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Abstract

Maternal childhood maltreatment experiences (CMEs) may influence responses to infants and affect child outcomes. We
examined associations between CME and mothers’ neural responses and functional connectivity to infant distress. We
hypothesized that mothers with greater CME would exhibit higher amygdala reactivity and amygdala–supplementary motor
area (SMA) functional connectivity to own infant’s cries. Postpartum mothers (N=57) assessed for CME completed an
functionalmagnetic resonance imaging taskwith cry andwhite-noise stimuli. Amygdala region-of-interest and psychophysi-
ological interaction analyses were performed. Ourmodels tested associations of CMEwith activation and connectivity during
task conditions (own/other and cry/noise). Exploratory analyses with parenting behaviors were performed. Mothers with
higher CME exhibited higher amygdala activation to own baby’s cries vs other stimuli (F1,392 =6.9, P<0.01, N=57) and higher
differential connectivity to cry vsnoise between amygdala and SMA (F1,165 =22.3, P<0.001). Exploratory analyses revealed pos-
itive associations between both amygdala activation and connectivity and maternal non-intrusiveness (Ps < 0.05). Increased
amygdala activation to own infant’s cry and higher amygdala–SMA functional connectivity suggest motor responses to baby’s
distress. These findings were associated with less intrusivematernal behaviors. Follow-up studies might replicate these find-
ings, add more granular parenting assessments and explore how cue processing leads to a motivated maternal approach in
clinical populations.
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Introduction

Exposure to childhood adversity is unfortunately common and
associated with 26% of adult-onset psychiatric disorders and
an even higher percentage of child- and adolescent-onset psy-
chiatric disorders (Green et al., 2010) and is associated with

worse psychiatric outcomes (Melhem et al., 2019), particularly

in women (Goldberg et al., 2019). As women reporting childhood

maltreatment experiences (CMEs)—specifically those linked to

interpersonal violence (i.e. abuse and witnessed domestic

violence)—become mothers, there are data to suggest that they
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may be more likely to engage in less sensitive, more intrusive
and harsher (i.e. more hostile) parenting behaviors (Cross et al.,
2016; Lomanowska et al., 2017; Greene et al., 2020), be at higher
risk for abuse of their own children (Smith et al., 2014) and have
poorer offspring behavioral outcomes (Rijlaarsdam et al., 2014).

Althoughmuchwork regarding suboptimal parenting behav-
iors has been done in maternal populations who struggle
with depressive symptoms (Pridham et al., 1999; Barrett and
Fleming, 2011; Ammerman et al., 2012; Apter-Levy et al., 2013;
Moses-Kolko et al., 2014; Ho and Swain, 2017), less work has
been done in community populations reporting CMEs, but who
are not experiencing significant psychiatric symptoms. How-
ever, studies including people who report early life abuse or
poor experiences of parenting have suggested that early life
adverse exposures may worsen parenting outcomes for moth-
ers, potentially in ways different from or additive to depression
(Lang et al., 2010; Juul et al., 2016; Kluczniok et al., 2016). Since
quality of caregiving in early life exerts an important influ-
ence on outcomes across the life span and may buffer against
risks, promoting resilience (Gunnar et al., 2015), it is impor-
tant to understand the underlyingmechanisms of howmaternal
maltreatment experiences impact parenting behaviors.

One important mechanism for understanding how parent-
ing may be affected by maternal maltreatment experiences is
howmothers process and respond to their infant’s distress cues,
one of the most salient of which is an infant’s cry. Functional
MRI studies have utilized cry stimuli and matched white noise
stimuli to interrogate maternal neural responses to infant dis-
tress (Kim et al., 2011, 2016; Messina et al., 2015; Bornstein et al.,
2017). The amygdala has been implicated in maternal process-
ing of infant auditory cues (Kim et al., 2011; Ho and Swain,
2017). Limited work in maternal populations reporting a his-
tory of early abuse or neglect has revealed higher activation in
salience network and premotor areas to their own baby’s cries
(Wright et al., 2017), as well as greater physiological arousal
measured by handgrip while listening to infant cries (Buisman
et al., 2018). These findings are consistent with the critical func-
tion of infant distress signals for establishing and maintaining
motivated maternal behaviors (Lomanowska et al., 2017).

