child pairs from the
Pisa birth cohort (PISAC), we measured cognitive development in groups of children of 6, 12, 18,
24, 36, and 60 months by Griffiths Mental Development Scales, parents’ intelligence quotient (IQ)
by Raven’s progressive matrices, and maternal and infants’ anthropometric parameters. We found
that exclusive breastfeeding was associated with higher hearing-language development in five years
old girls, independent of maternal IQ, age and BMI (body mass index). Exclusive breastfeeding in
the first three months of life seemed sufficient to establish this positive relationship. In conclusion,
our data indicate that exclusive breastfeeding is a positive predictor of cognitive development in
preschool-age girls, paving the way for the implementation of sex-specific cognitive disease risk
detection and prevention strategies from early life. Further studies are warranted to explore causality
and longer term effects.
Keywords: breastfeeding; cognitive development; maternal obesity

1. Introduction
Exposure to metabolic, stress and nutritional factors during early life can shape neuronal
development and brain function in later life. Among these factors, early feeding, in particular lactation,
has raised research interest because the developing brain is greatly susceptible to postnatal nutritional
deficits [1,2].
Breastfeeding was shown to be protective against later development of obesity and metabolic
diseases in offspring when compared to formula feeding [3–5]. Conversely, the effect of breastfeeding on
cognitive development is still controversial. In fact, several studies report positive associations between
breastfeeding duration and exclusivity and cognitive and school achievements during childhood [6–12]
and adulthood [13], whereas no association was reported in other studies [14–16].
Several methodological issues can contribute to explain discrepancies among studies. One source
of heterogeneity is represented by the different definitions of breastfeeding. Breastfeeding can be
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measured by duration, exclusivity or volume of breast milk consumed. The duration criterion carries
an intrinsic confounder due to the frequent addition of formula in variable proportions (and different
brands), whereas the objective measurement of breast milk consumed is technically very challenging.
Other methodological issues include the diverse children’s ages and the methods used for assessing
children’s cognition, as well as the confounders that need to be considered [6]. Previous studies have
demonstrated that maternal intelligence quotient is an important confounder in the association between
breastfeeding and cognitive performance [17], and that maternal obesity is a negative predictor of
offspring cognitive development [18–20]. In addition, increasing parental age, especially maternal
age, seems associated with language, communication and cognitive abilities with a reverse J-shaped
relationship [21,22]. Though these maternal factors should be taken into account when studying the
association between breastfeeding and cognitive performance, the correction for these variables is not
reported in most studies.
In the present study, we aimed at assessing the relationship between breastfeeding and cognitive
development from the age of six months to five years in a subset of the Pisa birth cohort (PISAC),
including families that were recruited during pregnancy and followed-up to the children’s age of
five years.
To overcome the above biases, we stratified our population in two groups, separating children
who had received exclusively breast milk from those who had received any combination of breast
and formula milk before weaning. Moreover, we measured cognitive scores of both parents and
children objectively, by standard tests, and we recorded mothers’ and offsprings’ body sizes as potential
confounders. We focused on preschool age to avoid e.g., exposure to the school environment and other
social stimuli, which make it more difficult to dissect early determinants of cognitive development.
Finally, we accounted for the epidemiological observation that women have a higher risk to develop
cognitive disease, including Alzheimer’s disease [23]. Sex influences the levels of hormones and
hormone-receptors in all organs, including the brain. The prenatal hormone environment contributes
to sex-specific neurodevelopmental and behavioral outcomes in the offspring [24]. After birth, human
milk is a further source of nutrients and hormones, and sex-specific differences in brain response could
influence brain development [25]. Therefore, we analyzed the association between breastfeeding and
cognitive outcomes in girls and boys separately, to support a better identification of subjects who may
benefit from attention and prevention since early-life.
2. Material and Methods
2.1. Study Population
The study was conducted in the Pisa birth cohort (PISAC). The cohort includes 90 families,
i.e., mothers, fathers, and infants born 2011–2014, 42/48 females/males, followed up from birth. Families
were recruited at the beginning of pregnancy visits or at delivery (41/49) through hospital pregnancy
visits in the area of Massa, Tuscany, Italy, to investigate the effects of maternal obesity during pregnancy
on offspring cardiometabolic and cognitive health. The cohort is intended to represent the general
population, and therefore inclusion criteria are broad, namely (1) mothers within the first trimester
of pregnancy at the first visit or at delivery; (2) any parents’ age; (3) any BMI; (4) willingness of
mothers and fathers to participate and to actively collect questionnaires and samples; (5) capacity
of mothers and fathers to understand the study and its implications; (6) signature of the informed
consent by mothers and fathers and (7) absence of major diseases (mothers and fathers) and perinatal
complications. Exclusion criteria are (1) history of major diseases in the mother and in the father (kidney
failure, liver failure, cardiac failure, major lung disease, autoimmune disease, cancer, psychiatric
illness, also including anorexia-bulimia nervosa and substance abuse); (2) major health complications
during the perinatal period and (3) failure to understand study implications, comply with the study
schedule or sign the consent form. Follow-up visits were carried out from birth to the children’s age
of five years and included measurement of anthropometric parameters, blood pressure, complete
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echocardiographic evaluation, cognitive assessment and collection of nutritional questionnaires and
biological samples (e.g., stools and urine). Families were given the option to participate in all or only
part of the assessments and measurements included at each age-point. In addition, we prioritized
different health aspects at different age points, namely cardiac health in the first two years and cognitive
health in preschool five-year old children. Therefore, the sample size varied across age point and
measurements. At age five years, all families were called for a new follow-up round, only six decided
to drop-out, while the others participated in all or some measurements, or asked to be considered
for future follow-up rounds. The cognitive follow-up at five years included 56 mother-offspring
dyads that were homogenous with the enrolled population in terms of mothers’ age (34.0 ± 0.5 vs.
33.3 ± 0.5 years) and fathers’ age (36.6 ± 0.6 vs. 36.2 ± 0.5 years). Distribution of mothers’ or fathers’
job categories was not related to the type of feeding categories (i.e., exclusively and nonexclusively
breastfeed), nor to adherence to any of the cognitive follow-up visits. Body sizes were collected at
the beginning and during pregnancy in mothers, and in mothers and infants at multiple time points
after delivery. In women, and in 36 and 60 months-old children, body weight (in kg to the nearest
0.1 kg) and length (in cm to the nearest 0.5 cm) were measured by weight scale and stadiometer, with
participants wearing light clothes and standing straight without shoes and with heels close together.
In infants up to age two years, weight was measured by using a hospital-grade pediatric weighting
scale (in kg to the nearest 0.01 kg) removing clothes, shoes and diaper from the infants, and recumbent
length (in cm to the nearest 0.1 cm) was recorded. Additional body size measurements were collected
from pediatric records. Information on feeding was collected at three and six months, children’s and
parents’ cognitive scores were measured starting from the infants’ age of six months, as reported in the
following paragraph.
The study was conducted in accordance with the Declaration of Helsinki and was approved by
the Ethics Committee of Massa and Carrara, and latest amendments by the Ethical Committee of the
Area Vasta Nord-Ovest (CEAVNO), Pisa, Italy (study identification code 394, approval decrees n. 75
and 71512). Parents gave their written informed consent before inclusion.
2.2. Definition of Feeding Type
Information on early feeding were collected via parents’ interview during follow-up visits or
by phone at three and six months of age, and they were used to stratify children in two groups,
i.e., one receiving exclusive and one receiving nonexclusive breastfeeding before weaning. Infants
receiving only maternal milk (i.e., no addition of formula milk) before the introduction of any
complementary food were defined as exclusively breastfed. Conversely, the nonexclusive breastfeeding
category included infants who received only formula milk or a combination of breast and formula
milk in any proportion. Eighty of the 90 families provided information on early feeding practices and
were included in this work. These 80 families were homogenous with the enrolled population in terms
mothers’ age (33.4 ± 0.5 vs. 33.3 ± 0.5 years) and fathers’ age (36.4 ± 0.5 vs. 36.2 ± 0.5 years).
2.3. Measurement of Children’s and Parents’ Cognitive Scores
Children’s cognitive development was assessed by a trained childhood psychologist by using
the Griffiths Mental Development Scales (GMDS) in subgroups of children at the age of 6, 12, 18,
24 and 36 months (N = 24, 26, 26, 23, 27). At the age of five years, cognitive development was
measured again in a larger subset (N = 56). The GDMS measures the rate of development of infants
and young children in six domains, i.e., locomotor, personal-social, hearing and language, eye and
hand coordination, performance and practical reasoning domains (the latter from age 36 months).
Mothers’ and fathers’ intelligence quotients (IQ) were measured by the Raven’s progressive matrices
(N = 58 and 36, respectively).
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2.4. Statistical Analysis
SPSS for Mac (version 22, Chicago, IL, USA) was used for statistical analyses. Variables distribution
was tested by the Shapiro-Wilk test. A two-tailed t-test was used for group comparisons, and one-way
ANCOVA (analysis of covariance) was used to incorporate covariates (i.e., mother’s and father’s age,
mother’s BMI and IQ, children’s sex and weight gain). To assess the sex-specific relationship between
breastfeeding and cognitive development, we repeated each analysis in girls and boys separately.
The Chi-Square test was applied to examine relationships between categorical variables. These tests
were selected to capture group differences in cognitive outcomes at each separate age point, maximizing
power. Considering that not all children had cognitive measures at all-time points, changes over time
by repeated measure testing was not performed to avoid sample size reduction. Results are presented
as mean ± sem, and p-values ≤ 0.05 were regarded as statistically significant.
3. Results
3.1. Characteristics of Exclusively and Nonexclusively Breastfed Children
In our population, 50% of children were exclusively breastfed. General characteristics of the
stratified population are reported in Table 1. Among nonexclusively breastfed children, 65% (n = 26)
received both maternal and formula milk between birth and weaning (mean age 5.4 ± 0.1 months in
the whole population). Exclusive formula milk feeding from birth to weaning occurred in 35% (n = 14),
while 27% (n = 11) of the infants were started on exclusive formula feeding at the age of three months.
The prevalence of maternal gestational diabetes, as well as children’s sex distribution and delivery
mode were not different between the two groups of children.
Table 1. Characteristics of exclusively and nonexclusively breastfed children.
Variable

