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ABSTRACT

Background: Maternal depression is associated with negative outcomes for offspring, including increased
incidence of child psychopathology. Quality of mother-child relationships can be compromised among
affectively ill dyads, such as those characterized by maternal depression and child psychopathology, and
negatively impact outcomes bidirectionally. Little is known about the neural mechanisms that may
modulate depressed mothers' responses to their psychiatrically ill children during middle childhood and
adolescence, partially because of a need for ecologically valid personally relevant fMRI tasks that might
most effectively elicit these neural mechanisms.

Methods: The current project evaluated maternal response to child positive and negative affective video
clips in 19 depressed mothers with psychiatrically ill offspring using a novel fMRI task.

Results: The task elicited activation in the ventral striatum when mothers viewed positive clips and
insula when mothers viewed negative clips of their own (versus unfamiliar) children. Both types of clips
elicited activation in regions associated with affect regulation and self-related and social processing.
Greater lifetime number of depressive episodes, comorbid anxiety, and poor mother-child relationship
quality all emerged as predictors of maternal response to child affect.

Limitations: Findings may be specific to dyads with psychiatrically ill children.

Conclusions: Altered neural response to child affect may be an important characteristic of chronic ma-
ternal depression and may impact mother-child relationships negatively. Existing interventions for

depression may be improved by helping mothers respond to their children's affect more adaptively.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Maternal depression is associated with negative outcomes for
offspring, including higher rates of child psychiatric illness
(Goodman et al., 2011). Conceptual models (Hammen et al., 2004)
and empirical findings from behavioral studies (Lovejoy et al.,
2000) suggest that one putative mechanism for disease trans-
mission across generations is maladaptive parent-child relation-
ships in dyads with a depressed parent. Altered responses to child
affect and maladaptive relationship patterns may be especially
apparent in depressed mothers with psychiatrically ill children (Za-
lewski et al., 2013). Specifically, maternal neural function in emo-
tional processing circuits is altered in depression (Barrett and Flem-
ing, 2011) and may be associated with disruptions in parent-child
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relationships previously observed in depressed mother—child dyads.

In particular, anomalies in neural processing of reward and
threat have been associated with depression (Zhang et al., 2013),
suggesting that these biologic processes may constitute key ele-
ments in depression transmission across generations. Parental
capacity to enjoy the rewarding aspects and manage the difficult
aspects of parenting may be attenuated by parental depression
(Zalewski et al., 2013). Depressed individuals show blunted ventral
striatal (VS) activation in response to positive stimuli (Zhang et al.,
2013), suggesting diminished pleasure in response to reward, and
heightened response in the amygdala and insula to negative sti-
muli (Hamilton et al., 2012), indicating heightened negative affect
in response to threatening stimuli. These findings demonstrate
that depressed individuals engage these neural reward and threat
systems differently than healthy individuals, and that such neural
disruptions may be involved in the clinical course of the disorder.

Disruptions in affect regulation may also explain why de-
pressed individuals respond differently to rewarding and
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threatening stimuli. Depressed adults show altered activation in
regions implicated in affect regulation, such as the dorsolateral
and ventrolateral and dorsomedial and ventromedial prefrontal
cortex (dIPFC, vIPFC, dmPFC, vmPFC) to both positive and negative
stimuli (Phillips et al., 2008). Specifically, depressed adults show
heightened mPFC response to monetary rewards (Zhang et al.,
2013), suggesting over-engagement of regulatory regions to
dampen positive affect. Other work has demonstrated that de-
pression is also associated with heightened dorsal anterior cin-
gulate cortex (ACC) and diminished dIPFC response to threatening
stimuli (Hamilton et al., 2012), suggesting that depressed adults
not only place greater salience on threatening stimuli, but they
also may have difficulty regulating negative affect elicited by these
stimuli.

Because social function is clearly disrupted in depressed in-
dividuals as evidenced by maladaptive emotional behavior when
interacting with family members (Hammen et al., 2004) and im-
paired interpersonal functioning in general (Petty et al., 2004),
depression may be associated with differential response to their
own offspring in brain regions associated with social processing.
Also, there is some evidence to suggest that individuals with de-
pression attribute their experience of negative events to personal
failings more frequently than do healthy individuals (Grimm et al.,
2011). Because children are kin, it is possible that depressed par-
ents may identify closely with their children's experiences, view-
ing their own child's negative emotions as highly related to self.
Thus, evaluating neural response to personally relevant positive
and negative stimuli in depressed parents of psychiatrically ill
children could give us important information in self-related and
social processing circuitry, including regions such as the dmPFC,
vmPFC, posterior cingulate (PCC), thalamus, and precuneus
(Northoff et al., 2006). Function in this network of regions has
been shown to be altered in depression (Grimm et al., 2009).

