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Abstract

Parental responses to their children are crucially influenced by stress. However, brain-based mechanistic understanding of the adverse effects of parenting stress
and benefits of therapeutic interventions is lacking. We studied maternal brain responses to salient child signals as a function of Mom Power (MP), an
attachment-based parenting intervention established to decrease maternal distress. Twenty-nine mothers underwent two functional magnetic resonance
imaging brain scans during a baby-cry task designed to solicit maternal responses to child’s or self’s distress signals. Between scans, mothers were
pseudorandomly assigned to either MP (n¼ 14) or control (n¼ 15) with groups balanced for depression. Compared to control, MP decreased parenting stress
and increased child-focused responses in social brain areas highlighted by the precuneus and its functional connectivity with subgenual anterior cingulate
cortex, which are key components of reflective self-awareness and decision-making neurocircuitry. Furthermore, over 13 weeks, reduction in parenting stress
was related to increasing child- versus self-focused baby-cry responses in amygdala–temporal pole functional connectivity, which may mediate maternal
ability to take her child’s perspective. Although replication in larger samples is needed, the results of this first parental-brain intervention study demonstrate
robust stress-related brain circuits for maternal care that can be modulated by psychotherapy.

Maternal caregiving requires sensitive and contingent re-
sponse for each mother to her own child’s distress signals,
such as cries. Maternal sensitivity thus involves a complex ar-
ray of brain activity to support the required thoughts and be-
haviors, including recognition and acknowledgment of signal
salience, reflective self-awareness, and emotion regulation to-
ward social attachment (Ainsworth & Bell, 1970; Bowlby,
1958; Swain, Mayes, & Leckman, 2004). Studies of brain ac-
tivity as a function of listening to baby-cry, especially in the
early postpartum, have established responses in adaptable so-
cial brain circuits, highlighting those concerned with emotion
response and regulation, in concert with empathy and theory
of mind or consideration of others’ minds (Barrett & Fleming,
2011; Swain, Kim, et al., 2014; Swain, Lorberbaum, Kose, &

Strathearn, 2007). The experience of psychosocial stress in
the life of the mother may interfere with the brain responses
that support adaptive early parenting.

Elucidating the brain mechanisms that underlie maternal
thoughts and behaviors promises to inform our understanding
of the atypical neural responses that have been identified in
mothers who suffer from psychopathology (Feldman et al.,
2009), as several brain imaging studies of mothers with de-
pression have demonstrated (Moses-Kolko, Horner, Phillips,
Hipwell, & Swain, 2014). Specifically, it has been shown that
increased response in the lenticular nucleus and left medial
prefrontal cortex to own baby-cry was associated with more
depressive symptoms and more anxious intrusive thoughts
in a group of 12 healthy mothers who were scanned at ap-
proximately 3 weeks postpartum (Swain et al., 2008). In ad-
dition, own versus generic baby-cry among depressed versus
nondepressed mothers was associated with reduced reward
circuit activity (including the caudate and nucleus accum-
bens; Laurent & Ablow, 2012a). Furthermore, higher depres-
sive symptom severity was also associated with decreased ac-
tivity in left orbitofrontal, dorsal anterior cingulate, and
medial superior frontal regions. Findings from these studies
are consistent with allied research showing that depression
dampens neural responses when mothers attended to nonin-
fant negative emotional stimuli in emotion regulation circuits
(Moses-Kolko et al., 2010; Silverman et al., 2007) and that
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women’s response to attachment figures in these areas is also
related to the Adult Attachment Interview measures (Yaseen,
Zhang, Muran, Winston, & Galynker, 2016). This paper pre-
sents maternal brain responses to child distress as a function of
their own level of stress and in response to attachment-based
therapeutic parenting intervention.

Among mothers, in addition to differences in functional
reactivity in specific brain regions, it has also been suggested
that functional connectivity for social and emotional brain
circuits may differ and adapt according to depression, stress,
experience, and attachment (Kim, Strathearn, & Swain,
2016). For example, women with postpartum depression, as
compared to healthy controls, demonstrated decreased func-
tional connectivity between left amygdala and subgenual
anterior cingulate cortex (sgACC)/ventromedial prefrontal
cortex while viewing fearful and threatening faces (Moses-
Kolko et al., 2010). This was interpreted as a lack of top-
down emotion regulation of negative emotions among de-
pressed mothers. In a study that used positive baby picture
stimuli, depression and trait anxiety was inversely related to
amygdala–insula connectivity, which was interpreted as re-
duced processing of socially and emotionally relevant stim-
uli, interoception, and evaluation of subjective emotional ex-
perience (Wonch et al., 2016). In addition, work using
attachment measures connected to parental brain responses
to infant stimuli underlines the likely key role of the amyg-
dala. For example, maternal amygdala response to their
own infants’ sadness as compared to happiness using picture
stimuli was blunted with unresolved early life trauma (Kim,
Fonagy, Allen, & Strathearn, 2014) and hyperresponsive to
own infant crying with insecure attachment (Riem, Baker-
mans-Kranenburg, van IJzendoorn, Out, & Rombouts,
2012). The capacity to utilize top-down regulation of negative
emotions, and to attend to and accurately process the social
and emotional reactions of one’s own infant are critical ele-
ments contributing to sensitive early parenting (Dayton,
Huth-Bocks, & Busuito, 2016). Thus, prior work in this
area suggests that maternal distress may inhibit the adaptive
neurological functioning that supports early parenting. To
our knowledge, this study is the first to examine either task-
dependent brain responses or connectivity before and after
a therapeutic intervention designed to decrease maternal
stress and depression.

Mom Power (MP) is an attachment-based parenting inter-
vention that is equipped with cognitive behavioral therapy
techniques. MP aims to strengthen maternal capacity for emo-
tion regulation through mindfulness and distress tolerance
practices. It provides mothers with pedagogical training and
in-session practice on positive parenting, child develop-
mental needs, self-reflection, and perspective taking. It has
been shown that mothers undergoing MP exhibit reduced par-
enting stress, improved mental health (less depression and
anxiety), and increased bonding and emotional responsive-
ness toward their children (Muzik et al., 2015, 2016). We
therefore hypothesize that MP reduction of stress would be
associated with increased maternal brain response to own ver-

sus generic baby-cry in social brain circuits known to be crit-
ical for empathy, motivation for sensitive caring, reflective
mentalization (the ability to sensitively consider and under-
stand the mental state of her child), and self-awareness. Fur-
thermore, we expect that the connectivity between brain re-
gions associated with empathy and emotion regulation
would increase as a function of the MP intervention. Finally,
using a novel task that elicits maternal responses to own-child
distress signals versus self-focused distress, we explore a pos-
sible mechanism to explain brain function, stress response,
mental focus, and associated treatment effects among
mothers of young children.