N

Mixed/formula feeding (N)
Sex (Females/Males)
Delivery type (Vaginal/C-section)
Gestational diabetes (N)
Gestational age (days)
Weaning age (months)
Mother age (years)
Father age (years)
Mother pregravidic BMI (kg/m2 )
Mother gravidic BMI (kg/m2 )
Mother IQ (RPM score)
Father IQ (RPM score)
Birth weight (kg)
Birth BMI (kg/m2 )
Birth PI (kg/m3 )
Weight at 3 months (kg)
Weight at 6 months (kg)
Weight at 12 months (kg)
Weight at 18 months (kg)
Weight at 24 months (kg)
Weight at 36 months (kg)
Weight at 60 months (kg)
BMI at 3 months (kg/m2 )
BMI at 6 months (kg/m2 )

80
80
80
80
80
77
80
80
80
75
58
36
80
80
80
73
72
71
60
53
54
66
72
72

Exclusive
Breastfeeding

Nonexclusive
Breastfeeding

p-Value

16/24
24/16
12
277 ± 1
5.6 ± 0.1
33.2 ± 0.7
35.3 ± 0.7
23.1 ± 06
28.4 ± 0.6
112.0 ± 1.9
114.2 ± 2.3
3.36 ± 0.05
13.5 ± 0.2
27.0 ± 0.35
6.09 ± 0.14
7.64 ± 0.15
10.03 ± 0.23
11.24 ± 0.28
12.73 ± 0.40
15.14 ± 050
20.18 ± 0.67
16.5 ± 0.3
16.5 ± 0.5

