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Abstract

Children of parents with depression exhibit neural abnormalities in reward processing. Examining
contributions of parenting could provide insight into the development of these abnormalities and
to the etiology of depression. We evaluated whether early parenting moderates the effects of
parental depression on a neural measure of reward and loss processing in mid-late childhood.
Parenting was assessed when children were preschoolers. At age nine, children completed an
event-related potential assessment and the feedback negativity (FN) was measured following
rewards and losses (N=344). Maternal authoritative parenting moderated the effect of maternal
depression; among offspring of mothers with histories of depression, low authoritative parenting
predicted a blunted FN. Observed maternal positive parenting interacted with paternal depression
in a comparable manner, indicating that maternal parenting may buffer the effects of paternal
depression. Early parenting may be important in shaping the neural systems involved in reward
processing among children at high risk for depression.
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The ability to respond to feedback is essential in navigating the world and adjusting
behavior to achieve desired outcomes. There is evidence that the neural systems that process
and modify behavior in response to feedback continue to develop across childhood and into
adolescence (Peters, Braams, Raijmakers, Koolschijn, & Crone, 2014). In addition, deficits
in the ability to respond effectively to feedback, particularly feedback indicating reward and
loss, appear to be a key psychobiological process underlying depressive disorders in adults
and youth (Eshel & Roiser, 2010; Forbes et al., 2009; Forbes et al., 2006; Henriques &
Davidson, 2000; Pizzagalli et al., 2009; Pizzagalli, Jahn, & O'Shea, 2005; Smoski et al.,
2009; Steele, Kumar, & Ebmeier, 2007), and may play a role in the pathogenesis of
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depression (e.g., Bress, Foti, Kotov, Klein, & Hajcak, 2013; Gotlib et al., 2010; Kujawa,
Proudfit, & Klein, in press; McCabe, Woffindale, Harmer, & Cowen, 2012).

Parental depression is associated with heightened risk of depression in offspring (Hammen,
2009); thus, vulnerability markers and intermediate phenotypes for depression should be
more evident among children of depressed parents. Consistent with this, offspring of
depressed parents exhibit abnormalities in the neural processing of reward (Gotlib et al.,
2010; Kujawa et al., in press; McCabe et al., 2012). In particular, we recently demonstrated
that children of mothers with histories of depression, but not anxiety, exhibit a blunted
feedback negativity (FN) event-related potential (ERP) component in response to monetary
reward versus loss (Kujawa et al., in press).

While parental depression is associated with greater vulnerability for depressive disorders in
offspring, pathways to depression are marked by both equifinality and multifinality, as not
all people who develop depression have a parental history and some offspring of depressed
parents never experience the disorder themselves. Thus, research evaluating moderating
variables is essential for understanding the transmission of depression (Goodman, 2014;
Goodman & Gotlib, 1999).

Parenting is one environmental factor that may contribute to the intergenerational
transmission of depression. There is evidence that low parental warmth, as well as high
parental intrusiveness and rejection, are related to depressive symptoms in youth both cross-
sectionally and longitudinally (for a review, Klein, Kujawa, Black, & Pennock, 2013). On
the other hand, authoritative parenting, characterized by warmth, non-punitive discipline and
consistency, has been associated with positive outcomes in adolescents, including lower
depression (Milevsky, Schlechter, Netter, & Keehn, 2007). In addition, problematic
parenting, including low warmth and high psychological control and over-involvement, has
been shown to moderate the effect of maternal depression on psychopathology and social
functioning in offspring (Brennan, Le Brocque, & Hammen, 2003).