Methods

Procedures

Participants were recruited from community health clinics,
primary care clinics, and University of Michigan hospitals.
All participants were mothers living with at least one biolog-
ical child. All of them received an initial depression screen-
ing, and completed the Parenting Stress Index ((PSI; Abidin,
1995) and other questionnaires around the time of two func-
tional magnetic resonance imaging (fMRI) scanning ses-
sions, with a 12- to 15-week interval between the two scans.
The MP group, but not the control group, received the MP in-
tervention between the first (Time 1 [T1]) and second (Time 2
[T2]) scans. All procedures were approved by the University
of Michigan’s Institutional Review Board.

Participants

Mothers (n ¼ 29, mean age ¼ 31.64 years, SD ¼ 7.93) of
young children (mean age ¼ 2.53 years, SD¼ 2.37) were re-
cruited and pseudorandomly assigned to MP intervention
group (MP, n ¼ 14) or a control group (control, n ¼ 15).

Measures

Maternal depression. Depression ratings were obtained for
each mother based on the Postpartum Depression Screening
Scale (Beck & Gable, 2001). The Postpartum Depression
Screening Scale is a 35-item validated self-report question-
naire asking about depressive symptoms in the previous 2
weeks that yields a total symptom count (possible range ¼
35–175) with a clinical cutoff score of .80 indicating depres-
sion diagnosis risk. In the current sample (n¼ 29), there were
14 mothers scoring above the clinical cutoff (referred to as de-
pressed mothers) and 15 mothers below the cutoff (referred to
as nondepressed mothers). The relatively high rate of depres-
sion in this sample may reflect the fact that these participants
were recruited from clinics where relatively more mothers at
risk can be found.

Parenting stress. Around the times of each of the two scans,
each participant reported on her own level of parenting stress
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on the PSI (Abidin, 1995), a 36-item self-report questionnaire
with high reliability across diverse populations, including
coefficient a of 0.95 with concurrently reported psychologi-
cal symptoms (Reitman, Currier, & Stickle, 2002). In the cur-
rent sample, the Cronbach a was 0.93.

fMRI task

Baby-cry task. The fMRI task for this paper was adapted from
our previous work on parents in the postpartum period (Swain
& Lorberbaum, 2008; Swain et al., 2007) for use with
mothers of older children rather than the first few months
postpartum. It has also previously been used to study non-
mothers (Kim, Ho, Evans, Liberzon, & Swain, 2015). The
baby-cry stimuli were recordings of infant cries that were
gathered during the discomfort of a diaper change. Mothers
were instructed to listen to the baby-cry stimuli using differ-
ent frames of reference: (a) listening passively; (b) listening
and imagining that their own child were crying; and (c) listen-
ing and imagining that that they, the mothers, were the ones
crying. In this way, the protocol pulls for different types of
empathic concern. To facilitate these distinctions, during
the scanning session, the baby-cry stimuli were presented ran-
domly with descriptive primers before each 30-s block of
baby-cry sound to simulate (a) passive listening of generic
baby-cry (generic baby-cry), (b) listening to baby-cry as if
it were your own baby’s (own baby-cry), (c) listening to baby-
cry as if it were yourself crying (self baby-cry), and (d) the con-
trol sound (white noise). There were two runs of 4.5 min/run,
wherein there were three 30-s blocks for each of the four con-
ditions. The fixation period was 10 s long between each of the
blocks. The white noise and generic baby-cry conditions have
been used in prior work as the standard conditions in the infant
cry paradigm (De Pisapia et al., 2013; Laurent & Ablow,
2012a, 2012b; Swain et al., 2007; Venuti et al., 2012). A par-
ticularly novel component of this work is that it includes con-
ditions that pull specifically for responses to own infant (own
baby-cry) and to distress within the self (self baby-cry). These
stimuli are therefore more personally salient to each mother
and are designed to elicit a more robust emotional reaction
to the personal identity of the baby-cry.

MP intervention. MP intervention consists of 3 individual
sessions and 10 group sessions (Muzik, Rosenblum, &
Schuster, 2010). Groups were led by two trained facilitators,
and fidelity was monitored via weekly reflective supervision
as well as video review of 20% of all sessions using a fidelity
monitoring scale (Schuster, 2013). Fidelity was formally as-
sessed using a 5-point Likert scale (5 ¼ highest fidelity) for
both content (i.e., adherence to manual content) and frame-
work (i.e., maintaining the therapeutic framework dedicated
to creating a therapeutic milieu based in attachment theory
and trauma informed care). Fidelity was found to be excellent
across clinicians for both content (M¼ 4.02, SD¼ 0.72) and
framework (M ¼ 3.85, SD ¼ 0.69).

The MP curriculum parallels the Protective Factors Frame-
work (CSSP, 2015), which is based on core theoretical pillars
of attachment-based parenting education, self-care, mother–
child interaction practice, and social support (Muzik et al.,
2010). Parents learn how to empathically understand and re-
spond to a child’s emotional needs and experiences; how to
repair disruptions in the relationship; how to support the
child’s emotional development via parent–child emotional
coregulation; how to empathically understand a child’s emo-
tional needs and experiences; how to coregulate a child’s
emotions; and how to create an atmosphere of warmth, joy,
and delight in which their child can learn and grow, which
is sometimes summarized as providing a secure base and
safe haven for their child (Bowlby, 1978). In addition, parents
learn how to practice mindfulness and explore what experi-
ences from the past might impact their parenting and what
current experiences may be affecting their children. For a de-
tailed description of the parenting intervention, please see
Muzik et al. (2015, 2016). Group participants received trans-
portation incentives ($5 per session), a family-style meal dur-
ing the group time, and a final $15 incentive if they attended
at least 7 of the 10 group sessions.