In addition to these limited studies in mothers reporting
their own CMEs, studies in community populations have found
increased amygdala as well as increased response in the sup-
plementary motor area (SMA) to cries compared to non-distress
stimuli, which may be particularly accentuated in females
(Seifritz et al., 2003; Sander et al., 2007; Bornstein et al., 2017).
Although these tasks often do not have a behavioral component
or response in the scanner, the activation of both amygdala and
motor planning regions in response to infant cries evokes the
question of how the amygdala may interact with other areas
in response to infant distress, particularly with respect to data
suggesting that a stable and adaptive maternal response across
cultures to crying infants is to hold or speak to them (Bornstein
et al., 2017). Further, this line of work is consistent with the
known function of amygdala to mediate associations between
affective stimuli and behavioral responses (Porter et al., 2015).

Beyond understanding neural responses to infant cries, given
our interest in the interface between maternal detection and
evaluation of infant cues and ensuing maternal behaviors, we
also sought to examine the functional connectivity between
the amygdala and the SMA given prior research suggesting an
important role for these areas (Bornstein et al., 2017). To test
whether amygdala activation and connectivity were associated
with ‘real world’ parenting behaviors, we examined mother–
infant free play observational data, which were coded using

the Emotional Availability Scale which codes for four different
aspects of maternal behavior during mother–infant observation
(Biringen, 2000). Changes in maternal sensitivity, intrusive-
ness and hostility have been most associated in the literature
with mothers who either struggle with psychiatric symptoms or
increased life stressors (Feldman et al., 2009; Atzil et al., 2011;
Kim et al., 2011, 2016, 2017; Joosen et al., 2013; Rijlaarsdam et al.,
2014; Smith et al., 2014; Stacks et al., 2014; Smaling et al., 2017).
Our preliminary focus on these three constructs is due to their
importance in responses to infant distress, including maternal
empathy (Swain et al., 2007; Lomanowska et al., 2017).

We hypothesized that mothers with higher levels of child-
hood maltreatment experiences would exhibit higher amygdala
activation and increased differential functional amygdala-SMA
connectivity to their own baby’s cry vs other stimuli—specifically
to their own baby’s cry vs another mother’s baby cry, which
would in turn be associated with lower maternal sensitivity,
higher maternal intrusiveness and higher maternal hostility.

Method

Participants/Recruitment/Demographics

We recruited a community sample of English-speaking primi-
parous mothers between 18 and 40 years old utilizing adver-
tisements in local and social media, the University of Denver
Psychology volunteer list and Denver Health OB clinic and
Women Infant and Children program (N= 61). Phone screen-
ing was performed, with exclusion criteria being maternal
opioid/illicit drug use (self-report), neurological or psychiatric
illness (except depression or anxiety disorders), self-reported
peripartummedical illness or infants >1 night in NICU. Research
protocol was approved by the University of Denver Institutional
Review Board and informed consent was acquired. Home visits
were completed, duringwhich demographic details e.g. age, race
and ethnicity, birth/nursing history, socioeconomic status and
lifetime self-reported psychiatric diagnoses, Beck Depression
Inventory (Beck, 1961) and Spielberger Trait and State Anxiety
Inventory (Spielberger, 1970) were acquired. We examined asso-
ciations between demographics and dimensional scales using
independent samples t-tests or correlation with childhood mal-
treatment experience (CME) load, respectively, for categorical
and continuous variables, to determinewhich factors/covariates
to include in analyses, barring concerns for collinearity. Dur-
ing home visit, personalized infant cry stimuli were collected
when babies experienced mild discomfort (i.e. diaper changing)
but not when they were in pain.

