
Recalled Initiation and Duration of Maternal
Breastfeeding Among Children with and Without ADHD
in a Well Characterized Case–Control Sample

Diane D. Stadler & Erica D. Musser & Kathleen F. Holton &

Jackilen Shannon & Joel T. Nigg

Published online: 8 March 2015
# Springer Science+Business Media New York 2015

Abstract Early environmental influences are increasingly of
interest in understanding ADHD as a neurodevelopmental con-
dition, particularly in light of recognition that gene by environ-
ment interplay are likely involved in this condition.
Breastfeeding duration predicts cognitive development, as well
as development of brain white matter connectivity, in areas
similar to those seen in ADHD. Prior studies show an associa-
tion between breastfeeding and ADHD but without adequate
evaluation of ADHD. A case control cohort of 474 children
aged 7–13 years was examined, 291 with wellcharacterized
ADHD (71.5 % male) and the rest typically developing con-

trols (51.9 % male). Mothers retrospectively reported on breast
feeding initiation and duration. Initiation of breastfeeding was
not associated with child ADHD, but shorter duration of
breastfeeding was associated with child ADHDwith a medium
effect size (d=0.40, p<0.05); this effect held after covarying a
broad set of potential confounders, including child oppositional
defiant and conduct problems and including maternal and pa-
ternal ADHD symptoms. Effects were replicated across both
parent and teacher ratings of child ADHD symptoms. Shorter
duration of breastfeeding is among several risk factors in early
life associated with future ADHD, or else longer duration is
protective. The direction of this effect is unknown, however. It
may be that some children are more difficult to breastfeed or
that breastfeeding provides nutrients or other benefits that re-
duce future chance of ADHD.
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Neurodevelopmental disorders like ADHD likely emanate from
the interplay of genetic and environmental factors, perhaps via
epigenetic mechanisms. Determination of early experiential cor-
relates is thus crucial. While there has been substantial focus on
perinatal and delivery problems in ADHD (Astbury, Orgill, and
Bajuk 1987; Ben Amor et al. 2005; Kotimaa et al. 2003;
McGrath, Sullivan, Lester, and Oh 2000; Mick, Biederman,
Faraone, Sayer, and Kleinman 2002; Milberger, Biederman,
Faraone, Guite, and Tsuang 1997), postnatal correlates in the
first year of life are less well studied. Yet the importance of
postnatal, or early infant, programming of later disease risk is
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now relatively well-recognized (Kaplan, Evans, and Monk
2008; Wells, Chomtho, and Fewtrell 2007). Etiology of
neurodevelopmental conditions such as ADHD likely involves
both pre- and post-natal inputs.

Because ADHD is thought to be rooted in altered neural
development, early experiences that support neurodevelopment
are of particular interest. Perhaps the best-studied early post-
natal influence, aside from socialization itself, is initiation and
duration of breastfeeding. It can be noted that breastfeeding and
psychosocial influences are not entirely distinct. For example,
whereas much research on the benefits of breastfeeding focuses
on the nutritional and immunological advantages of breast
milk, especially the impact of long-chain polyunsaturated fatty
acids (e.g., omega 3 fatty acids; (Forsyth et al. 2003; Willatts
et al. 2013), breastfeeding may also promote or be associated
with the development of healthy infant-mother attachments
highlighted by enhanced maternal sensitivity and responsive-
ness to the infant (Allen, Lewinsohn, and Seeley 1998).

In relation to ADHD, breastfeeding initiation or duration
are expected to be particularly important among early experi-
ences for several reasons. First, at a general level, ADHD is a
neurodevelopmental disorder theorized to emanate from sub-
optimal early neural development. The early postnatal period
is characterized by continued developmental plasticity; nutri-
tion is among the most important supports for such develop-
ment, such that suboptimal infant nutrition can induce adap-
tations that may be detrimental to brain development. Breast
milk is the best source of nutrition for most infants because of
its unique composition (Ballard and Morrow 2013). By exten-
sion, breastfeeding onset or duration should influence
neurodevelopmental risk.

