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ABSTRACT

The aim of this study is to examine the relationship between breastfeeding, which is an important factor
in protecting and improving child health, and attention deficit/hyperactivity disorder (ADHD), which is
an increasingly common public health problem, and to determine the current situation in the literature.
Studies published in English before May 2023 using the Web of Science, PubMed, and Scopus databases
were searched. Ten cross-sectional, 10 case-control, 12 cohort studies, and 2 randomized controlled tri-
als involving a total of 420 694 participants were included in this study. A total of 34 studies conducted
between 2007 and 2022 were included in the systematic review. The lack of a standardized definition
of ADHD diagnoses and breastfeeding categorizations in the included studies leads to different results
between studies. The findings suggest that breastfeeding may be associated with a reduced risk of ADHD
in children. Breastfeeding could potentially serve as a protective factor for ADHD; however, high-qual-
ity longitudinal studies are needed to confirm or refute this causality and to understand the underlying
potential mechanisms.
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Breast milk, far beyond being a physiological secretion containing highly bioavailable macro and
micronutrients, is a unique substance produced for each infant. It contains various bioactive com-
pounds, including macrophages, T lymphocytes, pluripotent stem cells, growth factors, and extracel-
lular miRNA (microRNA). The cells within breast milk facilitate intercellular communication through
cytokines and chemokines, effectively making it a living organism. The use of this “extraordinary” food
by the infant is directly related to the infant’s short- and long-term health and well-being. Studies
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as necrotizing enterocolitis, inflammatory bowel disease, childhood leukemia, and asthma. It has also
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been found to reduce the risk of sudden infant death syndrome and,
indirectly, protect oral and dental health from potential issues asso-
ciated with bottle feeding.'?

Breast milk is also an important source of omega-3 and omega-6
fatty acids, which are essential for the development of the infant’s
central nervous system. Docosahexaenoic acid (DHA), an omega-3
fatty acid, is an essential long-chain polyunsaturated fatty acid for
humans that is found in the structure of the brain and retina and
is associated with cognitive processes. Arachidonic acid (ARA), an
omega-6 fatty acid, plays a significant role in brain development.

However, current research continues to explore not only the physical
health effects of breastfeeding but also its relationship with the neu-
rocognitive development of the baby, its impact on bonding with
the mother, and its association with complex psychiatric disorders.
In this context, one of the conditions that are examined in relation
to breastfeeding and have a complex pathophysiology is attention
deficit/hyperactivity disorder (ADHD), among the most frequently
diagnosed neurodevelopmental disorders in childhood.*®

According to the Diagnostic and Statistical Manual of Mental
Disorders, Fifth Edition (DSM-5), ADHD is a neurodevelopmental
disorder characterized by persistent inattention and/or hyperac-
tivity that affects functionality and development.” Despite various
estimates regarding the prevalence of this neurodevelopmental
disorder, a global prevalence of 8.0% was reported in an umbrella
review published in 2023.2°

Attention deficit/hyperactivity disorder diagnosis is often made
during childhood, and symptoms are estimated to persist into
adulthood in about half of those diagnosed.’®!" Attention deficit/
hyperactivity disorder leads to an academic decline in childhood,
job failure in later years, and social problems throughout all periods.
It is also associated with addiction and suicide. Furthermore, due to
its increasing medical burden on national healthcare systems, ADHD
is recognized as a growing public health concern.'

Attention deficit/hyperactivity disorder, diagnosed clinically, has
heterogeneous findings in the literature regarding its etiology. While
genetic factors play a role in ADHD development, along with fetal
and perinatal conditions, pesticide exposure, maternal smoking,
social and family conditions, the true causality has not yet been res
olved.>'>2!

Considering the effects of the bioactive compounds in breast milk
on the infant’s neurocognitive system, it would not be surprising
for breastfeeding to serve as a potential protective mechanism
against ADHD. However, due to the complex structure of the com-
ponents in breast milk and the yet-to-be-determined definitive eti-
ology of ADHD, the potential protective effect of breast milk must
be examined from a multidimensional perspective. This effect is
likely influenced by dose/duration dependency, genetic predis-
position, socioeconomic environment, and fetal-perinatal factors.
Furthermore, focusing solely on the biochemical composition of
breast milk in the context of the ADHD relationship may overlook
other psychosocial dynamics, such as the positive effects of breast-
feeding on mother-infant bonding and parenting attitudes associ-
ated with breastfeeding.*?22*

Despite all the known benefits of breast milk, less than half of infants
worldwide are fed breast milk for the recommended duration and

frequency. Particularly in high-income countries, where access to
formula is easier, breastfeeding rates are generally reported to be
lower.>?

Regardless of the mechanism that may underlie the potential pro-
tective effect of breastfeeding against ADHD, if proven through
well-conducted studies, it will provide an additional and persuasive
rationale for promoting breastfeeding. In order to demonstrate that
breast milk is a unique food for infants and that formula milk is not an
alternative to breast milk, it is important to highlight the relationship
between breast milk and more recent, rising diseases, in addition to
its well-known health benéefits. In the absence of definitive evidence
regarding its protective effect, it remains crucial to continue sup-
porting the potential benefits of breastfeeding through scientific lit-
erature. This involves thoroughly analyzing the existing literature to
identify gaps and planning new studies based on these insights. In
this context, the aim of the present study was to review the literature
on the breastfeeding ADHD relationship holistically using objective
quality scores and to guide the planning of future studies.

MATERIALS AND METHODS

Study Design

This study was conducted in accordance with the Preferred Reporting
Elements for Systematic Reviews and Meta-analyses (PRISMA) and
was registered in the International Prospective Systematic Review
Registry (PROSPERO) under the code CRD42024497325.%

Search Strategy

This review involved a comprehensive search of studies concerning
breastfeeding and ADHD, utilizing databases such as Web of Science,
PubMed, and Scopus up to March 2023. The search criteria are out-
lined in Tables 1-3, focusing exclusively on English-language human
studies. The searches were limited to human studies that were
published in English. The keywords used were “Breast Feeding” or
“Breastfeeding” or “Breast Fed” or “Breastfed” or “Breast Milk” or “Milk,
Breast” or “Human Milk” or “Milk, Human" to identify articles pertain-
ing to breastfeeding. The keywords were used “Attention Deficit
Disorders with Hyperactivity” or “Attention Deficit Hyperactivity
Disorder” or “Attention Deficit-Hyperactivity Disorder” or “Attention
Deficit-Hyperactivity Disorders” or “Deficit-Hyperactivity Disorder,
Attention” or “Deficit-Hyperactivity Disorders, Attention” or “Disorder,
Attention Deficit-Hyperactivity” or “Disorders, Attention Deficit-
Hyperactivity” or “Attention Deficit Hyperactivity Disorders” or
“Attention Deficit Disorder” or “Attention Deficit Disorders” or “Deficit
Disorder, Attention” or “Deficit Disorders, Attention” or “Disorder,
Attention Deficit” or “Disorders, Attention Deficit” or “Hyperkinetic
Syndrome” or “Syndromes, Hyperkinetic” or “ADHD” or “ADDH" to
select the studies encompassing the target population. In another
systematic review conducted by Zeng et al,”® PubMed and Embase
databases were searched. In this study, Scopus and Web of Science
databases were also searched along with the PubMed database
using the keywords listed in Tables 1-3.

Eligibility Criteria

We incorporated studies that met the following inclusion criteria:
(1) used cross-sectional, case-control, cohort studies, or random-
ized controlled trial (RCT) designs; and (2) explored the relationship
between maternal breastfeeding and the risk of ADHD in children.
Reviews, animal research studies, guidelines, commentaries, decla-
rations, cover letters, research letters, workshops, brief reports, case
reports, ecological studies, and book/book chapters were excluded.
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Table 1. Search Strategy in PubMed*

Searching Terms

1. Breastfeeding [MeSH Terms]

[Title/Abstract]
3. 10R2
4. Attention Deficit Disorder with Hyperactivity [MeSH Terms]

Dysfunction, Minimal Brain OR Minimal Brain Dysfunction OR ADHD
6. 40R5
7. 3ANDG6

2. Breastfeeding OR Feeding, Breast OR Exclusive Breast Feeding OR Breast Feeding, Exclusive OR Exclusive Breastfeeding OR Breastfeeding, Exclusive

5. Attention Deficit Hyperactivity Disorders OR Attention Deficit Disorders with Hyperactivity OR Attention Deficit-Hyperactivity Disorders OR Attention
Deficit-Hyperactivity Disorder OR Deficit-Hyperactivity Disorder, Attention OR Deficit-Hyperactivity Disorders, Attention OR Disorder, Attention
Deficit-Hyperactivity OR Disorders, Attention Deficit-Hyperactivity OR Hyperkinetic Syndrome OR Syndromes, Hyperkinetic OR ADDH OR Attention
Deficit Hyperactivity Disorder OR Attention Deficit Disorder OR Attention Deficit Disorders OR Deficit Disorder, Attention OR Deficit Disorders, Attention
OR Disorder, Attention Deficit OR Attention deficit/hyperactivity disorder OR Disorders, Attention Deficit OR Brain Dysfunction, Minimal OR

MeSH, medical subject headings.
*Last search date June 2023.