Assessment of CME

CMEs of mothers were assessed using the Risky Families Ques-
tionnaire (Repetti et al., 2002). We utilized responses to three
relevant questions from this scale to assess childhood maltreat-
ment experiences: physical abuse, verbal abuse and witnessed
domestic violence, all of which have been included in the prior
literature (Bailey et al., 2012; Scott et al., 2012) and which affect
psychiatric outcomes over the lifespan (Teicher et al., 2006).
Items were rated via Likert scale, ranging from 0 (never) to 3 (all
the time). We performed linear transform to avoid zero values
by adding 1 to each sub-score and then adding 3 scores together
to form a composite index of CME load, for a possible total score
ranging from 3 to 12. The basis for examining the scale in this
manner is rooted in the literature, which suggests that differ-
ences in experiences associated with direct conflict or family
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violence compared to other adverse experiences (e.g. divorce)
have been associated with distinct outcomes in prior studies
(Narayan et al., 2017; Atzl et al., 2019). Further, we assessed the
relationships of psychological symptom scales with this mal-
treatment subscale in order to assess for possible limitations
with using this method.

Mother–infant observation and behavioral coding

For each dyad, we obtained a 15-minute video recording of
mother and infant interacting with one another. Videos were
coded by two trained coders (intra-class correlation=0.84)
using the Emotional Availability Scale, a macro-coding scale
which assigns one score (1–7) for each of four parent sub-
scales (sensitivity/non-intrusiveness/structuring/non-hostility)
and two child measures (child involvement/child responsive-
ness) (Biringen, 2000). We examined maternal sensitivity, non-
intrusiveness (higher score and less intrusive) and non-hostility
(higher score and less hostile) given their particular relevance
to stress responses and based on prior studies (Feldman et al.,
2009; Atzil et al., 2011; Kim et al., 2011, 2016, 2017; Joosen et al.,
2013; Rijlaarsdam et al., 2014; Smith et al., 2014; Stacks et al., 2014;
Smaling et al., 2017).

Infant cry paradigm

The functional magnetic resonance imaging (fMRI) paradigm
has been previously validated in multiple samples of new
mothers during the postpartum period, and a subset of
these data from the Infant Development, Environment and
Attachment cohort has been reported (N=27 and N=53) (Kim
et al., 2016, 2020). fMRI task was a block design with 10
20 s blocks of each stimulus type in counterbalanced order
(own/other cry/white-noise stimuli), with implicit baseline
modeled over two runs (∼10 min per run for a total of
20 min). The same control cry was used for all participants and
was rated by a sample of unrelated adults to be average in inten-
sity. Infant cry stimuli were created using Cool Edit Pro Version
2.0 program (Syntrillium Software, Phoenix, AZ). Personalized
cry and white-noise stimuli were edited, removing background
noise. Separate white-noise stimuli were matched to the sound
envelope of own and other infant cry, which is a measure of
amplitude corresponding to ebb and flow of each cry. Volume
was adjusted to be comfortable and audible. fMRI task was
administered using E-Prime Version 2.0 (Psychology Software
Tools, USA) with 8–12 s interstimulus interval (mean=10 s).
Mothers were asked to attend to stimuli and to experience their
feelings and thoughts.

fMRI acquisition and pre-processing

Functional and structural scans were acquired at the Inter-
mountain Imaging Consortium at CU Boulder (3T Siemens
Trio or Prisma scanner). We included a parameter reflecting
which scanner was used in analysis. Functional T2* images
were acquired with parameters: 3 × 3 × 3 mm voxel-size,
TR=2300 ms, TE=27 ms, FOV=192 mm and flip angle=73.
High-resolution magnetization-prepared rapid gradient-echo
(MP-RAGE) anatomical scans were collected with slice thick-
ness 1.0 mm (Trio) or 0.8 mm (Prisma). We conducted pre-
processing and constructed single-subject models utilizing
Analysis of Functional NeuroImages software (AFNI) (Cox, 1996).