Parenting may also shape abnormalities in reward processing in offspring. For example,
functional magnetic resonance imaging (fMRI) studies indicate that child maltreatment and
severe early deprivation are associated with reduced basal ganglia activation during reward
anticipation later in life (Dillon et al., 2009; Mehta et al., 2010; Pechtel & Pizzagalli, 2011).
Work examining less extreme forms of problematic parenting is more limited; however, in
one recent study, low maternal warmth was associated with enhanced striatal and medial
prefrontal cortex activation during reward anticipation among a sample of adolescent girls
(Casement et al., 2014). In addition, Morgan, Shaw, and Forbes (2014) examined
interactions between maternal depression and early maternal warmth in predicting neural
reactivity to reward among young adult males recruited for a study of the development of
antisocial behaviors. Among offspring of mothers with a history of depression, low maternal
warmth in early childhood was associated with an enhanced striatal response during
anticipation and receipt of reward, while low maternal warmth in early adolescence was
associated with reduced striatal activation during reward anticipation.
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Thus, previous work provides evidence that early parenting may shape development of
neural reward circuitry; however, in order to contribute to our understanding of the
etiopathogenesis of depression, a number of issues must be addressed. First, examining these
associations earlier in development and among never-depressed children at high and low
risk for depression is an essential step toward elucidating the etiology of depression. Second,
existing studies have focused either on extreme forms of problematic parenting or on
maternal warmth; however, comparing multiple dimensions of parenting (e.g., intrusiveness
and control, hostility, permissiveness) is needed to identify the relevant processes and aid in
developing more targeted intervention strategies. Third, existing research has focused
exclusively on maternal parenting (Casement et al., 2014; Morgan et al., 2014). Examination
of both maternal and paternal parenting would provide insight into the complex
environments that shape risk for depression. We previously failed to find effects of paternal
depression on the FN in offspring (Kujawa et al., in press); however, it is possible that
effects of paternal depression may be more apparent when examined in conjunction with
maternal or paternal parenting.

In order to evaluate early environmental factors that shape neural processing of reward and
loss in children, we examined the effects of parenting both alone and as a moderator of
parental depression effects on the FN. We obtained observational and self-report measures
of parenting in a large group of preschool-aged children from the community. Observational
measures focused on maternal parenting behavior and included both positive (i.e., support,
confidence, and instruction) and negative (i.e., hostility and intrusiveness) behaviors. Self-
report measures were completed by both mothers and fathers and assessed authoritative,
authoritarian and permissive parenting styles (Baumrind, 1971). Approximately six years
later, when the children were nine years old, we completed a follow-up assessment in which
children participated in an electroencephalogram (EEG) reward and loss feedback task to
measure the FN. The FN is an ERP component that is observable approximately 250-350
ms after feedback over frontocentral recording sites as a relative negativity to monetary
losses compared to rewards (Foti, Weinberg, Dien, & Hajcak, 2011; Gehring & Willoughby,
2002) and has been linked to reward-related neural activity, including ventral striatum and
medial prefrontal cortex, using fMRI (Becker, Nitsch, Miltner, & Straube, 2014; Carlson,
Foti, Mujica-Parodi, Harmon-Jones, & Hajcak, 2011). At both assessments, mothers and
fathers completed diagnostic interviews to assess lifetime histories of psychopathology.
Because there is some evidence that blunted reward reactivity is relatively specific to
depression rather than anxiety (Bress et al., 2013; Kujawa et al., in press; Shankman et al.,
2012), and anxiety may be associated with heightened reward reactivity in some conditions
(Guyer et al., 2012; Pérez-Edgar et al., 2013), we controlled for both parental and child
anxiety in all analyses.

Our first aim was to evaluate whether early maternal parenting behavior and style predict the
FN in mid-late childhood and whether maternal parenting moderates the association between
maternal depression and a reduced FN. Consistent with existing evidence of a blunted FN as
a marker of risk for depression (Bress et al., 2013; Kujawa et al., in press) and evidence that
both maternal warmth and early childhood maltreatment may shape neural reward system
activation (e.g., Morgan et al., 2014; Dillon et al., 2009), we hypothesized that low positive
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parenting and/or high negative parenting would be associated with a reduced FN,
particularly among children at high risk for depression (e.g., with maternal histories of
depression). A second, more exploratory, aim was to examine the effects of paternal
parenting on the FN, alone and in conjunction with paternal history of depression. As
mothers may have greater involvement than fathers in early parenting (e.g., Connell &
Goodman, 2002), a third, also exploratory, aim was to examine whether maternal parenting
moderates the association between paternal depression and the FN.