Table 2. Search Strategy in Scopus*

Searching Terms

1. TITLE-ABS-KEY

AND TITLE-ABS-KEY

Disorder*, Attention” ) OR ( “Disorder*, Attention Deficit”)
3. AND EXCLUDE

DOCTYPE, “le”) OR ( DOCTYPE, “dp”) OR ( DOCTYPE, “tb” )
4.  AND LIMIT-TO
(LANGUAGE, “English”)

(“Breastfeeding”) OR ( “Breast Fed” ) OR ( “Breast Milk”) OR ( “Human Milk”) OR ( “Milk, Breast” ) OR ( “Breastfed*” ) OR ( “Milk, Human" )

2. (“Attention Deficit Disorders with Hyperactivity” ) OR (“ADHD" ) OR ( “Attention Deficit Hyperactivity Disorder*” ) OR ( “Hyperkinetic Syndrome” ) OR (
“Syndromes, Hyperkinetic” ) OR ( “Attention Deficit-Hyperactivity Disorder*” ) OR ( “Deficit-Hyperactivity Disorder*, Attention” ) OR ( “Disorder*,
Attention Deficit-Hyperactivity” ) OR (“ADDH" ) OR ( “Attention Deficit Hyperactivity Disorders” ) OR ( “Attention Deficit Disorder*”) OR ( “Deficit

(DOCTYPE, “re”) OR (DOCTYPE, “ch”) OR (DOCTYPE, “bk”) OR (DOCTYPE, “cp”) OR (DOCTYPE, “no”) OR ( DOCTYPE, “sh”) OR ( DOCTYPE, “ed”) OR (

ABS, abstract; KEY, keywords.
*Last search date June 2023.

Table 3. Search Strategy in Web of Sciences*

Searching Terms

Human)
AND

1. ((((((ALL=(Breastfeeding)) OR ALL=(Breast Fed)) OR ALL=(Breast Milk)) OR ALL=(Human Milk)) OR ALL=(Milk, Breast)) OR ALL=(Breastfed*)) OR ALL=(Milk,

2. ((CCCCCC(((ALL=(Attention Deficit Disorders with Hyperactivity)) OR ALL=(ADHD)) OR ALL=(Attention Deficit Hyperactivity Disorder*)) OR
ALL=(Hyperkinetic Syndrome)) OR ALL=(Syndromes, Hyperkinetic)) OR ALL=(Attention Deficit-Hyperactivity Disorder*)) OR ALL=(Deficit-Hyperactivity
Disorder*, Attention)) OR ALL=(Disorder*, Attention Deficit-Hyperactivity)) OR ALL=(ADDH)) OR ALL=(Attention Deficit Hyperactivity Disorders)) OR
ALL=(Attention Deficit Disorder*)) OR ALL=(Deficit Disorder*, Attention)) OR ALL=(Disorder*, Attention Deficit)

*Last search date June 2023.

Data Extraction

Two researchers (FYE and BC) independently extracted the subse-
quent data: first author, publication date, country, sample sizes,
research design, ADHD diagnosis, percentage of ADHD female
individuals, definition of maternal breastfeeding and ADHD, and
potential confounders included as outcome. Any discrepancies were
resolved through discussion with the other 2 researchers (ANK, 00).
Since meta-analysis was not the objective of the study, the results
were recorded in their original form without any standardization
during the data extraction process.

Study Quality Assessment

New Castle Ottawa Scale (NOS) was used as a quality assessment tool for
cross-sectional, case-control, cohort studies, and RCTs.?”?8 Two authors
(KB and ED) conducted the assessment of article quality, with any dis-
parities resolved through discussion with a third author (00). Quality
assessment of the eligible studies were demonstrated in Table 4.

Literature Search
We identified 396 articles through PubMed, Scopus, and Web of
Science. After removing 143 duplicates and excluding 218 studies
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Table 4. Quality Assessment

Study Study Type S1 S2 S3 sS4 C1 o1 02 Total
Romanos et al,?® 2010 Cross-sectional 1 1 1 2 2 2 1 10
Adesman et al,* 2017 Cross-sectional 1 1 1 2 2 2 1 10
Brasfield et al,>' 2021 Cross-sectional 1 1 1 2 2 1 1 9
Newman et al,*' 2014 Cross-sectional 1 1 0 1 2 1 1 7
Zhou et al,*? 2023 Cross-sectional 1 1 1 1 2 1 1 8
Baker et al,?* 2023 Cross-sectional 1 1 1 1 2 1 1 8
Deng et al,** 2022 Cross-sectional 1 1 1 1 2 1 1 8
Park et al,** 2014 Cross-sectional 1 1 1 1 2 1 1 8
Al Hamed et al,>* 2008 Cross-sectional 1 1 1 1 1 1 1 7
Soled et al,® 2021 Cross-sectional 1 1 1 2 2 2 1 10
S1 S2 S3 S4 C1 E1 E2 E3 Total
Sepehrmanesh et al,?” 2022 Case-control 1 0 1 1 2 0 1 1 7
Golmirzaei et al,* 2013 Case-control 1 1 0 1 1 0 1 1 6
Guetal* 2018 Case-control 1 1 0 0 1 1 1 1 6
Say et al,** 2015 Case-control 1 0 0 1 1 1 1 0 5
Van Dyk et al,*' 2014 Case-control 1 0 0 1 2 1 1 0 6
Mimouni Bloch et al,*> 2013 Case-control 1 0 0 1 2 1 1 0 6
Stadler et al,** 2016 Case-control 1 0 1 0 2 1 1 1 7
Turkoglu et al,* 2015 Case-control 1 0 0 0 2 1 1 1 5
Field et al,** 2014 Case-control 1 1 1 0 1 1 1 1 7
Sabuncuoglu et al,* 2014 Case-control 1 1 0 1 2 1 1 0 7
S1 S2 S3 S4 @ 01 02 03 Total
Rodrigues et al,*” 2022 Cohort 1 1 1 0 2 0 1 1 7
Hartel et al,*® 2020 Cohort 1 1 1 1 2 0 1 1 7
Julvez et al,* 2007 Cohort 1 1 1 1 2 0 0 1 7
Lemcke et al,*® 2016 Cohort 1 1 1 1 2 1 1 1 9
Boucher et al,?° 2017 Cohort 1 1 1 0 2 0 0 1 6
Schwenke et al,>' 2018 Cohort 1 1 1 0 2 1 1 0 7
Kim et al,> 2021 Cohort 1 1 1 1 2 1 1 1 9
Girard et al,>* 2019 Cohort 1 1 1 1 2 0 1 1 8
Amiel Castro et al,’ 2021 Cohort 1 1 1 1 2 0 1 1 8
Jietal 2018 Cohort 1 1 0 0 2 1 1 1 7
Gibson et al,*> 2022 Cohort 1 1 1 1 2 1 1 1 9
Belfort et al,’® 2022 Cohort 1 1 1 1 2 0 1 1 8
S1 S2 S3 S4 C1 E1 E2 E3 Total
Timby et al,>® 2021 RCT 1 1 1 1 1 1 1 7
Nieto-Ruiz et al,>” 2020 RCT 1 1 1 2 1 1 0 7

C, comparability; E, exposure; O, outcome; RCT, randomized controlled trials; S, selection.

based on type, topic, language, full-text availability, or exposure, 34
studies involving 420 694 children were included. One study (San
Mauro et al*®) was excluded due to a sample entirely composed
of children with ADHD, which conflicted with the study hypoth-
esis. Authors of inaccessible full texts were contacted but did not
respond. A detailed flow chart is shown in Figure 1.