Pre-processing pipeline included the following steps: (i) remove
four pre-steady state volumes; (ii) slice-timing correction; (iii)
alignment and non-linear registration to Talaraich template and
(iv) smoothing (6 mm full width half maximum); censor vol-
umes>0.5 mmofmotion in any direction. Single-subjectmodels
included four conditions (own cry/other cry/other noise/own
noise) and six motion parameters (three translational and
three rotational). We excluded four participants due to censor
fraction>20% (N=1); Risky Families Questionnaire unavailable
(N=2) and wrong cry stimulus (N=1).

fMRI region of interest analyses

We performed anatomical region of interest (ROI) analyses
by extracting percent signal change from bilateral anatomi-
cal amygdala using DD Desai MPM atlas (Desikan et al., 2006;
Destrieux et al., 2010). Secondary analyses of anatomical amyg-
dala ROI were performed in R version 3.5.0 (R Core Team, 2017).
We utilized linearmixed-effectsmodels, initially including task-
related fixed effects in models (sound—cry vs noise; identity
(ID)—own vs other infant), fixed effects of scanner and side
(right vs left amygdala) and random effect of participant. Fol-
lowing these initial analyses of main effects, we examined
interactions, removing higher level interactions if not signifi-
cant. Next, we sequentially added covariates/cofactors which
were associated with CME. Significant interactions were decom-
posed utilizing within-factor post hoc analyses. Although we
had limited lifetime self-reported psychiatric diagnostic data in
this community sample, we performed a sensitivity analysis for
the anatomical ROI analysis to examine whether our primary
analysis indicated an effect of psychiatric diagnosis.

Psychophysiological interaction (PPI) analyses

We performed generalized PPI analyses (McLaren et al., 2012)
with seeds defined by anatomical amygdala ROI (Desikan et al.,
2006; Destrieux et al., 2010). For each run, we extracted amygdala
time series (right and left separately) without censoring to pre-
vent temporal discontinuities from interfering with modeling
interactions between amygdala time series and task regressors.
Next, we deconvolved seed time series and created interaction
regressor including task conditions × seed time-series interac-
tion. Single-subject models were constructed in AFNI including
six motion regressors (per run), task condition regressors and
PPI regressors for condition× time-series interactions. Group
models were constructed using 3dLME with task conditions
(sound/ID), scanner, CME load, Spielberger Trait Anxiety and
random participant effect. We included similar interactions to
ROI analyses. Cluster determination for group analysis was per-
formed utilizing 3dClustSim within group 70% overlap epi_anat
mask in AFNI (ACF option, P<0.001, NN3), yielding k>33.

Exploratory maternal behavior analyses

Given non-normally distributed Emotional Availability Scale
data, we performed Spearman correlations to test whether
CME and/or amygdala activation were associated with mater-
nal sensitivity and non-intrusiveness, which are reported in the
corresponding results section.

Whole brain analysis

Exploratory whole-brain analysis is included in Supplementary
Data (Table S2).
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Results

Participants/Demographics

Our population included primiparous mothers (Table 1) from
19 to 37 years old (mean=26 yo). With respect to ethnicity,
46% of mothers identified as Hispanic/Latino. With respect to
race, 53% identified as Caucasian, 2% Asian, 5% Black/African
American, with the remaining 40% from other groups or multi-
race. There were no significant correlations between CME load
and income-to-needs ratio (last 12 months), days postpartum,
maternal age or Beck Depression Inventory scores (Pearson cor-
relation ps > 0.05). There were no between-group differences
in CME load (chi-square ps > 0.05), ethnicity or race, breast-
feeding history or lifetime history of self-reported psychiatric
diagnosis. There was a relationship between CME load and
Spielberger Trait (r= 0.36; P=0.005, N=57) and State (r=0.34;
P<0.01, N=57) anxiety scores. There was no association of the
Beck Depression Inventory with the CME load scale in this com-
munity population with low rates of psychopathology, likely
due to a restricted range of Beck Depression Inventory scores.
There was no association between CME and maternal sensitiv-
ity, non-intrusiveness or non-hostility (ps > 0.05). However, there
was a relationship between amygdala activation to own baby’s
cry and non-intrusiveness (mothers less intrusive with higher
activation, ρ = 0.28,P=0.03 and N=57) but not with sensitivity.