Method

Participants

Participants were part of a larger prospective sample (N=559) recruited through a
commercial mailing list. At the initial assessment, three-year-old children with no significant
medical conditions or developmental disabilities and living with at least one English-
speaking biological parent were eligible to participate (for more information on the sample
see Olino, Klein, Dyson, Rose, & Durbin, 2010). Since initial recruitment, the families have
participated in several waves of assessments involving a range of measures, the results of
which have previously been published (e.g., Kujawa, Hajcak, Torpey, Kim, & Klein, 2012;
Kujawa et al., in press; Torpey et al., 2013; Shankman et al., 2011). A subset of 426 children
who completed at least one of the parenting assessments at age 3 also participated in the
EEG assessment approximately six years later. Data from 43 participants were excluded due
to poor EEG quality. Because the aim of the study was to identify early markers of risk for
unipolar depression, we also excluded 5 children with a parental history of bipolar disorder,
3 children missing data on parental mood disorders and 5 children who had already
experienced a lifetime depressive episode. Lastly, data from 26 children were excluded
because of parental reports of a significant learning or developmental disability at the follow
up assessment. The final sample consisted of 344 children (55.8% male). At the initial
assessment of parenting, the mean child age was 3.63 (SD=.29), and at the follow up
assessment, the mean age was 9.19 (SD=.40). With regard to ethnicity, 7.6% of the sample
was Hispanic, and with regard to race, 94.2% was Caucasian, 3.2% was African American,
and 2.6% was Asian. With regard to parental education, 59.9% of mothers and 49.1% of
fathers had completed college.

Procedures

This study was approved by the Stony Brook University Institutional Review Board. All
parents provided written informed consent and children provided verbal assent. The initial
assessment took place when the children were approximately three years old. At this time,
the child and one parent completed an observational measure of parenting behavior
(described below). In addition, parents completed self-report measures of parenting style and
semi-structured interviews to assess their own lifetime histories of psychopathology.
Participants were invited back to the laboratory as close as possible to the child’s ninth
birthday, at which time the monetary reward ERP task was administered and parents
completed another diagnostic interview assessing their own psychopathology. In addition,
children and the primary parent participated in a semi-structured interview assessing lifetime
child psychopathology.
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Observational measure of maternal parenting behavior—At the age 3 assessment,
the child and one biological parent participated in a parent-child interaction assessment of
parenting behavior based on the Teaching Tasks (TT) battery (Egeland et al., 1995). The
battery includes six standardized tasks (e.g., book reading, block building) designed to elicit
parent and child behaviors. Trained coders rated videotapes of each episode for parental
hostility (parent’s expression of anger, frustration, annoyance, discounting or rejection of the
child), intrusiveness (parent’s failure to respect the child as an individual, or interference
with the child’s needs, interests or behaviors), confidence (degree to which the parent seems
to believe that she can work successfully with the child and that the child will behave
appropriately), supportive presence (parent’s expression of positive regard and emotional
support to the child) and quality of instruction (parent’s ability to structure the situation so
that the child understands the objective and is able to attempt the task). All ratings were on a
5-point scale, with the exception of confidence, which was rated on a 3-point scale. To
reduce skewness and kurtosis, hostility and confidence were dichotomized into a 2-point
scale for each episode. All ratings were averaged across tasks. Interrater reliability was
acceptable for all variables (ICCs=.59-.85, n = 55; Cicchetti, 1994). A negative parenting
composite score was computed by combining standardized scores on hostility and
intrusiveness (a = .69; Kujawa et al., 2014), and a positive parenting composite score was
computed by combining standardized scores on confidence, support and instruction (a =.
85). Five children were missing TT data (but parents completed self-report measures of
parenting) and one participant was a significant outlier on positive parenting (p<.01)
according to Grubb’s test (1969) and was excluded from analyses. Because we were
interested in examining maternal and paternal parenting behavior separately and almost all
TT batteries (91.9%) were completed by mothers, data from 23 participants in which the
father completed the TT were also excluded from analyses of observed parenting behavior.