RESULTS
Study Characteristics

The characteristics of the 34 studies included in the review are pre-
sented in Table 5. Ten cross-sectional, 10 case-control, 12 cohort

studies, and 2 RCTs involving a total of 420 694 participants were
included in this study. Of the studies included in the review, 19.4%
(n=7) were conducted in the USA, 11.1% (n=4) in Spain, 8.3% (n=3)
in Turkiye, 8.3% (n=3) in Germany, and another 8.3% (n=3) in China.
The earliest study that met the eligibility criteria dated back to 2007,
and the publication years of the studies ranged from 2007 to 2022.
These studies particularly included data on children born after 2000.
Studies containing data on children from the 1990s were relatively
few.9,49—5W 54

The sample size ranged from 100 to 188 052, with a median of 753.
In 2 included studies, data were collected in 2 different periods of
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Records identified from
databases (n = 396)

Identification

Records screened
(n=253)

Screening

\4

Reports assessed for
eligbility (n = 80)

Included

Studies included
in review (n =34)

Records removed before screening:
Duplicate records removed (n=143)

Records excluded (n=173)

Research  type difference 86
(review, animal  experiment,
guideline, cover letter, declaration,
workshop, case report, ecological
study, book/book chapter)
Different subject 72

Side topic 13

Different language 2

Reports excluded (1= 46)

Research type difference 10 (review,
commentary, cover ltter, research letter,
dechration, bref rmport, book/book
chapter)

Different subject 14

Side topic 11

Different hngnage 1

Inaccessible to full text4

Does not fit this study's hypothesis 1
Different exposures (chemicals etc) 5

Figure 1. Article screening and selection flow chart. A total of 143 duplicate records were removed before screening. During title and
abstract screening, 173 records were excluded. The full-text assessment resulted in the exclusion of 46 records. Finally, 34 studies were

included in the review.

the conducted study, and the sample sizes for the periods of data
collection differed.3*”

Various methods have been used in diagnosing ADHD. The meth-
ods used in studies included in the systematic review are as follows:
Conner’s Abbreviated Symptom Questionnaire (C-ASQ); The Diagnostic
and Statistical Manual of Mental Disorders (DSM-III, IV, and V); Wechsler
Intelligence Scale for Children-Revised (WISC-R) and Wechsler Adult
Intelligence Scale-Revised (WAIS-R); Clinician diagnosis; Adult ADHD
Self-Report Scale (ASRS version 1.1) Symptom Checklist; Strength and
Difficulties Questionnaire (SDQ); Attention Deficit Disorders Evaluation
Scale (ADDES); International Statistical Classification of Diseases (ICD
9, 10); Child Behavior Checklist (DSM-oriented scales); Diagnostic
Interview Schedule for Children Version IV (DISC-IV); Conners Third
Edition ADHD Index; The ConnersTeacher Scale (CTRS-28), The Conners
Parent Rating Scale (CPRS-48); Brown Attention Deficit Disorder Scales
for Children and Adolescents (Brown-ADD); Quantified Behavior (Qb)
Tests; Behavior Using the Child Behavior Checklist (CBCL) and Teacher’s
Report Form (TRF). Many studies have used these methods in combi-
nation. The most commonly used methods are DSM-IV, Clinician diag-
nosis, and Child Behavior Checklist.

Furthermore, the studies were mostly conducted in mixed-gender
groups. However, in some studies (n=6), there is no information
available regarding the gender of the research group.54°51555657 Qnly
1 study appears to have been conducted in males (Al Hamed et al*®).
It is also observed that the included studies mainly pertain to pre-
school and elementary school age groups.

Maternal Breastfeeding and Its Association with Attention
Deficit/Hyperactivity Disorder Risk in Children

Different results have been obtained regarding the impact of breast-
feeding status and duration on ADHD. In 5 studies, it was found that
the breastfeeding duration was shorter in the case group compared
to the control group.5*+34%44 |n 4 studies, breastfeeding for less than
3 months was associated with increased ADHD risk compared to
breastfeeding for more than 3 months.32414248 |n 9 studies, it was
concluded that never breastfeeding increased the risk of ADHD com-
pared to any duration of breastfeeding.?!2%3536394647.5457

In some studies, ADHD subdomains have also been considered. In a
study by Boucher et al,® the minimally adjusted model for the “Any
Breastfeeding” category showed that as the duration of breastfeed-
ing increased, there was a significant reduction in inattention, hyper-
activity, and total scores. In the study by Julvez et al,* inattention,
hyperactivity, impulsivity symptoms, and ADHD symptoms were
analyzed separately. Infants breastfed for 12-20 weeks and 20.1-28
weeks had a lower relative risk of inattention symptoms, hyperac-
tivity symptoms, and ADHD symptoms compared to infants breast-
fed for 2 weeks or less, while no significant difference was found for
impulsivity symptomes.

DISCUSSION
In this study, a systematic review was conducted to examine the rela-

tionship between breastfeeding and ADHD development. A total of
420 694 participants were included across twelve cohort studies, 10
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case-control studies, 10 cross-sectional studies, and 2 RCTs. However,
due to methodological differences among the studies and variability
in breastfeeding duration, standardization was not achievable, and
therefore a meta-analysis was not performed. While some studies
categorized feeding methods (such as exclusive breastfeeding, bot-
tle feeding, standard formula, experimental formula, mixed feeding)
and breastfeeding duration (ever, never, <3 months, >3 months, <6
months, >6 months, 6-12 months, >12 months) for analysis, others
did not apply such grouping.

Among the studies included in the systematic review, 17 indicated
that breastfeeding was protective against ADHD development (Zhou
et al,*? Deng et al,** Soled et al,° Sepehrmanesh et al,>” Golmirzaei et
al*® Guetal,* Say et al,*Van Dyk et al,* Mimouni-Bloch et al,** Stadler
et al,® Turkoglu et al,** Sabuncuoglu et al,* Hartel et al,*® Julvez et
al,* Lemcke et al,*® Kim et al,>? Belfort et al'®), while 5 studies reported
no relationship between breastfeeding and ADHD (Rodrigues et al,*
Schwenke et al,*' Ji et al,** Gibson et al,*® Timby et al*). In 3 studies,
breastfeeding was considered not as a primary variable but as a con-
founding factor and mediator in ADHD development.3'234

Some studies have found that breastfeeding has a protective effect
against ADHD; however, this significance disappears when the mod-
els are adjusted for other variables.2%#'2%3035> Al Hamed et al*® found
no association between combined ADHD and hyperactivity/impul-
sivity and breastfeeding but found that breastfeeding was protec-
tive against inattention.

Four studies have linked breastfeeding beyond the first 3 months
to a reduced risk of ADHD. Moreover, some research suggests that
breastfeeding for 6 months or longer is associated with improved
ADHD outcomes. These benefits may stem from the direct effects of
breast milk, such as the provision of essential fatty acids crucial for
neural development, or from its indirect effects on immune system
maturation and microbiota development—both of which are closely
connected to neurodevelopmental processes.

Breast milk is widely recognized for its primary benefits, notably
supporting the development of the infant’s immune system and
fostering a healthy gut microbiota. It is rich in components that
help protect against infections, including immunoglobulins—
especially secretory IgA (slgA)—as well as lactoferrin, lactadherin,
mucin, and lysozyme. Among these, lactoferrin plays a notable role
by exerting bacteriostatic effects and strongly binding iron, thus
offering protection not only against infections but also against iron
deficiency anemia, a condition that can adversely affect cognitive
development.

Another crucial molecule for the immune system is secretory IgA
(slgA), the most abundant immunoglobulin in breast milk. Recent
studies on slgA have revealed that, beyond its classical antibody
functions, it provides the infant with a miniature version of mater-
nal immunity. slgA facilitates the adhesion of beneficial microbes
while preventing pathogens from attaching to the intestinal
mucosa, thus contributing to the development of the infant’s
microbiota.

One of the significant contributions of breast milk to the microbiota is
that it contains microorganisms such as Bifidobacterium, Lactobacillus,
and Streptococcus. It is well-established that postnatal brain devel-
opment parallels the maturation of the gut microbiota and that the
microbiota acts as a crucial potential neurodevelopmental regulator.