Control group. The control condition also involved two indi-
vidual sessions but instead of 10 weekly in-person group ses-
sions, the control group participants received 10 weekly mail-
ings of the MP curriculum content. Mailings included a
prestamped postcard for the mother to send back indicating
that the week’s material had been read. Participants were
compensated $5 for each postcard returned, and an additional
$15 if they returned 7 out of 10 postcards. Thus, both groups
received the same remuneration, and both had access to the
MP curriculum content. This was not, however, an active con-
trol condition because it lacked the social content of the inter-
vention.

Prescan ratings on auditory stimuli used in the fMRI task. Im-
mediately before the scanning, the participants listened to all
30-s auditory stimuli that would be used in the fMRI task and
answered questions on a 5-point Likert scale immediately
after listening to each stimulus: for the noise stimuli, there
were two questions, “What is the intensity of this noise? (1
¼ very low, 3¼middle, 5¼ very strong) and “How annoying
is this noise?” (1¼ not at all, 3¼ moderate, 5¼ very annoy-
ing); for the infant cries, “What is the intensity of this cry?” (1
¼ very low, 3¼middle, 5¼ very strong) and “How annoying
is this cry?” (1¼ not at all, 3¼moderate, 5¼ very annoying)
and “If this crying baby was in the same room with you, how
much would you like to move closer to or away from this
baby” (1¼ very much away, 3 ¼ neutral, 5 ¼ very much
closer).

fMRI and structural MRI. During the fMRI scanning session,
each participant was positioned in a supine orientation with
her head positioned in a head coil. Visual stimuli were pre-
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sented with E-Prime (PST, Inc., Pittsburgh, PA) via a goggle
system and Nordic NeuroLab audio system. Behavioral re-
sponses were recorded by a button glove attached to the par-
ticipant’s right hand and linked to the E-Prime system. All
fMRI scanning sessions were performed with a 3.0 Tesla Phi-
lips magnetic resonance imaging scanner using a standard
eight-channel radiofrequency SENSE head coil with the fol-
lowing acquisitions: (a) a high-resolution T1 scan was ac-
quired to provide precise anatomical localization (resonance
time ¼ 9.8 ms, echo time ¼ 459 ms, fractional anisotropy
¼ 88, field of view ¼ 256 mm, slice thickness of 1.0 mm,
180 slices with 288�288 matrix per slice); (b) two runs of
T2*-weighted echo planar imaging sequence with blood oxy-
genation level dependent contrast (190 frames per run, reso-
nance time ¼ 2000 ms, echo time ¼ 30 ms, functional ani-
sotropy ¼ 908, field of view ¼ 220 mm, 42 contiguous axial
slices, slice thickness¼ 2.8 mm with 64�64 matrix per slice,
voxel size¼ 3.44�3.44�2.8 mm3) were acquired for whole-
brain fMRI blood oxygenation level dependent signal mea-
sures during the experimental task.

Data processing and analysis

The fMRI data were preprocessed and analyzed using statis-
tical parametric mapping software (SPM8; Welcome Depart-

ment of Imaging Neuroscience, London). Five images at the
beginning of each fMRI run were discarded to account for
magnetic equilibrium. Slice timing correction was performed
using a middle slice as a reference (Slice 21). After slice time
correction, images within each run were realigned to the mean
image of the first run to correct for movement. Realigned
functional images and structural image were spatially normal-
ized using DARTEL method in SPM8. The normalized func-
tional images were resliced to 2�2�2 mm voxels. Images
were then spatially smoothed using a Gaussian filter with a
full-width half-maximum value of 8 mm. Following prepro-
cessing, a first-level fixed effect model was constructed with
a matrix of regressors modeling each trial type (noise, generic
baby-cry, own baby-cry, and self baby-cry). Each individual
participant’s contrasts of interest at the first level were sub-
mitted to second-level random effects analyses of general lin-
ear models (GLMs). A model of flexible factorial design was
used to examine the two-way analysis of variance, with treat-
ment (MP vs. control), time (pre- and posttreatment), and the
Treatment�Time interaction effects. To examine the neuro-
correlates of parenting stress, the T2–T1 change in SPM con-
trast images were computed for each participant and regressed
against predictors of the changes in PSI, controlling for the
baseline PSI at T1. All statistical parametric maps in the sec-
ond level models were controlled for whole brain multiple

Figure 1. The baby-cry task design. See the Method section for details.

Figure 2. Mom Power (MP) parenting treatment (vs. control group) decreased parenting stress, especially in mothers with depression. Mothers
were grouped according to whether they were depressed or not depressed (filled for depressed, open for nondepressed) and whether they received
12-week MP treatment or control (squares for MP, circles for control). MP intervention goals involve group psychoeducation sessions aimed at
increasing stress coping skills and reflective capacity toward sensitive parenting.
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comparison at the cluster level for voxel-wise intensity thresh-
old at p ¼ .005 and cluster-wise size threshold as determined
by Analysis of Functional NeuroImages software (Cox, 1996)
version 16.1.3.

Results

Group characteristics

The MP and control groups differed in their ages (MP mean
age ¼ 27.19, SD ¼ 6.69; control mean age ¼ 35.80, SD ¼
2.53); F (1, 27) ¼ 11.84, MSerror ¼ 45.39, p , 0.01, but
not in the number of children (MP mean ¼ 1.36, SD ¼
0.50; control mean ¼ 1.53, SD ¼ 0.64); F (1, 27) ¼ 0.68,
MSerror ¼ 0.33, p ¼ 0.42, or their youngest child’s age
(MP mean ¼ 1.78, SD ¼ 2.01; control mean ¼ 2.26, SD ¼

2.53); F (1, 27) ¼ 0.32, MSerror ¼ 5.26, p ¼ 0.58. Both MP
and control groups included mothers with current depressive
mood and mothers without. Specifically, the MP group had
seven depressed mothers and seven nondepressed mothers,
and the control group had seven depressed mothers and eight
nondepressed mothers. The high rate of depression may re-
flect recruitment from clinics rather than community. The
distribution of depressed and nondepressed mothers were
balanced between the MP and control groups (x2 ¼ 0.032,
p ¼ .86).