Self-report measures of maternal and paternal parenting style—At the age 3
assessment, the 37-item version of the Parenting Styles and Dimensions Questionnaire
(PSDQ; Robinson, Mandleco, Olsen, & Hart, 2001) was administered to biological mothers
(PSDQ-M) and biological fathers (PSDQ-F). The PSDQ is a self-report measure designed to
assess three major parenting styles: authoritative (high control, high warmth), authoritarian
(high control, low warmth), and permissive (low control, high warmth). Items are rated from
1 (never) to 5 (always). The subscales have been demonstrated to have adequate internal
consistency (Olivari, 2013; Robinson et al., 2001; Robinson, Mandelco, Olsen, & Hart,
1995). Though research on the validity of scales is more limited, there is evidence for good
face, concurrent, and predictive validity (Olivari, 2013). PSDQ data were missing for 24
mothers and 76 fathers.

Parental psychopathology—A detailed description of the procedures for assessing
parental psychopathology is available in Kujawa et al. (in press). In summary, biological
mothers and fathers completed the Structured Clinical Interview for DSM-1V non-patient
version (SCID; First, Spitzer, Gibbon, & Williams, 1996) at both the age 3 and age 9
assessments. The SCID was administered by advanced doctoral students in clinical
psychology and masters-level clinicians. Diagnoses from the age 3 and age 9 assessments
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were combined to yield lifetime diagnoses. Kappa for the interrater reliability of lifetime
diagnoses of depressive disorders was .93 and .91, respectively (see Kujawa et al., in press).
When one biological parent was unavailable to complete the SCID, family history
information was obtained from the other parent using a semi-structured family history
interview (Andreasen, Endicott, Spitzer, & Winokur, 1977). It was not possible to directly
interview 13 fathers using the SCID, thus diagnoses were derived using the family history
method. Data on anxiety disorders were missing for 1 of these fathers.

Monetary reward task—A detailed description of the monetary reward EEG task and
EEG data acquisition/processing is provided in Kujawa et al. (in press). Participants were
instructed to guess which of two doors on the computer screen had a prize behind it and
were told that they would earn $0.50 or lose $0.25. The task consisted of 60 trials (30 gain,
30 loss) presented in a random order. At the start of each trial, participants were presented
with two doors and pressed a mouse button to select one of the doors. Feedback was
presented for 2000 ms, with a win indicated by a green “t,” and a loss indicated by a red

“\I,.”

EEG data acquisition and processing—EEG was recorded using a 34-channel
Biosemi system based on the 10/20 system (32 channel cap with 1z and FCz). Electrodes
were placed on the left and right mastoids, and the electrooculogram was recorded from four
facial electrodes. The data were digitized at 24-bit resolution with a LSB value of 31.25nV
and a sampling rate of 1024 Hz, using a low-pass fifth order sinc filter with - 3dB cutoff
points at 208 Hz. Off-line analysis was performed using Brain Vision Analyzer software
(Brain Products). Data were referenced to a linked mastoid reference, band-pass filtered
with cutoffs of 0.1 and 30 Hz, segmented for each trial 200 ms before feedback onset and
continuing for 600 ms after onset. The EEG was corrected for eye blinks (Gratton, Coles, &
Donchin, 1983), and artifact rejection was completed using semi-automated procedures with
the following criteria: a voltage step of more than 50 pV between data points, a voltage
difference of 300 puV within a trial, and a voltage difference of less than .50 pV within 100
ms intervals. Visual inspection was used to remove additional artifacts. ERPs were averaged
across win and loss trials and baseline corrected.

The FN was scored as the mean amplitude 275-375 ms following feedback at a pooling of
Fz, FCz, and Cz. Analyses focused on AFN, which was calculated as the difference between
mean amplitude on loss trials and mean amplitude on gain trials (i.e., more negative
difference scores indicate greater differentiation between rewards and losses). Difference
scores are typically recommended for ERP data analysis in order to isolate the cognitive
process of interest (Luck, 2005). The loss minus gain FN difference score has been related to
activation in reward regions using fMRI and to behavioral and self-report measures of
reward sensitivity (Bress & Hajcak, 2013; Carlson et al., 2011). In addition, AFN has been
demonstrated to relate to depressive symptoms in adults (Foti & Hajcak, 2009), risk for
depression in children (Kujawa et al., in press), and the onset of MDD across adolescence
(Bress et al., 2013).

