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Abstract

Early life adversity (ELA) has been linked with increased arousal responses to threat, including
increased amygdala reactivity. Effects of ELA on brain function are well recognized, and
emerging evidence suggests that caregivers may influence how environmental stressors impact
children’s brain function. We investigated the hypothesis that positive interaction between mother
and child can buffer against ELA effects on children’s neural responses to threat, and related
symptoms. A= 53 mother—child pairs (children ages 8-14 years) were recruited from an

urban population at high risk for violence exposure. Maternal caregiving was measured using
the Parenting Questionnaire and in a cooperation challenge task. Children viewed fearful and
neutral face stimuli during functional magnetic resonance imaging. Children who experienced
greater violence at home showed amygdala sensitization, whereas children experiencing more
school and community violence showed amygdala habituation. Sensitization was in turn linked
with externalizing symptoms. However, maternal warmth was associated with a normalization of
amygdala sensitization in children, and fewer externalizing behaviors prospectively up to 1 year
later. Findings suggested that the effects of violence exposure on threat-related neural circuitry
depend on trauma context (inside or outside the home) and that primary caregivers can increase
resilience.
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Introduction

Childhood trauma and other forms of early life adversity (ELA) are known to impact brain
structure and function, particularly within networks that regulate fear and mobilize responses
to threat (Hein & Monk, 2017; Herringa, 2017; Stevens, van Rooij, & Jovanovic, 2018).
However, such changes cannot be considered uniformly negative or maladaptive. Impacts of
ELA on brain function often appear to be initially adaptive in the specific environmental
and developmental context of the child, with increased risk for psychopathology and

other negative consequences appearing years later in adolescence and adulthood (Goff et
al., 2013; McCrory, Gerin, & Viding, 2017; Raineki et al., 2012; Sumner Colich et al.,
2019). Recent scientific and public health efforts focus on identifying factors that may
protect against the negative consequences of ELA. Emerging findings suggest that social
relationships, especially between the child and mother, can tightly regulate the function

of fear neurocircuitry during early development. For example, among rodents (Moriceau

& Sullivan, 2006), non-human primates (Sanchez, McCormack, & Howell, 2015), and
humans (Tottenham et al., 2019), the simple presence of the mother during fear learning
causes the child to approach rather than avoid cues that indicate threat. This is mediated by
glucocorticoid-induced changes in the function of the amygdala (Moriceau et al., 2004), a
brain region that regulates threat responses and the formation of conditioned fear memory
(LeDoux, 2000; McGaugh, 2002). The tight dependency between threat learning and

social interaction during early development suggests that mothers may play a key role in
determining the early “wiring” of their children’s fear neurocircuitry, providing potential
protection from the effects of ELA. Indeed, maternal presence can reduce children’s
glucocorticoid release during stress exposure, a phenomenon referred to as social buffering
(Gunnar et al., 2015). Here, we tested the possibility that mothers may buffer against the
effects of ELA on threat neurocircuitry, focusing on the amygdala, in school-aged children
at risk for violence exposure. Exposure to interpersonal violence is a common form of ELA
among children living in U.S. cities, with up to 70% of children reporting witnessing a
shooting (Buka et al., 2001; Cross et al., 2018) and 59% of all violent incidents estimated to
involve a child (Harpaz-Rotem et al., 2007).

ELA has been linked with broad upregulation of fear and salience detection neurocircuitry
responses to threat. For example, children exposed to ELA show larger amygdala volume
(Tottenham et al., 2010), greater amygdala reactivity to threat (Tottenham et al., 2011;
White et al., 2019), and early emergence of a mature pattern of connectivity between

the amygdala and regulatory prefrontal regions (Gee, Gabard-Durnam et al., 2013). Hyper-
reactivity persists into adulthood, with ELA-exposed adults also showing heightened
amygdala responses to threat (Dannlowski et al., 2013; Dannlowski et al., 2012; Fonzo et
al., 2016; van Harmelen et al., 2012). Notably, effects on brain function can vary depending
on the type of stress exposure. A recent influential theory proposes that experiences of
deprivation such as poverty, neglect, or institutional rearing have different impacts on

the brain than experiences of threat, such as abuse or violence exposure (McLaughlin,
Sheridan, & Lambert, 2014). Extending existing models that characterize stress as a force
that exerts allostatic load on the brain and body (e.g., McEwen, 2000), such theories posit
specific neurodevelopmental adaptations to environmental demands. The framework has
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since received robust empirical support, showing that deprivation, through reduced sensory
input and cognitive enrichment, particularly impacts prefrontal and cortical associative areas
(Machlin et al., 2019; Puetz et al., 2019; Sheridan, Peverill, Finn, & McLaughlin, 2017).