26/14
24/16
28/12
10
277 ± 2
5.3 ± 0.1
33.7 ± 0.7
37.5 ± 0.8
26.8 ± 1.0
31.6 ± 1.1
113.1 ± 2.4
117.9 ± 2.9
3.33 ± 0.07
13.3 ± 0.2
26.65 ± 0.41
5.94 ± 0.12
7.88 ± 0.15
10.13 ± 0.20
11.46 ± 0.22
12.91 ± 0.36
15.44 ± 0.38
20.77 ± 0.58
16.3 ± 0.2
17.2 ± 0.3

<0.0005
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
0.04
0.002
0.016
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
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Table 1. Cont.
Variable

N

Exclusive
Breastfeeding

Nonexclusive
Breastfeeding

p-Value

BMI at 12 months (kg/m2 )
BMI at 18 months (kg/m2 )
BMI at 24 months (kg/m2 )
BMI at 36 months (kg/m2 )
BMI at 60 months (kg/m2 )
Weight gain 0–3 months (kg)
Weight gain 3–6 months (kg)
Weight gain 0–6 months (kg)
Weight gain 0–12 months (kg)
Weight gain 0–60 months (kg)
Weight gain 12–24 months (kg)
Weight gain 24–36 months (kg)
Weight gain 36–60 months (kg)
Cranial circ. at 3 months (cm)
Cranial circ. at 6 months (cm)
Cranial circ. at 12 months (cm)
Cranial circ. at 18 months (cm)
Cranial circ. at 24 months (cm)
Cranial circ. at 36 months (cm)
Cranial circ. at 60 months (cm)

69
57
51
52
66
73
69
72
71
66
51
46
51
48
49
53
24
13
24
66

17.2 ± 0.3
16.6 ± 0.3
16.6 ± 0.4
16.5 ± 0.4
16.8 ± 0.5
2.71 ± 0.11
1.57 ± 0.07
4.28 ± 0.12
6.67±0.20
16.84 ± 0.65
2.84 ± 0.18
2.07 ± 0.22
5.26 ± 0.43
40.1 ± 0.2
42.7 ± 0.2
46.2 ± 0.2
47.5 ± 0.4
49.2 ± 0.6
50.4 ± 0.5
51.3 ± 0.2

17.1 ± 0.2
16.7 ± 0.3
16.5 ± 0.3
16.6 ± 0.3
17.1 ± 0.4
2.61 ± 0.10
1.93 ± 0.10
4.54 ± 0.13
6.81 ± 0.19
17.41 ± 0.56
2.80 ± 0.30
2.52 ± 0.21
5.48 ± 0.46
40.2 ± 0.3
43.0 ± 0.3
45.9 ± 0.3
47.5 ± 0.4
49.5 ± 0.5
50.9 ± 0.4
51.4 ± 0.3

n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
0.003
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

Continuous data are reported as mean ± sem. Abbreviations: n.s. = not significant; BMI = body mass index;
IQ = intelligence quotient; RPM = Raven’s progressive matrices; PI = ponderal index; circ. = circumference.

3.2. Relationship between Exclusive Breastfeeding and Children’s Cognitive Development
Cognitive scores measured in six different domains were in the normal range [26], both in
males and in females. However, females had higher scores compared to males at 36 months in the
personal-social domain (103.8 ± 2.7 vs. 97.9 ± 1.5 p = 0.046) and at five years in the eye and hand
coordination domain (102.4 ± 2.7 vs. 97.3 ± 1.7 p = 0.040) and in the performance (114.0 ± 1.3 vs.
110.5 ± 1.3 p = 0.025) domain.
In the whole population, accounting for sex as a covariate, exclusive breastfeeding was associated
with higher scores in hearing and language at six months (p = 0.049) and locomotor development
at 36 months (p = 0.036). In separate sex group analyses (Figures 1 and 2), girls receiving exclusive
breastfeeding had significantly higher hearing and language scores at the age of five years compared
to nonexclusively breastfed girls (Figure 1C, p = 0.014, Table 2). This finding was already visible at 36
and at 24 months, falling short of significance due to the smaller sample size. Similar trends, showing
higher scores in exclusively compared to nonexclusively breastfed girls were observed in the locomotor
domain (Figure 1A) and in the personal-social domain (Figure 1B). In males, exclusive breastfeeding
was associated with a higher score in the hearing-language scale at six months (Figure 2C, p = 0.021),
with no significant difference in other scales and other ages.
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Figure 1. Cognitive development measured in the six cognitive domains (A-F) in exclusively
breastfed (closed circles) and nonexclusively breastfed (open circles) girls at different ages (6, 12, 18,
24, 36, 60 months). N = 9, 10, 14, 10, 13, 25 at progressive ages. Practical reasoning skills are measured
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Figure 2. Cognitive development measured in the six cognitive domains (A-F) in exclusively
Table 2. Associations between exclusive breastfeeding and cognitive scores at five years.
breastfed (closed triangles) and nonexclusively breastfed (open triangles) boys at different ages (6,
12, 18, 24, 36, 60 months). N = 15, 16, 12,
13, 14,
30 at progressive ages.
Practical reasoning skills
Total
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Girls
Boysare
GDMS Scale
Analysis
measured from the age of 36 months. DataBare
represented
as mean
± sem.C.I.)
*p ≤ 0.05.
(95%
C.I.)
B (95%
B (95% C.I.)
Locomotor
Univariate
0.3 (−3.6, 4.3)
1.5 (−3.9, 6.9)
−0.6 (−6.6, 5.7)
Table 2. Associations
between exclusive
breastfeeding
and3.5
cognitive
scores at five
years.
Adjusted*
1.2 (−4.0,
6.5)
(−3.6, 10,6)
−1.9
(−11.0, 7.2)
Personal−social
Univariate
0.2 (−4.7, 5.1)
3.1 (−3.1, 9.5)
−2.3 (−10.1, 5.5)
Total Population
Girls
Boys
GDMS Scale
Analysis
Adjusted*
2.9 (−3.5, 9.3)
6.2 (−2.1, 14.7)
−2.1 (−12.7, 8.5)

