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Abstract

Objectives: to evaluate the association between breastfeeding and Autism Spectrum Disorder
(ASD) in children and adolescents.

Methods:this is a case-control study carried out in the north of the state of Minas Gerais, Brazil,
which included 248 children and adolescents diagnosed with ASD (case group) and 886 children and
adolescents without a diagnosis of ASD (control group).Interviews were conducted with the mothers
of children and adolescents and a semi-structured questionnaire was used to collect data. For data
analysis, a multiple logistic regression model was adopted. The magnitude of associations was
estimated by the odds ratio (OR). Three multiple models were fitted: Model 1: presence or absence of
breastfeeding; Model 2: duration of breastfeeding; Model 3: duration of exclusive breastfeeding.

Results: ASD was associated with the absence of breastfeeding in the three adjusted models: Model
1: OR=2.1, CI95%=1.1-4.1; Model 2: OR=2.3, CI95%=1.2-4.5; Model 3: OR=2.3, CI95%=1.2-4.5.

Conclusions: individuals with ASD were more likely to have not received breastfeeding, however,
due to the nature of case control studies, it cannot be stated that breastfeeding prevents ASD. Conducting
a cohort study may clarify this relationship.
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Introduction

The Autism Spectrum Disorder (ASD) is becoming
increasingly prevalent, leading to a high socioeconomic
impact among families that have any individual with this
disorder.! A study with data from 2019 to 2020 revealed
that ASD prevalence in the United States is of 1 Autistic
person per 30 children between three and seventeen years
old in that country.? The phenotype of individuals with
ASD is heterogeneous and genetic and environmental
factors are implied in its genesis.>ASD is characterized
by restrictive and repetitive behavioral standards,
besides persistent disabilities in social communication
and interaction, which strongly impairs the process of
socialization.?

Breastfeeding is one of the first experiences of
social interaction of the human being, thus, its absence
has been implied in neurodevelopmental disorders.* It is
characterized by being a unique social process, dynamic
and bidirectional, in which more far more than the
simple transference of nutrients necessary to children’s
development occur, since it is established also the first
social link of the child.* The transference of oxytocin via
breast milk positively interferes with some areas that,
usually, are affected in individuals with ASD, contributing
with the social recognition and the establishment of social
bonds, besides also collaborating with the process of
neurodevelopment.®

The relation between breastfeeding and ASD has
been explored by other studies, however, the results are
still inconsistent.** Generally, what has been observed
is that children with ASD demonstrate higher indexes
of breastfeeding absence, or when it is present, the
duration is lower, compared to children considered as
neurotypical.”!? A systematic review with meta-analysis,
carried out in 2019 and included studies from Australia,
Canada, Indonesia, India, Japan, Oman, Turkey and
the United States, assessed the duration and the type of
breastfeeding with ASD, and identified a reduction of 58%
of ASD risk among children who were breastfed and 76%
in those who received exclusive breastfeeding.® Another
meta-analysis, published in 2023, analyzed studies carried
out in the United States, Egypt, Iraq, Italy and Turkey, in
order to assess the association of non-breastfeeding and
ASD risk, and estimated that chances of ASD associated
with non-breastfeeding was of 1.81 (CI195%= 1.35-2.27)."

Given the importance of breastfeeding to the process
of human growth and development and the inconsistency
between previous studies and its relationship with ASD,
this study aimed to assess the association between
breastfeeding and ASD in children/adolescents in the
North region of Minas Gerais, Brazil.
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Methods

This study is an excerpt of the research “Autism Spectrum
Disorder in Montes Claros: a case-control study”,
conducted in Montes Claros, a municipality located in the
state of Minas Gerais, Brazil. The original research aimed
to identify possible associations of prenatal, perinatal and
postnatal factors with ASD, among which the relationship
between breastfeeding and ASD stand out. Methodological
details of this study is available in previous publication.'?

For the calculation of the sample size, odds ratio
were (OR) estimated at 1.9 and risk exposure of 0.18 of
individuals from the control group.'*!* It was also adopted
the power of study of 0.80, significance level of 0.05 and
four individuals of control group per each one of the case
group. The correction for the design effect was performed
with deff= 1.5 and increase of 10% in order to diminish
impacts of potential losses. In this way, the estimated
sample size was 213 individuals for the case group and
852 for the control group.

