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Association of maternal dopamine transporter genotype
with negative parenting: evidence for gene x environment
interaction with child disruptive behavior
SS Lee1, A Chronis-Tuscano2, K Keenan3, WE Pelham4, J Loney5, CA Van Hulle6, EH Cook7
and BB Lahey3,6
1

Department of Psychology, University of California at Los Angeles, Los Angeles, CA, USA; 2Department of Psychology,
University of Maryland, College Park, MD, USA; 3Department of Psychiatry, University of Chicago, Chicago, IL, USA;
4
Department of Psychology, State University of New York at Buffalo, Buffalo, NY, USA; 5Department of Pediatrics, University of
Iowa, Iowa City, IA, USA; 6Department of Health Studies, University of Chicago, Chicago, IL, USA and 7Institute for Juvenile
Research, Department of Psychiatry, University of Illinois at Chicago, Chicago, IL, USA
Although maternal parenting is central to child development, little is known about the interplay
between molecular genetic and environmental factors that influence parenting. We tested the
association of the 40-bp variable number tandem repeat polymorphism of the dopamine
transporter (DAT1; SLC6A3) gene with three dimensions of observed maternal parenting
behavior (positive parenting, negative parenting and total maternal commands). A significant
nonadditive association was found between maternal DAT1 genotype and both negative
parenting and total commands during a structured mother–child interaction task, even after
controlling demographic factors, maternal psychopathology and disruptive child behavior
during the task. Furthermore, the association between maternal DAT1 genotype and negative
parenting was significantly stronger among mothers whose children were highly disruptive
during the mother–child interaction task, suggesting a gene–environment interaction.
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Introduction
Parenting style and practices are strongly correlated
with important measures of child outcomes, including academic achievement, peer relationships and
conduct problems.1–4 Although these correlations do
not necessarily reflect the causal influence of parenting on children’s development,5 interventions that
reduce negative parenting and increase positive
parenting are associated with reductions in child
behavior problems,6,7 suggesting, but not confirming,
a causal role of natural variations in parenting on
child behavior and adjustment.
Because of the importance of parenting behavior for
child development, it is essential to identify the
variables that contribute to variations in parenting.
One factor that strongly influences parenting is the
child’s behavior, a process referred to as ‘child
effects.’8–10 That is, not only do parents provide an
important environment for their child, characteristics
of the child also provide an important environment
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for his/her parents. For example, mothers interact
very differently with children who are compliant and
obedient than with children who are defiant and
disruptive.8,9 Variations in parenting behavior are also
correlated with parental social support11 and parental
characteristics including negative affect,12 personality
traits such as neuroticism,13 and parental cognitive
characteristics such as intelligence and attribution
biases.14–16
Parent-based designs, in which adult twins selfreport on their parenting behavior with their own
children, suggest that multiple dimensions of parenting behavior, including care and protectiveness17 and
warmth and positivity18 are at least moderately
heritable, although the one study that used observational measures of parenting found little genetic
influence on negative parenting.19 Child-based
designs, where adult twins report on the parenting
received, also suggest genetic factors are involved in
dimensions of parenting such as perceived support20
and negativity.19 These heritability estimates could
misrepresent the role of genetic factors in parenting
and child development for at least two reasons,
however. First, there is evidence that both passive
and evocative gene–environment correlations (rGE)
are involved in the association of parenting with child
outcomes. That is, child genotype and parenting
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environment may be correlated because parents
both transmit genes to their offspring and provide
parenting environments (passive rGE). Genetically
influenced characteristics of children may also differentially evoke parenting behaviors (evocative rGE).20
Passive and evocative rGE can distort heritability
estimates from traditional twin studies, although the
direction and magnitude of the effects are not always
predicatable.20–23 Second, gene–environment interactions (G  E) may operate in the sense that parental
genotype may be associated with parenting in
different ways in different environments.
Only one study has found evidence of possible
G  E involving parenting practices and the parent’s
genotype.24 This study found a significant interaction
between daily hassles in predicting sensitive parenting and a particular combination of alleles of two
genes: the dopamine D4 receptor gene (DRD4) and the
catechol-O-methyltransferase gene. The results of
several additional studies were suggestive of G  E
based on the child’s genotype. Higher maternal
sensitivity during infancy was associated with significantly fewer affective problems at age 3 years for
children with the A1 þ allele of the dopamine
receptor D2 (DRD2) gene, but not for children with
the A1 allele.22 Similarly, children with at least one
copy of the 7-repeat allele of DRD4 exhibited higher
sensation seeking in the presence of low parenting
quality, whereas there was no association between
parenting and the offspring’s sensation seeking in
children without this allele.25 Results were interpreted as being consistent with G  E, although the
authors acknowledged that the observed association
may actually be genetic if parenting quality was
genetically influenced. Furthermore, a recent study
found that child DRD4 genotype moderated the
efficacy a randomized controlled trial to promote
positive parenting, further suggesting interactive
models for child genotype and parenting behavior.26
In this study, we extend the existing literature by
testing the association between maternal genotype
and parenting behavior toward her young child using
observational measures of parenting during a structured mother–child interaction task. We also test
whether associations between maternal genotype and
her parenting are moderated by two dimensions of
child behavior (for example, parent and teacher
ratings of attention-deficit/hyperactivity disorder
(ADHD) symptoms during the past 12 months and
disruptive behavior during the task). We genotyped
the 40-bp variable number tandem repeat polymorphism located in the 30 -untranslated region in exon 15 of
the dopamine transporter (DAT1; SLC6A3) gene.
Genotypes at this locus consist almost entirely one
or two copies of the 9-repeat or 10-repeat alleles, with
9/9, 9/10 or 10/10 genotypes being the most common.
Each allele corresponds to the frequency of repeated
DNA fragments of the 40-bp sequence.
Genetic variants that influence dopamine systems
are good candidate polymorphisms for studies of
maternal parenting behavior because dopamine plays
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a key role in mood27 and a wide range of affiliative
behaviors, including maternal nurturing.28–30 Furthermore, dopamine is expressed in brain regions (for
example, mesolimbic) that may be associated with
individual differences in personality traits that may
be related to parenting.31 In addition, dopaminergic
neurons project from the ventral tegmental area and
substantia nigra to regions such as the dorsal anterior
cingulate that are implicated in executive functions
such as response inhibition,32,33 which may be
involved in well-modulated parenting. Studies of
nonhuman animals also strongly support a role for
dopamine in maternal behavior. Activation of the
mesolimbic dopamine tract is necessary for maternal
behavior in rats34 and DAT1 binding in the nucleus
accumbens is correlated with maternal behavior in
rats.35 Furthermore, DAT1 knockout mice show
severely disrupted maternal behavior.36