Locomotor
Personal−social

Univariate
Adjusted*
Univariate
Adjusted*

B (95% C.I.)
0.3 (−3.6, 4.3)
1.2 (−4.0, 6.5)
0.2 (−4.7, 5.1)
2.9 (−3.5, 9.3)

B (95% C.I.)
1.5 (−3.9, 6.9)
3.5 (−3.6, 10,6)
3.1 (−3.1, 9.5)
6.2 (−2.1, 14.7)

B (95% C.I.)
−0.6 (−6.6, 5.7)
−1.9 (−11.0, 7.2)
−2.3 (−10.1, 5.5)
−2.1 (−12.7, 8.5)
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Table 2. Associations between exclusive breastfeeding and cognitive scores at five years.
GDMS Scale

Analysis

Total Population B
(95% C.I.)

Girls B
(95% C.I.)

Boys B
(95% C.I.)

Locomotor

Univariate
Adjusted *
Univariate
Adjusted *
Univariate
Adjusted *
Univariate
Adjusted *
Univariate
Adjusted *
Univariate
Adjusted *

0.3 (−3.6, 4.3)
1.2 (−4.0, 6.5)
0.2 (−4.7, 5.1)
2.9 (−3.5, 9.3)
4.3 (−0.9, 9.6)
4.3 (−2.4, 11.0)
−2.7 (−8.2, 2.3)
−2.7 (−9.7, 4.3)
−1.3 (−5.1, 2.5)
−0.8 (−5.8, 4.1)
−1.6 (−6.6, 3,4)
1.0 (−5.0, 7.0)

1.5 (−3.9, 6.9)
3.5 (−3.6, 10,6)
3.1 (−3.1, 9.5)
6.2 (−2.1, 14.7)
10.5 (2.4, 18.7) **
11.0 (0.9, 21.2) **
1.9 (−7.0, 10.9)
0.8 (−11.5, 13.2)
−2.2 (−7.9, 3.4)
−2.7 (−10.5, 5.1)
0.8 (−8.2, 9.8)
4.2 (−6.9, 15.2)

−0.6 (−6.6, 5.7)
−1.9 (−11.0, 7.2)
−2.3 (−10.1, 5.5)
−2.1 (−12.7, 8.5)
−0.47 (−7.7, 6.8)
−3.0 (−12.1, 6.1)
−6.0 (−13.0, 1.0)
−6.2 (−16.4, 3.9)
−0.1 (−5.6, 5.5)
0.7 (−7.4, 8.9)
−3.4 (−9.5, 2.7)
−4.0 (−11.0, 2.9)

Personal−social
Hearing-language
Eye-hand coordination
Performance
Practical reasoning

GDMS = Griffiths Mental Development Scales; * Adjustment was made for maternal IQ, parents’ age, maternal
pregravidic BMI, infants’ weight gain between 3 and 6 months and sex for the total population; ** p < 0.05.