The individuals of the case group were enrolled in
eight clinics (six of them were private and/or by health
insurance and the other two were public), specialized
in people with ASD and the Association of Support of
the Autistic Person of Northern Minas Gerais (ANDA —
Portuguese acronym). The clinics and the ANDA were
visited and became conscious about the importance of the
study. All of them agreed to participate and provided the
contact of mothers of children/adolescents, totaling 398
mothers. Individuals that had medical reports confirming
ASD diagnosis and whose mothers agreed in participating
in the study were included in the case group. Altogether,
the case group comprised 248 individuals aged between
two and fifteen years.

The control group included neurotypical children
and adolescents, without traces of ASD, enrolled in 63
regular schools from the public and private network of the
municipality, and that were in the same age group of the
case group, in the ratio of four controls per one case. The
schools where the controls were recruited were the same
as the cases. Visitations to the directors of these schools
to make them aware of the importance of the research
were performed. Mothers were invited to participate by
means of an invitation letter, informing the purpose and
importance of the study. The mothers that returned the
invitation letter signed were contacted by the researchers,
through phone, for the scheduling of a visitation and
clarification about the study. The children/adolescents of
this group that presented signs of ASD, after screening
with the Modified Checklist for Autism in Toddlers, ' and/
or that had suspicion of another associated psychiatric

disorder, as well as any malformation or syndrome were



excluded from the study. The control group included 886
individuals aged between two and fifteen years.

For the data collection, meetings with predetermined
locations and timetables were scheduled in person and
individually, according to the availability of mothers.
Schedules and interviews were performed by a previously
trained team of students of Medicine undergraduate
course, researchers of the Scientific Initiation Scholar
Program. For the mothers of the case group, the interviews
occurred in the period between August 2015 and January
2016, and for mothers of the control group, from February
to September 2016. A semi-structured questionnaire was
used, conceived after literature review and reviewed
by a multidisciplinary team. The questionnaire was
composed of 213 questions, subdivided in eight clusters:
characterization of the subject, demographic and
socioeconomic characteristics of parents, prenatal factors,
events occurred at birth, neonatal factors, postnatal factors
and family factors.

In this study, the analyzed exposition variables
were presence or absence of breastfeeding, duration of
breastfeeding (exclusive or not) and duration of exclusive
breastfeeding. The last two variables were categorized
in breastfeeding until six months of life, more than six
months, less than six months or did not breastfed. Aiming
to control possible confounding factors, the following
variables were also analyzed: gender of children (male
or female), age of mother at birth (<25 years, between
<25 and 34 years, >35 years), skin color of the mother
(self-declared and categorized into white and non-white),
socioeconomic class according to Criterion of Economic
Classification Brazil (A/B, C or D/E classes), twin
pregnancy (presence or absence), ASD in family (presence
or absence), prematurity (gestational age >37 weeks or <37
weeks), crying at birth (presence or absence), meconium
in amniotic fluid (presence or absence) and admission in
NICU (yes or no).

Descriptive analyses were executed by means of
the distribution of frequencies, and, with the objective
of verifying the association of ASD with the analyzed
variables, the chi-square test (y?) was used. The variables
that presented a descriptive level of >0.20 were selected
for the multiple analysis, in which the logistic regression
model was adopted, with the backward stepwise
procedure. The magnitude of the association between
ASD and the variables of exposition was estimated by
the odds ratio, with their respective 95% confidence
intervals (CI195%). In this step, the significance level of a
=0.05 was adopted. Three multiple models were adjusted:
Model 1 included the variable presence or absence of
breastfeeding; Model 2 included the variable duration of
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breastfeeding; Model 3 included the variable duration of
exclusive breastfeeding. The three models were adjusted
by the possible confounding variables investigated.

The Hosmer & Lemeshow test and the pseudo R?
Nagelkerke statistic were used to verify the quality of
adjustment of the multiple models. It was verified the
absence of multicollinearity between the dependent
variables from the execution of a correlation matrix. The
Statistical Package for the Social Sciences software (SPSS
version 23.0, IBM — Chicago, USA) was used to conduct
data analyses.