Materials and methods
Participants
Two cohorts of 3.8- to 7.0-year-old children, whose
caregivers reported symptoms of ADHD, were
recruited in consecutive years in Chicago and
Pittsburgh. There was a total of 127 probands who
met symptom criteria for ADHD (83% boys, mean
age = 5.23, s.d. = 0.70, 65% Caucasian, 30% African
American, 5.5% other). In addition, 126 matched
control children who had never been referred for
mental health problems and did not meet diagnostic
criteria for ADHD were also recruited (81% boys,
mean age = 5.17, s.d. = 0.77, 63.5% Caucasian, 31%
African American, 5.5% other). A total of 259 parents
gave written informed consent and all children gave
oral assent. All procedures were approved by University of Chicago and University of Pittsburgh
Institutional Review Boards.
Diagnostic assessments of the children
Trained interviewers administered the Diagnostic
Interview Schedule for Children (DISC) to each
child’s biological mother to determine if the child
met Diagnostic and Statistical Manual of Mental
Disorders, 3rd edn, Revised (DSM-III-R) diagnostic
criteria for ADHD, oppositional defiant disorder
(ODD), conduct disorder (CD), anxiety disorders,
depression and dysthymia.37 Additional questions
from the DSM-IV Field Trials version of the DISC were
asked to assess DSM-IV symptoms of disruptive
behavior disorders (DBD) not in DSM-III-R.38 In
addition, teachers were sent the DSM-IV DBD Rating
Scale by mail.39 Following standard procedures,
teachers indicated the presence of DSM-IV DBD
symptoms with endorsements of behaviors at the
level of ‘pretty much’ or ‘very much,’ whereas
symptoms rated ‘not at all’ or ‘just a little’ were
construed as absent. As in previous studies, DSM-IV
symptoms of ADHD, ODD and CD were considered
present if endorsed by either the parent or the
teacher.40
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In a previous paper based on this sample,41
we reported a significant nonadditive association
between the child’s DAT1 allele and combined parent
and teacher reports of the child’s symptoms of
hyperactivity–impulsivity, but not inattention, ODD
and CD, during seven annual assessments over 8
years. Post hoc comparisons of children with the
three primary DAT1 genotypes indicated that the 9/10
heterozygotes were consistently elevated on all four
dimensions of ADHD and DBD relative to the
homozygotes.
Assessment of maternal psychopathology
Mothers were interviewed about their current and
lifetime history of psychopathology using the Structured Clinical Interview for DSM-III-R, Non-Patient
edition.42 Mothers were asked about their DSM-III-R
diagnostic symptoms of major depressive disorder
and classified as meeting or not meeting criteria for
the diagnosis. In addition, the mothers were asked
about the number of DSM-III-R symptoms of CD that
they exhibited before age 15, the number of DSM-III-R
antisocial personality disorder symptoms that they
exhibited since 15 years of age, and the number of
their DSM-III-R ADHD symptoms.
Observational assessment of maternal parenting and
child deviant behavior
Parenting behavior was assessed using observations
of mothers and children during a structured laboratory protocol. Mother–child interactions were conducted in a standard room with a one-way mirror,
chairs for the mother and child, magazines, toys and a
TV monitor showing cartoons. For the first 10 min,
the mother was directed to play freely with her child.
Then, an interviewer entered the room and scattered
clothes, papers and empty containers around the
room. The interviewer handed the mother a list of
instructions, an Etch-a-Sketch game, a cloth, worksheets, a magazine and a pencil. The interviewer
quietly reviewed the instructions with the mother
before leaving the room. These instructions asked the
mother to instruct her child to complete the following
tasks, which were designed to be moderately challenging, during the remaining 15 min: (1) return the toys
to the shelf; (2) put the scattered clothes in a box; (3)
place the scattered crumpled paper and empty
containers in the waste basket; (4) sit at the table
and count geometric shapes; (5) copy a set of
geometric designs on paper; (6) dust the table with a
cloth; (7) work cooperatively with the mother to draw
a diagonal line on the Etch-a-Sketch and (8) choose
one toy and play quietly whereas the mother reads a
magazine and takes a 1 min telephone call from the
interviewer.
Discrete mother and child behaviors were coded
continuously from videotapes by coders who were
blind to all information about the child. Each incident
of the child’s disruptive behavior (for example, noncompliance, disruptive/destructive behavior) and three
mutually exclusive categories of parenting behavior

