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Maternal Depression and Warmth During
Childhood Predict Age 20 Neural Response

to Reward
Judith K. Morgan, PhD, Daniel S. Shaw, PhD, Erika E. Forbes, PhD
Objective: Early parenting experiences likely shape children’s brain development, with con-
sequences potentially extending into adulthood. Parents’ affective disorders and expressions of
positive affect could exert an influence on affect-related circuitry. The current study evaluated
how maternal depression and maternal warmth assessed in early childhood and early adoles-
cence were related to boys’ reward function during early adulthood. Method: Participants
were 120 boys at socioeconomic risk for emotional problems. Mothers’ history of depression
during the child’s lifetime was measured when boys were 42 months old and 10 and 11 years
old. Maternal warmth was observed during mother–child interactions at 18 and 24 months and
at 10 and 11 years. Results: Maternal warmth during early childhood was associated with
less activation in the medial prefrontal cortex (mPFC) when anticipating and experiencing
reward loss. Maternal warmth during early adolescence was associated with less activation in
the mPFC when winning rewards and greater activation in the caudate when experiencing loss.
The association between maternal warmth during early childhood and early adolescence and
reward function in the striatum and mPFC was stronger for boys exposed to maternal
depression relative to boys who were not. Conclusions: The experience of warmth and
affection from mothers may be a protective factor for reward function in boys exposed to
maternal depression, possibly by engaging vulnerable neural reward systems through
affiliation. J. Am. Acad. Child Adolesc. Psychiatry, 2014;53(1):108–117. Key Words: maternal
depression, reward, warmth
ealthy brain development occurs in the
context of supportive and warm family
H relationships. Given the critical role of

parental warmth in affective development1,2 and
the role of neural reward circuitry in mental
health, it is important to understand the devel-
opment of the brain’s reward regions within the
context of a child’s family. One important family
characteristic, maternal depression, has garnered
a large amount of interest in the field of devel-
opmental psychopathology because of its strong,
consistent association with children’s emotional
problems.3

Developmental theories have proposed several
mechanisms by which exposure to maternal
depression—beyond inherited tendencies toward
Supplemental material cited in this article is available online.
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depression—may be associated with maladaptive
brain development in offspring.4 One posited
mechanism is through depression’s compromising
effect on caregiving quality. Depressed mothers
show reliable differences in how they interact
with their offspring, compared to non-depressed
mothers across development,5-7 and expressing
less maternal warmth to offspring may disrupt
both positive and negative affective systems.4,8

Reward function may be particularly altered, as
children of depressed mothers show disrupted
positive affect.9 Indeed, 2 functional magnetic
resonance imaging (fMRI) studies have shown that
adolescents with a maternal history of depression
show less activation in reward regions in response
to rewards.8,10 Electroencephalography (EEG) stu-
dies during earlier developmental periods indicate
that exposure to maternal depression is associated
with altered patterns of brain function.11

Although mothers with a history of depres-
sion tend to show less positive affect when
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interacting with their children, individual dif-
ferences in warmth exist among depressed
mothers, and some depressed mothers maintain
warm mother–child relationships.5 Children
who have been exposed to maternal depression
may be more likely to be affected in their neural
development by variations in maternal warmth
relative to youth without this history, perhaps
because of a need for these positive interactions
to buffer negative influences associated with
maternal depression, such as stressful life
environments.4

Developmental timing may influence the effect
of family climate on child outcomes. Maternal
depression during early childhood (rather than
later in development) appears to have the
most robust effect on child outcomes, such as
temperament; however, maternal depression
during the transition to adolescence also has been
linked to affective development.5 Maternal
warmth is important for affective development
during early childhood, when temperament is
stabilizing and self-regulation is developing.12 In
addition to the importance of peers during
adolescence, maternal warmth continues to be
important during adolescence,13 when there is
developmental sensitivity because of changes
associated with puberty, including maturation of
neural reward-related regions.14Maternalwarmth
(i.e., high levels of maternal positive affect) has
been associated with both positive and negative
child behavior across development, including
child social skills and affect regulation,2,5-7