In contrast, threat, through increased fear and chronic physiological arousal, particularly
impacts the amygdala and hippocampus (Herringa et al., 2013; Keding & Herringa, 2015;
Machlin et al., 2019; McLaughlin et al., 2016; Puetz et al., 2019; White et al., 2019). In
particular, amygdala reactivity to social threat cues may appear to be upregulated when
violence-exposed children show less habituation of the amygdala (a natural decrease with
repeated presentations of similar stimuli) over repeated presentations of threat cues (Hein

et al., 2020). While this lack of amygdala habituation has been linked with internalizing
symptoms, there is a contrasting pattern for the emergence of posttraumatic stress disorder
(PTSD) symptoms after childhood trauma, which have been associated with fasteramygdala
habituation to social threat cues (van den Bulk et al., 2016). These contrasting findings may
indicate different neurocognitive contributors to internalizing versus PTSD, or there may be
differences in children’s neural adaptation to different types of threat-related experiences.

Given evidence that neural adaptations to stress vary with environmental demands, it is
plausible that even within the dimension of threat, exposures in different environmental
contexts may differentially influence brain function. Studies distinguishing community from
family-related violence in primary school-aged children have shown independent effects
on mood and anxiety symptoms (Kliewer et al., 1998) and externalizing behaviors (Malik,
2008). In contrast, parent-reported internalizing behaviors and child-reported depression
symptoms have been linked with community but not domestic violence exposure (Malik,
2008). Violence exposure in the home may exert different demands than violence exposure
in external contexts, along a variety of dimensions such as chronicity, escapability, and the
nature of affected social relationships (e.g., caregivers vs. peers vs. strangers). However,
little research has been conducted to disentangle the mechanisms by which different

forms of violence exposure may influence children’s risk for psychopathology. Here, we
investigated the differential effects of violence in home versus community contexts on
children’s neural responses to threat cues.

Several recent studies indicate that the presence of or relationship with caregivers can

alter neural responses to threat in young children. In healthy children, pictures of mothers’
versus other faces elicit lower amygdala reactivity and more adult-like connectivity with
the prefrontal cortex (Gee et al., 2014). Parenting traits have similar modulating effects

on children’s neural responses to threat. In children with greater attachment security and
lower separation anxiety, maternal cues suppress amygdala reactivity more effectively (Gee
et al., 2014). Similarly, healthy adolescents reporting more warmth and support from their
mothers show dampened amygdala reactivity to threat cues (Romund et al., 2016). In

fact, a longitudinal study found that higher parental warmth predicted less anxiety and
depression in children, even beyond other parenting variables (Santesteban-Echarri et al.,
2017). Such protective effects may be powerful enough to buffer against abnormal neural
threat responses in children exposed to ELA. In children who experienced early institutional
care (Callaghan et al., 2019) and those with significant maltreatment history (Wymbs et al.,
2020), the amygdala reactivity appeared to be buffered by higher feelings of security with
current caregiver, and greater social support more broadly. In our prior research with urban
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families exposed to high levels of community violence, children’s ability to appropriately
inhibit fear-potentiated startle to safety cues was enhanced when mothers were just outside
the testing room, relative to peers whose mothers were less accessible (down the hall
completing a set of questionnaires) (van Rooij et al., 2017). In the current study, we sought
to extend these findings, using neuroimaging among children to better understand aspects
of neural function that may be influenced by violence exposure, and to test the extent to
which positive parenting behaviors can buffer against such effects. We posited that maternal
buffering effects may be particularly relevant in the context of violence experienced in the
caregiving environment (at home) relative to violence experienced in the community. We
focused on maternal warmth as a particularly important component of maternal buffering
effects, given the strong literature on warmth as a protective factor above and beyond other
aspects of maternal care (Chen et al., 2011; Luecken et al., 2016; McCabe & Clark, 1999;
Santesteban-Echarri et al., 2017).

We recruited mother—child dyads from an ongoing study of trauma and related
psychopathology in an urban medical center serving primarily low-income Black American
patients. Children were 8-14 years old, a developmental period when the impacts of

trauma and violence exposure on brain function have been shown to be highest (Pechtel

et al., 2014). Children participated in a functional magnetic resonance imaging (fMRI) task
probing neural responses to fearful and neutral face stimuli and reported on their exposure
to interpersonal violence across three contexts: in the community, at school, and at home.
Warm parenting behaviors in the mother were measured using a maternal self-report scale
focusing on parenting behaviors (McCabe & Clark, 1999), and validated in independent
analyses of a cooperation challenge task that required the mother and child to interact to
complete a challenging puzzle (Ginsburg, Grover, Cord, & lalongo, 2006). We hypothesized
that (a) violence exposure in the home would have different effects on amygdala function
than violence in external contexts and (b) children whose mothers employed warm parenting
behaviors would have reduced violence-related effects on amygdala function, indicative of a
protective effect.