3.3. Impact of Parental Intelligence and Age on the Relationship between Exclusive Breastfeeding and Children’s
Cognitive Development
In our population, the maternal IQ was directly associated with the hearing and language scores
at 18 months (r = 0.416, p = 0.043) and at 36 months (r = 0.542, p = 0.007), with practical reasoning
at 36 (r = 0.663, p = 0.001) and at 60 months (r = 0.366, p = 0.009), and with personal-social scores at
36 months (r = 0.599, p = 0.003), while being negatively correlated with the infants’ personal-social
(r = −0.484, p = 0.017) and performance (r = −0.488, p = 0.015) scores at six months. Fathers’ IQ was
directly associated with offspring performance at 36 months (r = 0.583, p = 0.006) only. However, the IQ
was measured in a smaller subset of fathers, and was not used in covariate analysis to avoid sample
size and power reduction.
Parental age was also related to children’s cognitive development. In particular, maternal age
was directly associated with the performance score at 60 months (r = 0.282, p = 0.025) and negatively
with the locomotor (r = −0.433, p = 0.034) and performance (r = −0.427, p = 0.038) scores at six months.
Fathers’ age was negatively correlated with the locomotor score at 36 months (r = −0.399, p = 0.039).
In the whole children’s population, the adjustment for maternal IQ and/or parents’ age abolished
the association between exclusive breastfeeding and locomotor scores at 36 months, but not the
association between exclusive breastfeeding and hearing and language scores at six months (p = 0.046),
in which exclusive breastfeeding was able to explain 20% of the difference between children’s groups.
Likewise, in sex-specific analyses, the adjustment for maternal IQ and parents’ age did not abolish
the difference observed in hearing and language scores at five years in girls (p = 0.034 and 0.043,
respectively), in which exclusive breastfeeding was able to explain 22% of the difference between groups.
Similar results in both uncorrected and corrected analyses were obtained considering exclusive
breastfeeding within the first three months only (instead of six months), suggesting that the first
trimester of life may be sufficient to predict the development of hearing and language skills in girls.
3.4. Impact of Maternal and Children’s Body Weight on the Relationship between Exclusive Breastfeeding and
Children’s Cognitive Development
Exclusive breastfeeding was significantly less common in women with a high than low BMI in
our maternal population (Table 1), independent of offspring sex (p-values between 0.012–0.040 in
sex-specific analyses). However, the maternal BMI did not correlate with cognitive outcomes in the
offspring at any time point. Instead, a lower weight gain in infants between three and six months of age
was associated with exclusive breastfeeding (p = 0.006 and 0.042 in males and females, respectively),
and negatively correlated with hearing and language scores at five years in the whole population
(r = −0.310, p = 0.025), showing a trend in females (r = −0.376, p = 0.064).
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Children’s body weight, length (not reported), BMI and cranial circumferences at birth and at
3, 6, 12, 18, 24, 36 and 60 months of age were similar between the two groups and not related to
cognitive outcomes.
In the fully adjusted analysis, we found that exclusive breastfeeding was still related to higher
hearing and language scores in five years old girls, independent of maternal pregravidic and gravidic
BMI (p = 0.033) and of children’s weight gain in the first six months of life (p = 0.04), accounting for
20% of the group difference (Table 2).
4. Discussion
The main finding of the present study is that exclusive breastfeeding before weaning age (i.e., in the
first six months of life) shows a strong and positive association with hearing and language scores in
girls reaching the age of five years. Moreover, exclusive breastfeeding in the first three months of life
seems sufficient to observe this effect.
We also showed that exclusive breastfeeding is associated with lower maternal BMI and lower
infants’ weight gain between three and six months of age. A higher weight gain in this time window
negatively predicts hearing and language scores at five years of age. Moreover, parents’ IQ and age
predict offspring cognitive development. However, none of these factors affected the main finding.
Several authors have explored the role of early feeding practices on children’s cognitive
development, producing sparse and controversial results. Some studies found positive associations
between breastfeeding duration and exclusivity and cognitive and school achievements during
childhood [6–9] and adulthood [13]. In a medium-large population of approximately 500 children,
breastfeeding was positively related to neurological development at nine years [27]. There are also few
studies in which no positive relationship between breastfeeding and children’s cognitive development
was reported [14–16]. It is important to underline that most of above studies cover both prescholar
and scholar age [9,13,14] or were conducted in older scholar age children only [8,16]. We focused on
preschool age in order to avoid the exposure to school educational and social stimuli and better dissect
the contribution of early determinants on cognitive development. Targeting the same age, our results
are in agreement with, and extend to a Mediterranean population the finding reported in a cohort of
10,700 four-year old American children, in which Jenkins et al. [10] showed a small but significant
association between exclusive breastfeeding and reading abilities and math scores. Similarly, a study
in more than 1300 American mothers and children demonstrated a positive relationship between
exclusive breastfeeding and both verbal and nonverbal intelligence at the age of three years [12].
Another source of discordant results is given by the heterogeneous definitions of breastfeeding
and the lack of adjustment for important confounders. For example, in an old study, no difference in
phonologic development at the age of three to four years was observed between children who had been
breastfed or bottle fed [28]. A large American prospective study involving more than 5000 children
born in the eighties concluded that being breastfed does not associate with cognitive development [14].
However, in these reports a different stratification criterion was used, as children who had never
received breast milk were compared to all the others. Therefore, breastfeeding in these studies included
a proportion of bottle feeding in some infants, not being exclusive. Our intent was to dissect the specific
predictive value of breastfeeding on cognitive development. Therefore, we separated children who
had received breast milk exclusively from all the others, in order to obtain a group with homogeneous
breastfeeding behavior and avoid any mixed effect related to variable breast-to-formula milk ratios.
Several authors [14,17] suggest that the positive correlation between breastfeeding and children’s
cognition may be mediated by the confounding action of maternal intelligence, which is not objectively
measured and controlled for in a majority of studies. The important role of maternal IQ and family
educational level is underscored also by Gale at al [29]. who showed that controlling for these
parameters greatly attenuated the difference in full-scale and verbal scores observed between four-year
old children fed with breast versus formula milk. One strength of our study was to control for parental
IQ, showing that the positive association between exclusive breastfeeding and hearing and language
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skills in five years old girls was not abolished after adjusting for maternal IQ, as objectively measured
by Raven’s matrices.
The duration of breastfeeding, besides its exclusivity, could also be relevant to predict children’s
cognitive development. Stratification of our population based on exclusive breastfeeding at three
rather than six months, resulted in similar associations between breastfeeding and cognitive outcomes,
which suggests that the first three months could be sufficient to positively predict hearing and language
development. In agreement with our results, exclusive breastfeeding even for only three months was