The function of reward circuitry plays an
important role in depression15,16 and other disor-
ders.17 Reward regions are activated by social
cues, including positive affect from a loved
one,18,19 suggesting that early family experiences
likely play a role in the development of reward
regions. Critical regions in reward circuitry
include the striatum, which is linked to positive
affect in healthy and depressed adolescents, and
the medial prefrontal cortex (mPFC), which is
implicated in affect regulation and valuating one’s
own performance in obtaining a reward.15,16, 20

Low striatal and high medial prefrontal cortex
(mPFC) activation in response to reward have
been demonstrated in adolescent and adult
depression21,22 and observed in adolescents with a
familial history of depression.8,10 Neural process-
ing of loss is also important, particularly for ad-
olescents exposed to a depressed mother—as
these adolescents may have missed out on
rewarding experiences because of less frequently
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occurring positive mother–child interactions or
interactions of poorer quality.

Similar brain regions are activated in response
to nonsocial and social rewards (i.e., striatum and
mPFC).18 Monetary reward paradigms are an
established method of evaluating reward function
and have been linked to various social influences,
such as child maltreatment.23 As reward function
is involved in the development of affective dis-
orders, identifying early experiences that may
affect reward function merits consideration.

The current project evaluated maternal dep-
ression and maternal warmth on reward function
in boys. We included a sample of low-income
boys, examining exposure to maternal depres-
sion and maternal warmth during 2 important
developmental periods, namely, toddlerhood and
early adolescence, as they represent important
and rapid periods of affective development.12,14

We focus on low-income families, as rates of dep-
ression are higher among parents in low-income
families relative to middle-income families, and
as the combination of depressive symptoms and
high levels of stress experienced by low-income
families can lead to compromised caregiving.24

We focus on boys, as depression processes have
been understudied in boys relative to girls, even
though depression has devastating consequences
for boys.25

We hypothesized that maternal history of
depression would be associated with less striatal
activation and greater mPFC activation to re-
ward, and that greater maternal warmth would
be associated with greater striatal and less mPFC
activation in response to winning or losing re-
wards. We predicted that maternal warmth
would be more strongly associated with reward-
related activation in the striatum and mPFC for
boys exposed to maternal depression in early
childhood. We explored whether the strength of
effects between maternal depression and warmth
on reward function depended on their develop-
mental timing.

METHOD
Study Participants
Participants were 120 boys from a longitudinal project
on vulnerability in boys from low-income families.26

Families were recruited to the study when boys were
between the ages of 7 and 17 months of age from
Women, Infants, and Children (WIC) Nutritional Sup-
plement centers in the greater Pittsburgh area. All
participants were boys because of the project’s original
focus on the developmental precursors of antisocial
Y
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behavior. Of the mothers, 55% were European Amer-
ican, 41% African American, and 4% were of other
races/ethnicities (e.g., biracial, Hispanic). At the 18-
month assessment, mothers ranged from 17 to 43
years of age (mean ¼ 28.20 years). In reporting rela-
tionship status, 66% of mothers were married or
cohabitating, 27% were single, and 7% were separated,
divorced, or widowed. Average family income was
$1,094 per month, and the mean SES score was 23.4
using the Hollingshead Index, indicating working-class
status.27 All procedures received Institutional Review
Board approval at the University of Pittsburgh, and all
subjects provided consent for their participation in
the study.

Boys and their mothers participated in several
structured parent–child interaction tasks at 18 and 24
months and 10 and 11 years. Mothers were interviewed
about their history of depression during the child’s
lifetime using a semistructured interview, the Struc-
tured Clinical Interview for DSM-III-R, Patient Edi-
tion/Nonpatient Edition (SCID)28 when boys were 42
months old. At age 20 years, boys participated in an
fMRI assessment with a monetary reward task. At the
time of the scan, boys were medically and neurologi-
cally healthy and were free of all substances and
medications.