Materials and methods

Participants

Sixty-five children (33 girls, 32 boys) and their mothers were recruited from an ongoing
study of mother—child pairs recruited from the general medical clinics of a large publicly
funded hospital serving a patient population that is primarily low-income, and at high risk
for trauma exposure and related psychiatric disorders (Gillespie et al., 2009). One child
fell asleep during the task, two found the scanner noise too loud and did not complete the
task, and nine had head motion exceeding quality control thresholds [described further in
magnetic resonance imaging (MRI) acquisition and analysis] and their data were excluded
from analyses. =53 [27 girls, 26 boys, age M (SD) = 10.9 (1.7), range = 8.2-14.8] were
included in the final analyses.

Children and mothers were excluded if they reported a history of bipolar disorder or
schizophrenia, active psychotic symptoms, or cognitive disability. For the purposes of the
study, “mothers” were either biological mothers with full-time care of the child (V= 50),
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or grandmothers who were verified as legal guardian with full-time care (V= 3). For the
neuroimaging component of the study, additional exclusion criteria were a history of head
injury with loss of consciousness, stroke, epilepsy or other neurological disorder, brain
tumor, autism spectrum disorder, contraindication for MRI, or hearing or vision impairment
unable to be corrected by glasses. Testing took place at Grady Memorial Hospital, and

the Facility for Education and Research in Neuroscience at Emory University. All study
procedures were approved by the Institutional Review Boards of Emory University and the
Grady Research Oversight Committee. Children younger than 11 provided oral assent to
participate in the study and the mother or legal guardian provided written consent. Those
older than 11 provided written consent. Children received a study t-shirt, a small toy, and a
$10 gift certificate, and mothers received $50 for each study visit.

Trauma and symptom assessment

Procedure

Children reported their exposure to potentially traumatic events and current PTSD symptoms
in a semistructured interview format. Mothers also reported on children’s current PTSD
symptoms, and problem behaviors, as well as their own parenting behaviors. Violence
exposure was assessed using the Violence Exposure Scale for Children-Revised (VEX-R;
Cross et al., 2018; Fox & Leavitt, 1995), a 12-item scale measuring children’s exposure to
different types of violence at home, at school, and in the community, which includes line
drawings to facilitate children’s understanding of the questions and a frequency rating (O:
never, 1: one time, 2: a few times, 3: many times). Witnessing and experiencing each type
of violence were included as separate event types, such that 24 items related to violence
exposure were queried. Frequency ratings from each item were summed to assess total
exposure frequency/chronicity. PTSD symptoms were assessed using the UCLA PTSD
Reaction Index (UCLA-RI; Steinberg et al., 2004). The BASC-PRS was administered to
mothers, to index children’s observable behaviors related to internalizing and externalizing
problems (Reynolds & Kamphaus, 2004). Internalizing problems were measured using

age- and sex-normed #scores for anxiety, depression, and somatization, and externalizing
problems were measured using £scores for hyperactivity, aggression, and conduct problems.
Maternal warmth was assessed using the Parenting Questionnaire (PQ; McCabe & Clark,
1999). The PQ is a 50-item parent self-report of parenting behaviors, including warmth.

The 22-item warmth subscale has demonstrated good internal consistency (.90) in a sample
of African American participants (McCabe & Clark, 1999) and in prior research with this
cohort (.83; Cross et al., 2016; van Rooij et al., 2017). Pubertal development was queried
using the Pubertal Development Scale (PDS; Petersen et al., 1988), an interview-based scale
querying major physical changes during puberty, based on child’s report. A mean of the 5
items relevant to each gender was calculated as a summary index of pubertal development.

Children completed a mock scan protocol 24 h to 2 weeks prior to MRI scanning. The
mock scanner included the shell of the bore from a decommissioned Siemens Trio scanner
(decorated as a space ship) and models of the head coil and bed. Participants were
acclimated to the scanning environment, and practiced being inserted into the scanner
bore, listening to recordings of scanner noise, and holding still. Participants then completed
practice versions of the study tasks inside and outside of the mock scanner. They also
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viewed the real scanner at this time. On the day of the MRI scan, participants completed
short practice versions of the study tasks to familiarize themselves with the button box and
task procedures. Children completed a single-item mood rating before and after the MRI
scan (range = -2 (very bad feelings)-2 (very good feelings)), and mean mood was not
adversely impacted during the scanning session (Mpye = 1.4, Myost = 1.5). Mothers observed
the scan in a waiting room with a window allowing them to view their child in the MRI
scanner.