Anatomical ROI analyses

In bilateral amygdala, our final model included the follow-
ing fixed effects—sound × ID × CME load+Side+Scanner
+Spielberger Trait Anxiety—and random effect of participant.
There was a three-way interaction of CME × sound × ID
(F1,392 =6.9, P<0.01). The interaction was driven by a strong
relationship between higher amygdala reactivity to own vs other
cry and higher CME load (Pearson partial correlation including
all model covariates, r= 0.25, P<0.01). Further, there was

another weaker association of higher amygdala reactivity to
own cry vs the matched noise stimulus and higher CME load
(Pearson partial correlation including all model covariates,
r=0.22, P<0.05) (Figure 1). There was no effect of self-reported
lifetime psychiatric diagnosis in a sensitivity analysis when life-
time diagnosis was added into the primary analysis. There were
no other interactions and no effect of side, scanner or trait anxi-
ety score. Identification of potentially influential points utilizing
Cook’s d yielded 2 points (results unchanged when removed).
While there was no association between amygdala response
to own infant cry and sensitivity or non-hostility, there was
a positive correlation between non-intrusiveness and amyg-
dala activation to own infant cry (ρ=0.28, P<0.05 and N=57)
(Supplementary Figure S1), which was robust to removal of one
potential influential point. We selected own infant cry contrast
as it was the primary driver of the three-way interaction. We
also display sound × ID interaction to assist readers in visu-
alizing relationships between amygdala activation during task
conditions (Supplementary Figure S2).

PPI analyses

We utilized a similar model for the anatomical ROI analysis in
the whole-brain PPI with the following fixed effects—sound ×
ID × CME load+ scanner+Spielberger Trait Anxiety—and ran-
dom effect of participant. Group generalized PPI analysis of left
amygdala seed revealed CME × sound interaction (F1,165 =22.3,
P<0.001) in R SMA ([−2, −5, 57], k=94, Figure 2A) and L mid-
dle frontal gyrus (MFG) ([35–38 36], k=44, Figure 2B). Post hoc
analyses examining cry vs noise contrast revealed that in both
areas, increased differential response to cries compared to noise
was associated with CME load (all Ps < 0.05), which was driven
by associations of increased CME load with decreased connec-
tivity with L amygdala during noise stimuli, but no difference
was observed during cry stimuli (all Ps < 0.05). There were also
several areas with a main effect of trait anxiety for left and right

Table 1. Demographics table

Mean (s.d.) or frequency (N=57) Range Relationship with RFQa Relationship with own crya

Age at scan (years) 26 (6) 19–37 NS NS
Risky families’ CME load 5.2 (2.3) 3–12 NS r=0.24, P=0.07
Last 12 months’ income-to-needs
ratio

2.6 (1.5) 0.4–6.2 NS NS

Days postpartum 135 (61) 27–324 NS NS
Race Asian—1

Black/African American—3
White/Caucasian—30
Other/multi-race—23

NA NS NS

Ethnicity Hispanic—26
Non-Hispanic—31

NA NS NS

Scanner (N) Trio—22; Prisma—35 NA NS NS
History of breastfeeding (N) 56 NA NS NS
History of psychiatric disorder (N)b 22 NS NS NS
Spielberger Trait Anxiety 35 (10) 20–60 r=0.36, P=0.005 NS
Spielberger State Anxiety 31 (7) 20–47 r=0.34, P<0.01 NS
Beck Depression Inventory 7 (5) 0–22 NS NS
Direct sensitivity 5.4 (1.2) 3.5–7 NS NS
Direct non-intrusiveness 5.6 (1.2) 3–7 NS ρ=0.28, P=0.03
Direct non-hostility 6.2 (1.1) 2.5–7 NS NS

aPearson’s correlation.
bAll psychiatric diagnostic data were lifetime self-report. N=9 missing; N=25 women with undiagnosed symptoms or lifetime psychiatric diagnosis (N=7 with
depressive symptoms or diagnosis alone, N=4 with anxiety symptoms or diagnosis alone, N=9 with both depression and anxiety, N=1 with eating disorder, N=2
with OCD and N=2 with PTSD).
NS, not significant.
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Fig. 1. Amygdala activation to infant cries by CME load.