Originally, 310 boys and their families were re-
cruited to participate in the longitudinal project. Of
these 310 families, 307 families had data from the 18-
and 24-month parent–child interaction tasks, 253 fam-
ilies had data from the 10- and 11-year parent–child
interaction tasks, and 261 mothers reported on their
history of depression at the SCID assessment when
boys were 42 months. Of the 310 boys, 186 boys
participated in fMRI scan at age 20, with 166 boys
having usable fMRI data (n ¼ 12 removed because of
difficulty with the task or misunderstanding the task;
n ¼ 6 because of insufficient coverage; and n ¼ 2
because of being on drugs or psychotic during the
scan). Altogether, the number of participants with us-
able scan data, maternal depression data, and maternal
warmth data during early childhood and early
adolescence was 120.

There were no significant differences in mother’s
education level or family income at 18 months, or
maternal warmth at 18 and 24 months or 10 and 11
years for participants with fMRI data compared to
those without these data or for participants with a
maternal history of depression and those without this
history.
Measures
History of Maternal Depression. Mothers completed the
mood disorders module of the SCID28 with a clinically
trained staff person trained to reliability by a licensed
psychologist, when boys were 42 months old. Among
the 120 dyads in the study, 20% of the mothers (n ¼ 24)
reported a history of major depressive disorder (MDD)
JOURN
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or dysthymia (DD) within the child’s lifetime (past 3.5
years). Mothers with a history of bipolar disorder were
excluded from the study because of differences in
neural circuitry function in bipolar and unipolar
depression.29

Maternal Depressive Symptoms. Mothers reported on
current depressive symptoms using the BDI when boys
were 10 and 11, a widely used measure of depressive
symptoms.30 The scale had strong reliability (a ¼ 0.88).
We used an average of maternal BDI score at 10 and 11
(r ¼ 0.71, p < .001) for analyses evaluating whether
maternal warmth and depression effects remained
when considering maternal depressive symptoms at
ages 10 and 11 years.

Maternal Warmth During Early Childhood. At 18 and
24 months, mothers and their toddlers participated in 2
semistructured tasks: a series of teaching tasks and a
clean-up task. In the teaching tasks, mothers and sons
spent 9 minutes working on three 3-minute interactive
tasks that were designed to be slightly difficult for
toddlers to complete on their own (e.g., a puzzle). In
the clean up task, mothers were instructed to have their
sons clean up the toys in the laboratory play room.
Mothers’ global warmth was coded on intensity of
maternal warmth using the Early Parenting Coding
System31 on a 4-point Likert scale (1 ¼ none; 4 ¼ a lot)
at both time points. This yielded 4 maternal warmth
scores. Intraclass coefficients ranged from 0.67 to 0.94
for these tasks, with a mean of 0.81, indicating
adequate reliablity.32 Maternal warmth during all 4
interactions were significantly correlated (r ¼ 0.16–0.46,
p < .01 for all) and were averaged to create a maternal
warmth during early childhood composite.

MaternalWarmthDuringEarlyAdolescence. Mothers and
their sons participated in 2 similar discussion tasks when
boys were 10 and 11 years old. At age 10 years, the topic of
discussion was based on areas of current disagreement
and selected by the primary caregiver (e.g., keeping the
room clean).33 At age 11, the target child was asked to
select a topic for which he could use assistance (e.g., a
friend is being mean).34 Maternal warmth was coded
globally on the intensity of maternal warmth (e.g., smiles
with her child) on a 9-point Likert scale (1¼ low, 9¼ high)
during this task at both ages and was significantly corre-
lated (r ¼ 0.39, p <.01). Intraclass coefficients ranged from
0.67 to 0.84, with a mean of 0.74, indicating adequate
reliability.32 The codes for ages 10 and 11 years were
averaged to create a composite maternal warmth during
early adolescence.

Boys’ Psychopathology. At age 20 years, boys re-
ported on their lifetime history of Axis I clinical dis-
orders using the SCID28 with a clinically trained staff
person trained to reliability with a licensed clinical
psychologist. History of major depressive disorder
(MDD) or dysthymia, substance dependence, and
antisocial personality disorder (ASPD) were included
in our models because of their relevance to reward
function. Of the 120 boys, 13% of boys had a history of
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MDD or dysthymia, 14% had a history of substance
dependence, and 8% had a history of ASPD. Rates of
these disorders were comparable in boys not included
in analyses (11% with MDD, 11% with substance dep-
endence, and 10% with ASPD).