Considering that the gut microbiota is largely shaped during infancy,
breast milk remains indispensable for infants from this perspective.'*

When examining cohort studies, which rank higher on the evidence
pyramid, a few studies have investigated psychological dynamics that
may affect the breastfeeding experience. In a study by Amiel Castro et
al,? pregnancy depression and postpartum depression were found to
be associated with higher hyperactivity symptoms at ages 4 and 9. In
a study by Girard et al,*® it was shown that the duration of breastfeed-
ing was influenced by the mother’s employment status, but not by
pregnancy depression. In a 2017 study by Boucher et al,*® one of the
sub-cohorts included a variable for the quality of family context, which
was controlled in the breastfeeding duration ADHD relationship.?° This
variable did not lead to a significant change in the regression coeffi-
cients. In the same study, the presence of maternal psychopathology
was found to be associated with a shorter breastfeeding duration.
Additionally, maternal psychopathology and involvement in child
care were included as controlled variables in the fully-adjusted model.
In a study by Lemcke et al,*® interviews conducted with mothers at 6
and 18 months asked about their experiences with child care. A signif-
icant linear relationship was identified between a mother perceiving
child care as challenging and the child being diagnosed with ADHD.*°

Moreover, there are other important variables that should be consid-
ered in the breastfeeding ADHD relationship. Beyond being a physi-
ological process, breastfeeding is a psychological mechanism that
strengthens the secure attachment between mother and infant, and
contributes to the reduction of stress levels in both mother and infant
through oxytocin release. Studies have shown that children with ADHD
have a lower frequency of secure attachment compared to those with-
out ADHD. Additionally, breastfeeding has been linked to parenting
styles, with breastfeeding behavior supporting a parenting style char-
acterized by infant-led and highly compassionate approaches.**2

All of these factors represent potential contributors to the breast-
feeding ADHD relationship. In future research, it is essential to collect
data on these variables and incorporate them into analytical models.
This approach will be crucial for identifying and elucidating potential
protective mechanisms.

All of these mechanisms may play a role in the relationship between
breastfeeding and ADHD; however, it is important to note that these
mechanisms may differ across clinical, non-clinical, and general
populations. This systematic review included studies with various
methodological designs (RCTs, cohort studies, case-control studies,
and cross-sectional studies) and sample populations. Some stud-
ies focused on specific clinical groups, such as very preterm infants,
while others were based on general population data. This diversity
suggests that the mechanisms underlying the relationship between
breastfeeding and ADHD development may differ depending on the
sample group. For instance, the impact of breastfeeding on neurode-
velopment may be more pronounced in preterm infants, while in the
general population, this effect could be more influenced by social
and environmental factors. Moreover, the effects of breastfeeding
on brain development, neurological function, and psychosocial
interactions may vary across clinical and non-clinical populations.
Clinical populations, such as children with a genetic predisposition,
environmental stressors, and maternal psychopathology, may be
more affected by breastfeeding, potentially intensifying its neuro-
developmental and psychological effects. This could be an area of
further exploration to understand how specific variables in clinical
populations contribute to the breastfeeding ADHD relationship. In
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Table 5. Characteristics of the Studies Included in the Analysis of Breastfeeding and Attention Deficit/Hyperactivity Disorder

3-18 age

WAIS-R

Conducted Year/ Sample
Study Country Follow-Up Size Diagnosis of ADHD Gender (%) Outcome
Romanos et al,?® Germany 2003-2006, Cross- 13318 ICD-10 and DSM-IV-R  50.0 Breastfeeding ever vs never ADHD |
2011 sectional study/ 3-17 age (Bivariate unadjusted analysis) and
Breastfeeding ever vs never ADHD NS
(Multivariate adjusted analysis)
Adesman et al,*® USA 2007, Cross-sectional 11198 Clinician diagnosis 50.3 Formula fed (never breastfed) vs
2017 study/ 3-5 age breastfed ADHD 1
2011/12 Cross-sectional 12498 Clinician diagnosis 50.6 Formula fed (never breastfed) vs
study/ 3-5 age breastfed ADHD 1 (unadjusted analysis),
formula fed (never breastfed) vs
breastfed ADHD NS (Analysis adjusted for
propensity score)
Brasfield et al 2" USA 2016-2018, Cross- 20453 Clinician diagnosis 48.2 Unadjusted Models: 6-12 months, >12
2021 sectional study/ 2-5 age months vs No Breastfeeding (ref) ADHD
1*,0-6 months vs No Breastfeeding (ref):
ADHD NS
Adjusted model: NS
Newman et al,>' Akwesasne  n/a, Cross-setional study/ 271 ADDES Home 51.7 Main comparison: ADHD-like behavior of
2014 10-17 age Version, ADDES blood PCB levels in NS. Breastfeeding
School Version, history as counfounding factor: NS
Conners rating scales
(CPRS-48, CTRS-28)
Zhou et al322023 China 2012-2013, Cross- 35103 Conners Abbreviated 48.8 Breastfeeding <3 vs > 3 months ADHD 1
sectional study/ 3-12 age Symptom
Questionnaire
(C-ASQ)
Baker et al,*2023 USA 2016-2018, Cross- 8514 DSM-V, Child 46.8 Main comparison: maternal age and
sectional study/ 8-11 Behavior Checklist, adhd relationship. Breastfeeding
years NIH Toolbox Flanker duration was responsible for up to 18%
Attention Scores mediation in this relationship.
Dengetal,*2022 China 2020, Cross-sectional 7938 Conners Abbreviated 48.3 ADHD vs other duration of breastfeeding
study/ 3-7 age Symptom | (Unadjusted, partial adjustment,
Questionnaire multiple adjustment)
(C-ASQ)
Park etal®2014  South Korea n/a, Cross-sectional 874 DISC-IV ADHD 41.7 Non breastfeeding vs breastfeeding
study/ 8-11 age diagnostic modiile, ADHD: Model 1 1 (adjusted age, gender,
Child Behavior area of residence, and yearly family
Checklist income) Non breastfeeding vs
breastfeeding ADHD: Model 2-3 adjusted
NS
AlHamed etal,®®  SaudiArabia n/a, Cross-sectional 1287 ADDES school 0 Breastfeeding vs bottle feeding:
2008 study/ 6-13 age version, and Parents’ combined ADHD NS (breastfeeding vs
questionnaire bottle feeding Hyperactivity/impulsivity
NS, breastfeeding vs bottle feeding
inattention |)
Soled etal,f2021 USA 2011-12, Cross-sectional 12793 Clinician diagnosis n/a ADHD vs other duration of breastfeeding
study/ 3-5 age | (both) ADHD vs other Exclusive
breastfeeding duration | (Unadjusted)
Breastfeeding <6 vs > 6 months ADHD 1
(both)
Sepehrmanesh et Iran 2017, Case-control study/ 404 Clinician diagnosis 41.1 The duration of breastfeeding was
al,” 2022 6-12age and DSM-IV significantly shorter in the ADHD group
compared to the control group
Golmirzaei etal®® Iran 2012, Case-control study/ 404 DSM-1V, Clinician 374 Formula fed vs breast fed ADHD 1
2013 4-11 age diagnosis, and
Conners’
questionnaire
Guetal®2018 China 2014-2016, Case-control 782 DSM-IV 29.0 Breastfeeding ever vs never ADHD |
study/ 6-18 age
Say et al,* 2015 Tirkiye n/a, Case-control study/ 280 DSM-IV, WISC-R,and  22.0 ADHD vs control duration of

breastfeeding |

(Continued)
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Table 5. Characteristics of the Studies Included in the Analysis of Breastfeeding and Attention Deficit/Hyperactivity Disorder (Continued)