Child psychopathology—At the age 9 assessment, a parent and the child completed the
DSM-IV version of the Schedule of Affective Disorders and Schizophrenia for School-Age
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Children - Present and Lifetime (K-SADS; Axelson, Birmaher, Zelazny, Kaufman, & Gill,
2009). Advanced doctoral students in clinical psychology and a masters-level clinician
administered the K-SADS first to the parent and then to the child, with further information
obtained to reconcile discrepancies as needed. Lifetime symptoms were rated on a 3-point
scale (O=Not present; 1=Subthreshold; 2=Threshold). Summary ratings for depression and
anxiety items from the screener were summed to create dimensional scores that were used as
covariates in the current analyses (depression dimensional scores could range from 0-16 and
anxiety dimensional scores could range from 0-42). To assess interrater reliability, a second
rater independently derived ratings from videotapes of 74 participants. Intraclass
correlations (ICCs) for dimensional scores of depressive and anxiety symptoms were 0.81
and 0.82, respectively.

Data Analysis

Results

Hierarchical multiple regression analyses were computed to examine the main and
interactive effects of parenting behavior and parental depression on AFN to monetary gains
and losses. First, we evaluated main and interactive effects of maternal parenting behavior
and maternal depression. Next, we evaluated main and interactive effects of paternal
parenting behavior and paternal depression, and lastly, we evaluated interactive effects of
maternal parenting behavior and paternal depression. Continuous variables were centered to
examine interactions. Child characteristics (sex, anxiety symptoms, depressive symptoms)l
were entered into step 1, followed by parent variables (maternal or paternal lifetime
diagnoses of depression and anxiety, observed or self-reported parenting)? in step 2 and
interactions between parental depression and parenting in step 3. As all interactions involved
one continuous and one categorical variable, significant

Participant Characteristics and Associations between Variables

Demographic characteristics and bivariate correlations between all variables are presented in
Table 1. We previously reported a detailed description of rates of parental psychopathology
and associations with the FN (Kujawa et al., in press). In the current study, 36.6% of
mothers and 16.9% of fathers met criteria for a lifetime depressive disorder (MDD or
dysthymia). In addition, 35.8% of mothers and 21.5% of fathers met criteria for a lifetime
anxiety disorder. With regard to child diagnoses, 5.5% met criteria for lifetime separation
anxiety disorder, 3.8% for social phobia, 10.2% for specific phobia, 0.3% for panic disorder,
0.6% for agoraphobia, and 3.5% for generalized anxiety disorder. In addition, 6.4% of
children met criteria for lifetime attention-deficit hyperactivity disorder (ADHD) and 2.9%
for oppositional defiant disorder (ODD).

1We also evaluated the models controlling for child symptoms of disruptive behavior disorders. No substantive changes in the results

were observed.

We also evaluated the models controlling for parental completion of college and history of substance use disorders. No substantive
changes in the results were observed. interactions were interpreted by evaluating the regression model separately for children with and
without parental histories of depression.
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Maternal Depression and Maternal Parenting Behavior

First, a hierarchical multiple regression analysis was computed to examine effects of
maternal depression and observed maternal parenting behavior from the TT on children’s
AFN. As previously demonstrated (Kujawa et al., in press), males showed an enhanced FN
compared to females, p=-.17, partial r=—.17, t(314)=-3.02, p<.01, and the effects of child
anxiety and depressive symptoms on the FN did not reach significance (ps > .17). None of
the main or interactive effects of TT positive parenting, TT negative parenting, maternal
anxiety or maternal depression reached significance (ps > .40) in the observed parenting
behavior model.