Given the aforementioned interpersonal disruptions, affective
displays by close family members could be particularly effective in
eliciting differences in affective processing. Measurement of par-
ental neural response to their offspring's affect (rather than re-
sponses to more general stimuli) may be a more meaningful way
to evaluate the neural systems involved in depression, especially
because disrupted parent-child interactions are present for many
depressed parents and because children's affect can be a potent
stimulus for affect regulation in parents (Lovejoy et al., 2000).
However, investigations of depression-related disruptions in
neural functioning have largely focused on non-personally re-
levant paradigms that measure general reward and threat pro-
cessing (i.e., using money and/or unfamiliar faces as stimuli). In
contrast, there is a dearth of personally relevant neuroimaging
paradigms that incorporate family context. Some work has eval-
uated adolescent neural response to maternal stimuli using video
clips of maternal affect (Whittle et al., 2012) or audio clips of
maternal criticism (Lee et al., 2015), and found that altered ado-
lescent response to maternal stimuli is associated with greater
depressive symptoms (Whittle et al., 2012). Other work has eval-
uated maternal response to infant stimuli, using images of one's
own baby or audio clips of infant cry, and provided evidence for
maternal response circuits (Barrett and Fleming, 2011), that in-
clude the thalamus, striatum, and ACC, and that are altered in
depressed mothers of infants. However, to our knowledge, no
study has evaluated mothers' response to their own children
during middle childhood and adolescence, when the parent-child
relationship has changed substantially from infancy (Laursen et al.,
1998) and when youth may have their own affective problems
(Paus et al., 2008). Altered neural responses to child affect could
explain the lower levels of parental warmth and higher parental
hostility reported by child offspring of depressed mothers (Lovejoy
et al., 2000).

Aberrant responding may be even more likely in dyads in
which both parent and child suffer from emotional problems.
These families face even greater difficulties relative to dyads in
which only one member is psychiatrically ill (Weissman et al.,
2015a, 2015b). In particular, because of the increased burden of
caring for a psychiatrically ill child, in addition to coping with
one's own depression, it is possible that parents within these very
high risk dyads may respond to their offspring's affective displays
in different ways than other parents. This altered responding could
contribute to a cycle of dysfunction in the parent-child relation-
ship, including greater levels of hostility and lower levels of
warmth.

The goal of the current project was to evaluate how the asso-
ciation between parental response to child affect and maternal
depression course and mother-child relationship quality in very
high risk dyads, defined as mothers and children both diagnosed
with syndromal psychiatric disorders. The study objective was to
utilize video-recordings of “real” parent-child interactions to de-
velop ecologically valid probes for social reward and threat, similar
to methods used by Whittle et al. (2012). We hypothesized that
this task, the Positive and Negative Social Interaction Task- Mo-
ther-Child (PANSIT-MC), would activate regions previously im-
plicated in reward (VS), threat (amygdala, insula), self-related and
social processing (thalamus, precuneus), and affect regulation
(dIPFC, VIPFC, mPFC). We further hypothesized that these neural
differences in responding to their own child's positive and nega-
tive affect would be associated with important clinical correlates
of depression, namely chronicity of depression and comorbid an-
xiety, and with depression-related parenting difficulties, specifi-
cally lower child-rated maternal warmth and higher child-rated
maternal hostility.

2. Method
2.1. Participants

The participants were 32 mothers with a recent history of de-
pression recruited from a clinical trial (N=168) conducted at the
University of Pittsburgh for depressed mothers of children diag-
nosed with internalizing disorders (Grant RO1 MH083647). Mo-
thers were recruited from the larger study at any point during
their treatment, during the 12-month follow-up phase, or after
completing the trial.