Table 2. Generalized PPI analysis results

Coordinates
(RAI)

Cluster size
(k)

Significance

L amygdala seed
Sound × CME
R SMA −2, −5, 57 94 F1,165 =22.3,

P<0.001
L BA9/MFG 35, −38, 36 46 F1,165 =22.3,

P<0.001
Sound × ID
L cingulate gyrus 5, 32, 33 135 F1,165 =20.7,

P<0.001
L precuneus 8, 80, 42 45 F1,165 =20.7,

P<0.001
Main effect and trait anxiety
L inferior frontal
gyrus

53, −32, 6 97 F1,53 =28.7;
P<0.001

L middle temporal
gyrus

59, 53, 6 90 F1,53 =28.7;
P<0.001

L MFG 35, −29, 48 35 F1,53 =28.7;
P<0.001

R amygdala seed
Main effect and trait anxiety
R superior frontal
gyrus

−2, −62, 33 44 F1,53 =23.6;
P<0.001

RAI, Right-Anterior-Inferior coordinate system.

amygdala analyses, in addition to task-related effects which did
not differ based on CME load and which are reported in Table 2
and Supplementary (Figures S3, S4 and S5). There was also an
association between higher amygdala-middle front gyrus func-
tional connectivity (ρ=0.29, P<0.05 andN=57) connectivity and
lower maternal intrusiveness (i.e. greater non-intrusiveness).
There was also a trend-level relationship between amygdala-
SMA connectivity and lower maternal intrusiveness (i.e. greater
non-intrusiveness) (ρ=0.22, P=0.1 and N=57). There were no
associations with maternal sensitivity or non-hostility.

Discussion

In this examination of maternal response to infant distress
signals in a community sample of mothers reporting CMEs, we
found thatmothers reporting higher levels of CME had increased
bilateral amygdala response to their own infant’s cry compared
to another infant’s cry or white-noise. In the post-scan stimu-
lus rating task, there were no differences by CME, but across
mothers, they were more likely to rate cries as more urgent
than noise (Supplementary Table S1). Generalized PPI analy-
sis for left amygdala demonstrated increased differential con-
nectivity between amygdala and two areas including R SMA
and left MFG. Overall, results were driven by mothers report-
ing higher CME load exhibiting greater differential connectivity
between amygdala and prefrontal areas associated with motor
planning to cry vs noise stimuli. Additionally, this differential
effect was driven by lower connectivity during noise stimuli in
mothers reporting higher CME, which suggests that mothers
reporting higher CME may be better able to tune out extrane-
ous stimuli in their environment and to allocate greater atten-
tion to infant distress cues. The lack of an ID effect in this
connectivity analysis was somewhat surprising and may have
been seen if we had longer block length, providing greater
power to detect subtler differences in connectivity. Further, both
increased amygdala activation and connectivity with prefrontal
areas were associated with fewer intrusive maternal behaviors
with no differences in maternal sensitivity or hostility during
mother–infant observation, which is different from our hypoth-
esis in this regard. There were also several connectivity asso-
ciations including those in amygdala in which there were task
effects (sound × ID) and in left and right amygdala connectivity
whichwere associatedwith trait anxiety (see Supplemental Data
section and Table 2 for full results).

The amygdala activation and connectivity findings in
tandem may be interpreted as a heightened response in moth-
ers reporting higher CME both in attribution of importance
and in the generation of empathic responses to their infants.
The involvement of the SMA suggests planning of behav-
ioral responses and converges with prior work that found
these areas to be associated with responses to infant stimuli,
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Fig. 2. (A) PPI analysis—CME × sound: L amygdala—R SMA. (B) PPI analysis—CME × sound: L amygdala—L MFG.

in particular, to infant cries (Bornstein et al., 2017). Further,
there was heightened positive connectivity to cry vs noise stim-
uli with higher reported CME between left amygdala and left
MFG, an area which has been demonstrated in multiple stud-
ies to be involved with the processing of empathic responses
in various social fMRI tasks (MFG) (Lamm et al., 2007; See-
hausen et al., 2014, 2016). Another line of research which
may inform the interpretation of these data is maternal men-
talization, which is in essence how mothers interpret baby
emotional states. One study found that mothers with greater
frequency of verbal statements describing baby emotions dur-
ing mother–infant interaction exhibited increased responsivity
in the SMA and amygdala to own vs other infant cry dur-
ing an fMRI task (Hipwell et al., 2015). Similarly, results in this
study suggest that in mothers reporting higher CME, there is