Gathered data at 4- 6 and
9-12 months/ Followed
up 10 years

prescription records

Conducted Year/ Sample
Study Country Follow-Up Size Diagnosis of ADHD Gender (%) Outcome
Van Dyk etal® South Africa 201 3, Case-control study/ 100 DSM-IV 20.0 Breastfeeding <3 vs >3 months ADHD 1
2014 5-13age
Mimouni Bloch et Israel 2008-2009, Case-control 159 Clinical; Adult ADHD 42.0 Breastfeeding <3 vs > 3 months ADHD 1
al 22013 study/ 6-12 age Self-Report Scale
(ASRS version 1.1)
Symptom Checklist
Stadler et al,** USA n/a, Case-control study/ 657 DSM-V 54.0 Shorter duration of breastfeeding ADHD
2016 7-13 age 1--Initiation of breastfeeding ADHD NS
Turkoglu et al,* Turkiye 2013, Case-control study/ 375 DSM-lIl and DSM-IV;  26.0 ADHD vs control duration of
2015 7-17 age CPRS-R, WISC-R breastfeeding |
Field etal®2014 n/a n/a, Case-control study/ 724 DSM-IV 33.0 Breastfeeding was only a risk for ADHD if
birth years 1985 through the mother had psychopathology.
2005 Breastfeeding in the absence of parental
psychopathology reduced ADHD risk.
Sabuncuoglu et Tarkiye n/a, Case-control study/ 200 DSM-IV, CPRS AND 25.0 Breastfeeding ever vs never ADHD |
al,*2014 Gathered data 3 months CTRS ADHD vs control duration of
interval, aged 7-17 breastfeeding |
Rodrigues et al,  Portugal 2011-2012, Cohort study 263 Child Behavior 39.5 Breastfeeding inititating ever vs never
2022 / Follow-up very preterm Checklist 1.5-5 years ADHD 1 (crude model) and ADHD NS
children (VPT,<32 weeks (CBCL/1%2-5) and (adjusted model), Exclusive
of gestation) were 3 years DSM-5 oriented breastfeeding <1 months vs =1 month,
of age scales ADHD 1 (crude model) and ADHD NS
(adjusted model), Any reastfeeding <3
month vs >3 month ADHD NS (crude
model) and ADHD NS (adjusted model)
Hartel etal, 2020 Germany  2004-2009 Cohort study/ 2467 Strength and 47.5 Breastfeeding <3 vs = 3 months ADHD 1
Gathered data 5-6 years difficulties (unadjusted model, adjusted model,
old questionnaire (SDQ) further adjusted model)
Julvez et al,* 2007 Spain 1997-1999, Cohort study/ 500 DSM-IvV n/a Breastfeeding <2 weeks vs 2-11.9, 12-20,
Followed up at 1 year of 20.1-28, >28 weeks ADHD 1
age and 4 years of age -
1997-1998, Cohort study/
Followed up each year to
the age of 4 years
Lemcke et al,*® Danimarka 1996-2002, Cohort study/ 76286 DSM-IV and ICD-10 48.8 For exclusive breastfeeding: Never
2016 Gathered data at6and 18 HKD and prescription breastfeeding, <1, 2-3, 4-5 months vs > 6
months/ Follow-up at records months ADHD 1 For daily breastfeeding:
ADHD diagnosis or until <1, 2-3, 4-5 months vs > 6 months ADHD
2012 1
Boucher et al,® Spain 2003-2008, Cohort study / 1346 DSM-IV 49.6 Any breastfeeding (minimally adjusted
2017 Gathered data 6 months model): Duration of breastfeeding 1
14 months and 4-6.9 ADHD |, Any breastfeeding (fully-
years old adjusted model), Duration of
breastfeeding 1 ADHD NS Predominant
breastfeeding (minimally adjusted model
and fully-adjusted model), Duration of
breastfeeding 1 ADHD NS
Exclusive breastfeeding (minimally
adjusted model and fully-adjusted
model), Duration of breastfeeding 1
ADHD NS
Schwenke et al,*! Germany 1996-1999, Cohort study/ 573 Clinician diagnosis n/a None vs Several months ADHD NS; Up to
2018 Gathered data in 2009 1 month vs Several months ADHD NS
Kim et al,>2 2021 South Korea 2008 -2009, Cohort study/ 188052 ICD-10 diagnosis and  48.9/51.4 First 4 to 6 months of age: Formula milk

feeding vs exclusive breastmilk feding
ADHD 1 (matching)

First 4 to 6 months of age: Formula milk
feeding vs breastmilk feding ADHD 1

(Continued)
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Table 5. Characteristics of the Studies Included in the Analysis of Breastfeeding and Attention Deficit/Hyperactivity Disorder (Continued)

Conducted Year/ Sample
Study Country Follow-Up Size Diagnosis of ADHD Gender (%) Outcome
Girard et al, 22019 Chile 2006-2009, Cohort study/ 3933 Child Behavior 49.4 Between 7 and 12 months breastfeeding
Gathered data in 2012 Checklist 1%2—5 (prematching, matching): Non-breastfed
(7-24 months) (CBCL)/ Attention vs. breastfed Attention 1 Up to 6 months
problems are and 13 months or more breastfeeding
measured with 5 (prematching, matching): Non-breastfed
items. vs. breastfed Attention NS
Amiel Castro et UK 1991-1992, Cohort study/ 11096 The strengths and 483 Exclusive breastfeeding 1 hyperactivity/
al,? 2021 8age difficulties attention deficit |, mixed feeding 1
questionnaire (SDQ) hyperactivity/attention deficit NS (at 4
years); Exclusive breastfeeding 1
hyperactivity/attention deficit NS, mixed
feeding 1 hyperactivity/attention deficit
1(at 9 years)
Exclusive breastfeeding vs. mixed
feeding ADHD | (at 4 and 9 years)
Exclusive breastfeeding vs.exclusive
formula feeding ADHD | (at 4 and 9
years)
Mixed feeding vs.exclusive formula
feeding ADHD | (at 4 and 9 years)
(In all of these results, 1-month
nutritional characteristics were taken
into account.)
Jietal*2018 USA 1998, Cohort study/ 1180 ICD9andICD 10 48.8 Bottle only vs Both or breastfed only
Gathered by electronic ADHD NS
medical records between
2003 and 2016
Gibson et al 5 Australia 2004, Cohort study / 5107 DSM-IV n/a Breastfeeding duration ADHD NS
2022 Gathered data from (adjusted model) (6-7 age)
(average age=9 months, Breastfeeding duration ADHD NS
range =4-19 months), (adjusted model) (10-11 age)
assessed every 2 years (to
11 age).
Belfort et al,"® Australia 2001-2005, Cohort study / 586 Conners Third Edition 46.4 Maternal milk intake 1 ADHD | (crude
2022 Gathered data at 4, 12 ADHD Index model and adjusted model)
and 18 months/ Maternal milk intake 1 ADHD |
Follow-up very preterm (gestational age of 30 weeks or more
children (VPT,<33 weeks and)
of gestation) were 7 years Maternal milk intake t ADHD NS
of age (gestational age of less than 30 weeks)
Timby et al,*¢ 2021 Sweden 2008-2012, Randomized 240 WISC-IV, Brown-ADD, n/a Experimental |ow-energy, low-protein
controlled trial/ Gathered Quantified Behavior formula vs standard formula (breastfed
data from 6 and 6,5 years (Qb) tests, CBCL) and reference) ADHD NS
Teacher’s Report Pooled Data (Experimental low-energy,
Form (TRF), Child low-protein formula vs standard formula)
Behavior Checklist vs Breastfeding ADHD NS
Nieto-Ruizetal,””  Spain n/a, Randomized 103 Child Behavior n/a Standard Formula vs Breastfeeding
2020 controlled trial/ Gathered Checklist ADHD (points) 1
data 2,5 years Experimental Formula vs Breastfeeding
ADHD (points) NS (crude model)
Standard Formula vs Experimental
Formula vs Breastfeeding ADHD (points)
NS (adjusted model)
Standard Formula vs Experimental
Formula vs maternal milk ADHD
(categorical) NS
n/a, Randomized 132 Child Behavior n/a Standard Formula vs Experimental
controlled trial / Checklist Formula vs maternal milk ADHD (points

Gathered data 18
months

and categorical) NS (crude model and
adjusted model for points)

ADDES, Attention Deficit Disorders Evaluation Scale; ADHD, attention deficit hyperactivity disorder; CPRS-28, the Conners Parent Rating Scale; CTRS-28, the
Conners Teacher Scale; DSM, the Diagnostic and Statistical Manual of Mental Disorders; HKD, hyperkinetic disorder; ICD, International Statistical Classification
of Diseases; n/a, not available; NIH, National Institutes of Health; NS, not significant; PCB, polychlorinated biphenyls; VPT, very preterm; WAIS-R, Wechsler Adult
Intelligent Scale-Revised; WISC-R, Wechsler Intelligence Scale for Children-Revised.
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future research, focusing on the role of psychological and attach-
ment-based variables across different populations can help clarify
the underlying mechanisms of the breastfeeding ADHD relationship.
Investigating the neurological effects of breastfeeding in clinical
populations, such as preterm infants, and the role of social environ-
ment could contribute significantly to developing a more holistic
understanding of these mechanisms.