Second, ADHD is associated with higher order cognitive
delays, including subtle reduction in IQ. Consistent with the
preceding, breastfeeding predicts subsequent cognitive out-
comes in children (Al Hamed, Taha, Sabra, and Bella 2008;
Huang, Peters, Vaughn, and Witko 2014; Quigley et al. 2012),
an effect that tends to be dose-dependent in relation to duration
of breastfeeding, as noted in a meta-analysis over a decade ago
(Anderson, Johnstone, and Remley 1999). Subsequently, this
picture has grown stronger. Effects on cognition appear espe-
cially important for boys (Oddy, Li, Whitehouse, Zubrick, and
Malacova 2011); ADHD is more common in boys than girls.
National and international health organizations recommend that
almost all infants be exclusively breastfed for the first 6 months
of life to achieve optimal growth, development, and health
(American Academy of Family Physicians 2007; American
College of Obstetricians Gynecologists 2007; American Public
Health Association 2007; Gartner et al. 2005).When infants are
breastfed for at least 6 months, cognitive gains are apparent and
persistent in childhood (Angelsen, Vik, Jacobsen, and
Bakketeig 2001; Huang et al. 2014; Oddy et al. 2011; Wigg
et al. 1998). Moreover, in the United States, only about half of
mothers maintain some breastfeeding for at least 6 months

(Center for Disease Control 2013), suggesting widespread op-
portunity for susceptible infants to be exposed to reduced
breastfeeding, if in fact reduced breastfeeding is part of the
developmental risk profile or ADHD.

Third, duration of breastfeeding has been associated direct-
ly with subsequent human brain development, particularly
white matter development in infants and toddlers (Herba
et al. 2013; Tawia 2013). More recently, it is notable that
breastfeeding duration was associated with increased white
matter development in 8 year-old children (although again,
mainly in boys) in key fiber tracts including superior longitu-
dinal fasciculus, cingulum, body of corpus callosum, and pos-
terior thalamic radiations (Ou et al. 2014). These brain regions
are similar to brain regions with altered white matter develop-
ment in 8 year-olds with ADHD that we observed previously
(Nagel et al. 2011).

Thus, we suspect that breastfeeding or breastfeeding dura-
tion, particularly beyond 6 months, is crucial not only for
neurodevelopment and cognition generally, but for the particu-
lar aspects of neural development and connectivity that support
self-regulation and self-control, and when they are perturbed,
contribute to emergence of the ADHD syndrome. A steady
supply of adequate nutrients and other bioactive components
may be crucial to support brain development, particularly white
matter growth, during the critical first 9 months of life.

While the preceding pieces of evidence are rather circum-
stantial, direct support for this basic proposal of an association
between breastfeeding and ADHDhas begun to emerge. Find-
ings that children with ADHD were less likely than other
children to be breastfed for the recommended 6-month period
were noted in retrospective, maternal-recall studies in Turkey
(Sabuncuoglu, Orengul, Bikmazer, and Kaynar 2014), a com-
munity study in Iran (Golmirzaei et al. 2013), clinic referrals
in Israel (Mimouni-Bloch et al. 2013), school children in
Egypt, (Al Hamed et al. 2008), a case control study in Poland
(Kadziela-Olech and Piotrowska-Jastrzebska 2005), a hospital
chart review in Alabama (Field 2014), a community study in
Saudi Arabia (Al Hamed et al. 2008), as well as a prospective
study of 4 year olds in Spain (Julvez et al. 2007). The associ-
ation between breastfeeding and reduced likelihood of child
ADHD is also supported by two population wide surveys, one
in Germany (Schmitt and Romanos 2012) and one in the
United States (Shamberger 2012).

However, a key limitation is that in none of these studies
was ADHD fully evaluated by accepted research criteria; all
relied on single questionnaires of ADHD symptoms or on
clinician evaluations using unspecified methods and criteria.
None of the prior studies appeared to complete full, state of the
art evaluations of ADHD using multiple informants and struc-
tured clinical interviews, leaving them vulnerable to
informant-effects and false-positives. There is also a dearth
of data on the association between breastfeeding duration
and ADHD in North America, where ADHD, which has been
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increasing in prevalence over time, and is now identified in
over ten percent of youth (Visser et al. 2014).

Clarifying and confirming this association would help fur-
ther the specification of early life mechanisms and processes
that may influence not only self-regulation, but also ADHD.
The present study sought, in a retrospective case–control de-
sign with extensive, standardized, formal evaluation of
ADHD, to address the basic question: Do mothers of children
with well-characterized ADHD initiate breastfeeding less fre-
quently and maintain breastfeeding for shorter periods of time
than mothers of typically developing children?