The final sample included 19 participants; 11 of the original 32
did not complete the fMRI scan due to ineligibility (n=6 metal in
body; n=5 chest circumference), and two did not complete the
PANSIT-MC in the scanner. All 19 participants had adequate cov-
erage ( > 90% of VS/amygdala coverage) and < 2 mm of movement
across the task. The participants were mostly white (n=17 White/
Caucasian, n=2 Black/African American), had at least some college
education (n=16 Some College, n=3 High School Diploma), and
had a mean age of 43.9 years (SD=8.70). Of these 19, 7 partici-
pants reported psychiatric medication use (n=6 taking an anti-
depressant medication, n=2 taking a benzodiazepine) and 3 par-
ticipants reported daily nicotine use. Children of these partici-
pating mothers ranged from 10 to 18 years old (M age=14.78, SD
=3.09) and were 63% Female. All children met criteria for at least
one current internalizing disorder (n=7 with MDD, n=7 Gen-
eralized Anxiety Disorder (GAD), n=2 Anxiety Disorder NOS, n=2
Bipolar NOS, n=1 Depressive Disorder NOS, n=1 Social Phobia,
n=1 Panic Disorder, n=1 Obsessive Compulsive Disorder, n=1
Specific Phobia). Some children had comorbid externalizing dis-
orders (n=5 with Attention Deficit Hyperactivity Disorder, n=1
Oppositional Defiant Disorder). There were no significant differ-
ences in mothers' ethnicity, education level, or age for the 19
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participants with usable fMRI data compared to the 13 other re-
cruited participants or compared to the participants from the
larger clinical trial (ts=.39-.52, ns for mothers' age;
x°s=1.47—14.72, ns, for ethnicity and education level).

All participants completed self-report questionnaires as well as
the Family Interaction Task and PANSIT-MC Task described below.
The University of Pittsburgh Institutional Review Board approved
all research procedures, and written informed consent was ob-
tained from all participants.

2.2. Measures

2.2.1. Maternal clinical characteristics

Mothers reported number of lifetime episodes of depression
using the Structured Clinical Interview for DSM-IV Axis I Disorders
(First et al., 1995) with masters' level clinicians trained to relia-
bility (Kappa=1.00 for primary diagnoses). Mothers also reported
on other lifetime Axis I disorders during this interview. Based on
this interview, 68% of mothers reported multiple episodes of de-
pression in their lifetime (M=5.00, SD=5.01, Range of 1-15 life-
time episodes). In addition, 68% of mothers met criteria for a
lifetime anxiety disorder (n=4 GAD, n=4 Post-Traumatic Stress
Disorder, n=3 Social Phobia, n=3 Panic Disorder, and n=2 Spe-
cific Phobia). Given that these mothers were not necessarily the
same mothers with multiple episodes of depression, we also
compared how mothers with and without comorbid anxiety dif-
fered on neural response to child affect.

2.2.2. Maternal warmth and hostility

Children rated parent-child relationship quality using the Par-
ent-Child Relationship Quality Questionnaire, a measure adapted
from the Getting Along with My Parent questionnaire from the
NICHD study of early child care (Conger et al., 2002). This 19-item
measure evaluates the level of warmth and hostility in the mo-
ther—child relationship in the past year. Sample items include,
“How often does your mother act loving toward you, hug, or kiss
you?” from the warmth subscale and “How often does your mo-
ther shout or yell at you because she is mad at you?” from the
hostility subscale. Internal consistency for this measure was good
to excellent (@=.97 for Warmth subscale; a=.86 for Hostility
subscale).

2.2.3. Family interaction task

Mother-child pairs were asked to engage in three video re-
corded interaction tasks: two pleasant event discussions followed
by a disagreement discussion. Personally relevant topics for dis-
cussions were chosen based on participants' responses to modified
versions of the Pleasant Event Checklist (PEC) (MacPhillamy and
Lewinsohn, 1976) and the Issues Checklist (IC) (Prinz et al., 1979).
The PEC includes a list of activities that families may enjoy doing
together (e.g., taking a trip). Similarly, the IC contains a list of to-
pics on which parents and children often disagree (e.g., household
chores). Both checklists have been used in prior work and have
strong psychometric properties, including high stability and good
concurrent, predictive, discriminative, and construct validity
(MacPhillamy and Lewinsohn, 1982; Prinz et al., 1979). For the two
three-minute pleasant event discussions, participants were asked
to (1) discuss an event from the PEC that they enjoyed together in
the past, and (2) plan a pleasant activity from the PEC that they
would like to do together in the future. For the disagreement
discussion, participants were asked to talk together for six minutes
about a mutual topic of disagreement from the IC that engendered
mild to moderate conflict. They were also asked to discuss why
they were upset about the topic and how they might solve the
issue. The experimenter remained in the room behind a curtain for
the pleasant events discussions and left the room for the

disagreement discussion. These tasks have been used successfully
in healthy and depressed samples (Sheeber et al., 2007).