The emotional faces task was a modified version of the task used by Gee, Tottenham and
colleagues (2013). The event-related design included 24 fearful and 24 neutral female faces
selected from the Karolinska Directed Emotional Faces database (Lundqvist et al., 1998),
presented in a pseudo-random order. Each trial consisted of a 500 ms presentation of a face
stimulus, followed by a variable intertrial interval (3,500-9,000 ms) during which a fixation
cross was shown. To avoid biasing or decreasing participants’ emotional responses to the
stimuli, the task only involved passive viewing of the stimuli.

During the laboratory assessment outside the scanner, mother—child dyads completed a
cooperation challenge task which has been previously validated in African American
mothers and children (Ginsburg et al., 2006; Ginsburg, Grover, & lalongo, 2004). Each
pair was provided with an Etch-a-sketch toy, and a set of three drawings to attempt to copy
using the Etch-a-sketch. The mother was asked to control the right dial of the Etch-a-sketch,
while the child controlled the left dial. The pairs worked together to create drawings of
increasing complexity. The experimenter exited the room while the pairs worked on each
drawing, returning to provide instructions for the next drawing. The task was videotaped,
and later coded by two raters following the Johns Hopkins Coding Manual for Parent—
Child Interactions (Ginsburg & Grover, 2014). Raters coded mothers’ behavior using a
dimensional rating of behavior on a 0—4 scale (1 = never, 1 = very rarely, 2 = a little, 3 =
some of the time, 4 = most of the time). The rater assigned a 0—4 rating to each minute

of the video recording, during segments when the pairs were completing the third (most
complex) drawing. The mean rating from the two independent raters was used in analyses.
For the current study, ratings of mothers” warmth behaviors were considered, although

a variety of additional behavior scales were included in the coding protocol (including
overcontrol, hostility, unresponsiveness, anxious behavior, self-criticism and others). For
the warmth rating, raters considered mothers’ expressions of positive emotions toward the
child, including praise, encouragement, compliments, words and gestures of endearment,
and affectionate gestures.

MRI acquisition and analysis

Data acquisition—Functional and structural MRI scans were acquired on two 3.0-T
Siemens Trio scanners, using a 32-channel head coil. Three children were scanned at the
first facility, and the remainder of scanning moved to a second facility when the first scanner
upgraded to a new system. A T1-weighted image using the Siemens tfl 3D MP-RAGE
sequence (176 slices, TR = 2250 ms, TE = 4.18 ms, voxel size 1 mm3) was used for
within-subject registration. Echo planar imaging (EPI) images were composed of 44 slices
of 2.5 mm thickness acquired in a descending sequential slice order parallel to the anterior—
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posterior commissure line, with a .5 mm slice gap. Images were collected with TR = 2330
ms, TE = 30 ms, FA =90°, 3 x 3 x 2,5 mm voxel size, and GRAPPA with an acceleration
factor of 2.

MRI preprocessing and quality assurance—File conversion, image pre-processing,
and statistical analyses were conducted in SPM8 (http://www.fil.ion.ucl.ac.uk/spm/).
Functional images were then corrected for slice timing and spatially realigned to the first
image in the session. Additional motion correction was performed in the ArtRepair toolbox
(https://www.nitrc.org/projects/art_repair/). Any volume with frame-wise displacement
exceeding 2 mm was interpolated. /=9 participants were fully excluded from the
analyses as they had motion requiring >10% of volumes or >3 consecutive volumes to

be interpolated. Remaining participants had an average of 3.1% of volumes replaced. The
T1 was then co-registered to the mean of the realigned functional images and spatially
normalized to Montreal Neurological Institute (MNI) space. The normalization parameters
were then applied to the functional volumes and the images were smoothed with a 6 mm
FWHM Gaussian kernel.

Fearful and neutral face stimuli were modeled using an event-related design. A first-level,
fixed-effects analysis was used to estimate blood-oxygen-level dependent (BOLD) signal
change to task stimuli. Onset times for fearful and neutral face stimuli were divided into
sets (early, middle, and late), yielding six conditions each consisting of eight trials. Onset
times for each task condition were entered into a general linear model and convolved with a
hemodynamic response function. Subject-specific motion parameters were also included in
the model as effects of non-interest. Whole-brain voxel-wise responses to the face stimuli
were quantified using linear contrasts for fearful > neutral trials, fearful trials > implicit
baseline, and neutral trials > implicit baseline. Individual participants’ contrast images
were entered in group-level random effects models. Group-level whole-brain analyses used
height-extent correction for multiple comparisons (Eklund, Nichols, & Knutsson, 2016;
Woo, Krishnan, & Wager, 2014), with an initial cluster-forming threshold of p < .005, and
cluster-wise false discovery rate (FDR) correction to p < .05 for each contrast.