Self-reported ratings on the auditory stimuli

The participants’ ratings of the auditory stimuli’s (intensity
and annoyance for noises and cries, and avoidance/approach
for cries only) before each of the two scans were submitted to

Table 1. Main effects of task conditions

MNI Coordinates
No. of
VoxelsBrain Region Side X Y Z Z Score

Generic Baby’s Cry Versus Noise

Superior temporal gyrus R 58 28 22 1956 7.30
L 262 220 4 1834 6.32

Insula, posterior L 244 220 2 469 6.09
R 48 214 4 414 5.97

Midbrain R/L 12 218 28 407 4.02
Anterior cingulate cortex, subgenual R 14 34 0 166 3.33
Prefrontal cortex, dorsomedial R/L 26 38 44 193 3.29

Your Baby’s Cry Versus Generic Baby’s Cry

Inferior parietal lobule L 264 248 20 478 4.41
Middle temporal gyrus L 248 260 12 245 3.36
Inferior frontal gyrus/precentral L 236 4 34 206 3.23

Your Self’s Cry Versus Generic Baby’s Cry

Middle temporal gyrus, posterior L 242 250 16 1759 4.76
Superior frontal gyrus R/L 28 10 62 626 4.73
Occipital lobe L 228 274 28 336 4.01
Middle temporal gyrus, anterior L 250 24 220 381 3.79
Middle frontal gyrus/precentral L 234 4 42 705 3.78
Middle/inferior frontal gyrus R 50 26 14 258 3.67
Caudate R 26 24 18 179 3.63
Inferior frontal gyrus L 240 34 28 593 3.30

Your Baby’s Cry Versus Your Self’s Cry

Inferior parietal lobule L 266 232 32 268 4.46
Inferior frontal gyrus R 56 36 4 152 3.68
Insula L 238 0 212 163 3.36

Your Self’s Cry Versus Your Baby’s Cry

Middle temporal gyrus, posterior L 238 264 24 297 3.87
Temporal pole L 246 4 230 146 3.53
Superior frontal gyrus L 212 28 58 169 3.43
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a GLM repeated measurement model, using depression (de-
pressed or nondepressed) and treatment (MP or control) as
between-subject independent variables, time as a within-
subject independent variable, and the age of the youngest
child as a covariate. There were no significant main effects
or interaction effects of any independent variables on any of
the ratings. These results suggest that task-dependent ef-
fects on brain responses during the fMRI task were unlikely
to be due to individual differences in how mothers per-
ceived the stimuli.

MP decreases parenting stress

The total scores of PSI were submitted to a GLM repeated
measurement model, using depression (depressed or nonde-
pressed) and treatment (MP or control) as between-subject in-
dependent variables, time as a within-subject independent
variable, and the age of the youngest child as a covariate.
There was a main effect of depression on PSI, with the de-
pressed mothers showing higher PSI than the nondepressed

mothers (depressed mean ¼ 91.54, SE¼ 5.19; nondepressed
mean ¼ 63.14, SE ¼ 5.25); F (1, 19) ¼ 14.27, MSerror ¼

610.830, p ¼ .001. There were no significant main effects
of other independent variables. There was a marginally sig-
nificant Treatment�Time interaction effect, where the MP
group, as compared to the control, showed greater reduction
in PSI over time, F (1, 19) ¼ 4.28, MSerror ¼ 104.627, p ¼
0.052 (see Figure 1 and Figure 2, left panel), and this pattern
was prominent in the depressed mothers. There were no other
significant interaction effects see Figure 2, right panel).

Baby-cry task main effects

There are four contrasts of interest that were examined
among the conditions of noise, generic baby-cry, own
baby-cry, self baby-cry, and noise in the fMRI task, includ-
ing (a) generic baby-cry versus noise, to examine the
neural responses specific to infant cries as a distress signal;
(b) own baby-cry versus generic baby-cry, to examine the
neural responses specific to own child’s distress signal;

Figure 3. (Color online) (a) Generic baby-cry versus noise, (b) own baby-cry versus generic baby-cry, (c) self baby-cry versus generic baby-cry,
(d) own baby-cry . self baby-cry, (e) self baby-cry . own baby-cry.
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(c) self baby-cry versus generic baby-cry, to examine the
neural responses specific to self’s distress signal; and (d, e)
own baby-cry versus self baby-cry, to examine the differen-
tial neural responses to child’s and self’s distress signals.
To validate the task design, the main effects of these con-
trasts, pooling all scans across all participants and sessions,
were examined and results summarized in Table 1 and Fig-
ure 3. The infant cry as a distress signal activated bilateral
posterior insula, dorsomedial prefrontal cortex, and
sgACC, in addition to sensory cortices that are typically ac-
tivated by baby-cry (Kim et al., 2016). Compared to generic
baby-cry, own baby-cry preferentially activated cortical
areas related to attention and cognitive control, while self
baby-cry preferentially activated subcortical caudate along
with other cortical areas. When directly contrasting be-
tween own baby-cry and self baby-cry, the former preferen-
tially activated cortical areas related to ventral attention net-
work, while the latter preferentially activated cortical areas
related to default mode network (see Figure 3).

MP changed neural response to baby-cry

Treatment and time were used as two independent variables in
the SPM8’s flexible factorial model to examine how MP ver-
sus control groups’ maternal brain responses differentially
changed over time (a Group�Time interaction effect). For
each contrasts of interest, we found no significant clusters
in the generic baby-cry versus noise and own baby-cry versus
self baby-cry. The visual cortex showed increasing activity
for both own baby-cry versus generic baby-cry and self baby-
cry versus generic baby-cry contrasts. Moreover, mothers in
MP, but not control, showed increasing own baby-cry versus
generic baby-cry activity over time (see Table 2 and Fig-
ure 4a, b).

Neurocorrelates of changes in parenting stress

To examine the neurocorrelates related to the change in
parenting stress over 13 weeks, we computed the differ-

Figure 3 (cont.)
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ential brain map by subtracting the SPM contrast image
at T1 from that at T2, and regressed the T2–T1 differ-
ence images against the T2–T1 change in PSI total score
(dPSI), controlling for the PSI at T1. The results are

summarized in Table 3. The T2–T1 increase in own
versus generic baby-cry differential response in the precu-
neus was associated with T2–T1 reduction in PSI (see
Figure 5).