observed across the entire structured segment of the
interaction were coded and summed into total scores:
(1) negative parenting (for example, critical and
negative statements and negative physical contact);
(2) positive parenting (for example, praise, expressions
of positive affect and positive physical contact) and (3)
total number of maternal commands (for example,
direct declarative commands, indirect suggestions and
commands in the form of questions). These three
categories of maternal parenting behavior have been
found to discriminate children referred for behavior
problems from matched healthy controls.43,44 Coders
participated in 2 days of training until 80% agreement
was achieved. Coders were supervised throughout the
study with weekly telephone calls and monthly face-toface meetings to resolve differences in rating difficult
tapes, to avoid drift in coding and to maintain
reliability. The primary coder scored all videotapes
and the second coder scored a random 30% of the
videotapes. Interrater reliability was excellent: Cohen’s
k = 0.90 for negative parenting, 0.95 for positive
parenting, 0.95 for total commands and 0.92 for total
child disruptive behavior.
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Maternal genotypes
Saliva was collected in a later wave of this ongoing
longitudinal study from 83% of the mothers and
children. After one mother with a rare genotype
(10/11) was excluded, a total of 207 maternal DAT1
genotypes were available: 9/9 (n = 13; 69% Caucasian,
15.3% African American, 15.3% other), 9/10 (n = 80;
70.5% Caucasian, 26.9% African American, 2.6%
other) and 10/10 (n = 114; 62.2% Caucasian, 32.4%
African American, 5.4% other). Allelic distributions
were consistent with Hardy–Weinberg equilibrium
(w2 = 0.04, P = 0.98) and were not significantly associated with race–ethnicity (European American vs
non-European American: w2 = 1.37, P = 0.24; African
Americans vs non-African Americans: w2 = 0.39,
P = 0.54) or family income (linear: b = 0.02, P = 0.90,
nonadditive: b = 0.003, P = 0.97).
Statistical analyses
The association between maternal DAT1 and each
observed parenting dimension was modeled using
log-linear regression in SAS PROC GENMOD, specifying Poisson working distributions. Associations
between the maternal DAT1 10-repeat allele and each
of three dimensions of maternal parenting behavior
(negative, positive and total commands) were tested
separately. Both an additive term for DAT1 (coded as
1, 0 and 1), which tested linear differences among
mothers with 0, 1 or 2 copies of the 10-repeat DAT1
allele, respectively, and a nonadditive (quadratic)
term for DAT1 (coded as 1, 2 and 1 for 0, 1 or 2
copies of the 10-repeat DAT1 allele, respectively),
which tested for any form of nonadditive genetic
influence (that is, recessive, dominant or heterozygote
disadvantage), were entered simultaneously.
Five classes of covariates selected on theoretical
and empirical grounds were included in the analyses
Molecular Psychiatry
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of the association of maternal DAT1 and her parenting
behavior. First, because the sample consisted of
a group of children with ADHD and demographically
matched comparison children without ADHD, the
number of child ADHD symptoms in the initial
assessment was controlled. Second, given socioeconomic and racial-ethnic differences in parenting,45,46
total family income and the child’s race–ethnicity
were controlled. Third, age and sex of each child were
entered as covariates because of reliable differences
in parenting behavior associated with child age and
sex.47 Fourth, maternal psychopathology was controlled
because DAT1 variants have been associated
with ADHD, oppositional behavior and conduct
problems.41,48 Therefore, we controlled the mother’s
report of the number of her childhood ADHD
symptoms, her number of childhood symptoms of
CD, her current number of symptoms of antisocial
personality disorder, and whether she met diagnostic criteria for major depression during the past
6 months. Without these controls, any association
between maternal parenting and DAT1 could reflect
only the association of genes shared by the mother
and child that are related to their correlated psychopathology. Fifth, because the parenting observed
during the mother–child interaction could reflect
the mother’s responses to the child’s disruptive
behavior during the task (that is, child effects),8,10,44
we statistically controlled the child’s disruptive
behavior during the task.