both heightened amygdala activation to infant distress and
increased connectivity between amygdala and areas associated
with motor planning and empathy, which may represent an
adaptive response emphasizing increased protection or sen-
sitivity toward the infant. Interestingly, these findings are in
contrast to those of mothers with depressive symptoms, who
have been shown to exhibit a more blunted pattern of amygdala
activation in response to their own infant’s cries compared to a
control sound (Laurent and Ablow, 2012), and these neural pat-
terns have been associated with a more disengaged parenting
style (Esposito et al., 2017). Interestingly, our maternal behav-
ioral findings duringmother–infant observation suggest that the
amygdala activation and connectivity findings may not be asso-
ciated withmore intrusive behaviors; in fact, our results suggest
the contrary that mothers with higher amygdala activation and
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connectivity with SMA may have decreased intrusive behaviors.
These results are in a small sample and will need to be repli-
cated. Additionally, the results need to be interpreted in light
of prior data in a partially overlapping sample, finding higher
amygdala reactivity to distressed infant faces to be associated
with more intrusive maternal behaviors (Kim et al., 2017). There
are several reasons why that prior finding may be different than
our current results. This study differed from the current one
in that it used non-personalized stimuli and that it focused on
socioeconomic status rather than CME, which may be associ-
ated with distinct changes in the brain compared to prior early
maltreatment experiences. While mothers’ reported that CMEs
do not represent a current active threat, they nonetheless may
inform empathic responses to infants in a way that seeks to
repair their own prior childhood experiences as has been sug-
gested in qualitative analyses (i.e. ‘I want my infant’s life to be
different than mine’) (Chamberlain et al., 2019).

Another connectivity relationship which may inform inter-
pretation of our findings is the greater differential connectivity
between amygdala and MFG in mothers reporting higher CME
to cry vs noise stimuli (Figure 2B), an area that also exhibited a
main effect of trait anxiety, in which higher trait anxiety was
associated with increased connectivity between amygdala and
MFG (Supplementary Figures S3C, S4A and S4B). Thus, the find-
ing in MFG may be associated with more of an anxious pattern
of response to infant distress cues, which might be related to
empathy level in mothers, which is not directly measured in our
study.

We recently reported that mothers with CME have lower
amygdala activation to non-personalized infant face stimuli
compared to mothers unexposed to CME in a partially over-
lapping sample to this cohort (Olsavsky et al., 2019). There are
several reasons why the results may differ from the photo stim-
uli task. First, the cry stimuli are very clearly a distress signal,
as opposed to the infant picture stimuli (happy, neutral and
distressed). Further, the infant picture finding was across emo-
tional face stimuli, regardless of valence. Additionally, cry blocks
are 20 s long, which constitute a more intense experience for
participants than 2 s photographic face stimuli. Lastly, the cry
task contains personalized stimuli, which may be more relevant
to mothers, and potentially also more ecologically valid, as the
scanner environment of lying down may mimic to a greater
extent the ‘at home’ circumstances of laying in bed at night
and hearing one’s baby crying, as opposed to the picture stimuli,
given that visual stimuli are more likely to be experienced in an
awake and active state during the daytime. Additionally, the fact
that the amygdala activation finding for own infant’s cry but not
for other infant’s cry was associatedwith non-intrusiveness also
may speak to some specificity to these personalized compared
to standardized stimuli, which may also help to explain some of
the differences between this and prior findings.

While we have found increased amygdala reactivity to be
associated with higher childhood maltreatment experiences
in mothers in a community sample with relatively low psy-
chopathological symptoms, more work is needed to deter-
mine whether these differences in the neural processing of
distressed infant stimuli are associated with differences in par-
enting behaviors. Further, these data leave open the question
of how mothers with higher levels of anxiety and/or anxiety
disorders differ in their neural processing of infant stimuli and
subsequent engagement in parenting behaviors.