Children's positive, negative, and neutral affect during these
discussions were coded in 5-s epochs by a team of trained ob-
servers using an adaptation of the Living in Family Environments
coding system (Hops et al., 1995), an observational coding system
used to generate affect codes (e.g., happy, anger). Based on this
system, positive and negative affect were dichotomously coded as
“present” (code of 2) or “absent” (code of 1). If both were “absent,”
the segment was coded “neutral.” Affective codes took into ac-
count facial, vocal, and bodily expressions. Positive affect included
expressions such as wide smiles, laughter, and positive statements
made with an excited tone. Negative affect included expressions of
anger (e.g., furrowed brows, abrupt word usage with one word or
syllable being stressed), contempt (e.g., rolling eyes, sarcastic
tone), anxiety (e.g., stuttering, nervous laughter), and dysphoria
(e.g., tearfulness, slow speech). Neutral affect was coded only in
the absence of positive or negative affect and included expressions
such as matter-of-fact questions and exchanges made with a re-
laxed tone of voice. Mean ICCs for the coders on the 20-s clips
were considered to be good (positive: ICC=.87; negative:
ICC=.87; neutral: ICC=.86). Final codes for each epoch were de-
termined by a consensus agreement between two trained raters
and total positive and negative emotion codes for each fMRI clip
were created by summing across epochs (range of 4-8). Based on
these codes and the content of the segments, six unique 20-s clips
were selected for viewing as fMRI stimuli for periods in which the
child displayed positive, negative, or neutral affect (two clips for
each affect condition). Stimulus clips included the head and
shoulders of the children and audio of both mothers and children.
We made efforts to ensure that video clips were equivalent in
lighting and size.

2.2.4. PANSIT-MC

Similar to methods used in Whittle et al. (2012), unfamiliar
child clips were created using actors and using the same proce-
dure as described above. Four sets of unfamiliar child clips were
created using pre- and post-puberty boys and girls so that clips of
the participant's child could be matched for gender and approx-
imate age (pre/post-puberty) with clips of an unfamiliar child.
Twenty-second clips of the participant's child or an unfamiliar
child were presented in a block design, interspersed with 10-s
fixation cross-hair displays, during a 6-min run. Clips were pre-
sented in a predetermined pseudorandom order. Positive, nega-
tive, and neutral clips were alternated with participant's own child
and the unfamiliar child's clips (i.e., own-neutral, unfamiliar-po-
sitive, etc., see Fig. 1). Because we were interested in evaluating
maternal neural response to their own child relative to their re-
sponse to an unfamiliar child, which isolates response to re-
lationship while holding valence constant, the contrasts of interest
generated from task data were own child's positive affect versus
stranger child's positive affect and own child's negative affect
versus stranger child's negative affect. Following the fMRI scan,
each mother rated how happy, sad, and angry she felt when
viewing her own child's positive and negative clips and the un-
familiar child's positive and negative clips on a 10-point Likert
scale.

2.2.5. fMRI acquisition and preprocessing

Each participant was scanned using a Siemens 3T Trio scanner.
BOLD functional images were acquired with a gradient 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 (TR/TE=2000/25 ms,
FOV=20cm, matrix=64 x 64, flip angle=90°). All scanning
parameters were selected to optimize the quality of the BOLD
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Fig. 1. PANSIT-MC fMRI task.

signal while maintaining a sufficient number of slices to acquire
whole-brain data. Before the collection of fMRI data for each
participant, we acquired a reference EPI scan that we visually in-
spected for artifacts (e.g., ghosting) and for good signal across the
entire volume of acquisition. The fMRI data from all included
participants were cleared of such problems.

Preprocessing and image analysis were completed using SPM8
(http://www.fil.ion.ucl.ac.uk/spm). For every scan, images for each
participant were segmented and then realigned to correct for head
motion. Data sets were then selected for quality based on our
standard small-motion correction (<3 mm). Realigned images
were spatially normalized into standard stereotactic space (Mon-
treal Neurological Institute template) using a 12-parameter affine
model. Normalized images were smoothed with a 6 mm full-width
at half-maximum Gaussian filter. Voxel-wise signal intensities
were ratio normalized to the whole-brain global mean. Voxels
were resampled during preprocessing to be 2 mm?®.