A review of the literature shows that meta-analyses have assessed
the status and duration of breastfeeding. Tseng et al® found that chil-
dren diagnosed with ADHD had shorter durations of breastfeeding
compared to those without a diagnosis, while Zeng et al'® reported
that breastfed children were less likely to receive an ADHD diagnosis
compared to non-breastfed children. Furthermore, according to the
literature, it is believed that various factors such as genetics, prenatal
factors, and environmental influences may contribute to the etiology
of ADHD.>'>?' Considering this complexity, the presence of different
results regarding the relationship between breastfeeding and ADHD
necessitates further research on the subject. In studies, it has been
observed that the duration of breastfeeding is questioned in various
forms. Proper inquiry into breastfeeding is crucial for the reliability of
results. Particularly in cross-sectional and case-control studies, when
breastfeeding is queried, the risk of bias due to recall should be consid-
ered. Therefore, considering the multifactorial nature of ADHD etiology
and the variability in breastfeeding assessment methods, more com-
prehensive and methodologically rigorous studies are needed to elu-
cidate the association between breastfeeding and ADHD accurately.

Limitations and Strengths

This study has some limitations. Firstly, the data are predominantly
derived from observational studies, particularly cross-sectional
designs, which inherently limit the ability to draw causal inferences.
Although the findings are largely consistent, the methodological
constraints necessitate cautious interpretation. Considering all the
reviewed studies, the lack of standardization between studies that
involve different research designs, examine populations with vary-
ing characteristics, and use different measurement methods for
breast milk dosage/duration and ADHD diagnosis/severity, along
with the inherent limitation of meta-analyses in establishing causal-
ity; this further complicates the interpretation of the data. This also
introduces limitations in associating the data with complex factors
within the existing body of research.

Especially in studies aimed at diagnosing ADHD, the use of scales
instead of clinical diagnosis also diminishes the reliability of detect-
ing ADHD presence. In fact, it is noted that in most studies, clinical
validation of identified ADHD is not conducted. However, it can be
said that observations with interventions such as RCTs increase the
reliability of data along with prospective observations. Furthermore,
the relatively low total number of appropriate studies may carry
potential risks for type 1 and type 2 errors. Upon examination, it
is seen that studies meeting the eligibility criteria mainly provide
data on middle and high-income countries (USA, Sweden, Australia,
Denmark, UK, Germany etc). In contrast, there is only 1 study from
African countries (Van Dyk et al*'), which constitutes another limi-
tation. Additionally, the relatively small sample sizes of case-control
and RCTs deserve more careful interpretation of the findings.

The earliest study meeting the eligibility criteria dates back to 2007,
indicating that this review predominantly includes data from children
born after the year 2000. Although data on children from the 1990s
are relatively limited, no information on adult ADHD is provided.

Another notable point is that the included studies primarily focus
on preschool and elementary school-aged groups. Therefore, these
aspects should be considered when interpreting the review findings.

Lastly, another limitation is the inability to access the full texts of
some potentially suitable studies and the lack of response from
authors to the email requests. This situation may hinder the evalu-
ation of studies that could provide relevant additional data on the
topic, potentially limiting the scope of the findings.

In addition to these limitations, this research also contributes to the
literature with its strengths.

This study has enabled the examination of various types of research
designs, main outcomes, and quality score ratings related to the
ADHD-breastfeeding relationship, including RCTs. Furthermore,
all studies related to the topic found in the examined databases
were included in the systematic review due to the absence of con-
cerns regarding data standardization for meta-analysis. In addition,
although there were systematic reviews on the subject in previous
years by Tseng et al®® and Zeng et al,” after the publication of these
reviews, current studies on the subject were included in the research,
and the final version of the literature was framed.">%°

CONCLUSIONS

The findings suggest that breastfeeding may be associated with
the risk of ADHD in children. Breastfeeding could potentially serve
as a protective factor for ADHD; however, high-quality longitudinal
studies are needed to confirm or refute this causality and to under-
stand the underlying potential mechanisms. Additionally, individu-
als’ parenting styles or levels of health literacy may differ based on
their breastfeeding status. Therefore, in future studies, factors such
as mother-infant bonding, parenting style, and early-life stressors
should be considered as variables to be investigated in clarifying the
potential causal relationship between breastfeeding and ADHD.

Moreover, the lack of standardized methods for evaluating breast-
feeding in conducted studies complicates the comparison of study
results and meta-analysis. Therefore, it is thought that developing a
scale that standardizes the representation of breastfeeding status
(considering factors such as duration and the presence of comple-
mentary foods) would contribute to the literature.

Data Availability Statement: The data that support the findings of this study
are available on request from the corresponding author.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept —F.Y.E., 0.0.; Design -F.Y.E., 0.0.; Supervision
-ANK, 0.0, Resources - FY.E, 0.0, KB, B.C, ED.,, AN.K.; Materials - F.Y.E,,
0.0.; Data Collection and/or Processing - FY.E,, B.C., 0.0.; Analysis and/or
Interpretation - F.Y.E,, 0.0., K.B,, B.C,, E.D; Literature Search —-FY.E,, K.B,, B.C,,
E.D..; Writing Manuscript -F.Y.E,, 0.0., K.B., B.C,, E.D.,; Critical Review — AN.K,,
0.0..;; Other (Quality Assessment) —K.B., E.D.

Declaration of Interests: All the authors of this article declare that they have
no conflicts of interest.

Funding: No financial or non-financial support was received for this review.

10



Neuropsychiatr Invest. 2025;63:1-12

REFERENCES

20.

21.

22.

23.

Republic of Turkey Ministry of Health. Directorate General of Public
Health. Breastfeeding Counseling Practitioner’s Manual. 1st ed. Ankara:
Republic of Turkey Ministry of Health; 2018.

Brahm P, Valdes V. Benefits of breastfeeding and risks associated with
not breastfeeding. Rev Chil Pediatr. 2017;88(1):15-21.

Agostoni C, Brunetti |, Marco AD. Polyunsaturated fatty acids in human
milk and neurological development in breastfed infants. Curr Pediatr
Rev. 2005;1(1):25-30. [CrossRef]

Linde K, Lehnig F, Nagl M, Kersting A. The association between breast-
feedingandattachment: A systematicreview. Midwifery.2020;81:102592.
[CrossRef]

North K, Gao M, Allen G, Lee AC. Breastfeeding in a global context: epi-
demiology, impact, and future directions. Clin Ther. 2022;44(2):228-244.
[CrossRef]

Soled D, Keim SA, Rapoport E, Rosen L, Adesman A. Breastfeeding is
associated with a reduced risk of attention-deficit/hyperactivity disor-
der among preschool children. J Dev Behav Pediatr. 2021;42(1):9-15.
[CrossRef]

American Psychiatric Association (APA). Diagnostic and Statistical Man-
ual of Mental Disorders. 5th ed (DSM-5). APA. Washington, DGC;
2013:59-66.