Next, the analysis was repeated using self-report measures of maternal parenting style from
the PSDQ. Entry standardized regression coefficients and partial r, as well as R2 for each
step and the total model, are presented in Table 2. The main effect of PSDQ-M authoritarian
parenting reached significance at entry, f=.12, partial r=.11, t(319)=-1.99, p<.05, but was
no longer significant after the interactions were entered, p=.08, partial r=.05, t(319)=.93, p=.
35. The interaction between maternal depression and PSDQ-M authoritative parenting style
was significant, p=-.17, partial r=—.14, t(319)=-2.46, p=.02. To interpret the interaction, the
model was computed at each level of maternal depression. For offspring of mothers with a
history of depression, lower PSDQ-M authoritative parenting was associated with a reduced
FN, p=-.20, partial r=-.20, t(115)=-2.08, p=.04 (Figures 1 and 2). For offspring of mothers
with no history of depression, the effect of PSDQ-M authoritative parenting was not
significant, =09, partial r=.09, t(203)=1.32, p=.19.3 Main effects of PSDQ-M permissive
parenting and interactive effects of PSDQM authoritarian and permissive parenting styles
with maternal depression were not significant (ps>.09).

Paternal Depression and Paternal Parenting Behavior

Next, a hierarchical multiple regression analysis was computed to examine effects of
paternal depression and self-report measures of paternal parenting style from the PSDQ on
children’s AFN. PSDQ-F authoritarian parenting was significant in step 2, f=- .14, partial
r=-.13, t(266)=—2.07, p=.04, but did not reach significance in the final model p=-.14,
partial r=-.12, t(266)=—-1.90, p=.06. None of the main effects of PSDQ-F authoritative or
PSDQ-F permissive parenting style or the interactive effects of paternal parenting style with
paternal depression reached significance (ps>.35).

Paternal Depression and Maternal Parenting Behavior

Lastly, two models were computed to evaluate whether maternal parenting behavior (TT and
PSDQ) interacted with paternal depression to predict AFN. For the observed parenting
model, entry standardized regression coefficients and partial r, as well as R for each step
and the total model, are presented in Table 2. The interaction between TT positive parenting
and paternal history of depression was significant, f=—.22, partial r=-.13, t(313)=-2.29, p=.
02 (Figure 1)4. To interpret the interaction, the model was computed separately for children

3We also computed the model with mean activity on loss only and gain only trials as criterion variables.Maternal depression
interacted with PSDQ-M authoritative parenting to predict activation on loss trials, f=-.20, partial r=-.16, t(319)=-2.89, p<.01, but the
effect did not reach significance for gain trials only, 3=-.07, partial r=-.05, t(319)=-.92, p=.36.
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with and without paternal histories of depression. For offspring of fathers with a history of
depression, less positive maternal parenting behavior was associated with a blunted FN, p=
-.50, partial r=-.32, t(50)=-2.21, p=.03. For offspring of fathers with no history of
depression, the effect of maternal positive parenting behavior on the FN was not significant,
B=.07, partial r=.03, t(262)=0.96, p=.34.

In the maternal self-report model, maternal authoritarian parenting behavior was associated
with a blunted FN, $=.13, partial r=.12, t(318)=2.06, p=.04, prior to controlling for the
interactions. None of the main or interactive effects between paternal depression and
maternal self-reported parenting style reached significance in the final model (ps>.13).

Discussion

We evaluated whether observational and self-reported measures of early parenting
prospectively moderated the effects of maternal and paternal depression on neural reactivity
to reward versus loss (i.e., AFN) in offspring. Results indicated that among offspring of
mothers with histories of depression, low self-reported maternal authoritative parenting style
in early childhood predicted a blunted AFN (i.e., reduced reactivity to reward versus loss
feedback) in mid-late childhood. In addition, among offspring of fathers with histories of
depression, low observed maternal positive parenting behavior (i.e., support, confidence and
instruction) in early childhood predicted a reduced AFN in mid-late childhood. Thus, across
multiple measures, children at high risk for depression appear to be particularly sensitive to
the effects of low maternal positive parenting behavior and style in shaping abnormal neural
processing of reward and loss feedback.

We have previously suggested that the FN may be a vulnerability marker for depression, as
it has been shown to prospectively predict depression across adolescence (Bress et al., 2013)
and has been observed among offspring of mothers with histories of depression but not
anxiety (Kujawa et al., in press). Yet, prior to the current study, little was known about early
environmental factors that contribute to a reduced FN. The current findings advance our
understanding of the development and etiology of depression by evaluating a central aspect
of the early environment (i.e., parenting) in shaping a core neural system (i.e., the reward
system) in children at high risk for depression. While prior work indicates that
environmental factors play a role in the intergenerational transmission of depression (e.g.,
Brennan et al., 2003), our study goes further in showing that parental depression and
parenting act synergistically to shape the development of a neural index of reward
processing (AFN), a potential intermediate phenotype for depression. Importantly, these
effects are evident in mid-late childhood, long before the surges in reward seeking and rates
of depression associated with adolescence (e.g., Avenevoli, Knight, Kessler, & Merikangas,
2008; van Leijenhorst et al., 2010).