Method

Participants

Participants included 474 children, aged 7–13 years; 291 met
DSM-5 (American Psychiatric Association, 2013) criteria for
ADHD (232 combined presentation, 59 inattentive presentation
of whom 208 (71.5 %) were male), and 183 were non-ADHD,
typically developing comparison youth of whom 95 (51.9 %)
were male. To meet criteria for the combined presentation, chil-
dren had six or more symptoms of inattention and hyperactivity/
impulsivity, while tomeet criteria for the inattentive presentation,
children had six or more symptoms of inattention without the
requisite number of hyperactivity/impulsivity symptoms, per
DSM-5 (American Psychiatric Association, 2013). The mother
of each child reported their recalled information about
breastfeeding initiation and duration.

Recruitment and Identification Families were recruited
through advertisements and mailings to obtain a broadly rep-
resentative sample that would not be biased by clinic referred
youth. Families volunteering for the study completed a multi-
gate screening process to establish eligibility and diagnostic
group assignment. A structured clinical diagnostic interview
with the primary caregiver (Schedule for Affective Disorders
and Schizophrenia for School-Age Children—Epidemiologic
Version [KSAD-S-E]; (Puig-Antich and Kiddie 1996), parent
and teacher standardized ratings (Conners 2008; DuPaul,
Power, Anastopoulos, and Reid 1998), and an IQ screen were
completed. The KSADS interviewer and the child test admin-
istrator observed the child briefly and made detailed notes on
the parent and child visit as well. KSADS interviewers were
reliability checked against a gold-standard interviewer to
achieve inter-interviewer reliability on ADHD and all other
child diagnoses (all trained to a standard of κ>0.70 on all
disorders observed in our sample at greater than five percent
base rate). Clinical interviewers were regularly monitored and
fidelity checks were carried out by supervisor review of vid-
eotapes, and re-calibration training was conducted annually.

A clinical diagnostic team comprising a board-certified
psychiatrist and licensed clinical psychologist independently
reviewed all case information, including behavioral observa-
tions, to arrive at diagnoses using DSM IV (American Psychi-
atric Association 1994) and DSM-5 (American Psychiatric
Association, 2013) criteria. Their agreement rate was accept-
able for all child diagnoses with base rates greater than five
percent in the sample (all κ>0.75), and agreement for child
ADHD was also acceptable (all κ>0.80).

Parental Psychopathology The most parsimonious explana-
tion of any ante-natal correlate of ADHD is passive gene-
environment correlation (rGE), in that parents with ADHD
may both transmit ADHD to the offspring and fail to
breastfeed. To provide partial control against this possibility,
parent symptoms of ADHD were obtained by parent self-
report on the ADHDRating Scale (DuPaul et al. 1998) adapted
for adults. When self-report was not available, spousal report
was obtained. Parental ADHD diagnosis was also obtained on
a structured clinical interview (KSADS-E, adapted), but be-
cause it was less strongly related to breastfeeding and child
ADHD, it was omitted from analysis in lieu of the parent symp-
tom scores to provide a stronger test of the primary hypothesis.
Because maternal depression could account for discontinuation
of breastfeeding, maternal major depression (lifetime) was
evaluated via clinician-administered Structured Clinical Inter-
view for DSM Disorders (SCID) (First, Spitzer, Gibbon, and
Williams 2002). Paternal depression was not theorized to influ-
ence duration of breastfeeding and so was not studied here.

Ethical Standards The study was approved by the Oregon
Health & Science University Institutional Review Board and
all procedures conformed to the American Psychological As-
sociation Ethical Principles of Psychologists and Code of Con-
duct (American Psychology Association 2002) and NIH guide-
lines for protection of human subjects. Parents provided written
informed consent and children provided written informed as-
sent, before participating in any study-related activities.