Neural Response to Reward. Boys completed a
reward-related fMRI paradigm at age 20. The fMRI
paradigm was an 8-minute, slow, event-related, card-
guessing game that evaluates neural response to the
anticipation and receipt of monetary reward feed-
back.21 Participants received win, loss, or no-change
(neutral) feedback for each trial. Participants were
told that their performance would determine a mone-
tary reward after the scan, with $1 for each win and
50 cents deducted for each loss. Trials were presented
in pseudorandom order with predetermined outcomes.
Earnings totaled $6 for all participants. Trials were
presented in a single run, with 24 trials total and a
balanced number of trial types within runs (i.e., 12
possible-win versus no-change trials, 12 possible-loss
versus no-change trials). During each trial, partici-
pants guessed via button press whether a visually
presented card, with a possible value of 1 to 9, was
higher or lower than 5 (4 seconds), learned the trial
type (possible-win, possible-loss) to anticipate feedback
(6 seconds), and received feedback (won money, lost
money, or no change; 1-second plus 6-second intertrial
interval). Baseline was defined as the last 3 seconds of
each intertrial interval, as the hemodynamic response is
likely to have resolved by this point in the trial. Par-
ticipants were unaware of fixed outcome probabilities
(i.e., all participants receive the same trials) (see
Nusslock et al., 2012, for task figure).29
fMRI Acquisition, Processing, and Analysis
Each participant underwent scanning using a Siemens
3T Trio scanner. Blood-oxygenation-level–dependent
(BOLD) functional images were acquired with a gra-
dient echo planar imaging (EPI) sequence and covered
39 axial slices (3.1-mm thick) beginning at the cerebral
vertex and encompassing the entire cerebrum and the
majority of the cerebellum (repetition time [TR]/time
to echo [TE] ¼ 2000/25 ms, field of view [FOV] ¼ 20
cm, matrix ¼ 64 � 64). All scanning parameters were
selected to optimize the quality of the BOLD signal
while maintaining a sufficient number of slices to ac-
quire whole-brain data. Before the collection of fMRI
data for each participant, we acquired a reference EPI
scan that we visually inspected for artifacts (e.g.,
ghosting) and for good signal across the entire volume
of acquisition. The fMRI data from all included par-
ticipants were cleared of such problems.

Preprocessing and whole-brain image analyses were
completed using SPM8 (http://www.fil.ion.ucl.ac.uk/
spm). For each scan, structural images for each partic-
ipant were segmented, and functional images were
realigned to correct for head motion, coregistered to the
segmented structural data, spatially normalized into
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR

VOLUME 53 NUMBER 1 JANUARY 2014
standard stereotaxic space (Montreal Neurological
Institute template) using a 12-parameter affine model,
and smoothedwith a 6-mm full-width at half-maximum
Gaussian filter. Participants’ data were inspected for
adequate coverage of the ventral striatum (>80%). All
remaining participants had movement <2 mm in each
plane on average across all frames. Groups did not
differ in movement.
Data Analysis
Anatomical regions of interest (ROI) were constructed
using the WFU PickAtlas Tool (v1.04). The striatal ROI
was defined as a 3,642-voxel-size 20-mm radius sphere,
centered on the ventral striatum using Talairach co-
ordinates x ¼ 0, y ¼ 0, and z ¼ 0 and encompassing the
dorsal and ventral striata. The mPFC region of interest
(ROI) was centered around coordinates x ¼ 0, y ¼ 42,
and z ¼ 18, and defined as a 5,393-voxel-size 25-mm
radius sphere including medial Brodmann area (BA)
10 and BA32.21