Children of parents with histories of depression may have reduced reactivity to reward due
to genetic predisposition and modeling of parental reactions to environmental stimuli.

4we also computed the model with mean activity on loss only and gain only trials as criterion variables. Paternal depression interacted
with TT positive parenting to predict activation on loss trials, $=-.20, partial r=-.11, t(313)=-1.99, p=.05, but the was not significant
for gain trials only, f=-.02, partial r=-.01, t(313)=- .19, p=.85.
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However, the effect of parental depression on AFN was most apparent among children
whose mothers exhibited low support, warmth and structure. Positive and authoritative
maternal parenting may be essential in teaching children to respond to environmental
contingencies and shape behavior accordingly, and in the absence of positive parenting, at-
risk children show deficits in the processing of reward versus loss. This, in turn, may
increase the likelihood of developing depression later in life, as abnormal reward responding
has previously been shown to prospectively predict depression (Bress et al., 2013; Forbes,
Shaw, & Dahl, 2007; Rawal, Collishaw, Thapar, & Rice, 2012). Importantly, these results
were relatively specific to positive aspects of parenting, rather than negative parenting (e.g.,
hostility, intrusiveness, and punitive discipline). This provides important clues to the
processes that shape the development of reward processing, and highlights a potentially
modifiable risk factor that can be readily targeted in prevention trials.

It is important to note that the results were significant after excluding children with a history
of depression and controlling for child symptoms of depression, anxiety and disruptive
behavior disorders. Thus, rather than being a consequence of prior depression or a correlate
of child symptomatology, these findings further support the FN as a vulnerability marker or
intermediate phenotype for depression that may play an important role in the pathway from
familial risk to the later development of depressive symptoms.

While we did not find significant interactions between paternal depression and paternal
parenting, we did find that maternal observed positive parenting moderated the effect of
paternal depression on AFN. We have previously failed to find effects of paternal
depression on the FN and other early markers of emotional processing biases in children
(Kujawa et al., 2014; Kujawa et al., 2012; Kujawa et al., in press), which is consistent with
smaller effects of paternal compared to maternal psychopathology on internalizing
symptoms in young offspring (Connell & Goodman, 2002). It has been hypothesized that
greater involvement by mothers in early parenting could account for these effects (Connell
& Goodman, 2002), and the current results provide empirical evidence that maternal
parenting may buffer the negative effects of paternal depression on risk for depression in
offspring.

Greater self-reported paternal authoritarian parenting style was associated with an enhanced
AFN; however, this effect no longer reached significance when controlling for interactions
with depression. As authoritarian parenting is characterized by low warmth, this finding
could be consistent with recent research indicating that low maternal warmth predicted
heightened striatal reactivity during reward anticipation (Casement et al., 2014). However,
as the effect of authoritarian parenting did not interact with risk for depression, this finding
could suggest a pathway from greater authoritarian parenting by fathers to externalizing
behavior, which may also be characterized by a disrupted AFN (e.g., Holroyd, Baker, Kerns,
& Miller, 2008; van Meel, Oosterlaan, Heslenfeld, & Sergeant, 2005). Importantly,
however, the results of the current study remained the same when controlling for symptoms
of disruptive behavior disorders in children. We also observed a main effect of maternal
authoritarian parenting predicting a reduced AFN, suggesting that overcontrolling and
rejecting maternal parenting may also contribute to reduced reactivity to reward and loss
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feedback in offspring. However, this effect was no longer significant in the final regression
models after controlling for the interactions with maternal depression.