2.3. Data analytic strategy

First, we examined neural response to child affect using within-
sample t-tests. Next, we investigated associations with mothers'
number of depressive episodes and comorbid anxiety and with
child-rated maternal warmth and maternal hostility using multi-
ple regression models conducted in SPM8. Separate regression
models were run to evaluate the effect of our predictors on neural
response in order to reduce multi-collinearity, given that our
predictor variables were highly correlated or conceptually similar
(albeit still distinct). All models included daily nicotine use and
psychiatric medication use, entered as binary variables, and child age
and sex as covariates. Because care was taken to choose video seg-
ments with high levels of positive or negative emotion for our fMRI
clips across participants, positive and negative emotion clip codes
were not associated with parental warmth or hostility (rs =.11—.36,

ps=.13—-.68) and were not included as covariates in the model.
Given that we hypothesized that this task would activate multiple
neural regions across networks (including reward circuitry, threat
circuitry, self-referential processing circuits, regulatory regions), we
used whole brain analyses to test our models. All analyses were
corrected for multiple comparisons using Monte Carlo simulations
that estimated the number of contiguous voxels required to avoid
Type I error (Alpha Sim (Ward, 2000)) using a p <.01 threshold
(144 voxels).

3. Results

Maternal warmth and hostility were negatively correlated with
one another (r=-.78, p <.001). Number of depressive episodes
was not significantly related to either maternal warmth (r= —.38,
p=.11) or maternal hostility (r=.28, p=.34).

3.1. Main effect of own child condition

There was a significant main effect of the task for both the
positive (Own Positive > Stranger Positive) conditions and ne-
gative (Own Negative > Stranger Negative) conditions
(Table 1). During the positive condition, mothers showed
greater activation in the VS, vIPFC, and temporal lobe. During
the negative condition, mothers showed greater activation in
the ACC, ventral PFC and insula, thalamus, and occipital lobe

(Fig. 2).
3.2. Mother’s depression recurrence
During the positive condition, greater lifetime number of de-

pressive episodes was associated with less response in self-related
regions (precuneus, superior and middle frontal gyrus) and
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Table 1
Effect of task on brain response.

Contrast Region XYz t Cluster size p

Own Positive vs. Effect of task

Stranger Positive VS, left —14,10, 492 156 .032
14
VS, right 28,8, -4 495 394 .002
VIPFC, left —38,30, 10.16 368 .002
-6
VIPFC, right 32, 32, 477 184 .021
-4
Temporal lobe  —36, 5.09 332 .003
—48, 6
Own Negative vs. Effect of task
Stranger Negative ACC 4,26,16 5.62 456 .002
Ventral PFC/in- —46,14, 6.01 852 .000
sula, left 4
Ventral PFC/in- 48,10,6 6.83 607 .000
sula, right
Thalamus 28, —22, 5.01 1323 .000
4
Occipital lobe 44, —-66, 3.83 272 011
-12

Note. Coordinates are in Talairach space. Findings are significant at p <.01, using
whole brain analyses and corrected for multiple comparisons using AlphaSim (144
voxel threshold).

Fig. 2. Effect of task on VS, VvIPFC, and temporal lobe activation when viewing
positive child clips (a) and of task on anterior cingulate, ventral PFC/insula, thala-
mus, and occipital lobe when viewing negative child clips (b).

parietal lobe! (Table 2). In contrast, during the negative condition,
greater lifetime number of depressive episodes was associated
with greater response in self-related regions (precuneus and pre-
central gyrus) and less activation in the vmPFC when mothers
viewed clips of their own children expressing negative emotions.

! For all negative effects, follow-up post hoc-analyses that masked identified
clusters on effects from own child affect > baseline and unfamiliar child > baseline
conditions confirmed that the negative associations signified correlation with a
reduced response to own child in the identified region, rather than a greater re-
sponse to the unfamiliar child in that region.

3.3. Mother’s comorbid anxiety

During the negative condition, mothers with comorbid anxiety
showed less activation in the perigenual ACC, dIPFC, and mPFC
relative to those without anxiety. There was no difference between
mothers with and without comorbid anxiety for neural response
during the positive condition.

3.4. Maternal warmth

Lower levels of maternal warmth were associated with greater
activation in the vmPFC and occipital lobe during the positive
condition. During the negative condition, lower levels of maternal
warmth were also associated with less response in regulatory re-
gions (vmPFC and dIPFC) and less response in self-referential
processing regions (PCC).