A region of interest (ROI) for the amygdala was defined using a probabilistic atlas based on
cytoarchitectonic mapping of human postmortem tissue (Amunts et al., 2005), thresholded at
50% probability. The mean of all voxels within the amygdala mask was extracted from early
(first 8 trials), middle (middle 8 trials), and late (last 8 trials) portions of the task to quantify
changing amygdala responses over time, separately for fearful and neutral face stimuli.

Linear mixed-effects models (LMEMs) were estimated in IBM SPSS version 24 to examine
amygdala responses, with emotion condition (fearful, neutral) and timepoint (early, middle,
late trials) modeled within-subjects. Between-subjects variables included total violence
exposure frequency, and maternal warmth. The primary maternal warmth indicator was
based on the warmth subscale of the PQ, which all mothers completed (median split at total
score = 91; n= 26 in higher-warmth and 7= 27 in lower-warmth group). A secondary
analysis was conducted with maternal warmth behavior modeled between-subjects in the
subset of pairs who completed the cooperation challenge task (/7= 34), comparing mothers
who showed at least 1 warmth behavior, to those who did not. Although potential age
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effects on amygdala function were of a priori interest, there was no significant main effect
or interaction with age in any model, and this factor was removed for parsimony. To

assess the need for additional covariates in the models, we conducted bivariate correlations
between amygdala reactivity and habituation, and potential moderators including pubertal
development (PDS total score), scanner site, and gender. None of these factors were
correlated with amygdala responses and were not included in the final LMEMs.

Violence exposure and clinical features of the sample

Demographic and clinical features of the sample are reported in Table 1. In the sample as

a whole, children reported a high frequency of violence exposure (VEX-R), with a total
frequency score M (SD) = 14.7 (8.2) reflecting approximately 15 individual exposure events
on average. There was no difference in exposure between girls and boys, p=.71. Events
reported most frequently included witnessing someone being arrested, being yelled at or
spanked, and witnessing someone being beat up. Age was positively associated with VEX-R
total, r(52) = .36, p=.008. PDS score was similarly associated with violence exposure
frequency (r=.34), but did not predict significant variance above and beyond the effect

of age (full model including age, sex, PDS: F (3, 44) = 3.70, p=.02; R2Apps = .02, p=
.28). VEX-R was not associated with internalizing (o = .93) or externalizing (p = .82) scores
on the BASC. 16.7% of the sample (5 girls, 4 boys) met PTSD diagnostic criteria on the
UCLA-RI, child report. One child was taking a psychiatric medication (Adderall), and three
reported using asthma or allergy medications (albuterol, Flovent). Mothers reported current
cohabitation with the child’s father for 7=9 (17%).

fMRI responses to fearful and neutral faces

The task engaged amygdala and ventral visual regions for fearful faces relative to baseline
(Figure 1(a), Table S1), and neutral faces (Figure 1(b), Table S1) relative to baseline, in a
whole-brain family-wise-error corrected analysis of the full sample, irrespective of violence
exposure and age. There were no significant differences in the whole-brain comparison of
fearful > neutral faces. Brain activation of similar magnitude for fearful and neutral face
stimuli was expected for this developmental stage, as prior research with healthy children
indicates that children in this age range do not yet show differential amygdala responses to
fearful versus neutral faces (Thomas et al., 2001).

Relationship between violence exposure and amygdala response to face stimuli

LMEM analysis of the bilateral amygdala ROI across facial emation condition (fearful,
neutral) and timepoint (early, middle, late trials) showed a main effect of violence exposure
frequency on amygdala activation, (1, 51) = 6.14, p=.02. Post-hoc analysis indicated

a positive association between violence exposure and amygdala reactivity (Figure 1(c and
d)). Consistent with the whole-brain findings, this model showed no main effects of facial
emotion (p=.29) or timepoint (o= .67), nor an interaction of emotion by timepoint (o=
.29). Violence exposure frequency did not interact with timepoint or emaotion.
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The VEX-R items addressed violence exposure in three different contexts: at home, at
school, and in the community. Interestingly, the frequency of violence experienced in these
contexts was not intercorrelated: violence at home was not associated with school (r=-.19,
p =.18) or community violence exposure (r= .05, p=.70), and school and community
violence were not associated (= .18, p=.19). This suggested that each child experienced
violence mostly within one of the three contexts. To quantify the primary violence context
for each child, focusing on exposure within the home, we calculated a violence context
score using: [VEX-R Home-M(VEX-R School, VEX-R Community)]/VEX-R Total. This
reflected the proportion of violence at home relative to violence elsewhere, such that a
maximum score of 1 represented children who only experienced violence at home, and a
minimum score of —1 represented children who only experienced violence elsewhere.