related to higher intelligence quotient in more than 450 Polish children of prescholar age [30]. In the
large American population reported above [10], longer periods of exclusive breastfeeding produced
slight increases in effect size when considering reading but not math skills, but a clear dosage effect in
the relationship linking exclusive breastfeeding and cognitive outcomes was not found. Conversely,
Angelsen et al [31]. showed that shorter duration of breastfeeding, categorized as shorter than three
months, between three to six months, or longer than six months, was associated with lower scores
of mental development at one and five years of age in 345 Scandinavian children. However, in the
latter study, exclusivity of breastfeeding was not taken into account. Current recommendations
from international health organizations (e.g., WHO) indicate six months as the optimal exclusive
breastfeeding duration for the health and well-being of both child and mother. Our data support and
extend this recommendation by suggesting that, within the limits of selected cognitive outcomes in girls,
a shorter exclusive breastfeeding duration, likely fitting a broad population, is already a significant
and positive predictor.
Our results extend previous observations in preschool children since we explored multiple ages
within the first five years of life. One additional novel observation is the sex difference emerging from
our study. In fact, we showed a positive independent correlation between exclusive breastfeeding
and cognitive outcomes in girls but not in boys. The analysis of specific differences between males
and females is mostly neglected in the literature addressing early nutrition. It is now established
that neurodevelopment during fetal and subsequent life is influenced by hormones [32,33], and that
maternal milk is a source of nutrients and hormones. However, not much is known on the sex-specific
hormones and brain interaction at this stage. Studies on primates have shown sex-specific effects
of early nutrition on offspring outcome, e.g., females would show higher susceptibility to the effect
of prenatal nutrition than males [34], whereas high cortisol in the milk has been related to more
nervousness and less confident temperament in male, rather than in female, offspring [35]. Recently,
sexual dimorphism in human milk hormonal composition has been shown, in particular in insulin-like
growth factor-1 (IGF-1) and adiponectin concentration [25]. Both hormones are important for brain
health. IGF-1 has been implicated in neurodevelopment, both prenatally and in the early post-natal
period, and in plasticity and remodeling throughout life [36], and adiponectin seems to play a role in
the onset of cognitive decline and in Alzheimer’s disease [37]. Finally, most chronic diseases show
sexual dimorphism, and in the field of cognitive decline, including Alzheimer’s disease, women seem
to be at greater risk than men, especially with aging [23]. Demonstration of a different sensitivity to
exclusive breastfeeding in girls than boys may serve to select subjects who may benefit from nutritional
attention and prevention since early-life.
Obesity, either in the mother during pregnancy or in the children, is considered a negative
predictor of cognitive outcomes [18–20,38,39], and should be taken into account when exploring the
relationship between early feeding and cognitive development.
In our study, exclusive breastfeeding was significantly less common in women with a high than
low BMI, in line with the established inverse association between maternal obesity and low rates of
initiation, duration and exclusivity of breastfeeding, as published by Li et al. [40] in a population of
more than 124,000 mother-infant pairs, in line with other reports [41]. Conversely, no differences were
detected in body sizes, including BMI, between exclusively and nonexclusively breastfed children,
consistent with results from the above American population [10]. However, exclusively breastfed
children underwent lower weight gain than nonexclusively breastfed children between three and six
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months of age. This is consistent with the lower weight gain velocity within the first 12 months of
life observed by Azad et al. [3] in breastfed children of the the Canadian Healthy Infant Longitudinal
Development (CHILD) study involving over 2500 mother-infant dyads. Higher weight-gain in infancy
is predictive of later overweight or obesity, which has been related to poorer cognitive development and
scholar performance [38,39,42,43]. Consistently, in our population, higher children’s BMI at five years
was associated with lower practical reasoning score at the same age, and higher weight-gain between
three to six months was associated with a worse hearing and language development at five years.
Of note, in our study the positive correlation between exclusive breastfeeding and hearing and
language scores in five-year old girls were independent of the above negative predictors, i.e., maternal
pregravid and gravid BMI, and children’s weight gain.
We acknowledge that our study has limitations. The small sample size, and the fact that most
children could not undergo all repeated measures, might have prevented our analyses from finding
more significant differences among cognitive domains before the age of five years. In fact, relationships
were stronger in the most numerous group of n = 56 children of five years. In addition, multiple
correlations bear the risk of chance findings, though our main observation was robust and remained
fully significant after adjusting for confounders. The second limitation, which is a frequent criticism in
breastfeeding targeted research, is the intrinsic bias of feeding groups, since infants are not randomly
allocated to groups, and parents’ and family characteristics may be responsible for both feeding choices
and cognitive outcomes. To mitigate this risk, we controlled for maternal features associated with
cognitive scores and/or feeding practices, i.e., BMI and IQ. The strengths of our study are that both
parents’ and children’s cognitive scores were objectively measured and not estimated from proxy
variables such as school or job attainment or questionnaires, and that cognition was examined at
different ages in preschool children.
5. Conclusions
In conclusion, we found that exclusive breastfeeding predicts higher hearing and language
outcomes in five-year old girls, independent of parents’ age, maternal weight and IQ, or children’s
weight and weight gain. Knowing that cognitive decline is frequent in women, our finding of
a sex-selective association offers an opportunity to identify individuals at risk in a very early stage of
life, requiring nutritional attention. Considering that formula feeding is not a choice of families in many
cases, but depends on an insufficient production of breast-milk, or the return to work after the first
postnatal months, it was important to show that three months of breast-feeding already predicted the
beneficial outcome. Caution should be used in the interpretation of data, which are mainly correlative
and do not imply causality or long term benefits, representing the challenges of future studies.
Author Contributions: Conceptualization, P.I.; data curation, M.A.G., E.S.; formal analysis, M.A.G. and F.G.;
funding acquisition, P.I.; investigation, M.A.G., E.S. and F.D.; methodology, F.M.; supervision, F.M. and P.I.;
writing—original draft, M.A.G.; writing—review & editing, F.G., E.S., F.D., F.M. and P.I. All authors have read and
agreed to the published version of the manuscript.
Funding: This study was partly supported by the EU-FP7-HEALTH DORIAN Project: Development origins of
healthy and unhealthy aging: the role of maternal obesity (grant agreement no. 278603) and JPI-HDHL-INTIMIC
GUTMOM Project: Maternal obesity and cognitive dysfunction in the offspring: cause-effect role of the GUT
MicrobiOMe and early dietary prevention (project no. INTIMIC-085, Italian Ministry of Education, University
and Research Decree no. 946/2019). The funders had no role in study design, data collection and analysis or
preparation of the manuscript.
Acknowledgments: We wish to acknowledge the families participating in the study.
Conflicts of Interest: The authors declare no conflicts of interest.