Table 2. Treatment Group×Time interaction effects, controlling for Depression and Treatment×
Depression interaction

MNI Coordinates
No. of
VoxelsBrain Region Side X Y Z Z Score

Generic Baby’s Cry Versus Noise

None

Your Baby’s Cry Versus Generic Baby’s Cry

Fusiform L 228 244 218 461 4.61
Precuneus R/L 210 242 48 336 3.93
Visual cortex/fusiform R/L 14 280 16 1898 3.74

Your Self’s Cry Versus Generic Baby’s Cry

Visual cortex R 12 262 6 816 3.36

Your Baby’s Cry Versus Your Self’s Cry

None

Figure 3 (cont.)
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MP treatment increased precuneus–sgACC functional
connectivity in response to child’s versus self’s distress
signals

Given that results demonstrated that the precuneus was impli-
cated in the effects of MP treatment, we decided to perform a
generalized psychological–physiological interaction analysis
(gPPI; McLaren, Ries, Xu, & Johnson, 2012) to examine how
task-dependent functional connectivity with this precuneus
locus was related to the T2–T1 change related to the MP treat-
ment and parenting stress. With regard to the treatment by
time effect, we found that sgACC showed significant own
baby-cry versus self baby-cry task-dependent functional con-
nectivity with the precuneus (seed). As both sgACC and pre-
cuneus are nodes in the default-mode network, this result sug-
gests that, over time, MP treatment enhanced the participants’
node-to-node connectivity within the default-mode network
while they were relating to their child’s distress signals, as

compared to while they were relating to their own distress sig-
nals (Figure 6).

Changes in parenting stress and precuneus-based
functional connectivity

To investigate how T2–T1 dPSI related to task-dependent
functional connectivity with the precuneus, we performed
gPPI with the precuneus seed derived from Table 4. The re-
sults are summarized in Table 4 and Figure 7, and include re-
gions of inverse relation to stress responding to own baby-cry
of the medial frontal gyrus and middle frontal gyrus.

Changes in parenting stress and amygdala-based
functional connectivity

Given sensitivity of the amygdala to attachment-related
emotional stimuli including infant stimuli (Kim et al.,

Figure 4. (Color online) (a) Brain image highlighting precuneus region, which showed increased own baby-cry versus generic baby-cry activity
with Mom Power (MP) parenting intervention and was also used for further functional connectivity analysis. (b) MP treatment (vs. control group)
increased own baby-cry versus generic baby-cry response in the precuneus. Mothers were grouped according to whether they were depressed
(filled for depressed, open for nondepressed) and whether they received MP (squares for MP, circles for control).

Parent intervention, stress, and brain function 543

https:/www.cambridge.org/core/terms. https://doi.org/10.1017/S0954579417000165
Downloaded from https:/www.cambridge.org/core. University of Michigan Library, on 02 May 2017 at 01:57:46, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/S0954579417000165
https:/www.cambridge.org/core


2016), we explored connectivity using an anatomically de-
fined amygdala seed. Specifically, we examined how
changes in amygdala-based functional connectivity were as-
sociated with changes in parenting stress in the entire group
of mothers (n ¼ 29). The results are summarized in Table 5
and depicted in Figure 8a and b. We found that the T2–T1
change in own baby-cry versus self baby-cry task-depen-
dent functional connectivity between the left amygdala
and left temporal pole was highly correlated with the T2–
T1 reduction in parenting stress. That is, the greater T2–
T1 increase in the own baby-cry versus self baby-cry differ-
ential coupling between the left amygdala and temporal pole,
the greater the reductions in parenting stress over time.
All of those participants who showed a reduction in parent-
ing stress over time demonstrated an increase in the own

baby-cry versus self baby-cry functional connectivity (n ¼
9) in the green shaded quadrant in Figure 8c, and the major-
ity of these participants were treated with MP (n ¼ 7). In
contrast, the participants in the red shaded quadrant of
Figure 8c demonstrated an increase in their parenting stress
and a decrease in the task-dependent connectivity, with the
most extreme case being a depressed mother in the control
group. There was a trend that MP is particularly beneficial
for mothers with depression, suggested by the finding that,
when only depressed mothers were considered, there were
more participants in the MP group (n¼ 5) than in the control
group (n ¼ 1) who demonstrated a reduction in parenting
stress (PSI), and more participants in the control group (n
¼ 4) than in the MP group (n¼ 2) who failed to demonstrate
a reduction in parenting stress (x2 ¼ 3.086, p ¼ .078).

Table 3. Neurocorrelates showing associations between Time 2 and Time 1 change in brain response and
change in parenting stress index (dPSI), controlling for baseline PSI

MNI Coordinates
No. of
VoxelsBrain Region Side X Y Z Z Score

Generic Baby’s Cry versus Noise, Positive Association

Middle frontal gyrus R 46 26 32 181 3.80
Supplemental motor area R 22 14 62 213 3.62

Generic Baby’s Cry Versus Noise, Negative Association

None

Your Baby’s Cry Versus Generic Baby’s Cry, Positive Association

None

Your Baby’s Cry Versus Generic Baby’s Cry, Negative Association

Middle frontal gyrusa R 34 52 6 1167 4.31
Superior temporal gyrus L 268 228 2 243 3.84
Posterior cingulate cortex R 18 250 10 334 3.65
Precuneus R/L 28 268 44 788 3.52
Superior temporal gyrus R 58 246 18 429 3.36
Precentral R 40 28 54 248 3.23

Your Self’s Cry Versus Generic Baby’s Cry, Positive Association

None

Your Self’s Cry Versus Generic Baby’s Cry, Negative Association

Supplemental motor areaa R 24 16 62 619 4.72
Middle/inferior frontal gyrusa R 32 34 38 499 4.44
Insula, anterior R 30 22 22 148 4.41
Inferior frontal gyrus/precentral L 258 4 22 461 4.03
Occipital lobe R 14 272 10 949 3.91
Superior temporal gyrus L 264 246 12 278 3.61

Your Baby’s Cry Versus Your Self’s Cry, Positive or Negative Associations

None

aThe cluster largely overlapped with those showing positive association with generic baby’s versus noise.
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Discussion

The results of this study provide preliminary evidence that
care-provoking baby-cry distress signals evoke a pattern of
neural responses among mothers that vary based on the iden-
tity of who is crying. A parenting intervention, MP, decreased
stress for the participants in the current study. Thus, we were
positioned to identify neurocorrelates that may serve as brain-
based mechanisms of therapeutic changes. Exploration of
functional brain changes associated with MP revealed in-
creased functional connectivity in brain circuits involved in
reflective self-awareness and mood regulation. Finally, func-
tional connectivity between salience and mental-state-attribu-
tion circuits shifts according to the focus of the task. Specifi-

cally, we found that functional connectivity in the precuneus–
sgACC and amygdala–temporal pole during the child’s versus
mother’s own distress signal condition was associated with de-
creased stress over time. These results support the notion that
preferential responding to child’s distress signals over those of
one’s own distress signals may serve as a protective factor to
downregulate the mothers’ parenting stress. Thus, parenting
treatment benefits appear to be reflected in aspects of brain
function and connectivity during parent response to child dis-
tress. Understanding which maternal brain-circuits change
due to intervention may help to identify biomarkers for future
studies of brain plasticity to improve treatment efficacy.