For the analyses of interest, we conducted multiple
regression analyses in SPM8 in which activation in the
striatum and mPFC during the contrasts of reward
anticipation > baseline, reward outcome > baseline,
loss anticipation > baseline, and loss outcome > base-
line were the outcome variables. Simulations in the
AlphaSim program in AFNI were used to estimate the
minimum number of contiguous voxels in each cluster
required to avoid type I error at a corrected value of
p< .05 for each ROI (89 for striatum, 136 for mPFC). We
computed 4 separate regression models (1 model for
each contrast of interest) because of the strong correla-
tion among our conditions (r ¼ 0.69–0.71, p < .01 for
all). For each of the regression models, maternal
warmth during early childhood, maternal warmth
during early adolescence, maternal history of depres-
sion, and the two 2-way multiplicative interactions be-
tween maternal history of depression and maternal
warmth (either during early childhood or during early
adolescence) were entered as independent variables.
Diagnosis of either substance dependence or ASPD (as a
categorical variable) was entered as a control variable
based on this sample’s high rates of those disorders
(14% and 8%, respectively). For all significant in-
teractions, simple slope analyses35 were conducted
within SPM8 and restricted to clusters in which in-
teractions were found. Post-hoc analyses in which
maternal BDI at ages 10 and 11 years was substituted
for maternal history of depression (SCID) tested whe-
ther maternal warmth and depression effects would
remain when we considered maternal depressive sym-
ptoms during early adolescence (rather than during
early childhood).
RESULTS
Table 1 reports the means and standard deviations
for maternal warmth. Maternal warmth during
Y
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TABLE 1 Sample Characteristics and Maternal Warmth
by Group and Task

Variable, m (SD)

History of
Depression
n ¼ 24

Healthy
n ¼ 96

Socioeconomic status 23.50 (10.39) 22.70 (8.61)
Maternal education 12.65 (1.61) 12.54 (1.50)
Maternal warmth (18 mo)

Clean up 2.84 (.37) 2.81 (.47)
Teaching 2.85 (.44) 2.84 (.44)

Maternal warmth (24 mo)
Clean up 2.69 (.44) 2.64 (.65)
Teaching 2.85 (.44) 2.87 (.37)

Maternal warmth (10 y)
Discussion 4.81 (1.64) 4.87 (1.64)

Maternal warmth (11 y)
Discussion 4.02 (1.97) 4.19 (1.96)

Note: mo ¼ months; y ¼ years.

MORGAN et al.
childhood and during early adolescence were
positively correlated (r ¼ 0.16, p < .02). Maternal
warmth during childhood and early adolescence
were not related to maternal depression. Mothers
with a history of depression on the SCID had
higher levels of depressive symptoms at ages 10
and 11 years (F ¼ 7.84, p < .01). Our regression
models revealedmain effects formaternal warmth
on reward function at age 20 (Table 2). Greater
maternal warmth during childhood predicted less
mPFC activation when anticipating or losing re-
wards. Greater maternal warmth during early
adolescence was associated with less mPFC acti-
vation during reward outcome and greater cau-
date activation during loss outcome.

Maternal warmth during childhood interacted
with maternal history of depression in predicting
striatal and mPFC activation during reward
anticipation and striatal activation during loss
anticipation and reward outcome. Simple slopes
revealed that greater maternal warmth was asso-
ciated with less activation in mPFC when antici-
pating rewards in boys exposed to maternal
depression. Unexpectedly, less maternal warmth
during early childhood was associated with
greater striatal activation when anticipating re-
ward and loss and when winning reward, but
only for boys exposed to maternal depression.

Maternal warmth during early adolescence
interacted with maternal history of depression in
predicting striatal activation during reward antic-
ipation and reward outcome. Simple slopes were
significant only for reward anticipation; greater
maternal warmth was associated with greater
caudate activation during reward anticipation, but,
JOURN
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again, only for boys exposed tomaternaldepression
(Figure 1).

The main effects from models using maternal
BDI at ages 10 and 11 years instead of maternal
SCID were consistent with hypotheses (see
Table S1, available online). Interactive effects us-
ing maternal BDI were substantively similar to
interactive effects using maternal SCID but did
not pass correction for multiple comparisons.