Ayano G, Demelash S, Gizachew Y, Tsegay L, Alati R. The global preva-
lence of attention deficit hyperactivity disorder in children and adoles-
cents:an umbrella review of meta-analyses. JAffect Disord.2023;339:860-
866. [CrossRef]

Amiel Castro R, Glover V, Ehlert U, O’Connor TG. Breastfeeding, prenatal
depression and children’s 1Q and behaviour: a test of a moderation
model. BMC Pregnancy Childbirth. 2021;21(1):62. [CrossRef]

Bélanger SA, Andrews D, Gray C, Korczak D. ADHD in children and youth:
Part 1—Etiology, diagnosis, and comorbidity. Paediatr Child Health.
2018;23(7):447-453. [CrossRef]

Biederman J, Petty CR, Woodworth KY, Lomedico A, Hyder LL, Far-
aone SV. Adult outcome of attention-deficit/hyperactivity disorder: a
controlled 16-year follow-up study. J Clin Psychiatry. 2012;73(7):941-950.
[CrossRef]

Kooij JJS, Bijlenga D, Salerno L, et al. Updated European Consensus
Statement on diagnosis and treatment of adult ADHD. Eur Psychiatry.
2019;56(1):14-34. [CrossRef]

Zeng Y, Tang Y, Tang J, et al. Association between the different duration
of breastfeeding and attention deficit/hyperactivity disorder in chil-
dren: A systematic review and meta-analysis. Nutr Neurosci.
2020;23(10):811-823. [CrossRef]

Matza LS, Paramore C, Prasad M. A review of the economic burden of
ADHD. Cost Eff Resour Alloc. 2005;3(1):5. [CrossRef]

Livingstone LT, Coventry WL, Corley RP, et al. Does the environment
have an enduring efect on ADHD? A longitudinal study of monozygotic
twin differences in children. J Abnorm Child Psychol. 2016;44(8):1487-
1501. [CrossRef]

Gould KL, Coventry WL, Olson RK, Byrne B. Gene-environment interac-
tions in ADHD: the roles of SES and chaos. J Abnorm Child Psychol.
2018;46(2):251-263. [CrossRef]

Roberts JR, Dawley EH, Reigart JR. Children’s low-level pesticide expo-
sure and associations with autism and ADHD: a review. Pediatr Res.
2019;85(2):234-241. [CrossRef]

Nigg JT, Sibley MH, Thapar A, Karalunas SL. Development of ADHD: eti-
ology, heterogeneity, and early life course. Annu Rev Dev Psychol.
2020;2(1):559-583. [CrossRef]

Belfort MB, Knight E, Chandarana S, et al. Associations of maternal milk
feeding with neurodevelopmental outcomes at 7 years of age in former
preterm infants. JAMA Netw Open. 2022;5(7):e2221608. [CrossRef]
Boucher O, Julvez J, Guxens M, et al. Association between breastfeeding
duration and cognitive development, autistic traits and ADHD symp-
toms: a multicenter study in Spain. Pediatr Res. 2017;81(3):434-442.
[CrossRef]

Brasfield J, Goulding SM, Kancherla V. Duration of breast feeding and
attention-deficit/hyperactivity disorder in United States preschool-
aged children. Res Dev Disabil. 2021;115:103995. [CrossRef]

Jallow J, Hurtig T, Kerkeld M, Miettunen J, Halt AH. Prenatal maternal
stress, breastfeeding and offspring ADHD symptoms. Eur Child Adolesc
Psychiatry. 2024;33(11):4003-4011. [CrossRef]

Brown A, Arnott B. Breastfeeding duration and early parenting behav-
iour: the importance of an infant-led, responsive style. PLOS One.
2014;9(2):83893. [CrossRef]

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

Dekkers TJ, Hornstra R, van den Hoofdakker BJ, et al. Attachment repre-
sentations in children with and without attention-deficit/hyperactivity
disorder (ADHD). Brain Sci. 2021;11(11):1516. [CrossRef]

WORLD HEALTH ORGANIZATION. Infant and young child feeding.
Accessed February 08, 2025. Available at: https://www.who.int/news
-room/fact-sheets/detail/infant-and-young-child-feeding#:~:text=
WHO%20and%20UNICEF%20recommend%3A,years%200f%20a
9€%200r%20beyond.

Page MJ, McKenzie JE, Bossuyt PM, et al. Updating guidance for report-
ing systematic reviews: development of the PRISMA 2020 statement. J
Clin Epidemiol. 2021;134:103-112. [CrossRef]

Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS)
for assessing the quality of nonrandomised studies in meta-analyses.
Eur J Epidemiol. 2011;25:603-605. Available at: http://www.ohri.ca/progr
ams/clinical_epidemiology/oxford.asp.

McPheeters ML, Kripalini S, Peterson NB, et al. Quality improvement
interventions to address health disparities: closing the quality gap-
revisiting the state of the science. Database of Abstracts of Reviews of
Effects (DARE): Quality-Assessed Reviews; 2012. Accessed February 08,
2025 [Internet]. Available at: http://www.ncbi.nlm.nih.gov/pubm
edhealth/PMH0049222/pdf/TOC.pdf.

Romanos M, Gerlach M, Warnke A, Schmitt J. Association of attention-
deficit/hyperactivity disorder and atopic eczema modified by sleep
disturbance in a large population-based sample. J Epidemiol Community
Health. 2010;64(3):269-273. [CrossRef]

Adesman A, Soled D, Rosen L. Formula feeding as a risk factor for Atten-
tion-Deficit/Hyperactivity Disorder: is bisphenol A exposure a smoking
gun? J Dev Behav Pediatr. 2017;38(7):545-551. [CrossRef]

Newman J, Behforooz B, Khuzwayo AG, Gallo MV, Schell LM, Akwesasne
Task Force on the Environment. PCBs and ADHD in Mohawk adoles-
cents. Neurotoxicol Teratol. 2014;42:25-34. [CrossRef]

Zhou P, Zhang W, Xu YJ, et al. Association between long-term ambient
ozone exposure and attention-deficit/hyperactivity disorder symp-
toms among Chinese children. Environ Res. 2023;216(2):114602.
[CrossRef]

Baker BH, Joo YY, Park J, Cha J, Baccarelli AA, Posner J. Maternal age at
birth and child attention-deficit hyperactivity disorder: causal associa-
tion or familial confounding? J Child Psychol Psychiatry. 2023;64(2):299-
310. [CrossRef]

Deng X, Yang M, Wang S, et al. Identification and characterization of
influential factors in susceptibility to attention deficit hyperactivity dis-
order among preschool-aged children. Front Neurosci. 2021;15:709374.
[CrossRef]

Park S, Kim BN, Kim JW, Shin MS, Yoo HJ, Cho SC. Protective effect of
breastfeeding with regard to children’s behavioral and cognitive prob-
lems. Nutr J. 2014;13(1):111. [CrossRef]

Al Hamed JH, Taha AZ, Sabra AA, Bella H. Attention deficit hyperactivity
disorder (ADHD) among male primary school children in Dammam,
Saudi Arabia: prevalence and associated factors. J Egypt Public Health
Assoc. 2008;83(3-4):165-182.

Sepehrmanesh Z, Moraveji A, Ahmadvand A, Mehri Z. The duration
of breastfeeding and attention-deficit hyperactivity disorder in
school-aged children. Compr Child Adolesc Nurs. 2020;45(1):22-30.
[CrossRef]

Golmirzaei J, Namazi S, Amiri S, et al. Evaluation of attention-deficit
hyperactivity disorder risk factors. Int J Pediatr. 2013;2013:953103.
[CrossRef].

Gu X, Yuan FF, Huang X, et al. Association of PIK3CG gene polymor-
phisms with attention-deficit/hyperactivity disorder: A case-control
study. Prog Neuropsychopharmacol Biol Psychiatry. 2018;81:169-177.
[CrossRef]

Say GN, Karabekiroglu K, Babadagi Z, Ylice M. Maternal stress and peri-
natal features in autism and attention deficit/hyperactivity disorder.
Pediatr Int. 2016;58(4):265-269. [CrossRef]

Van Dyk L, Springer P, Kidd M, Steyn N, Solomons R, Van Toorn R. Famil-
ial-environmental risk factors in South African children with attention-
deficit hyperactivity disorder (ADHD) A case-control study. J Child Neu-
rol. 2015;30(10):1327-1332. [CrossRef]

Mimouni-Bloch A, Kachevanskaya A, Mimouni FB, Shuper A, Raveh E,
Linder N. Breastfeeding may protect from developing attention-deficit/
hyperactivity disorder. Breastfeed Med. 2013,8(4):363-367. [CrossRef]
Stadler DD, Musser ED, Holton KF, Shannon J, Nigg JT. Recalled initiation
and duration of maternal breastfeeding among children with and with-
out ADHD in a well characterized case—control sample. J Abnorm Child
Psychol. 2016;44(2):347-355. [CrossRef]