This study was approved by the Research and Ethics
Committee of the State University of Montes Claros,
opinion number 534.000/14.

Results

The total sample was composed of 1134 children and
adolescents. Of these, 248 were children/adolescents with
ASD and 886 without signs of this disorder. The mean
age of both groups was similar (p=0.398), being 6.4 years
for the case group (+ 3.5) and 6.6 (+ 3.4) for the control
group. In the case group, it was observed around four boys
per each girl with ASD, and one boy per each girl in the
control group (»p<0.001). The percentage of prematurity
in the case group (18.5%) was statistically superior to that
of the control group (13.2%), as well as the presence of
meconium in the amniotic fluid (19.0% versus 10.0%),
hospitalization in NICU (16.9% versus 7.0%) and family
history of ASD (20.6% versus 6.3%). Other characteristics
of the case and control groups are shown in Table 1.

In the case group, it was also observed a higher
percentage (9.3%) of children/adolescents that were
not breastfed, compared to the control group (3.7%)
or demonstrated lower duration of breastfeeding. This
proportion persisted even when the duration and type of
breastfeeding (exclusive or not) were detailed (Figure 1).

In the bivariate analysis, the following variables
presented significant association, to the level of 0.20,
with ASD and were selected for the multiple analysis:
breastfeeding, duration of breastfeeding, duration of
exclusive breastfeeding (Figure 1), gender, prematurity,
twin pregnancy, crying at birth, presence of meconium
in the amniotic fluid, hospitalization in NICU, family
history of ASD, gestational age at birth and skin color
of the mother (Table 1). In the multiple analysis, in the
three adjusted models, it was noticed that the absence of
breastfeeding presented a significant association with ASD
(OR= 2.1; OR= 2.3 and OR=2.3). The results indicate
that the duration of breastfeeding did not demonstrate
association with ASD in the investigated sample. (Table 2).
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Table 1

Distribution of control and case groups according to socioeconomic and demographic characteristics of parents and children. Montes Claros, Minas

Gerais, Brazil, 2015/2016.

Case (N=248)

Control (N=886) Total (N=1134)

Variables p*
n % n % n %

Gender of the children/adolescent <0.001
Female 47 19.0 437 49.3 484 42.7
Male 201 81.0

Prematurity (weeks) 0.054
>37 194 81.5 731 86.8 925 86.1
<37 44 18.5 11 13.2 155 13.9

Twin pregnancy 0.013
No 235 94.8 866 97.7 1101 97.1
Yes 13 5.2 20 2.4 33 2.9

Presence of crying at birth <0.001
Yes 205 82.7 823 92.9 1028 90.7
No 43 17.3 63 7.1 106 9.3

Presence of meconium <0.001
Yes a7 19.0 89 10.0 136 12.0
No 201 81.0 797 90.0 998 88.0

Hospitalization at NICU <0.001
Yes 42 16.9 62 7.0 104 9.2
No 206 83.1 824 93.0 1030 90.8

Family History of ASD <0.001
Yes 51 20.6 56 6.3 107 9.4
No 197 79.4 830 93.7 1027 90.6

Mother’s age at birth (years) <0.001
<25 46 18.5 293 33.1 339 29.9
25-34 148 59.7 437 49.3 585 51.6
>35 54 21.8 156 17.6 210 18.5

Socioeconomic class 0.320
AorB 149 60.1 493 56.2 642 57.1
C 87 35.1 351 40.0 438 38.9
DorE 12 4.8 33 3.8 45 4.0

Skin color of mother 0.001
Non-white 180 73.2 716 82.8 916 81.0
White 66 26.8 149 17.2 215 19.0

NICU = Neonatal Intensive Care Unit; *Chi-square test; ASD= autism spectrum disorder.