3.5. Maternal hostility

Higher levels of maternal hostility were associated with greater
activation in threat (amygdala and insula), affect regulatory
(vmPFC), and self-related (thalamus, PCC, precuneus, temporal
lobe) regions during the positive condition. Greater maternal
hostility was also associated with greater activation in the cuneus
and occipital lobe during the positive condition. During the ne-
gative condition, higher levels of maternal hostility were asso-
ciated with less activation in affect regulatory regions (vmPFC,
VIPFC, dIPFC), and self-related processing regions (precuneus, PCC,
angular/inferior parietal lobe, and temporal lobe) (Figs. 3 and 4).

3.6. Post-scan ratings

Mothers' post-scan ratings of anger when viewing own child
positive affect were negatively associated with parental warmth
(r=-.47, p<.05) and approached significance in positively relat-
ing to parental hostility (r=.41, p=.08). None of the other post-
scan ratings were associated with parental warmth or hostility or
with number of depressive episodes or comorbid anxiety.

4. Discussion

We demonstrated that mothers respond to images of their own
child, relative to an unfamiliar child, in key regions associated with
reward processing (VS) and threat processing (insula) for positive
and negative clips, respectively. Both types of stimuli also elicited
activation in regions associated with affect regulation (VIPFC, ACC)
and self-related processing (temporal lobe, thalamus). These
findings mirror maternal neural networks (VS, thalamus, ACC, in-
sula) previously identified in work with mothers of infants and
toddlers (Barrett and Fleming, 2011), and suggest that these re-
gions continue to be relevant to parenting even later in develop-
ment once the parent-child relationship has changed substantially
(Laursen et al., 1998).

Furthermore, brain-behavior associations demonstrated that
neural response to child affect is associated with depression
course, comorbid anxiety, and mother-child relationship quality.
Specifically, when viewing positive clips of their children, relative
to positive clips of an unfamiliar child, mothers with more re-
current episodes of depression showed less response in regions
implicated in self-referential processing, including the precuneus,
and in autobiographical memory, including the medial frontal re-
gions (Northoff et al., 2006). In contrast, they showed greater re-
sponse in self-referential regions (precuneus and precentral gyrus)
when viewing negative clips of their children, relative to negative
clips of an unfamiliar child. These findings corroborate prior
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Table 2
Regression of maternal characteristics on neural response to task.

Contrast Variable|[region Xz t Cluster size p
Own Positive vs. Stranger Positive Number of depressive episodes
Precuneus, left (—) —46, —38, 40 5.69 1230 .000
Precuneus, right (—) 18, —70, 50 5.32 448 .001
Middle frontal gyrus (—) —-32, -6, —52 4.62 147 .034
Middle frontal gyrus (—) —-22, -8,72 4,76 217 .012
Superior frontal gyrus (—) —16, 14, 48 4.56 282 .005
Parietal lobe (—) 50, —26, 42 7.37 168 .025
Comorbid anxiety
Maternal warmth
vmPFC (—) —18, 64, -8 6.43 237 .010
Occipital lobe (—) -6, —96, -8 5.55 586 .000
Maternal hostility
Amygdala/parahippocampal gyrus, left (+) —14,0, -20 6.18 416 .001
Amygdala/parahippocampal gyrus, right (+) 26,0, -2 6.61 237 .009
vmPFC (+) —14,64, -8 6.19 443 .001
Posterior cingulate/thalamus (+) -10, —4,6 5.32 1773 .000
Medial frontal gyrus/precuneus (+) 6, —36, 76 4.78 498 .000
Middle frontal gyrus (+) 44, —-62,0 4.74 204 .014
Cuneus (+) 0, —78,10 3.90 209 .013
Insula (+) —48, —24,14 3.61 157 .027
Occipital lobe (+) -8, —94, -8 4.74 155 .028
Temporal lobe (+) -56, —18, —10 4,50 154 .029
Own Negative vs. Stranger Negative Number of depressive episodes
Precentral gyrus (+) 32, —22,68 5.28 691 .000
Precuneus/inferior parietal (+) —40, —44, 50 5.07 216 .020
vmPFC/ACC/sgACC (—) 26, 62, 6 6.73 1645 .000
Comorbid anxiety
pgACC (—) -4,39,9 4.14 191 .027
mPFC (—) 32, 28,17 4,53 209 .022
dIPFC () -32,32,21 491 162 .040
Maternal warmth
dIPFC (+) 38, 20, 54 4.97 147 .049
vmPFC (+) 16, 50, —16 4.80 145 .050
sgACC (+) -10,30, -8 4.78 208 .022
Posterior cingulate (+) 6, 22, 32 3.96 336 .005
Maternal hostility
vmPFC/VIPFC (—) 20, 50, —14 6.57 613 .000
dIPFC(—) 46, 24, 36 4.22 162 .038
Precuneus (—) 10, —62, 26 3.50 211 .021
PCC/precuneus (—) 14, —38, 26 4.62 666 .000
Angular/inferior parietal lobe (—) 42, —66, 50 4,53 667 .000
Temporal lobe (—) —40, —12, —18 491 144 .049