The violence context score had a significant effect on amygdala habituation/sensitization
(context x timepoint: F(2,102) = 3.64, p=.03), such that greater violence in the home
versus elsewhere was associated with greater amygdala sensitization over the course of

the task, unrelated to the emotion of the face stimuli. Conversely, this indicated that
children who experienced more violence in the external school and community contexts
showed greater habituation over the task. The proportion of in-home violence was not
associated with amygdala reactivity to fearful or neutral faces (context main effect: p> .05).
Post-hoc assessment of violence exposure frequency in each of the three contexts (home,
school, community) and amygdala habituation/sensitization (Figure S1) showed a positive
association for frequency of home violence, a negative association for school violence, and
no association for community violence.

Relationship between amygdala habituation and internalizing and externalizing problems

To determine whether alterations in amygdala habituation/sensitization might relate to
children’s mental health, an additional LMEM included BASC age-normalized internalizing
and externalizing scores, along with the within-subjects effects of emotion and timepoint for
the amygdala ROI. Children with higher externalizing scores showed amygdala sensitization
to neutral faces by the late trials (Figure 2; externalizing x emotion x timepoint: ~(2, 96) =
4.08, p=.02). There were no main effects or interactions with internalizing scores.

Maternal buffering effects on amygdala response to face stimuli

Mothers’ self-report of warmth—The primary analyses of maternal buffering defined
maternal warmth using mothers’ reports of their own parenting behavior on the PQ.
Maternal warmth did not normalize the effect of overall violence exposure frequency on
amygdala reactivity (warmth x violence F (1, 49) = 1.12, p=.30). However, maternal
warmth did show a significant interaction with violence context score to influence amygdala
sensitization (warmth x context x timepoint ~ (2, 98) = 5.01, p=.008). In children with less
warm mothers, a greater proportion of violence at home versus elsewhere was associated
with amygdala sensitization (Figure 3). In contrast, in children with warmer mothers, greater
violence at home vs elsewhere was not associated amygdala sensitization, consistent with a
maternal buffering effect.
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Mothers’ behavior in cooperation challenge task—To investigate whether findings
would hold when taking into account an objective measure of mothers’ warmth with their
children, a secondary analysis used maternal warmth behavior expressed during the Etch-a-
sketch task. This was a cooperation challenge task that was completed by a subset of 7

= 34 mother—child dyads. Among mothers who showed warmth behavior during the Etch-a-
sketch task, relative to those who did not, self-reported warm parenting on the PQ was
numerically higher but this was not significant [M + SDyarm = 91.82(9.12), M+ SDhot warm
88.26(9.10), £(32) = 1.10, p=.29] suggesting that each captured different components of
mothers’ interactions with their children. Despite this, the effects on amygdala activation
paralleled the effect observed for self-report of warmth behaviors: primary violence
exposure context (home vs. outside) was associated with amygdala sensitization in children
whose mothers did not show warmth, but not in children whose mothers showed warmth
during the cooperation challenge task (warmth x context x timepoint ~(2, 60) = 4.12, p=
.02).

Maternal buffering effects on current and future externalizing—Given the
observed associations between amygdala habituation and externalizing symptoms, we

then tested whether children of warm mothers also showed corresponding decrements

in externalizing problems. Mothers’ report of warm parenting was strongly negatively
associated with both internalizing and externalizing scores on the BASC (Table 1),
indicating a protective effect. A subset of /7= 28 mother—child pairs returned to the
laboratory approximately 1 year later (11.7 + 10.1 months later) and completed an update
interview including questionnaires about children’s trauma exposure and related symptoms.
Children whose mothers reported greater warm parenting behaviors at baseline showed
fewer future externalizing symptoms 1 year later, r=-59, p=.001.