Results
Association of maternal DAT1 genotype and parenting
Negative parenting. The nonadditive term for
maternal DAT1 genotype was significant for the
observed frequency of negative maternal parenting
behaviors
(additive
term:
b = 0.22,
P = 0.07;
nonadditive term: b = 0.14, P < 0.005). This indicates
some form of nonadditive association between
maternal DAT1 and negative parenting, but it does
not reveal the specific form of the association.
Therefore, post hoc analyses were conducted to
clarify the nonadditive association. Means for
negative parenting for mothers with the three DAT1
genotypes were: 9/10 heterozygotes (M = 12.4,
s.d. = 12.3), 9/9 homozygotes (M = 8.3, s.d. = 6.3) and
10/10 homozygotes (M = 10.5, s.d. = 7.7). Two
nonadditive models were compared using log-linear
regression with the five sets of covariates described
above. First, to test for a possible dominant effect of
the 10-repeat allele (or recessive effect of the 9-repeat
allele), mothers with at least one 10-repeat allele (9/10
and 10/10 genotypes combined) were compared to the
9/9 genotype mothers. Consistent with this model,
mothers with the 9/9 genotype were observed to
engage in significantly less negative parenting
(b = 0.52, P < 0.03) and to issue fewer total
commands (b = 0.24, P < 0.04) than mothers with at
least one 10-repeat allele.
Molecular Psychiatry