Distinct from most previous work on baby-cry brain re-
sponses, this study was conducted with mothers who were,

Figure 5. (Color online) Time 2–Time 1 change in brain response. (a) Generic baby-cry versus noise directly associated with change in Parenting
Stress Index total score (dPSI). (b) Own baby-cry versus generic baby-cry inversely associated with dPSI. (c) Self baby-cry versus generic baby-
cry inversely associated with dPSI.
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on average, a few years into the postpartum period. Even
though the participants did not listen to the actual baby-cry
from their own child but were rather asked to conceptualize
the identity as generic, own child, or themselves, our results
suggested that the maternal brain responded to own baby-
cry and generic baby-cry in a way that is consistent with
the previous findings and robust given whole-brain correction
(Table 1). In summary, generic baby-cry versus control noise
activated motivational brain area (midbrain), visceral and in-
teroception areas (bilateral posterior insula), affective valua-
tion areas (sgACC), and social brain regions (dorsomedial
prefrontal cortex). This is in accord with previous work using
this task on nonparents (Kim, Ho, et al., 2015), in which
insula responses to generic baby-cry versus noise were

significantly reduced by the experience of chronic childhood
poverty.

Over the baseline of the response to generic baby-cry,
when the mothers listened to own baby-cry, the results that
we found were consistent with the literature on unique care re-
sponses to one’s own baby versus a generic baby (Swain,
2011). They include regions of the inferior parietal lobule
and middle temporal gyrus, which may be interpreted as
important for social and language comprehension (Decety
& Lamm, 2007). If baby-cry may be considered the infant’s
primary mode of social communication, then brain function
to decipher meaning may be critical for sensitive responses.
The inferior frontal gyrus activity may serve to volitionally
plan for caregiving response to child’s distress (Haggard,

Figure 6. (Color online) (a) Mom Power (MP) parenting intervention versus control increased differential functional connectivity between the
precuneus (as the seed) and subgenual anterior cingulate cortex in the own baby-cry versus self baby-cry contrast (care for own baby vs. pre-
occupation with self. (b) MP treatment (vs. control group) increased the functional connectivity between the precuneus (seed) and the subgenual
anterior cingulate cortex. Mothers were grouped according to whether they were depressed (filled for depressed, open for nondepressed) and
whether they received MP (squares for MP, circles for control).
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2008). The self baby-cry, as compared to own baby-cry, elic-
ited activity in the default mode network (DMN; Yeo et al.,
2011). Activity in this functional connectivity network may
underlie many aspects of self-related social cognition, atten-
tion, and empathy for another’s suffering (Otti et al., 2010).
For example, the middle temporal gyrus cluster we report
has been linked to self-awareness (Goldberg, Harel, & Ma-
lach, 2006), a key faculty that is augmented with parenting in-
terventions such as MP. In addition, own baby-cry versus self
baby-cry included activity in the ventral attention network,
according to Yeo et al. (2011), which underlies tonic alertness
(Sadaghiani & D’Esposito, 2015) and salience processing
(Seeley et al., 2007).

Parenting interventions such as MP focus on improving re-
flective mentalization, increasing parental self-awareness,
and reducing parenting stress. Accordingly (Table 2), we
found that MP intervention upregulated the differential re-
sponses in precuneus and visual processing areas to own ver-
sus generic baby-cry over the course of the intervention, as
compared to control. The precuneus is a major node in
DMN related to social cognition and self-related processing
(Yeo et al., 2011). Allied work found that maternal warmth
was associated with greater neural responses to videos of their
own infants in the precuneus, visual areas, the insula, and the

medial frontal gyrus (Wan et al., 2014). Our connectivity
analysis of precuneus seed connectivity that varies inversely
with stress (Table 4) also revealed the medial frontal gyrus.
These findings suggest that maternal warmth and reduced
stress are associated with greater responses to mothers’ own
infants compared to unfamiliar infants in brain areas involved
in social and sensory information processing connected to the
precuneus.

Moreover, the precuneus’ differential own versus self
baby-cry functional connectivity with another major node
in the DMN, sgACC, was also increased by MP intervention,
as compared to control. As sgACC and precuneus are robustly
connected within the DMN during resting state and self-re-
lated process in psychopathology (Whitfield-Gabrieli &
Ford, 2012), MP may have supported the mother to invest
added personal relevance to the child in the child-oriented
(own baby-cry) task over and above her baseline personal
relevance investment to herself in the self-oriented condition
(self baby-cry).

We also found that several brain areas typically included in
the DMN (Yeo et al., 2011) that were present in the correla-
tion analysis between the T2–T1 change in PSI and the T2–
T1 change the own versus generic baby-cry, controlling for
PSI at T1 (Table 3). Within DMN regions such as the bilateral

Table 4. Neurocorrelates showing associations between Time 2 and Time 1 change in task-dependent functional
connectivity with precuneus (seed) and change in parenting stress index (dPSI), controlling for baseline PSI

MNI Coordinates
No. of
VoxelsBrain Region Side X Y Z Z Score

Generic Baby’s Cry Versus Noise, Positive Association

Rolandic operculum/insula R 46 22 14 137 3.88

Generic Baby’s Cry Versus Noise, Negative Association

None

Your Baby’s Cry versus Generic Baby’s Cry, Positive Association

None

Your Baby’s Cry Versus Generic Baby’s Cry, Negative Association

Medial frontal gyrus/supplemental motor area L 28 228 58 144 3.35
Middle frontal gyrus/precentral L 236 22 52 205 3.28

Your Self’s Cry Versus Generic Baby’s Cry, Positive or Negative Association

None

Your Baby’s Cry Versus Your Self’s Cry, Positive Association

None

Your Baby’s Cry Versus Your Self’s Cry, Negative Association

Middle cingulate cortex, anterior R 30 216 42 646 3.80
L 26 212 42 456 3.44
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superior temporal gyrus, posterior cingulate cortex, and pre-
cuneus, time-dependent increased activity was associated
with decreased parenting stress over time. This led to our
use of a precuneus seed (Table 4) that revealed connectivity
change over time in another DMN region (medial frontal cor-
tex), for which activity (own vs. generic baby-cry) was in-
versely related to stress. Thus, the DMN may serve a protec-
tive role to reduce parenting stress that this role may be
augmented with parenting interventions.