To address possible confounds, we tested
whether the boy’s own history of depression or
ADHD influenced our findings by conducting
analyses of variance in SPSS 20 (SPSS Inc., Chi-
cago, IL) using extracted mean response in clus-
ters associated with interactive effects of maternal
warmth and maternal depression. Neither boys’
lifetime history of depression (F ¼ 0.02–0.51) nor
KSADS36 diagnosis of ADHD at ages 10 and 11
years (n ¼ 25; F ¼ 0.00–1.77) was significantly
related to reward response.
DISCUSSION
Our large, longitudinal study provides evidence
that maternal history of depression and maternal
warmth during early childhood (18 and 24
months) and early adolescence (10 and 11 years)
are associated with neural processing of reward
in early adulthood. The focus of the study was
whether the impact of maternal warmth on
reward function differed depending on exposure
to maternal depression. Consistent with hypoth-
eses, maternal warmth during childhood was
more strongly associated with reward function in
early adulthood for boys exposed to maternal
depression.

First, greater maternal warmth in early child-
hood was associated with less activation in the
mPFC when anticipating rewards for boys ex-
posed to maternal depression. Early childhood,
particularly toddlerhood, is a period in which
self-regulatory processes are forming rapidly12

and are developing largely through dyadic pro-
cesses such as mimicking of maternal affect.7

Accordingly, greater maternal warmth during
early childhood may influence neural regulatory
processes that sustain (rather than dampen) pos-
itive affect when anticipating a rewarding expe-
rience (e.g., a mother’s smile).

Maternal warmth during both developmental
periods interacted with maternal history of dep-
ression to predict reward function in the striatum;
however, the direction of the effect appeared to
be developmentally specific. In early childhood,
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TABLE 2 Maternal Depression and Warmth and Reward Function

Variable Region x y z t Cluster Size

Reward anticipation Externalizing disorder
Putamen (�) �14 13 �2 2.08 206

Maternal history of depression
Maternal warmth during early childhood
Maternal warmth during early adolescence
Maternal warmth during early childhood �
maternal history
Putamen (�) �16 10 0 3.27 323
BA 9 (�) 2 44 25 2.95 479

Post hoc (boys with maternal history)
Putamen (�) �16 10 0 3.19 158
BA 9 (�) 0 40 27 3.06 374

Maternal warmth during early adolescence �
maternal history
Caudate body �2 �1 13 3.45 319

Post hoc (boys with maternal history)
Caudate body (þ) �2 �1 11 2.66 157

Reward outcome Externalizing disorder
BA 9 (�) 10 54 50 3.02 167

Maternal history of depression
Maternal warmth during early childhood
Maternal warmth during early adolescence
BA 10 (�) 2 63 8 3.95 891

Maternal warmth during early childhood �
maternal history
Putamen (�) �18 8 �2 3.28 536

Post hoc (boys with maternal history)
Putamen (�) �18 8 �2 2.82 252

Maternal warmth during early adolescence �
maternal history
Caudate head (þ) 4 18 0 2.76 185

Post hoc
Loss anticipation Externalizing disorder

Putamen (�) 16 6 �5 3.34 179
Maternal history of depression
Maternal warmth during early childhood
BA 10 (�) 2 49 7 2.61 409

Maternal warmth during early adolescence
Maternal warmth during early childhood �
maternal history
Putamen (�) �16 8 0 3.02 185

Post hoc (boys with maternal history)
Putamen (�) �14 8 0 3.18 152

Maternal warmth during early adolescence �
maternal history
Caudate body (þ) 0 4 5 2.35 273

Post hoc
Loss outcome Externalizing disorder

Maternal history of depression
Maternal warmth during early childhood
BA 9 (�) 4 44 20 2.56 186

Maternal warmth during early adolescence
Caudate head (þ) 8 9 �6 3.20 175

Maternal warmth during early childhood �
maternal history
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TABLE 2 Continued

Variable Region x y z t Cluster Size

Maternal warmth during early adolescence �
Maternal history
BA 10 (�) 4 55 5 3.28 376

Post hoc

Note: Talairach coordinates. Findings are significant at p < .05. Multiple comparisons are controlled for using AlphaSim. BA ¼ Brodmann area.

MORGAN et al.
lower levels of maternal warmth in boys exposed
to maternal depression were associated with
greater striatal response during reward anticipa-
tion, loss anticipation, and reward outcome. Less
maternal warmth (a personally relevant social
reward) may be particularly problematic during
this developmental stage, in which maternal
warmth is typically high and may influence the
types of rewards that boys exposed to maternal
depression value (i.e., heightened focus on mon-
etary rewards vs. social rewards).