Second, the nonadditive ‘heterozygote disadvantage’ model was tested. Consistent with this model,
heterozygous (9/10) mothers engaged in more
negative parenting (b = 0.25, P < 0.02) than the two
groups of homozygous mothers (9/9 and 10/10)
combined.
In addition, the 9/10 mothers engaged in less negative parenting behavior than the 9/9 genotype
mothers (b = 0.74, P < 0.01) and less negative parenting than the 10/10 genotype mothers (b = 0.21,
P = 0.04).
Thus, the results of these post hoc comparisons
were consistent with a dominant/recessive model for
negative parenting, but more consistent with a heterozygote disadvantage model for negative parenting.
Total maternal commands. The nonadditive term for
maternal DAT1 genotype was significant for total
maternal commands (additive term: b = 0.11, P = 0.07;
nonadditive term: b = 0.06, P < 0.02). Means for
total maternal commands were: 9/10 heterozygotes
(M = 75.1, s.d. = 35.1), 9/9 homozygotes (M = 62.3,
s.d. = 29.3) and 10/10 homozygotes (M = 71.6,
s.d. = 31.6). The two nonadditive models were
compared using log-linear regression with the five
sets of covariates. Mothers with at least one 10-repeat
allele (9/10 and 10/10 genotypes combined) were
compared to the 9/9 genotype mothers. Consistent
with a dominant/recessive model, mothers with the
9/9 genotype issued fewer total commands (b = 0.24,
P < 0.04) than mothers with at least one 10-repeat
allele. In contrast, mothers with the 9/10 DAT1
genotype did not issue more total commands
(b = 0.08, P = 0.11) than the two combined groups
of homozygous mothers. Furthermore, although
the 9/9 mothers issued fewer total commands
(b = 0.30, P < 0.05) than the 9/10 genotype mothers,
mothers with the 9/10 genotype did not issue
more commands than mothers with the 10/10
genotype (b = 0.06, P = 0.21). Thus, the results of
these post hoc analyses were consistent with a
dominant/recessive model for total commands.
Positive parenting. Maternal DAT1 genotype was not
significantly associated with positive parenting
behavior (additive term: b = 0.05, P = 0.67; nonadditive
term: b = 0.07, P = 0.17).
Additional exploratory analyses were conducted
to consider the possibility that the individual components of the positive parenting composite score might
be associated with maternal DAT1. Using the same
data analytic procedures and covariates, no significant associations between maternal DAT1 and
any individual component of the composite positive
parenting dimension were detected, including positive physical maternal behaviors (additive term:
b = 0.05, P = 0.84; nonadditive term: b = 0.05,
P = 0.69), positive maternal affect (additive term:
b = 0.07, P = 0.68; nonadditive term: b = 0.09, P = 0.19)
and maternal praise of the child (additive term:
b = 0.08, P = 0.59; nonadditive term: b = 0.07, P = 0.23).
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Gene–environment correlation and interaction
involving maternal DAT1
Because of the importance of child effects on maternal
behavior,8–10 it is important to determine if child
disruptive behavior was correlated with maternal
parenting or moderated the association of maternal
DAT1 and her parenting behavior in this study.
Separate tests were conducted for each measure of
parenting to determine if the association between the
mother’s DAT1 genotype and her parenting was
moderated by two aspects of her child’s behavior:
(1) the total number of the child’s DSM-IV ADHD
symptoms reported by parents and teachers in the
initial assessment and (2) the child’s continuous level
of disruptive behavior observed during the mother–
child interaction task.
Because tests of G  E are ambiguous in the presence
of rGE,49 we first tested whether maternal DAT1
genotype was correlated with the child’s number
of ADHD symptoms using log-linear regression,
controlling the child’s age, sex and race–ethnicity.
The mean number of child ADHD symptoms in
the three maternal genotype groups was: 9/9
(M = 12.2, s.d. = 5.5), 9/10 (M = 8.50, s.d. = 7.0) and
10/10 (M = 8.40, s.d. = 6.8). Maternal DAT1 was not
significantly related to the child’s number of ADHD
symptoms (additive term: b = 0.18, P = 0.08; nonadditive term: b = 0.05, P = 0.26), but there was a
nonsignificant linear trend toward the children of
mothers with fewer 10-repeat alleles exhibiting more
ADHD symptoms. Thus, any significant interaction
between maternal DAT1 genotype and the child’s
number of ADHD symptoms should be interpreted
cautiously.
We similarly tested for rGE between maternal DAT1
genotype and the child’s continuous level of disruptive and noncompliant behavior during the mother–
child interaction task. The mean number of child
disruptive behaviors was similar across the three
maternal genotypes [9/9 (M = 14.9, s.d. = 22.4), 9/10
(M = 14.1, s.d. = 18.4) and 10/10 (M = 13.2, s.d. = 16.3)].
Maternal DAT1 was not significantly related to the
child’s disruptive behavior (additive term: b = 0.05,
P = 0.77; nonadditive term: b = 0.00, P = 0.94), indicating that the mother’s DAT1 genotype was not
correlated with her exposure to her child’s disruptive
behavior during the mother–child interaction task.
This means that the test of G  E (that is, moderation
of the association between maternal DAT1 and her
negative parenting) was not substantially complicated
by the presence of rGE between maternal genotype
and the child’s disruptive behavior during the task. In
addition, we tested whether the child’s DAT1 genotype was associated with child disruptive behavior
during the mother–child interaction task. No
significant associated was detected (additive term:
b = 0.23, P = 0.27; nonadditive term: b = 0.09, P = 0.28),
confirming that the mother’s exposure to child
disruptive behavior was not significantly correlated
with the child’s DAT1 genotype. The results were
essentially the same whether the child’s ADHD