Discussion

The present case-control study aimed to assess the
association between breastfeeding and ASD in a sample
of children and adolescents in the North of Minas
Gerais. The results suggest that the chances of not have
been exposed to breastfeeding in individuals from the
group case were around two times higher than those
observed in the control group, after adjustments for the
confounding variables investigated. Problems with social
interaction and communication are some of the main
factors for the diagnosis of individuals with ASD,? and
then the importance of exploring factors that influence the

development of these characteristics. It is already know the
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positive role performed by breastfeeding in the reduction
of the occurrence of several medical conditions in both
long and short terms, as well as the future intellectual
development of children, promoting an increase in the
intelligence quotient indexes.'®!”

Besides the aforementioned benefits, other benefits
of breastfeeding have been investigated, especially for
individuals with ASD.!7It has been demonstrated that breast
milk acts improving communication and adaptability,
which are impaired zones for these individuals.!*!® An
Australian cohort, started in 1989, evidenced that lactating
children that received breastfeeding for four months or
more presented better average scores of adaptability and

communication with one year old, whilst those that were



Breastfeeding and autism spectrum

Figure 1

Distribution of case and control groups according to characteristics of breastfeeding. Montes Claros, MG, Brazil, 2015/2016.

Figure 1 A
= Control Case
96.3% 90.7%
3.7% 9.3%
I
Yes No
Breastfeeding p=0.001
Figure 1B
M Control Case
45.2%
36.5% 38.1%
31.0%
17.2%
0,
11.7% 9.3%
4.5% g0, 3.7%
6 months >6 months <6 months Do not remember  Did not breastfed
Duration of breastfeeding p=0.002
Figure 1 C
H Control Case
45.6%
36.5% 38.5%
30.6%
12.1%
7.7% 9.2% 9.3%
|
6 months >6 months <6 months Do not remember Did not breastfed
Duration of exclusive breastfeeding p=0.004

Chi-square test.
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Table 2

Models of multiple regression of the association between breastfeeding and Autism Spectrum Disorder: Adjusted Odds Ratio (OR)), with
respective 95% confidence intervals (CI95%). Montes Claros, MG, Brazil, 2015/2016.

Model 1
Breastfeeding
OR, (C195%) p
Yes 1.00
No 2.1(1.1-4.1) 0.025
X2, =0.688;
Pseudo R? =0.245
Model 2
Duration of breastfeeding
OR, (CI95%) p
6 months 1.00
> 6 months 0.8 (0.5-1.3) 0.347
< 6 months 1.2 (0.8-1.8) 0.278
Do not remember 0.9 (0.4-2.2) 0.797
Did not breastfeed 2.3(1.24.5) 0.016
XZHL =0.513;
Pseudo R’ =0.247
Model 3
Duration of exclusive breastfeeding
OR, (C195%) p
6 months 1.00
> 6 months 0.8 (0.4-1.4) 0.339
< 6 months 1.3 (0.9-1.8) 0.236
Do not remember 0.9 (0.5-1.8) 0.823
Did not breastfeed 2.3(1.244.5) 0.014

X2, =0.552;
Pseudo R? =0.247

Models adjusted by: child's gender, age of mother at birth, skin color of mother, socioeconomic class, twin pregnancy, ASD in family, prematurity, crying at birth, meconium
in amniotic fluid and admission in NICU. HL=Hosmer-Lemeshow test; R? = Nagelkerke's coefficient of determination.

breastfed for less than four months presented a 1.82 risk of
late adaptability and 1.66 of late communication compared
to the others."

One of the justifications for the possible protective
factor of breast milk in the development of ASD is
related to the action that it performs in the development
of the immune and neurological systems, by means, for
example, of the gut microbiota.?’ The gut microbiota is
formed in the first years after birth and include a variety
of microorganisms.? It interacts directly on the central
nervous system through the myenteric plexus, constituting
the brain-intestine-microbiota axis, which influences
directly on the development and behavior of children.?

The gut microbiota produces substances that are
essential to the immune maturation and for the neural
plasticity, so that the alterations in its composition have
been determinant to the development of neural-psychiatric
disorders, ASD among them.? The action of breastfeeding,
the first food human beings have contact with, in the brain-
intestine-microbiota axis, occurs by means of the building
of a healthy microbiota that promotes a good neural
development.?! Besides, alterations in the gut microbiota
also have been associated to clinical manifestations and
the spectrum of severity of ASD, being gastrointestinal
disorders present in children with ASD, being constipation

Rev. Bras. Saude Mater. Infant., Recife, 24: €20220340

or diarrhea, examples that may be aggravated due to
alterations in the microbiota.?!