References
1.

Cusick, S.E.; Georgieff, M.K. The Role of Nutrition in Brain Development: The Golden Opportunity of the
“First 1000 Days”. J. Pediatr. 2016, 175, 16–21. [CrossRef] [PubMed]

Nutrients 2020, 12, 2320

2.

3.

4.
5.
6.
7.
8.
9.

10.
11.
12.

13.
14.
15.
16.

17.
18.

19.

20.
21.

22.

11 of 12

Eilander, A.; Hundscheid, D.C.; Osendarp, S.J.; Transler, C.; Zock, P.L. Effects of n-3 long chain polyunsaturated
fatty acid supplementation on visual and cognitive development throughout childhood: A review of human
studies. Prostaglandins Leukot. Essent. Fatty Acids 2007, 76, 189–203. [CrossRef] [PubMed]
Azad, M.B.; Vehling, L.; Chan, D.; Klopp, A.; Nickel, N.C.; McGavock, J.M.; Becker, A.B.; Mandhane, P.J.;
Turvey, S.E.; Moraes, T.J.; et al. Infant Feeding and Weight Gain: Separating Breast Milk from Breastfeeding
and Formula from Food. Pediatrics 2018, 142, e20181092. [CrossRef] [PubMed]
Armstrong, J.; Reilly, J.J.; Child Health Information, T. Breastfeeding and lowering the risk of childhood
obesity. Lancet 2002, 359, 2003–2004. [CrossRef]
Plagemann, A.; Harder, T. Breast feeding and the risk of obesity and related metabolic diseases in the child.
Metab. Syndr. Relat. Disord. 2005, 3, 222–232. [CrossRef]
Oddy, W.H.; Li, J.; Whitehouse, A.J.; Zubrick, S.R.; Malacova, E. Breastfeeding duration and academic
achievement at 10 years. Pediatrics 2011, 127, e137–e145. [CrossRef]
Anderson, J.W.; Johnstone, B.M.; Remley, D.T. Breast-feeding and cognitive development: A meta-analysis.
Am. J. Clin. Nutr. 1999, 70, 525–535. [CrossRef]
Horwood, L.J.; Fergusson, D.M. Breastfeeding and later cognitive and academic outcomes. Pediatrics 1998,
101, E9. [CrossRef]
Brion, M.J.; Lawlor, D.A.; Matijasevich, A.; Horta, B.; Anselmi, L.; Araujo, C.L.; Menezes, A.M.; Victora, C.G.;
Smith, G.D. What are the causal effects of breastfeeding on IQ, obesity and blood pressure? Evidence from
comparing high-income with middle-income cohorts. Int. J. Epidemiol. 2011, 40, 670–680. [CrossRef]
Jenkins, J.M.; Foster, E.M. The effects of breastfeeding exclusivity on early childhood outcomes. Am. J.
Public Health 2014, 104 (Suppl. S1), S128–S135. [CrossRef]
Raisler, J.; Alexander, C.; O’Campo, P. Breast-feeding and infant illness: A dose-response relationship? Am. J.
Public Health 1999, 89, 25–30. [CrossRef] [PubMed]
Belfort, M.B.; Rifas-Shiman, S.L.; Kleinman, K.P.; Guthrie, L.B.; Bellinger, D.C.; Taveras, E.M.; Gillman, M.W.;
Oken, E. Infant feeding and childhood cognition at ages 3 and 7 years: Effects of breastfeeding duration and
exclusivity. JAMA Pediatr. 2013, 167, 836–844. [CrossRef] [PubMed]
Mortensen, E.L.; Michaelsen, K.F.; Sanders, S.A.; Reinisch, J.M. The association between duration of
breastfeeding and adult intelligence. JAMA 2002, 287, 2365–2371. [CrossRef] [PubMed]
Der, G.; Batty, G.D.; Deary, I.J. Effect of breast feeding on intelligence in children: Prospective study, sibling
pairs analysis, and meta-analysis. BMJ 2006, 333, 945. [CrossRef]
Jacobson, S.W.; Chiodo, L.M.; Jacobson, J.L. Breastfeeding effects on intelligence quotient in 4- and 11-year-old
children. Pediatrics 1999, 103, e71. [CrossRef]
Veena, S.R.; Krishnaveni, G.V.; Srinivasan, K.; Wills, A.K.; Hill, J.C.; Kurpad, A.V.; Muthayya, S.; Karat, S.C.;
Nalinakshi, M.; Fall, C.H. Infant feeding practice and childhood cognitive performance in South India.
Arch. Dis. Child. 2010, 95, 347–354. [CrossRef]
Horta, B.L.; Loret de Mola, C.; Victora, C.G. Breastfeeding and intelligence: A systematic review and
meta-analysis. Acta Paediatr. 2015, 104, 14–19. [CrossRef]
Casas, M.; Chatzi, L.; Carsin, A.E.; Amiano, P.; Guxens, M.; Kogevinas, M.; Koutra, K.; Lertxundi, N.;
Murcia, M.; Rebagliato, M.; et al. Maternal pre-pregnancy overweight and obesity, and child
neuropsychological development: Two Southern European birth cohort studies. Int. J. Epidemiol. 2013, 42,
506–517. [CrossRef]
Hinkle, S.N.; Schieve, L.A.; Stein, A.D.; Swan, D.W.; Ramakrishnan, U.; Sharma, A.J. Associations between
maternal prepregnancy body mass index and child neurodevelopment at 2 years of age. Int. J. Obes. (Lond.)
2012, 36, 1312–1319. [CrossRef]
Rivera, H.M.; Christiansen, K.J.; Sullivan, E.L. The role of maternal obesity in the risk of neuropsychiatric
disorders. Front. Neurosci. 2015, 9, 194. [CrossRef]
Sutcliffe, A.G.; Barnes, J.; Belsky, J.; Gardiner, J.; Melhuish, E. The health and development of children born
to older mothers in the United Kingdom: Observational study using longitudinal cohort data. BMJ 2012,
345, e5116. [CrossRef] [PubMed]
Falster, K.; Hanly, M.; Banks, E.; Lynch, J.; Chambers, G.; Brownell, M.; Eades, S.; Jorm, L. Maternal age and
offspring developmental vulnerability at age five: A population-based cohort study of Australian children.
PLoS Med. 2018, 15, e1002558. [CrossRef] [PubMed]

Nutrients 2020, 12, 2320

23.