symptoms and demographic characteristics were
controlled or not.
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Tests of moderation by child ADHD. We tested the
interaction between the child’s number of DSM-IV
ADHD symptoms reported by parents and teachers in
the initial assessment and maternal DAT1 to
determine if the child’s level of ADHD moderated
the association between maternal DAT1 and her
parenting. Separate tests were conducted for each of
the three categories of parenting behavior using the
full set of covariates described above. None of the
interactions was significant at the 0.05 level. The
parameter estimates for interactions with the linear
term for maternal DAT1 for negative parenting,
positive parenting and total maternal commands,
were b = 0.01, P = 0.76; b = 0.02, P = 0.57 and
b = 0.00, P = 0.52; respectively. Similar patterns
were observed based on the interaction with the
quadratic term of the maternal genotype (b = 0.005,
P = 0.76; b = 0.01, P = 0.16 and b = 0.003, P = 0.55;
for negative parenting, positive parenting and total
commands, respectively).
Tests of moderation by child disruptive behavior:
negative parenting. We conducted similar separate
tests for each dimension of parenting of the
interaction between the continuous level of
observed child disruptive behavior and maternal
DAT1. Both the additive and nonadditive terms for
DAT1 were entered simultaneously in log-linear
models with all five sets of covariates. For negative
parenting, there was a significant interaction between
the continuous level of child disruptive behavior and
the nonadditive term for maternal DAT1 and
(b = 0.004, P < 0.05), but not the additive term for
maternal DAT1 (b = 0.01, P = 0.16). To provide an
initial characterization of this interaction, we
calculated the mean level of negative parenting for
each maternal DAT1 genotype above and below the
sample median for child disruptive behavior during
the mother–child interaction (median split). The cell
sizes were as follows: 9/9 (n = 8), 9/10 (n = 56) and
10/10 (n = 58); 9/9 (n = 5), 9/10 (n = 44) and 10/10
(n = 56) for mothers with children above and below
the sample median, respectively (see Figure 1).
The methods recommended by Aiken and West50
also were used to probe the significant interaction
between child disruptive behavior and the nonadditive term for maternal DAT1 for negative parenting.
Estimated regression lines for levels of negative
parenting on the continuous level of child disruptive
behavior in mothers with the three maternal DAT1
genotypes are presented in Figure 2. At both the grand
mean of child disruptive behavior and the grand
mean 1 s.d., no significant mean differences in
negative parenting were observed among the three
genotype groups (Wald w2 = 5.44, d.f. = 2, P = 0.07 and
Wald w2 = 0.48, d.f. = 2, P = 0.79, respectively). However, at the grand mean þ 1 s.d. for child disruptive
behavior, significant mean differences in negative
Molecular Psychiatry
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grand mean þ 2 s.d. Again, significant mean
differences in negative parenting were detected
among the three genotype groups (Wald w2 = 10.9,
d.f. = 2, P < 0.01).
Post hoc pairwise contrasts at the grand mean þ 1
s.d. for child disruptive behavior revealed that both
the 9/10 mothers (Wald w2 = 8.17, d.f. = 1, P < 0.01) and
the 10/10 mothers (Wald w2 = 4.04, d.f. = 1, P < 0.05)
used more negative parenting than 9/9 mothers. There
was also a significant difference in negative parenting
between the 9/10 and 10/10 mothers (Wald w2 = 5.56,
d.f. = 1, P < 0.05). At the grand mean þ 2 s.d. for child
disruptive behavior, the 9/10 mothers (Wald w2 = 7.54,
d.f. = 1, P < 0.01) and the 10/10 mothers (Wald
w2 = 4.99, d.f. = 1, P < 0.05) used more negative parenting than 9/9 mothers. In addition, the 9/10 mothers
used more negative parenting than the 10/10 mothers
(Wald w2 = 3.86, d.f. = 1, P < 0.05).

parenting were detected among the three genotype
groups (Wald w2 = 11.66, d.f. = 2, P < 0.01). Because
the distribution of child disruptive behavior
was skewed, the interaction also was probed at the
High Child Deviance

Low Child Deviance

18
16

Negative Parenting

14
12
10
8

Tests of moderation by child disruptive behavior: total
maternal commands. For total maternal commands,
there were nonsignificant trends toward moderation
of the effect maternal DAT1 genotype by the child’s
continuous level of observed disruptive behavior
(additive term  child disruptive behavior: b = 0.005,
P = 0.07;
nonadditive
term  child
disruptive
behavior: b = 0.002, P = 0.07). Because these
nonsignificant trends for the interactions were in
the same direction as for negative parenting, and
because statistical power to detect interactions was
modest in our sample, we conducted the same follow
up analyses for total commands as we did for negative
parenting in an exploratory spirit. We calculated the
mean number of total commands issued by parents of
each genotype with children above and below the
sample median for child disruptive behavior (see

6
4
2
0
DAT1 9/9
(n=13)

DAT1 9/10
(n=80)

DAT1 10/10
(n=114)