It is interesting to consider how maternal behaviors in re-
sponse to baby-cry and associated mother–infant bonding
may be particularly susceptible to stress and attachment.
On the one hand, stress is critical to survival of offspring
for heightened vigilance and threat detection to ensure
own-baby survival across mammalian species (Barrett &
Fleming, 2011; Strathearn & Kim, 2013). On the other
hand, if stress becomes too high, it may contribute to anxiety
and depression and involve alterations of amygdala function
in particular (Pizzagalli, 2014). In addition then to the
DMN, we consider the partly overlapping salience network
that included the amygdala. The amygdala is key to brain
functions across emotional and stressful tasks (LeDoux,
2000, 2012). In the current parental brain literature, cross-
sectional studies have shown its importance in responding
to different baby stimuli. For example, own baby-cry activa-

tions of the amygdala at 2–4 weeks predict maternal sensi-
tivity at 3–4 months (Kim et al., 2011). In addition, mothers
who engaged in more synchronous interactions showed
more coherent activations of the amygdala/nucleus accum-
bens in response to their infant’s video stimuli, and these ac-
tivations correlated with maternal plasma oxytocin (Atzil,
Hendler, & Feldman, 2011; Strathearn, Fonagy, Amico, &
Montague, 2009). Similarly, maternal amygdala responses
to own-baby emotional face stimuli correlated with maternal
reflective functioning (empathy; Lenzi et al., 2009). In addi-
tion, amygdala activity given negative versus positive feed-
back after a parenting decision was a function of the per-
sonal distress aspect of empathy (Ho, Konrath, Brown, &
Swain, 2014). Furthermore, amygdala responses to own ver-
sus unfamiliar positive infant image paradigm was reduced
among mothers suffering more concurrent depression, anx-
iety, and distressed attachment-related feelings about their
infant (Barrett et al., 2012). Finally, unresolved trauma is as-
sociated with reduced amygdala response to emotionally
charged own infant images (Kim et al., 2014) and increased
response to own infant crying according to insecure attach-
ment (Riem et al., 2012). It seems likely that amygdala ac-
tivity is critical to parenting thoughts and behaviors al-
though responses vary according to the stimuli used as
well as variables of stress, mood, and attachment.

Figure 7. (Color online) Time 2–Time 1 change in task-dependent functional connectivity (generalized psychological-physiological interaction
analysis) with precuneus. (a) Generic baby-cry versus noise directly associated with change in PSI total score (dPSI). (b) Own baby-cry versus
generic baby-cry inversely associated with dPSI. (c) Own baby-cry versus self baby-cry inversely associated with dPSI.
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Although the amygdala does appear to be a critical struc-
ture for parenting, stress, and intervention, it is likely not the
key to understanding all maternal brain activity and plasticity.
For example, amygdala response to own versus other baby-
cry in the first weeks postpartum was not related to mothers’
perception of her own early life maternal experience (Kim,
Leckman, Mayes, Newman, et al., 2010) or child socioemo-
tional outcomes at 18–24 months of age (Kim, Rigo, et al.,
2015). Instead, hippocampus and frontal brain regions were
among brain regions important for these individual differ-
ences. Furthermore, amygdala response to own baby-cry at
18 months postpartum did not vary according to early post-
partum depression (Laurent & Ablow, 2012a). However, in
the only longitudinal study published to date on maternal
brains in early postpartum, amygdala gray matter volume in-
creased from 2–4 weeks to 3–4 months postpartum in propor-
tional to positive perceptions of her own baby (Kim, Leck-
man, Mayes, Feldman, et al., 2010). Thus, the amygdala
may be part of a motivational–emotional limbic network
that “labels” certain key stimuli with an emotional valance ac-
cording to certain environmental or historical factors (Cardi-
nal, Parkinson, Hall, & Everitt, 2002) that would be important
for parents to read their infant’s signals and provide sensitive
and synchronous parenting (Atzil, Hendler, Zagoory-Sharon,

Winetraub, & Feldman, 2012). We thus proceeded with a
standard amygdala seed for connectivity analyses during
the baby-cry task.

We report that changes in baby-cry task-dependent func-
tional connectivity with the amygdala over time were directly
associated with parenting stress. Specifically, as summarized
in Table 5, T2–T1 increase in generic baby-cry versus noise
differential functional connectivity between the left amygdala
(as the seed) and the areas of midbrain, striatum, inferior pa-
rietal lobule, and middle temporal gyrus were found to be as-
sociated with increasing parenting stress. These regions are
both part of the dorsal attention network (Yeo et al., 2011)
with primarily functions to sustain attention to selected ob-
jects (Corbetta & Shulman, 2002). The midbrain and striatum
in addition to the amygdala mediate anxiety emotions and
stress (Pohlack, Nees, Ruttorf, Schad, & Flor, 2012). Thus,
mothers who experienced increasing parenting stress may
be showing a generalization of their stress response to generic
baby-cry.