Several strengths of the current study should be noted. First, we assessed both maternal and
paternal histories of depression and reports of parenting style, whereas much of the existing
literature has focused only on maternal psychopathology and parenting. We also examined
whether paternal depression is moderated by the effect of maternal parenting style. In
addition, the interaction effects between positive parenting behavior and parental depression
converged across constructs (parenting behavior vs. style), methods (observation vs.
questionnaire), and parents (both maternal and paternal depression). Lastly, we used a
relatively large sample and prospective design, indicating that the effects of early maternal
parenting relate to reward processing in offspring across a large portion of childhood, which
provides insight into trajectories from early risk to the onset of depression in later life.

Nonetheless, there are also several limitations to the current study. First, we did not find a
significant effect of maternal depression and observed maternal parenting on AFN. This was
surprising, as the interaction with maternal depression was apparent with maternal-report
measures of parenting, and observed maternal parenting interacted with paternal depression.
Second, our observational measure of parenting behavior was limited to mothers, and self-
report measures of parenting style were missing for a large proportion of fathers (22%).
Thus, we cannot rule out the possibility that methodological factors contributed to the lack
of significant effects of paternal parenting. Third, the effect sizes in the current study were
small in magnitude, but consistent with other work linking behavioral to ERP measures in
large samples (e.g., Patrick et al., 2013; Torpey et al., 2013). In addition, as pathways from
early risk to the development of depression are likely complex and marked by equifinality
and multifinality, large effect sizes would not be expected.

With regards to future research, a prospective study is needed to evaluate interactions
between neural reward system activation, parental risk, and parenting to predict outcomes in
adolescence. Such a study could examine whether blunted reactivity to reward mediates the
associations between early risk and the development of depressive symptoms in
adolescence. In addition, this study could evaluate multiple components of the reward
system. While the FN is a measure of reactivity to reward feedback, examining reward
anticipation and learning is also essential to understanding the specific abnormalities in
reward processing that contribute to the pathogenesis of depression. Lastly, this study could
evaluate the whether neural measures of reward system processing predict other outcomes.
That is, to what extent do reward system abnormalities mediate the relationship between
early parenting and anxiety or externalizing systems? Given evidence of abnormal reward
responding in some forms of anxiety and externalizing disorders (e.g., Guyer et al., 2012;
Holroyd, Baker, Kerns, & Miller, 2008; van Meel, Oosterlaan, Heslenfeld, & Sergeant,
2005), it is possible that distinct disturbances in the same neural system could lead to very
different clinical syndromes.

Another important question that arises from the current study is the extent to which the
environment can be modified in order to shape the development of the reward system and
risk for depression. A second critical study could examine whether parenting interventions
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are effective in modifying the FN in offspring. The current findings suggest that low positive
parenting, characterized by confidence, instruction, support and warmth, is associated with
reduced reward reactivity in offspring of depressed parents. Thus, children at risk for
depression may benefit from interventions designed to increase positive parenting behaviors,
and this could be a potentially effective early intervention or prevention approach. In
addition, this study would provide a more definitive test of the causal influence of positive
parenting on the development of reward processing and subsequent risk for depression.

In conclusion, the current findings are consistent with the growing focus on the core neural
circuitry, rather than simply the clinical manifestations, involved in psychopathology (e.qg.,
Sanislow et al., 2010). Moreover, they suggest a specific and potentially modifiable target
for prevention/early intervention. A two-pronged approach of prospective longitudinal and
mechanism-focused intervention studies are needed to test the implications of these findings,
and may contribute to more biologically and contextually informed approaches to
classification and treatment.
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The interaction between maternal depression and maternal-reported authoritative parenting
style (PSDQ-M) in predicting AFN in offspring (top), and the interaction between paternal
depression and observed maternal positive parenting (TT) in predicting AFN in offspring

(bottom). Note: Parental depression is plotted as the moderating variable because it is

dichotomous; however, hypotheses focus on parenting moderating the effects of parental

depression.
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Figure2.
ERPs (negative up) and scalp distributions depicting the loss-gain difference score for

children with no maternal history of depression, children with a maternal history of
depression and high PSDQ-M authoritative parenting, and children with a maternal history
of depression and low PSDQ-M authoritative parenting. Note: A median split of PSDQ-M
authoritative parenting was used for presentation purposes only.
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