In early adolescence, higher levels of maternal
warmth were associated with greater caudate
activation during reward anticipation at age 20
for boys exposed to maternal depression. During
the transition to adolescence when the intensity of
parent–child conflict increases, greater maternal
warmth may be particularly important for boys
exposed to maternal depression. This positive
FIGURE 1 For boys exposed to maternal depression, greate
less medial prefrontal cortex (mPFC) activation during reward
anticipation, and (C) less striatal activation during loss anticip
adolescence predicted greater striatal activation during reward
been centered. Boys exposed to maternal depression are plot
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social experience during a socially challenging
developmental period could promote adaptive
striatal function and encourage pursuit of ab-
stract social rewards.13,14

Our findings that maternal warmth was related
to both hypo- and hyperactivation of the striatum
in boys exposed to a depressed mother fits with
developmental psychopathology literature on
maternal depression, which indicates that having
a depressed mother places youth at risk for a
range of clinical disorders, including some asso-
ciated with hyposensitivity and others associated
with hypersensitivity to reward (e.g., depression
and conduct problems).3,14,17 Maternal warmth
appears to be important across development,
although its influence on reward function may
depend on developmental context and exposure
to maternal depression and may lead to different
problems later in development.
r maternal warmth during early childhood predicted (A)
anticipation, (B) less striatal activation during reward
ation, whereas (D) greater maternal warmth during
anticipation. Note: Maternal warmth values (x-axis) have
ted in orange.
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Rather than hyper- or hypoactivation of the
striatum or mPFC in response to reward, healthy
reward function is thought to be characterized by
flexible elicitation of and communication within
reward circuitry (i.e., positive connectivity be-
tween the striatum and mPFC).37 These flexible
patterns likely indicate adaptive, regulated levels
of pleasure and self-processing during the pursuit
and receipt of rewards. In contrast, children who
exposed to depressed and less warm parents may
show reduced positive or greater negative con-
nectivity in these regions, indicating that regions
may not be acting in tandem or that 1 region may
be over-regulating the other (e.g., heightened
mPFC activation to dampen striatal response).37

Regardless of maternal depression history,
greater maternal warmth in early childhood was
associated with less mPFC when anticipating
loss, whereas greater maternal warmth in early
adolescence was associated with less mPFC and
greater striatal activation when winning rewards
and experiencing loss, respectively. Greater ma-
ternal warmth may promote neural regulatory
processes that sustain positive affect during early
adolescence when planning abstract social re-
wards is more valued.14 Greater maternal war-
mth may prevent boys from overanalyzing their
performance during disappointment. Instead, as
indicated by heightened caudate activation when
experiencing loss, boys who have experienced
greater maternal warmth may find the pursuit
of rewards pleasurable even when experien-
cing disappointment. These neural responses to
reward and loss may promote healthy reward
seeking.

Our findings provide empirical evidence for
what has long been suspected in the field of
developmental psychopathology: namely, that
maternal affective behavior is associated with
brain function in regions relevant to psychopa-
thology, particularly for youth exposed to ma-
ternal depression. This association is likely due to
a combination of genetic factors influencing re-
ward processing and learned differences in enj-
oyment of reward experiences because ofmaternal
affective socialization.4 This socialization may be
subtle, as simple as the ways in which mothers
interact with their children. Boys exposed to
maternal depression may be more malleable and
may develop neuroregulatory processes in close
relation to their environment, thereby being sus-
ceptible not only to developing reward disrup-
tions but also to forming adaptive reward function
in the context of positive influences.
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Maternal warmth during early childhood em-
erged as the most robust predictor of later reward
function, particularly the anticipation of reward
or loss. Likewise, maternal depression measured
during early childhood interacted more strongly
with maternal warmth to predict reward function
relative to maternal depression measured during
early adolescence. This may indicate that pre-
ventive interventions should start early in pro-
moting warm maternal relationships in depressed
mothers. Our findings may indicate that maternal
factors may play a role in how boys form expec-
tations about rewarding events, more so than in
how they experience these events. Contrary to
other studies,8,10 maternal history of depression
was not directly related to adolescent reward
function.