Figure 1 Maternal dopamine transporter (DAT1) genotype
and the average number of observed negative maternal
parenting behaviors as a function of her child’s level of
disruptive behavior during the mother–child interaction
task. The significant nonadditive term for maternal DAT1
and negative parenting suggests some form of nonadditive
association, but the specific form of this nonadditive
association was not determined.
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Negative Maternal Parenting (z)
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Child Disruptive Behavior (z)

Figure 2 Regression lines for predicted levels of negative parenting (z score) for the interaction between maternal dopamine
transporter (DAT1) genotype and the continuous level of child disruptive behavior (z score).
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Figure 3 Maternal dopamine transporter (DAT1) genotype and the average number of observed maternal parenting
commands during the mother–child interaction task. Parallel to the finding for negative parenting behavior, there was a
nonadditive association of maternal DAT1 and the number of parenting commands observed but no specific model of
transmission was suggested.

Figure 3). We also probed the interactions using the
Aiken and West50 methods described above.
Estimated regression lines for levels of total
commands reflecting the borderline interaction
between maternal DAT1 genotype and the
continuous level of child disruptive behavior are
presented in Figure 4.
Parallel to the findings for negative parenting, no
significant differences were found among the three
maternal genotype groups at the grand mean and
grand mean 1 s.d. of child disruptive behavior
(Wald w2 = 3.60, d.f. = 2, P = 0.17 and Wald w2 = 0.25,
d.f. = 2, P = 0.88, respectively). However, at the grand
mean þ 1 s.d. and at the grand mean þ 2 s.d. for child
disruptive behavior, significant mean differences in
total commands were detected among the three
genotypes (Wald w2 = 7.69, d.f. = 2, P < 0.05 and Wald
w2 = 7.63, d.f. = 2, P < 0.05, respectively).
Post hoc pairwise comparisons revealed that at þ 1
s.d., the 9/10 and 10/10 genotype mothers each used
more total commands than the 9/9 genotype mothers
(Wald w2 = 8.12, d.f. = 1, P < 0.01 and Wald w2 = 5.32,
d.f. = 1, P < 0.05, respectively), but there was not a
significant difference between the 9/10 and 10/10
genotypes (Wald w2 = 1.39, d.f. = 1, P = 0.24). At þ 2
s.d., there was an identical pattern whereby 9/10
and 10/10 genotypes mothers used more total commands than 9/9 genotype mothers (Wald w2 = 7.60,
d.f. = 1, P < 0.01 and Wald w2 = 5.23, d.f. = 1, P < 0.05,

respectively), but there was not a significant
difference between the 9/10 and 10/10 genotypes
(Wald w2 = 1.1, d.f. = 1, P = 0.30).
Tests of moderation by child disruptive behavior:
positive parenting. For positive maternal parenting,
there were no significant interactions between
maternal DAT1 genotype and the child’s continuous
level of disruptive behavior (additive term  child
disruptive behavior: b = 0.02, P = 0.89; nonadditive
term  child disruptive behavior: b = 0.09, P = 0.16).

Discussion
The present findings suggest that a specific genetic
polymorphism in women is associated with two
specific dimensions of maternal parenting behavior.
Maternal DAT1 was significantly associated with the
observed frequency of both negative parenting and
total parenting commands during a structured
mother–child interaction task with child and family
demographic indices, maternal psychopathology, the
child’s ADHD symptoms, and disruptive behavior
during the task controlled. We did not detect a
significant association between maternal DAT1 genotype and the mother’s positive parenting, however.
The present findings are consistent with earlier
findings on the roles of the dopamine system, and
the DAT1 gene in particular, in maternal behavior in
Molecular Psychiatry
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Figure 4 Regression lines for predicted levels of total commands (z score) for the interaction between maternal dopamine
transporter (DAT1) genotype and the continuous level of child disruptive behavior (z score).

nonhuman animals, but this study provides the first
evidence on the role of variations in DAT1 in
individual differences in observed maternal parenting
behavior in humans.
This study also provides evidence of a G  E in
which the level of disruptive behavior exhibited by
the child during the mother–child interaction moderates the association between the maternal DAT1
genotype and her negative parenting. Maternal DAT1
genotype was significantly related to negative parenting among mothers of children who were highly
disruptive and noncompliant during the mother–
child interaction task, but not among mothers whose
children were well behaved. There was a nonsignificant trend toward the same interaction for total
maternal commands. Maternal DAT1 genotype was
not significantly correlated with the level of child
disruptive behavior during the task, suggesting that
the interaction between maternal genotype and child
disruptive behavior was not an artifact of rGE.51
For both negative parenting and total maternal
commands, the results suggested that a nonadditive
model of transmission may be involved in their
associations with maternal DAT1; however, the
post hoc comparisons did not unambiguously indicate, which specific nonadditive model is involved.
Mothers with the 9/10 genotype exhibited significantly more negative parenting than the combined
group of 9/9 and 10/10 genotype mothers. This
pattern of differences is consistent with a heterozygote disadvantage model, but a dominant/recessive
model cannot be ruled out. The findings for total
parental commands were consistent with both a
heterozygote disadvantage model and a dominance
model.
Molecular Psychiatry