11


https://dx.doi.org/10.2174/1573396052953435
https://dx.doi.org/10.1016/j.midw.2019.102592
https://dx.doi.org/10.1016/j.clinthera.2021.11.017
https://dx.doi.org/10.1097/DBP.0000000000000854
https://dx.doi.org/10.1016/j.jad.2023.07.071
https://dx.doi.org/10.1186/s12884-020-03520-8
https://dx.doi.org/10.1093/pch/pxy109
https://dx.doi.org/10.4088/JCP.11m07529
https://dx.doi.org/10.1016/j.eurpsy.2018.11.001
https://dx.doi.org/10.1080/1028415X.2018.1560905
https://dx.doi.org/10.1186/1478-7547-3-5
https://dx.doi.org/10.1007/s10802-016-0145-9
https://dx.doi.org/10.1007/s10802-017-0268-7
https://dx.doi.org/10.1038/s41390-018-0200-z
https://dx.doi.org/10.1146/annurev-devpsych-060320-093413
https://dx.doi.org/10.1001/jamanetworkopen.2022.21608
https://dx.doi.org/10.1038/pr.2016.238
https://dx.doi.org/10.1016/j.ridd.2021.103995
https://dx.doi.org/10.1007/s00787-024-02451-5
https://dx.doi.org/10.1371/journal.pone.0083893
https://dx.doi.org/10.3390/brainsci11111516
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding#:~:text=WHO%20and%20UNICEF%20recommend%3A,years%20of%20age%20or%20beyond
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding#:~:text=WHO%20and%20UNICEF%20recommend%3A,years%20of%20age%20or%20beyond
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding#:~:text=WHO%20and%20UNICEF%20recommend%3A,years%20of%20age%20or%20beyond
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding#:~:text=WHO%20and%20UNICEF%20recommend%3A,years%20of%20age%20or%20beyond
https://dx.doi.org/10.1016/j.jclinepi.2021.02.003
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0049222/pdf/TOC.pdf
http://www.ncbi.nlm.nih.gov/pubmedhealth/PMH0049222/pdf/TOC.pdf
https://dx.doi.org/10.1136/jech.2009.093534
https://dx.doi.org/10.1097/DBP.0000000000000468
https://dx.doi.org/10.1016/j.ntt.2014.01.005
https://dx.doi.org/10.1016/j.envres.2022.114602
https://dx.doi.org/10.1111/jcpp.13726
https://dx.doi.org/10.3389/fnins.2021.709374
https://dx.doi.org/10.1186/1475-2891-13-111
https://dx.doi.org/10.1080/24694193.2020.1797236
https://dx.doi.org/10.1155/2013/953103
https://dx.doi.org/10.1016/j.pnpbp.2017.10.020
https://dx.doi.org/10.1111/ped.12822
https://dx.doi.org/10.1177/0883073814560630
https://dx.doi.org/10.1089/bfm.2012.0145
https://dx.doi.org/10.1007/s10802-015-9987-9

Neuropsychiatr Invest. 2025;63:1-12

44,

45.

46.

47.

48.

49.

50.

51.

Tiirkoglu S, Bilgic A, Akca OF. ADHD symptoms, breast-feeding and obe-
sity in children and adolescents. Pediatr Int. 2015;57(4):546-551.
[CrossRef]

Field SS. Interaction of genes and nutritional factors in the etiology of
autism and attention deficit/hyperactivity disorders: a case control
study. Med Hypotheses. 2014;82(6):654-661. [CrossRef]

Sabuncuoglu O, Orengul C, Bikmazer A, Kaynar SY. Breastfeeding and
parafunctional oral habits in children with and without attention-defi-
cit/hyperactivity ~ disorder.  Breastfeed Med. 2014;9(5):244-250.
[CrossRef]

Rodrigues C, Zeitlin J, Carvalho AR, Gonzaga D, Barros H, Portuguese
EPICE (Effective Perinatal Intensive Care in Europe) Network. Behavioral
and emotional outcomes at preschool age in children born very pre-
term: the role of breast milk feeding practices. Early Hum Dev.
2022;165:105535. [CrossRef]

Hartel C, Spiegler J, Fortmann |, et al. Breastfeeding for 3 months or
longer but not probiotics is associated with reduced risk for inattention/
hyperactivity and conduct problems in very-low-birth-weight children
at early primary school age. Nutrients. 2020;12(11):3278. [CrossRef]
Julvez J, Ribas-Fité N, Forns M, Garcia-Esteban R, Torrent M, Sunyer J.
Attention behaviour and hyperactivity at age 4 and duration of breast-
feeding. Acta Paediatr. 2007;96(6):842-847. [CrossRef]

Lemcke S, Parner ET, Bjerrum M, Thomsen PH, Lauritsen MB. Early devel-
opment in children that are later diagnosed with disorders of attention
and activity: A longitudinal study in the Danish National Birth Cohort.
Eur Child Adolesc Psychiatry. 2016;25(10):1055-1066. [CrossRef]
Schwenke E, Fasching PA, Faschingbauer F, et al. Predicting attention
deficit hyperactivity disorder using pregnancy and birth characteristics.
Arch Gynecol Obstet. 2018;298(5):889-895. [CrossRef]

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kim JH, Lee SW, Lee JE, Ha EK, Han MY, Lee E [Ha ek]. Breastmilk feeding
during the first 4 to 6 months of age and childhood disease burden until
10 years of age. Nutrients. 2021;13(8):2825. [CrossRef]

Girard LC, Farkas C. Breastfeeding and behavioural problems: propen-
sity score matching with a national cohort of infants in Chile. BMJ Open.
2019;9(2):e025058. [CrossRef]

Ji'Y, Riley AW, Lee LG, et al. Maternal biomarkers of acetaminophen use
and offspring attention deficit hyperactivity disorder. Brain Sci.
2018;8(7):127. [CrossRef]

Gibson L, Porter M. Alcohol and tobacco use while breastfeeding and
risk of autism spectrum disorder or attention deficit/hyperactivity dis-
order. J Autism Dev Disord. 2022;52(3):1223-1234. [CrossRef]

Timby N, Adamsson M, Domell6f E, et al. Neurodevelopment and growth
until 6.5 years of infants who consumed a low-energy, low-protein for-
mula supplemented with bovine milk fat globule membranes: A rand-
omized controlled trial. Am J Clin Nutr. 2021;113(3):586-592. [CrossRef]
Nieto-Ruiz A, Diéguez E, Sepulveda-Valbuena N, et al. The effects of an
infant formula enriched with milk fat globule membrane, long-chain
polyunsaturated fatty acids and Synbiotics on child behavior up to 2.5
years old: the COGNIS study. Nutrients. 2020;12(12):3825. [CrossRef]
San Mauro Martin |, Sanz Rojo S, Garicano Vilar E, Gonzélez Cosano L,
Conty de la Campa R, Blumenfeld Olivares JA. Lifestyle factors, diet and
attention-deficit/hyperactivity disorder in Spanish children —an obser-
vational study. Nutr Neurosci. 2021;24(8):614-623. [CrossRef]

Donald K, Petersen C, Turvey SE, Finlay BB, Azad MB. Secretory IgA: link-
ing microbes, maternal health, and infant health through human milk.
Cell Host Microbe. 2022;30(5):650-659. [CrossRef]

Tseng PT, Yen CF, Chen YW, et al. Maternal breastfeeding and attention-
deficit/hyperactivity disorder in children: a meta-analysis. Eur Child Ado-
lesc Psychiatry. 2019;28(1):19-30. [CrossRef]

12


https://dx.doi.org/10.1111/ped.12593
https://dx.doi.org/10.1016/j.mehy.2014.02.021
https://dx.doi.org/10.1089/bfm.2014.0014
https://dx.doi.org/10.1016/j.earlhumdev.2021.105535
https://dx.doi.org/10.3390/nu12113278
https://dx.doi.org/10.1111/j.1651-2227.2007.00273.x
https://dx.doi.org/10.1007/s00787-016-0825-6
https://dx.doi.org/10.1007/s00404-018-4888-0
https://dx.doi.org/10.3390/nu13082825
https://dx.doi.org/10.1136/bmjopen-2018-025058
https://dx.doi.org/10.3390/brainsci8070127
https://dx.doi.org/10.1007/s10803-021-05027-3
https://dx.doi.org/10.1093/ajcn/nqaa354
https://dx.doi.org/10.3390/nu12123825
https://dx.doi.org/10.1080/1028415X.2019.1660486
https://dx.doi.org/10.1016/j.chom.2022.02.005
https://dx.doi.org/10.1007/s00787-018-1182-4