Discussion

The current findings underscore the importance of social relationships throughout the
lifespan as critical determinants of the response to stress and trauma exposure. In models of
mental health outcomes after trauma and other forms of stress, social support is a resilience
factor whose effect size outweighs even the negative impacts of childhood maltreatment
(Arnberg et al., 2012; Betancourt et al., 2013; Evans, Steel, & DiLillo, 2013; McGuire

et al., 2018; Stevens & Jovanovic, 2019). We found that the caregiver—child relationship
may indeed be central to shaping threat responses in children, even in the context of
violence exposure. Violence exposure influenced the amygdala response to threat but varied
by the context. Cumulative violence was associated with increased amygdala reactivity to
both fearful and neutral face stimuli; children who primarily experienced violence in the
home showed amygdala sensitization over repeated trials whereas violence elsewhere was
associated with amygdala habituation. However, we also observed a maternal buffering
effect, such that the proportion of home violence was not linked with amygdala sensitization
in children whose mothers used warm parenting behaviors. Strikingly, the effect was
similar for mothers’ self-report of warm parenting, as well as for warm parenting behaviors
observed in a mother—child interaction task conducted in the laboratory. These novel results
suggest that (a) violence experienced in the caregiving environment appears to promote
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a pattern of amygdala response to threat that is consistent with hypervigilance and (b)
the presence of a warm caregiving figure in the home can protect against violence-related
alterations in brain function.

Effects of violence exposure on brain function in children

The findings in the current study were comparable to those of numerous prior studies
showing a positive association between early life stress and children’s amygdala reactivity
to negative facial expressions or other negative stimuli (Marusak et al., 2015; McLaughlin et
al., 2015; Suzuki et al., 2014; Tottenham et al., 2011; White et al., 2012), especially those
involving a physical threat such as an accident, witnessing or experiencing interpersonal
violence, or experiencing abuse. We found that cumulative violence exposure, across all
contexts, was positively associated with the amygdala response to both fearful and neutral
face stimuli. This task was designed to elicit neural processing of overt social threat cues
(fearful faces) and a neutral/non-threat baseline condition. However, several studies in
healthy children show comparable activation magnitude to neutral and negative face stimuli
in emotion-related brain regions including the amygdala, primary sensory cortex, dACC, and
insula (Gee, Humphreys et al., 2013; Marusak, Carré, & Thomason, 2013; Thomas et al.,
2001). It is possible that children may not interpret neutral expressions as affectively neutral,
and that this may be exaggerated in some children. For example, neutral faces elicit left
amygdala hyper-reactivity in children with pediatric bipolar disorder, who interpret neutral
faces as hostile, relative to control participants (Rich et al., 2006). Further study is needed

to assess whether violence exposure may predict greater attribution of hostility or other
negative emotionality to ambiguous social cues such as neutral face stimuli.

Prior studies have not distinguished between effects of violence in different environmental
contexts on the neural correlates of threat processing. Here, school and community violence
were linked with greater amygdala habituation, while home violence was linked with greater
amygdala sensitization. This may reflect different, likely helpful, initial adaptations to the
unique demands of each context. Habituation is typically interpreted as a very simple
learning process, by which the neural response to repeated stimuli decreases over repeated
presentations (also termed “repetition suppression”), and has been shown to be a basic
feature of very simple neural circuits (Bailey & Chen, 1988; Groves & Thompson, 1970).
In the context of habituation to repeated trials of fearful and neutral face stimuli, there is

an additional affective overlay which may compete with the learning function, such that
threatening or salient stimuli may be prioritized (Ishai et al., 2004). In the current study,
greater habituation may therefore reflect facilitated learning or plasticity, or lesser salience
or arousal elicited by the facial expressions. Greater sensitization, on the other hand, may
reflect a blunted learning function, or a heightened vigilance response such that attentional
resources continue to be deployed even after many repetitions of similar stimuli. In the
context of the current study, children who primarily experience violence at school may
quickly learn to sift through the many incoming social cues from peers at school to decide
which situations represent threat or safety (greater habituation). Prior neuropsychiatric work
supports this idea, showing that anxious children living in communities with greater police-
reported violence showed greater avoidance of threat in an attentional task (McCoy, Raver,
& Sharkey, 2015). In contrast, children who primarily experience violence at home may not
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easily be able to escape or avoid a violent event, potentially developing hyper-vigilance for
threat detection (greater sensitization). Again, existing neuropsychiatric findings support this
idea, showing that children exposed to family violence show greater attention to threat in

an attentional task (Briggs-Gowan et al., 2015). However, this interpretation requires further
testing with greater control over the stress exposure context. Studies in animal models that
manipulate whether threats are experienced inside or outside the nest, and the complexity of
the social situation, may be informative.