Exclusion Criteria

Children were excluded if parents reported a history of neuro-
logical impairments, seizures, traumatic brain-injury, other
major medical impairments, or long-acting psychoactive med-
ication use (not including stimulants); if the clinical diagnostic
team identified current mood disorder, lifetime history of any
psychosis, or pervasive developmental disorder, or “sub-
threshold” ADHD (defined as five symptoms of either inat-
tention or hyperactivity-impulsivity), or if estimated IQ < 75.
In addition, typically developing control children were re-
quired to have no prior diagnosis of ADHD, to have four or
fewer symptoms of both inattention and hyperactivity-impul-
sivity, and to not meet criteria for conduct disorder. Their other
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psychiatric diagnoses were free to vary, to avoid a super-
normal comparison group.

Assessment of Breastfeeding Duration

Breastfeeding duration was assessed retrospectively by a single
item on our developmental history form, in which the mother
was asked “To what extent was this baby breastfed?” The re-
sponse options were 0 months or not breastfed, 1–3, 4–6, 7–12,
13–18, or 19+ months of breastfeeding. The literature suggests
that maternal recall of breastfeeding duration is valid even over
several years, agreeing with prospective assessment at κ>0.8
(Li, Scanlon, and Serdula 2005; Natland, Andersen, Nilsen,
Forsmo, and Jacobsen 2012). Although a primary predictor of
inaccurate recall is having four or more children,(Cupul-Uicab,
Gladen, Hernandez-Avila, and Longnecker 2009) in the present
sample 94 % of mothers had fewer than four children.

Data Reduction and Data Analysis

Data Reduction All data were double entered to prevent data
entry errors. Data were evaluated for outliers and appropriate
distributions for the procedures at hand. The breastfeeding and
ADHD rating scale scores in particular were scrutinized; these
variables had satisfactory skew (all skew ≤ 0.40 except parent
rated hyperactivity, with moderate skew = 0.7), and kurtosis
(range −1.3 to −0.88). To evaluate child ADHD categorically,
we utilized the diagnostic team consensus diagnosis, which
relied on all available information but was blind to
breastfeeding history. To evaluate child ADHD symptoms di-
mensionally, we utilized parent and teacher ratings of child
ADHD symptoms using the ADHD Rating Scale (DuPaul
et al. 1998) total raw score (each ranging 0–27). These were
analyzed separately to enable disaggregating of reporter ef-
fects and remove source-variance confound.

Data Analysis ANCOVA was used to examine group differ-
ences while controlling covariates. Follow-up categorical
analyses examined whether mothers of children with ADHD
were less likely to initiate breastfeeding or to breastfeed for at
least 6 months using logistic regression. Parental ADHD-
rating scale T-scores served as a covariate as noted earlier.
To examine continuous symptom dimensions as outcomes,
multiple regression was utilized.

Covariates With respect to relevant covariates, the following
were significantly associated with child ADHD diagnosis:
maternal ADHD-Rating Scale total symptom T-scores (p=
0.02), paternal ADHD-Rating Scale total symptom T-scores
(p<0.001), maternal lifetime major depressive disorder (p=
0.01), child sex (p<0.001), child IQ (p<0.001), child age
(p=0.01), child anxiety disorder (p<0.01), and child ODD/
CD (p<0.001). All were included as covariates, therefore, in

all models described below. All other potential covariates
were not significantly associated with child ADHD (all
p>0.10) and were not examined further.

Results

Study Participant Demographic and Clinical Characteristics

Of the 474 children included in the study, 291 (61.39 %) met
formal study criteria for ADHD; the other children included
met criteria for our typically developing control group. Table 1
presents demographic and diagnostic characteristics of the
sample by group, as well as group differences in these char-
acteristics. In brief, consistent with population prevalence data
(and as expected, therefore, from our community recruitment
strategy), children with ADHD were more likely than typical-
ly developing children to be male, to have a comorbid diag-
nosis of ODD/CD or an anxiety disorder, to have a lower IQ,
to come from lower income families, and to havemore ADHD
symptoms in parents.

Initiation and Duration of Breastfeeding by Child ADHD
Diagnosis

Table 1 summarizes the initiation and duration of
breastfeeding data. Initiation of breastfeeding (yes/no) did
not differ significantly by child diagnostic group, X2(1) =
2.63, p=0.105. However, duration of breastfeeding did.
Mothers of children with ADHD reported shorter
breastfeeding duration. Assuming the median of each catego-
ry selected, we estimated that mothers of children with
ADHD breastfed for, M=4.45 months, SD=1.21 (modal
range = 4–6 months; 26 % breast fed for longer than 6 months
(7–12 months or longer), compared to mothers of typically
developing children,M=7.21 months, SD=1.21 (modal range
= 7–12 months; 32 % 6 months or longer); F(1472) = 16.67,
p=0.001, Cohen’s d=0.38. Inclusion of all relevant covariates
as noted in methods did not materially change this result,
F(1461) = 2.55, p=0.02, Cohen’s d=0.41.