If future studies support a heterozygote disadvantage model for maternal DAT1, much would remain to
be learned about this mechanism. It is possible that
the two different alleles produce different gene
products, but other explanations also are plausible.
For example, what appears to be heterozygote
disadvantage could actually reflect the influence of
unmeasured genetic and/or environmental factors.
For example, in the presence of one allele of another
unmeasured polymorphism, mothers with one or
more 9-repeat allele for DAT1 might be at greatest
risk for adverse parenting, but in the presence of
another allele of the unmeasured polymorphism,
mothers with one or more 10-repeat allele might be
at highest risk. Depending on the frequency of the
alleles of the unmeasured polymorphism, this could
result in the 9/10 genotype being at highest risk when
the unknown interacting locus is not considered.
Similarly, apparent heterozygote disadvantage also
could be result from the moderating influence of an
unmeasured aspect of the environment.
Regardless of the nature of the association between
maternal DAT1 and parenting, it will be important to
eventually understand the proximal mechanisms that
mediate and/or moderate the association of the DAT1
with parenting. Individual differences in personality
traits, cognition and emotion regulation may represent pathways from genetic variation to differences in
parenting behavior. For example, dopamine genes
may be associated with personality traits such
as novelty seeking,52 extraversion,53 and harm avoidance54 and epistatic effects between DAT1 and
brain-derived neurotrophic factor genes have been
associated with neuroticism.55 Considering the association of personality traits and parenting behavior56
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and the substantial heritability of personality dimensions,31 further exploration of personality traits as a
mediator of genetic influences on parenting would be
important to pursue further.
In addition to personality traits, emerging evidence
from human and nonhuman neuroscience has supported the hypothesis that dopamine neurotransmission in regions that are associated with cognitive/
affective processes be involved in individual differences in parenting. For example, the anterior cingulate cortex (ACC) is a dopamine-rich region of the
brain that influences emotion regulation and simultaneously monitors competing behavioral responses in
the presence of multiple task demands.57 In particular, the caudal region of ACC has been associated with
complex cognitive functions (for example, alerting,
orienting and executive control) whereas rostral ACC
has been implicated in affective processing and
regulation.58 In rats, dopamine (D1) receptors in
ACC influence effort-based decision making and
dopamine release into the forebrain is pivotal to the
activation of voluntary maternal responses, including
the decision to avoid or engage biologically relevant
stimuli.34,59 Similarly, mesolimbic dopamine neurons
in the ventral tegmental area and activation of reward
circuitry through D1 dopamine receptors are strongly
associated with maternal behavior in rats.60 Moreover,
the ACC may be vitally involved in the appraisal of
initial conflict and coordination with other regions
modulating cognitive control.61 Thus, because dopamine is centrally involved in cognitive and affective
aspects of parenting and social behavior more
generally, dopamine-related genetic variation may
contribute to hypo or hyperactivation of neural
regions underlying parenting behavior, particularly
in the presence of complex cognitive and affective
conditions.
Additional insight into dopaminergic influences on
parenting, and the potential role of DAT1, might be
found from studies utilizing dopamine agonists.62 For
example, methylphenidate (MPH) blocks the DAT1
and increases synaptic levels of dopamine. A number
of studies have tested whether DAT1 variants were
related to the efficacy of MPH and associated side
effects. The results varied considerably, but when the
results are considered across studies, they suggest a
nonadditive effect that is either consistent with a
dominant effect of the 10-repeat allele63,64 or a
heterozygote disadvantage effect in which children
and adults with the 9/10 genotype experienced fewer
side effects65 and had a more favorable response to
MPH.66,67 Finally, DAT knockdown mice respond to
dopamine agonists differently than wild-type mice68
in tasks sensitive to excitatory transmission in the
corticostriatal pathway. In particular, DAT1 genotypes
may affect the limbic corticostriatal loop, which is
strongly related to goal directed behavior and the
appraisal of affective stimuli.69 Future studies employing genetic dissection of parenting should be
formulated within the context of cognitive and
affective neuroscience to provide greater traction

on the mechanisms underlying complex social
behavior.70
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