Coordinates are in Talairach space. Findings are significant at p <.01, using whole brain analyses and corrected for multiple comparisons using AlphaSim (144 voxel

threshold). (+ ) Refers to positive effects; (—) refers to negative effects.

behavioral findings that depression is associated with biased au-
tobiographical memory for negative relative to positive events
(Bergouignan et al.,, 2008), and extends these findings to auto-
biographical events involving parent-child interactions. This
finding may also suggest a neural basis for depressed parents'
predisposition to internalize negative experiences related to their
children—e.g., feeling overly sensitive to their children's failures.
Additionally, recurrent depression was associated with less acti-
vation in regulatory regions of the prefrontal cortex (vmPFC and
ACC), when viewing negative clips, suggesting that more recur-
rently depressed mothers may have diminished ability to regulate
their affect in response to their offspring's negative affect.
Likewise, comorbid anxiety was associated with less activation in
multiple regulatory regions, including the pgACC, mPFC, and dIPFC
when viewing clips of own child's negative affect. These findings
provide more evidence that more severely impaired mothers (co-
morbid anxiety and/or chronic depression) may have difficulty reg-
ulating their response to their children's negative affect. Prior work
with mothers of infants and toddlers has demonstrated that mothers
with comorbid depression and anxiety show the greatest disruptions
in maternal care (Carter et al, 2001) and our findings extend this
pattern to neural disruptions in comorbidly depressed and anxious
mothers of older youth. Interestingly, comorbid anxiety was not

associated with aberrant responding to positive clips, as would be
suggested by the tripartite model of depression and anxiety which
theorizes that depression, but not anxiety, is associated with di-
minished positive affectivity (Clark and Watson, 1991). This suggests
some specificity of depression in neural response to positive affect,
despite the frequent co-occurrence of depression and anxiety.

Child ratings of mother—child relationship quality were also as-
sociated with mothers' neural responses to viewing affectively-
charged clips of their children. Greater levels of child-reported
maternal hostility were related to more activation in threat-related
regions, including the amygdala and insula, when viewing positive
clips of own child relative to unfamiliar child. This finding suggests
that hostile parental behavior may be associated with responding to
positive situations as if they are aversive. Indeed, prior behavioral
work demonstrated that displaying negativity toward their ado-
lescent offspring in contexts that typically elicit positive emotion
distinguished depressed mothers from healthy mothers (McMakin
et al., 2011), whereas this negativity pattern in response to child
negative affect did not. Maladaptive response to child positive affect
(rather than child negative affect) may be a better indicator of a
hostile emotional style, possibly because it elicits depression-spe-
cific negativity that is extended inappropriately across contexts
(Rottenberg et al., 2005). Furthermore, mothers' post-scan ratings of
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Fig. 3. Effect of number of depressive episodes (a), maternal warmth (b), and
maternal hostility (c) when viewing positive clips. Positive effects are in violet.
Negative effects are in blue. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

anger during child positive clips were negatively associated with
warmth and approached significance in positively relating to hos-
tility, providing greater support that heightened amygdala response
to child positive stimuli for more hostile mothers in our study may
be related to emotional valence (i.e., negative emotion) rather than
emotional salience, another important function of these regions
(e.g., see Barrett et al. (2012)). More hostility was also associated
with greater activation in self-related regions, including the pre-
cuneus, thalamus, and PCC (Grimm et al., 2009), and greater acti-
vation in visual processing regions including the occipital lobe and
cuneus, when viewing clips of their child's positive affect. Coupled
with our findings of higher amygdala and insula activity, it may be
that more hostile mothers have attribution biases that contribute to
heightened vigilance toward their children's positive displays and a
tendency to interpret these displays as not only annoying, but also
self-targeted.