Limitations

There are several limitations to the current study. First, moth-
ers in this cohort exhibited limited psychiatric symptoms and
thus the result may have been different were the data collected
in a clinical population (e.g. mothers with CME and depres-
sive symptoms), given that differences in neural processing
have been identified in mothers with a variety of psychopathol-
ogy (Moses-Kolko et al., 2014). There are also some important
limitations in retrospective assessment of CMEs due to poor
agreement between retrospective and prospective measures for
a variety of reasons (Scott et al., 2012; Baldwin et al., 2019).
Nonetheless, these experiences may be linked to psychopathol-
ogy and thus are important for understanding the subjective
experiences of mothers (Danese and Widom, 2020). In future
studies, including a deeper phenotyping of traumawithmultiple
assessments including specifically interviews and other types
of prospective informants (e.g. child protective services reports,
medical records and parent reports for mothers) may be help-
ful for a more rigorous assessment (Newbury et al., 2018). It may
well be that a multi-pronged approach with deeper phenotyp-
ing of traumatic experiences, psychiatric diagnoses, micro- and
macro-coding approaches and narrative/qualitative techniques
may provide subtler insights into how maternal cue processing
may relate to approach behaviors. With respect to concerns that
have been raised in the past about connectivity analyses (Haller
et al., 2018), cry and noise stimuli were presented as blocks,
which is a sensitive technique in fMRI to obtain signal vs noise
contrast and which has been suggested to be more sensitive
for PPI analyses (O’Reilly et al., 2012). Notably, our task length
and quality conform to initial recommendations for examining
task-condition variation in connectivity (task length >20 min)
(Gratton et al., 2018). As in any preliminary finding, convergence
with prior work and replication will support its validity. Lastly,
we did not measure genetic factors or the specific frequencies
of cries, which also are known to contribute to mothers’ infant
cry responses (Out et al., 2010; Esposito et al., 2017). Lastly, the
task is a passive one, and thus, there are concerns for atten-
tional focus of mothers. However, this issue is mitigated by
the fact that this task has been used in multiple studies (Kim
et al., 2011, 2016; Messina et al., 2015; Bornstein et al., 2017;
Esposito et al., 2017) and has been shown to evoke consistent
neural activation across samples and studies in a network of
limbic and motor areas which have been posited by multiple
groups to constitute a parental brain network.

Future directions

Overall, our findings regarding the relationship between mater-
nal CME and how infant stimuli are processed inmaternal brain,
in terms of both activation and connectivity, inform our under-
standing of infant cue processing, while generating additional
questions to be targeted with different research approaches.
First of all, this heightened amygdala activation to infant cries,
interpreted in the context of prior work suggesting decreased
amygdala reactivity across infant face emotions (Olsavsky et al.,
2019), emphasizes the importance of studying stimuli with dif-
ferent characteristics and valence. Second, increased amyg-
dala reactivity to distress, as well as increased connectivity
with regions associated with motor response, may reflect an
increased tendency to approach and console baby in times of
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distress, which may be adaptive at earlier points in develop-
ment. Thus, perhaps theremay be increased intrusive parenting
with CME, but our sample does not capture this phenomenon as
all women were within the first-year postpartum; it is possible
that intrusive behaviorswouldmanifestmore clearly as children
acquire the ability to be mobile and engage in more exploration.
However, at later developmental stages when baby is engaging
in expected exploratory behaviors, the increased responsiveness
to infant distress may increase maternal anxiety and result in
more intrusive parenting behaviors, which has been described
in a prior study examiningmothers’ response to infant emotions
and associations with socioeconomic status (Kim et al., 2016).

Given these intriguing findings, which need to be interpreted
in the context of the study limitations, two approaches to the
study of mother–infant systems may be helpful. First, it would
be informative to design specific tasks which parse out mothers’
responses to distress in general compared tomothers’ responses
to infant distress. Second, studies using standardized behav-
ioral and imaging paradigms in clinical populations which may
examine the subcomponents of parental behaviors may be use-
ful in understanding at which point the process may go awry
for mothers struggling with psychopathology. Mothers’ reported
CMEs are an area for study as early adverse experiences cross
diagnoses, potentially worsening symptoms across disorders,
and may likely inform treatment and increase the effectiveness
of early-life behavioral interventions for mothers and young
children.
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