The current study, to our knowledge, is the
first to evaluate the longitudinal effect of early
maternal affective factors on reward function
during the transition from adolescence to adult-
hood. We used an ethnically diverse sample of
boys with various clinical disorders, including
MDD and substance dependence, which
heightens our study’s external validity. Our study
of maternal warmth is noteworthy, as few studies
have focused on how positive maternal experi-
ences may play a role in brain function, and as
this is a needed area of research for intervention
purposes.

Despite these strengths, the study has several
limitations. We were unable to evaluate other
aspects of maternal depression (e.g., boys’ expo-
sure to psychotropic drugs in utero, severity of
maternal depression) that might have affected
boys’ reward response. We focused on maternal
depression only, but other forms of parental
psychopathology may have been associated with
boys’ reward function. Other intervening vari-
ables such as stressors closely linked to maternal
mood (e.g., trauma) may have explained altered
reward responding in these boys. We note that
boys’ history of depression or attention-deficit/
hyperactivity disorder (ADHD) were not associ-
ated with these reward responses. In addition, the
presence of a warm secondary caregiver (father,
grandparent) may have significantly affected
boys’ reward function. Measurement of reward
function across development would have allo-
wed us to test more directly how family re-
lationships affect child brain development. The
use of a social reward paradigm would have al-
lowed us to test whether maternal warmth is
related to neural response to social rewards such
Y
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as peer affiliation. However, our monetary re-
ward paradigm reliably activates primary reward
regions implicated in social processes21,29 and
gives us a general picture of how social influences
may affect reward processing. As all participants
in our study were boys of low socioeconomic
status, results from this study may not be gener-
alizable to girls or to boys from other sociode-
mographic backgrounds.

The current findings have clinical relevance
and suggest the long-term impact of early
parenting experiences on boys’ affective brain
function. Our findings highlight exposure to
maternal depression as a mechanism for suscep-
tibility to psychopathology via vulnerable reward
systems and provide a hopeful and constructive
goal for clinicians—namely, increasing warmth
in the parent–child relationship. These findings
JOURN
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are a step toward understanding how warm
parent–child relationships create a healthy con-
text for brain development. &
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TABLE S1 Maternal Depressive Symptoms and Warmth and Reward Function

Variable Region x y z t Cluster Size

Reward anticipation Externalizing disorder
Maternal depressive symptoms
Maternal warmth during early childhood

BA 9 (�) 4 54 34 2.73 184
Maternal warmth during early adolescence

BA 10 (�) �4 51 1 3.84 289
Maternal warmth during early childhood �
maternal symptoms

Maternal warmth during early
adolescence � maternal symptoms

Reward outcome Externalizing disorder
BA 9 (�) 10 54 34 2.91 163

Maternal depressive symptoms
Maternal warmth during early childhood
Maternal warmth during early adolescence
Maternal warmth during early childhood �
maternal symptoms

Maternal warmth during early
adolescence � maternal symptoms

Loss anticipation Externalizing disorder
Putamen (�) 16 6 �5 3.06 153

Maternal depressive symptoms
BA 24 (þ) �2 30 19 2.73 185

Maternal warmth during early childhood
BA 9 (�) 12 52 32 3.45 319

Maternal warmth during early adolescence
Caudate head (þ) �12 14 4 3.12 175
BA 10 (�) �4 53 3 2.74 195

Maternal warmth during early childhood �
maternal symptoms

Maternal warmth during early
adolescence � maternal symptoms

Loss outcome Externalizing disorder
Maternal depressive symptoms

BA 32 (þ) �18 39 5 3.01 274
Maternal warmth during early childhood

BA 9 (�) �16 48 40 3.26 357
Maternal warmth during early adolescence
Maternal warmth during early childhood �
maternal symptoms

Maternal warmth during early
adolescence � maternal symptoms

Note: Talairach coordinates. Findings are significant at p < .05. Multiple comparisons are controlled for using AlphaSim. BA ¼ Brodmann area.
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