The protective effect of breastfeeding is related
to the transference of oxytocin via breast milk during
breastfeeding.’*?>>3This neuropeptide is constituted
by nine amino acids and is produced by magnocellular
neurons of the paraventricular nucleusand the supraoptic
hypothalamus nucleus and is implied in the modulation of
the social and cognitive behavior of the human being.>
Studies has demonstrated that oxytocin increases group
confidence and acts in the improvement of emotional
recognition.?** Since social and cognitive deficit are
characteristics of ASD, oxytocin has been implied in the
physiopathology of this disorder.

Other studies*”?* also corroborate the findings of the
present study, in which individuals with ASD had lower
chances of exposure to breastfeeding. One meta-analysis,
performed in 2019, which includes studies from Turkey,
India and United States demonstrated that individuals with
ASD had lower chance of having received breastfeeding
compared to individuals without ASD, and data persisted
when those who received artificial feeding were accounted
for.* A case- control study, carried out in 2006 that used
data from the global research Autism Internet Research
Survey, estimates chances 2 times and a half higher of



ASD among children that were not breastfed compared
to those breastfed for more than six months.*

This study identified the fact that individuals
with ASD, when breastfed, presented lower duration
of breastfeeding compared to those of the group case.
However, in the multiple models, after adjusting for the
confounding factors, the duration of breastfeeding did
not show significant association with ASD. We highlight
that the variables duration of breastfeeding and duration
of exclusive breastfeeding had, respectively, 47 (4.4%)
and 99 (9.2%) of missing data, since mothers did not
remember this information. Some studies demonstrate
that the increase of the duration of breastfeeding is related
to a reduction on ASD diagnoses.>??* A multicentric
cohort study carried out in Spain, in 2003, demonstrated
that breastfeeding for a longer time enhances cognitive
development and reduces the manifestation of ASD signs,
even after adjustments for confounding factors.? Children
with breastfeeding for longer time tend to present higher
neural sensibility to corporal expressions that indicate
happiness, in a manner that breastfeeding interfere in
neural trends to manifestations of fear and happiness.’

The lower duration of breastfeeding in individuals
with ASD may be explained by the fact that breastfeeding
is harder for mothers of the case group, as it has been
demonstrated in the literature.?’” There is reports that even
before diagnosis, children with ASD already showed some
of the characteristics such as reduction of social interaction
and lack of cooperation.?’

One interesting data obtained in this study, is related
to the continuity of exclusive breastfeeding after six
months of age. This finding contradicts the guidelines
of the main international organs, such as the World
Health Organization and Ministry of Health of Brazil,
besides going against other studies that demonstrated
early onset of complementary food.?®* The continuity of
exclusive breastfeeding after the six first months of life
is not benefic, since breast milk cannot supply all of the
nutritional needs of children after the sixth month of life.
In this way, the continuity of exclusive breastfeeding after
the sixth month, as well as the early introduction of food,
are unfavorable, and families should be adequately guided
with regard to the guidelines about the proper period of
food introduction, and about other problems that can occur
due to the early and/or late introduction of foods but the
breastmilk.°

Some limitations should be considered in the present
study. The main one regards the self-declaration of
information by mothers, in which memory bias could have
occurred, which impaired the accurate delimitation of the
days that the child received breastfeeding. However, it

Breastfeeding and autism spectrum

is worth highlighting the importance of the study, with
great sample size (248 cases and 886 controls) and the
adjustment of models for the variables that demonstrated
statistical association with ASD in previous studies.

This study verified that children and adolescents
with ASD had higher chances of not having received
breastfeeding. However, due to the design of this study,
it is not possible to affirm that breastfeeding prevents
ASD. The execution of a cohort study may clarify this
relationship in a more adequate manner and reinforce,
once more, the importance of breastfeeding for the proper
children’sgrowth and development.
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