With regard to the recommended 6 months duration of
breastfeeding (yes/no), the picture was the same. Mothers of
children with ADHD (48.5 %) were less likely than mothers
of non-ADHD youngsters (65.6 %) to report having breastfed
for at least 6 months, X2(1) = 13.31, p<0.001,OR=0.50 (95%
CI=0.34–0.72). The effect also held with covariates included
in a logistic regression model, R2=0.22, Wald = 7.98, beta =
0.562, p<0.005, OR=0.56, 95 % CI=0.39–0.76.

To further evaluate the role of breastfeeding in relation to
maternal and child ADHD symptoms, we conducted a logistic
regression-based mediation analysis using the PROCESS
macro in SPSS (utilizing 1000 bootstrap iterations; Hayes,
2013; Preacher and Hayes 2004). Both the direct effect of
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maternal ADHD symptoms, beta = 0.816, p<0.005, z=2.94,
95 % CI=0.27–1.34, as well as the indirect effect of duration
of breastfeeding, beta = −0.282, p<0.001, z=4.11, 95 % CI=
−0.41–0.15, were statistically reliable predictors of child
ADHD diagnosis, McFadden’s R2=0.059, p<0.01, suggest-
ing that shortened duration of breastfeeding also may partially
mediate inter-generational transmission of ADHD.

Duration of Breastfeeding by Child ADHD Symptom
Domains

In regression models detailed in Table 2 we examined the
distinct ADHD symptom domains of inattention-
disorganization and hyperactivity-impulsivity separately. An
association between shorter breastfeeding duration and more
child total ADHD symptoms held across both symptom do-
mains and replicated in parent and teacher report of ADHD.

Discussion

Breastfeeding is one of the most widely studied and important
influences not only on infant health but on early cortical

development and thus, likely on self-regulation and
neurodevelopmental conditions. While it may be a proxy for
a number of other variables—including socio-economic status
or parental psychopathology, and while its mechanisms may
be biological (protective effects of breast milk; e.g., via long
chain polyunsaturated fatty acids; for a review see (Koletzko
et al. 2008)) or psychological (maternal-child contact), estab-
lishing its association is necessary to flesh out these diverse
models of early emergence of ADHD risk. Because of this,
investigations of breastfeeding and ADHD have begun to
draw interest. However, to date, no study has examined a
well-characterized cohort with carefully validated ADHD di-
agnoses. The present study’s main contribution is to fill in this
critical gap.

While our main contribution to this question is to provide
data using a very well- characterized sample of ADHD and
control children, our primary limitation was reliance on retro-
spective recall of breastfeeding practice through use of a sin-
gle questionnaire item to assess initiation and duration of
breastfeeding; the present study also did not examine the du-
ration of exclusive breastfeeding. However, prior literature
suggests that maternal recall of breastfeeding initiation and
duration is reasonably accurate, provided relatively small

Table 1 Demographic, clinical
characteristics, and duration of
breastfeeding according to child
group

MDD Major depressive disorder,
ADHD-RSADHD rating scale,
ODD/CD Oppositional defiant
disorder/conduct disorder, Dx
Diagnosis. % reflects % for that
group. For example, 17.5 % of
typically developing children
were breastfed more than
18 months. Additional statistical
comparison is described in the
text. F-statistic (df=1473)
presented for all continuous
variable comparisons (i.e., Child
Age; Child IQ; Family Income;
Child, Maternal, and Paternal
ADHD-RS scores), while Chi2

(df=1) presented for all
categorical comparisons (i.e.,
Child Gender; Child Race;
Family Composition; Maternal
and Paternal Education Levels;
Maternal MDD; Child ODD/CD,
Anxiety, and Mood Dx;
Breastfeeding duration)