24.
25.

26.
27.
28.
29.

30.

31.
32.
33.
34.

35.

36.
37.
38.

39.
40.
41.
42.
43.

12 of 12

Beam, C.R.; Kaneshiro, C.; Jang, J.Y.; Reynolds, C.A.; Pedersen, N.L.; Gatz, M. Differences Between Women
and Men in Incidence Rates of Dementia and Alzheimer’s Disease. J. Alzheimer’s Dis. 2018, 64, 1077–1083.
[CrossRef] [PubMed]
Hines, M. Sex-related variation in human behavior and the brain. Trends Cogn. Sci. 2010, 14, 448–456.
[CrossRef]
Galante, L.; Lagstrom, H.; Vickers, M.H.; Reynolds, C.M.; Rautava, S.; Milan, A.M.; Cameron-Smith, D.;
Pundir, S. Sexually Dimorphic Associations between Maternal Factors and Human Milk Hormonal
Concentrations. Nutrients 2020, 12, 152. [CrossRef]
Ivens, J.; Martin, N. A common metric for the Griffiths Scales. Arch. Dis. Child. 2002, 87, 109–110. [CrossRef]
Lanting, C.I.; Fidler, V.; Huisman, M.; Touwen, B.C.; Boersma, E.R. Neurological differences between
9-year-old children fed breast-milk or formula-milk as babies. Lancet 1994, 344, 1319–1322. [CrossRef]
Smith, V.L.; Gerber, S.E. Infant feeding and phonologic development. Int. J. Pediatr. Otorhinolaryngol. 1993,
28, 41–49. [CrossRef]
Gale, C.R.; Marriott, L.D.; Martyn, C.N.; Limond, J.; Inskip, H.M.; Godfrey, K.M.; Law, C.M.; Cooper, C.;
West, C.; Robinson, S.M.; et al. Breastfeeding, the use of docosahexaenoic acid-fortified formulas in infancy
and neuropsychological function in childhood. Arch. Dis. Child. 2010, 95, 174–179. [CrossRef]
Jedrychowski, W.; Perera, F.; Jankowski, J.; Butscher, M.; Mroz, E.; Flak, E.; Kaim, I.; Lisowska-Miszczyk, I.;
Skarupa, A.; Sowa, A. Effect of exclusive breastfeeding on the development of children’s cognitive function
in the Krakow prospective birth cohort study. Eur. J. Pediatr. 2012, 171, 151–158. [CrossRef]
Angelsen, N.K.; Vik, T.; Jacobsen, G.; Bakketeig, L.S. Breast feeding and cognitive development at age 1 and
5 years. Arch. Dis. Child. 2001, 85, 183–188. [CrossRef]
Miranda, A.; Sousa, N. Maternal hormonal milieu influence on fetal brain development. Brain Behav. 2018,
8, e00920. [CrossRef] [PubMed]
McCarthy, M.M. Sex differences in the developing brain as a source of inherent risk. Dialogues Clin. Neurosci.
2016, 18, 361–372. [PubMed]
Keenan, K.; Bartlett, T.Q.; Nijland, M.; Rodriguez, J.S.; Nathanielsz, P.W.; Zurcher, N.R. Poor nutrition during
pregnancy and lactation negatively affects neurodevelopment of the offspring: Evidence from a translational
primate model. Am. J. Clin. Nutr. 2013, 98, 396–402. [CrossRef] [PubMed]
Hinde, K.; Skibiel, A.L.; Foster, A.B.; Del Rosso, L.; Mendoza, S.P.; Capitanio, J.P. Cortisol in mother’s milk
across lactation reflects maternal life history and predicts infant temperament. Behav. Ecol. 2015, 26, 269–281.
[CrossRef] [PubMed]
Wrigley, S.; Arafa, D.; Tropea, D. Insulin-Like Growth Factor 1: At the Crossroads of Brain Development and
Aging. Front. Cell Neurosci. 2017, 11, 14. [CrossRef]
Une, K.; Takei, Y.A.; Tomita, N.; Asamura, T.; Ohrui, T.; Furukawa, K.; Arai, H. Adiponectin in plasma and
cerebrospinal fluid in MCI and Alzheimer’s disease. Eur. J. Neurol. 2011, 18, 1006–1009. [CrossRef]
Bauer, C.C.; Moreno, B.; Gonzalez-Santos, L.; Concha, L.; Barquera, S.; Barrios, F.A. Child overweight and
obesity are associated with reduced executive cognitive performance and brain alterations: A magnetic
resonance imaging study in Mexican children. Pediatr. Obes. 2015, 10, 196–204. [CrossRef]
Guxens, M.; Mendez, M.A.; Julvez, J.; Plana, E.; Forns, J.; Basagana, X.; Torrent, M.; Sunyer, J. Cognitive
function and overweight in preschool children. Am. J. Epidemiol. 2009, 170, 438–446. [CrossRef]
Li, R.; Jewell, S.; Grummer-Strawn, L. Maternal obesity and breast-feeding practices. Am. J. Clin. Nutr. 2003,
77, 931–936. [CrossRef]
Lovelady, C.A. Is maternal obesity a cause of poor lactation performance. Nutr. Rev. 2005, 63, 352–355.
[CrossRef]
Cawley, J.; Spiess, C.K. Obesity and skill attainment in early childhood. Econ. Hum. Biol. 2008, 6, 388–397.
[CrossRef] [PubMed]
Mond, J.M.; Stich, H.; Hay, P.J.; Kraemer, A.; Baune, B.T. Associations between obesity and developmental
functioning in pre-school children: A population-based study. Int. J. Obes. (Lond.) 2007, 31, 1068–1073.
[CrossRef] [PubMed]
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