Conversely, we found that the change in own versus self
baby-cry differential functional connectivity between the
left amygdala and left temporal pole was inversely related
to the change in parenting stress. Specifically, the T2–T1 de-
crease in parenting stress was associated with a T2–T1 in-

Table 5. Neurocorrelates showing associations between Time 2 and Time 1 change in task-dependent
functional connectivity with left amygdala (seed) and change in parenting stress index (dPSI),
controlling for baseline PSI

MNI Coordinates
No. of
VoxelsBrain Region Side X Y Z Z Score

Generic Baby’s Cry Versus Noise, Positive Association

Inferior parietal lobule L 250 252 44 219 4.70
Lentiform nucleus R 22 28 2 376 4.26
Ventral Striatum L/R 26 2 22 189 3.86
Midbrain R 6 234 28 247 3.86
Middle temporal gyrus R 56 248 24 210 3.38

Generic Baby’s Cry Versus Noise, Negative Association

None

Your Baby’s Cry Versus Generic Baby’s Cry, Positive or Negative Association

None

Your Self’s Cry Versus Generic Baby’s Cry, Positive or Negative Association

None

Your Baby’s Cry Versus Your Self’s Cry, Positive Association

None

Your Baby’s Cry Versus Your Self’s Cry, Negative Association

Temporal pole L 248 8 222 291 3.88
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Figure 8. (Color online) Time 2–Time 1 change in task-dependent functional connectivity (generalized psychological-physiological interaction
analysis) with left amygdala. (a) Generic baby-cry versus noise directly associated with change in PSI total score (dPSI). (b) Brain image high-
lighting the Time 2–Time 1 change in own baby-cry versus self baby-cry differential functional connectivity between the left amygdala seed
(blue online only) and the temporal pole (red online only) that was associated with the Time 2–Time 1 reduction in parenting stress (dPSI).
(c) Parenting stress is decreased with functional coupling between amygdala and temporal pole for own versus self baby-cry that increases
over time. Scatterplot of the reduction in PSI (dPSI) on the x-axis and increase in amygdala–temporal pole’s own baby-cry versus self baby-
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crease in own versus self baby-cry differential connectivity
(Figures 8b and 8c). It has been found that individuals with
damage to both the amygdala and the temporal pole fail to
form proper associations between affective traits and faces
(Todorov & Olson, 2008), so our results may suggest that
both the amygdala and the temporal pole are crucial in social
affective parenting functioning. Furthermore, the concerted
activity between these two brain regions may be a protective
factor against parenting stress. All mothers who showed in-
creased own versus self baby-cry functional connectivity be-
tween these two brain regions had a reduction in their parent-
ing stress over time (green shading in Figure 8c), and none of
those who decreased this differential functional connectivity
reported reduced parenting stress over time (red shading in
Figure 8c). Moreover, the MP intervention group, as com-
pared to the control group, were more effective in reducing
the parenting stress in mothers with depressed mood and in-
creasing the amygdala-temporal pole connectivity in own
versus self baby-cry.

In addition, for confirmation of these temporal pole find-
ings, future work may find it fruitful to examine connectivity
between amygdala and other brain regions that may mediate
different aspects of parenting and parenting change. For ex-
ample, own baby-cry response was directly associated with
maternal mental state talk but not with more global aspects
of observed caregiving (Hipwell, Guo, Phillips, Swain, &
Moses-Kolko, 2015). It will also be interesting for future re-
search to dissect unique contributions of amygdala subre-
gions that mediate different environmental stressors and treat-
ments, along the lines of work on anxiety during resting state
(Etkin, Prater, Schatzberg, Menon, & Greicius, 2009) or in
auditory processing according to sound characteristics (Ball
et al., 2007). Finally, it will be interesting for future research
to explore the impact of MP on resting-state connectivity for
mothers and children. For example, default mode network ac-
tivity has been shown to be diminished by the chronic early
life stress of poverty (Sripada, Swain, Evans, Welsh, & Lib-
erzon, 2014). Perhaps such stress is moderated by parenting
and amenable to parenting interventions with potentially
long-term benefits.

Strengths, advantages, and limitations

This study is the first to present results of functional brain
imaging pre/post a therapeutic parenting psychotherapy inter-
vention that reduced parenting stress. We validated a baby-
cry task variation that is flexible for research throughout
childhood. Although we did assess ratings of baby-cry, the in-

clusion of more postscan parenting interviews might offer
more helpful information on the mothers’ experience of
baby-cry in the scanner and how realistic the experience
was even though the cry recordings were not actually from
their own baby or self. Although the distributions of de-
pressed and nondepressed mothers were balanced between
the MP and control groups, a larger sample size in depressed
mothers will be needed in future research on depression and
parenting. This study did not include other adult caregivers,
including fathers that are the subject of a growing literature
(Kim, Rigo, et al., 2014; Swain, Dayton, Kim, Tolman, &
Volling, 2014). In addition, diagnostic psychiatric tools,
more detailed assessments of parental thoughts and behav-
iors, and coded measurements of actual parent behavior and
child outcomes (Kim, Mayes, Feldman, Leckman, & Swain,
2013) are lacking in this study. Correlations with such mea-
sures could separate brain responses from more generally
important attention and sensory processing from those related
to specific dimensions of mental health, parenting compe-
tence, and infant outcome with even greater translational sig-
nificance to ascertain high-risk mothers, provide optimal
therapy for mothers, and inform the science of child health
risk and resilience development (Feldman & Eidelman,
2009).

Significance and conclusions

This study partially replicates previous studies with findings
suggesting that mothers show patterns of neural response spe-
cific to the conceptualized identity of the baby-cry distress
signals. Responses appear similar to mothers in the early
postpartum period listening to recently recordings of their
own baby crying (Kim et al., 2016) highlighted by the precu-
neus in this paper. Therapeutic MP parenting intervention re-
duced parenting stress and altered brain activity in response to
baby-cry for own versus generic baby-cry contrast in the pre-
cuneus. Controlling for baseline stress, decreases in parenting
stress were related to own baby-cry responsive social brain
areas, including the precuneus. Whole-brain connectivity
analysis of precuneus revealed connectivity changes with de-
creasing stress and MP parenting treatment. Further analysis
of amygdala response revealed connectivity with the tem-
poral pole that increased with own baby stimulus and decreas-
ing stress. This paper suggests brain-based mechanisms
through which a parenting intervention that reduces stress in-
volves brain circuits known to be important for reflective
mentalization on self versus other emotion regulation and de-
cision making.

cry differential functional coupling strength ( y axis) from Time 1 to Time 2. Mothers were grouped according to whether they were depressed or not depressed
(filled for depressed, open for nondepressed) and whether they received MP (squares for MP, circles for control). Of note, all mothers who showed increased own
versus self baby-cry functional connectivity had a reduction in parenting stress over time (green shading online only), and none of those who decreased this
differential functional connectivity reported reduced parenting stress over time (red shading online only).
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