In regard to negative clips, greater maternal hostility was as-
sociated with less activation in self-referential regions (precuneus,
PCC, inferior parietal lobe) and regulatory regions (vmPFC/vIPFC,
dIPFC) when viewing clips of offspring displaying negative emo-
tions. This finding may indicate that hostility in the mother—child
relationship may be associated with greater difficulty empathizing
with their child's negative affect and regulating their response to
these displays.

Lower maternal warmth was associated with less activation in
regions implicated in emotional pain (subgenual ACC; Rotge et al.,
2015), in affect regulation (dIPFC, vmPFC), and in self- and other-
related processing (PCC) in response to negative clips. Warm
parenting is characterized by high levels of empathic concern and
sensitive responding to child affect and thus requires the ability to
regulate one's own affect, feel the child's emotional pain, and use
theory of mind skills to evaluate how to respond (Darling and
Steinberg, 1993). Given the putative functions of the subgenual
ACC for empathy (Rotge et al., 2015), this finding may provide
neural evidence that less maternal warmth is associated with

a

Fig. 4. Effect of number of depressive episodes (a), comorbid anxiety (b), maternal
warmth (c), and maternal hostility (d) when viewing negative clips. Positive effects
in violet. Negative effects in blue. (For interpretation of the references to color in
this figure legend, the reader is referred to the web version of this article.)

lower levels of empathy and responsiveness to child displays of
negative affect. Surprisingly, with regard to positive clips, lower
maternal warmth was associated with greater activation in the
vmPFC and occipital lobe. Although we did not expect to find this
association, it may be that less warm mothers need to engage in
more visual processing when their child is expressing positive,
exuberant emotions, perhaps because of this being incongruent
with the mother's usual perception of her child, compared to
warmer mothers for whom this process may be more efficient.

Given that depression is a disorder associated with impaired
family functioning (Hammen et al., 2004), there is a need for
personally relevant family context fMRI tasks to understand how
differential neural responses to family stimuli might underlie
these depression characteristics. We demonstrated that our task is
associated with measures of clinical course, comorbidity, and
parenting. Future work using our novel task should compare
neural response to child stimuli in depressed mothers relative to
healthy mothers.

A limitation to our study is our small sample size, which ne-
cessarily renders our findings preliminary. More work is needed to
replicate our findings in a larger sample. Unexpectedly, in our sam-
ple, number of depressive episodes was not associated with par-
enting quality, although this seemed to be a power issue since these
variables were inter-related in a larger sample (n=32) which in-
cluded dyads assessed but not scanned. Nevertheless, because of this
lack of significant effect, we were unable to evaluate a mediation
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model in which altered neural response served as a mediator of
parental depression and compromised caregiving. Future work with
larger samples should evaluate these potential mediation models.

More work is also needed to compare findings from a de-
pressed sample to a healthy sample. Also, given that participants
in our study all had children with at least one internalizing dis-
order, our findings may not generalize to mothers with psychia-
trically healthy children or children with other psychiatric dis-
orders. Although we propose that our findings are related to the
combined effect of a depressed parent caring for a psychiatrically
ill child, it is possible that our findings may be specific to the
burden of caring for a child with emotional difficulties. In order to
clarify this, future work should compare how depressed parents with
healthy children may differ from depressed parents with psychia-
trically ill children in responding to their children's affect. We also
were not able to evaluate how current depressive severity was as-
sociated with altered neural responding to child affect. Recent work
has shown that improvements in maternal functioning are associated
with improvements in caregiving, particularly in how parents re-
spond to their children (Weissman et al., 2015a, 2015b), thus current
depressive severity would have likely been an important correlate of
neural response to child affect. Future work should consider how
current symptoms affect these processes.

Overall, our study provides evidence that maternal neural re-
sponse to child affect is associated with depression course, comorbid
anxiety, and impaired mother—child relationship quality. Given the
devastating consequences of psychopathology within families, in-
cluding the intergenerational transmission of depression from parent
to child and the emotional burden of caring for a psychiatrically ill
child, greater knowledge of mechanisms underlying this process is
greatly needed to create effective treatment strategies. Existing in-
terventions for depression may be improved by focusing on the
parent—child relationship, including helping mothers process and
respond to their children's affect more effectively and adaptively.
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