*p<0.05, **p<0.01, ***p<0.001

Control ADHD F-value or Chi2

N=183 N=291

Child age (months) 103.14 (14.70) 108.5 (16.46) 13.00***

Estimated full scale IQ 114.81 (13.20) 108.67 (14.51) 21.58***

Family income ($1000) 89.5 (17.97) 80.75 (19.50) 4.09*

ADHD-RS total T-score 44.76 (8.59) 71.72 (12.26) 599.26***

ADHD-RS inattention T-score 45.43 (9.26) 72.23 (11.77) 589.67***

ADHD-RS H/I T-score 44.86 (7.47) 68.05 (4.25) 379.95***

Child gender (% Male) 51.9 % 71.5 % 18.65***

Child race (% White) 79.2 % 79.00 0.01

% 2 parent homes 80.2 % 77.6 % 23.75***

Maternal % 4-year college + 69.0 % 54.6 % 15.70*

Paternal % 4-year college + 63.8 % 47.1 % 19.61**

Maternal MDD (% lifetime) 24.6 % 38.8 % 10.25**

Maternal ADHD-RS total T-score 32.35 (30.97) 56.84 (53.55) 7.40**

Paternal ADHD-RS total T-score 31.41 (31.91) 60.94 (53.82) 9.12**

Child ODD/CD (% current) 2.2 % 20.3 % 31.90***

Child anxiety Dx (%current) 8.7 % 19.2 % 9.62**

Child Mood Dx (% lifetime) 1.1 % 1.7 % 0.31

Breastfeeding overall (X2) 18.17**

Never breastfed 12 (6.6 %) 32 (11.0 %)

1–3 months 20 (10.9 %) 63 (21.7 %)

4–6 months 31 (16.9 %) 55 (18.9 %)

7–12 months 58 (31.7 %) 75 (25.8 %)

13–18 months 30 (16.4 %) 39 (13.4 %)

18+ months 32 (17.5 %) 27 (9.3 %)
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family sizes, as is the case in our sample (Li et al. 2005).
Further, the present results converge with prior findings using
other kinds of methods and samples and controlling for exclu-
sivity of breastfeeding, but lacking our strong ADHD-related
analysis.

With that in mind, the present findings are notable. First, a
reliable association was seen between maternally recalled
breastfeeding duration and carefully characterized ADHD sta-
tus in children, supporting the contention that breastfeeding
may be an important early addition to ADHD risk and protec-
tive factors. Second, the result was robust to a wide range of
covariates, including maternal and paternal ADHD symptom
level, family size, family composition, parental education, and
family income.

Additional research is needed to determine the direction of
this effect, as to whether it is driven by child or maternal
characteristics or both. It remains possible that children who
are going to develop ADHD are more difficult to breastfeed,
leading to reduced breastfeeding duration. The present work
taken together with other studies in the literature would justify
undertaking such prospective studies, which would enable
more extensively detailing reasons why breastfeeding is not
initiated or is discontinued, what support is provided to each
mother to promote and maintain breastfeeding, and more fully
characterize breastfeeding practice including: exclusivity ver-
sus partial breastfeeding, feeding pumped (expressed) breast
milk, and the use of breast milk obtained from breast milk
banks in relation to ADHD outcome.

Furthermore, we do not know whether the breastfeeding
association is causal or is explained by effects such as passive
gene-environment correlation (rGE). While our ability to rule

Table 2 Regression results (beta) for individual ADHD-Rating Scale
symptom domain (inattention, hyperactivity/impulsivity, total) raw scores
for parent- and teacher-report predicting reduced duration of
breastfeeding

Parent rated Teacher rated
ADHD-RS total
score

ADHD-RS total
score

Model 1: Inattention

Inattention −0.177** −0.098*
-child age −0.076 −0.097*
-child estimated IQa 0.172** 0.186**

-child gender 0.005 −0.011
-child race 0.113* 0.116*

-family income 0.100 0.088

-number parents in home −0.127* −0.108*
-maternal education −0.064 −0.074
-paternal education −0.076 −0.044
-maternal Depressionb 0.110* −0.060
-maternal ADHDc −0.065 −0.091
-paternal ADHDc −0.044 −0.071
-child ODD/CD
symptomsd

0.135** 0.111*

Model 2

Hyperactivity/impulsivity −0.191** −0.165**
-child age −0.099* −0.096*
-child estimated IQ 0.180** 0.189**

-child gender −0.003 0.012

-child race 0.115* 0.115*

-family income 0.099 0.090

-number parents in home −0.127* −0.116*
-maternal education −0.040 −0.025
-paternal education −0.094 −0.073
-maternal depression −0.053 −0.058
-maternal ADHD −0.107 −0.099
-paternal ADHD −0.024 −0.061
-child ODD/CD
symptoms

0.159** 0.115*

Model 3

Total symptoms −0.145** −0.135**
-child age −0.101* −0.096
-child estimated IQ 0.180** 0.179**

-child gender −0.022 0.012

-child race 0.115* 0.115*

-family income 0.089 0.090

-number parents in home −0.117* −0.129**
-maternal education −0.053 −0.065
-paternal education −0.095 −0.058
-maternal depression −0.058 −0.085
-maternal ADHD −0.098 −0.087

Table 2 (continued)

Parent rated Teacher rated
ADHD-RS total
score

ADHD-RS total
score

-paternal ADHD −0.061 −0.053
-child ODD/CD symptoms 0.157** 0.117*

Note: The dependent variable is maternal duration of breastfeeding. a

Child IQ is the estimated full-scale IQ derived from the WISC-IV vocab-
ulary and block design sub-tests. b Maternal depression was acquired
from maternal self-report on the MDD module of the SCID. c Maternal
and paternal ADHD was acquired from self-report ADHD Rating Scale
Total Symptom T-scores. d Child ODD/CD symptoms were acquired
from ODD and CD modules of the KSADS-E for parent-report and from
the ADHD-RS ODD and CD total symptom counts for teacher-report

* Statistically significant at the p<0.05 level

** Statistically significant at the p<0.01 level
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out parental ADHD or ADHD symptoms as an explanation
for the present finding provides some assurance that the ef-
fects are not simply passive rGE, they do not do so definitive-
ly. Complex reasons are associated with the decision to initiate
and continue breastfeeding. Direct, causally informative de-
signs, such as sibling comparisons, are still needed to examine
this potential effect, now that it has been supported using a
retrospective approach. Causally informative designs of this
nature have supported a causal association of low birth weight
with ADHD (Thapar et al. 2009) but called into question the
association of maternal smoking in pregnancy with ADHD
(D’Onofrio et al. 2008; Thapar et al. 2009).

Third, it was striking that the association of breastfeeding
duration with ADHD was at least partially specific to symp-
toms of inattention and hyperactivity/impulsivity. Specifical-
ly, the effect held even when controlling for child disruptive
behavior problems, although there was also a small concurrent
association with child oppositional defiant symptoms in some
models. This pattern of results may echo other early develop-
mental associations that suggest partially distinct early associ-
ations between ADHD and disruptive problems, particularly
oppositional defiant disorder. For example, low birth weight
appears to be somewhat more strongly associated with ADHD
than with oppositional defiant disorder, whereas the opposite
pattern holds for smoking in pregnancy (Nigg and Breslau
2007). This type of partial dissociation may help with the
gradual development of etiological models that partially dif-
ferentiate the neurodevelopmental disorders such as ADHD,
from relatively psychosocially amplified secondary complica-
tions such as ODD and CD (Nigg 2003). However, the etio-
logical interplay of emotional irritability (a possible tempera-
mental root of ODD that overlaps with ADHD) and dysregu-
lation (as a possible neuro-developmental root of ADHD) re-
quires more investigation to explore these speculations
(Karalunas et al. 2014; Shaw, Stringaris, Nigg, and Leibenluft
2014).

At the same time, the emerging picture regarding ADHD
and breastfeeding from our work here and the literature that
preceded us raises other questions. If breastfeeding is causally
associated with ADHD, its effect is likely to be part of a
liability (or else susceptibility) by experience interplay (or
more narrowly, genotype by environment interplay). In that
regard, it is likely that for many children, duration of
breastfeeding does not lead to ADHD, whereas for others, it
may be an important additional risk or protective factor that
interacts with pre-existing liability. Examination of
breastfeeding in gene x environment interaction studies will
be of keen interest. In summary, the present study suggests
that claims of an association between breastfeeding duration

and child ADHD are valid. Additional focus on early infant
developmental risk factors for ADHD appears to be an impor-
tant future direction for the field.
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