While violence inside the home was associated with greater amygdala sensitization to
social threat cues, this pattern may not persist into adulthood. In prior work with adult
women recruited from the same sample, a group who reported experiencing significant
childhood abuse (primarily experienced in the home environment) showed greater amygdala
habituation to repeated fearful face stimuli, and habituation partially mediated the
association between childhood abuse and post-traumatic stress disorder (Kim et al., 2019).
One possibility may be that high levels of vigilance in childhood may tax the arousal/
alerting system regulated by the amygdala, such that by adulthood only highly threatening
inputs are detected as high-priority stimuli that require attentional and physiological
mobilization. Another interpretation may be that the VEX-R captures different forms of
violence exposure taking place in the home, outside of abuse of the child herself or himself.
Many children in the present study reported physical altercations between siblings and
cousins. Some reported experiencing violence themselves, involving incidents with siblings
or extended family members rather than the primary caregivers. Very few mothers or
children reported any abuse of the child in the home, although the self-report nature of

the study design limits our ability to detect potential abuse.

An additional interesting reason why violence exposure in the home may differ from
exposure in external contexts is that the presence of the mother in the home may alter

the nature of the associations that are formed by the child. In rodent studies, if a mother is
present during an aversive experience, this can alter the way that the experience shapes brain
function in the offspring. For example, infant rat pups that were conditioned to associate
mothers’ odor with an aversive shock stimulus showed abnormal amygdala function, relative
to those who had aversive experiences without maternal odor cues, and the effects were
identical to pups who had an abusive mother (Raineki, Moriceau, & Sullivan, 2010). In
human children, the presence of their mother during the aversive experience of violence
exposure may have similar effects on amygdala function in children exposed to violence in
the home. This may be observed even when mothers are not involved in the violence but are
merely present.

Maternal buffering of the effects of violence exposure

Findings were broadly consistent with previous studies of the role of caregivers in
modulating children’s neural responses to threat. Reduced amygdala or threat reactivity in
the presence of the mother or maternal cues has been observed in healthy (Gee et al., 2014)
and ELA-exposed children (Callaghan et al., 2019; van Rooij et al., 2017). Additionally,
warm and supportive parenting behaviors appear to similarly protect against the effects

of ELA on brain function, or strengthen the protective effects of maternal cues (Brody et
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al., 2019; Callaghan et al., 2019; Gee et al., 2014; Romund et al., 2016), although some
evidence suggests that familial affective responsiveness (appropriate affect either positive
or negative) can predict heightened amygdala reactivity in children (Farber et al., 2019).
On the other side of the coin, negative parenting behaviors such as hostility predict lower
functional connectivity between children’s amygdala and prefrontal cortex (Kopala-Sibley
et al., 2020). However, the findings of the current study were distinctive in that we did

not observe an association between maternal warmth and amygdala reactivity per seto the
fearful or neutral faces. We instead observed an effect on the time-course of the amygdala
responses such that warm parenting protected against the pattern of amygdala sensitization
that we had observed in children exposed primarily to violence in the home. These results
were encouraging, suggesting that even within the home, the effects of violence exposure
on amygdala function were buffered by the presence of a warm caregiver. A warm and
stable caregiver may function as a “safe haven” (Kerns et al., 2015) in a tumultuous home
environment. This may be a critical determinant of whether negative outcomes will follow
ELA, given that amygdala hyper-reactivity and habituation have been shown to predict risk
for future psychopathology following stress exposure (Admon et al., 2009; Fox & Kalin,
2014; Mattson et al., 2016; McLaughlin, Busso et al., 2014; Stevens et al., 2017; Swartz et
al., 2015). Adult social support may have similar buffering effects, as amygdala reactivity is
associated with anxiety symptoms in adults with low social support but this effect is absent
in adults with high social support (Hyde et al., 2011).

Maternal warmth also showed a striking protective effect on current externalizing symptoms
in children, which persisted up to a year later. This effect was large, predicting 34% of the
variance for future externalizing symptoms. Similar long-term protective effects of parental
warmth against psychopathology have been reported in a large sample (7= 2,491) of Puerto
Rican children (Santesteban-Echarri et al., 2017), and among African American children
(McCabe & Clark, 1999). Although violence exposure was not linked with externalizing
symptoms in our sample of children ages 8-14, prior studies in somewhat older aged cohorts
of adolescents show that externalizing symptoms begin to emerge by the later teen years. For
example, in 7=169 children at M= 15 years of age, violence exposure (but not poverty)
was associated with externalizing psychopathology along with blunted cortisol responses

to a social stress task (Busso, McLaughlin, & Sheridan, 2017). Violence exposure also
predicted future externalizing and internalizing problems in a large longitudinal cohort of
adolescents (Miller et al., 2018). Taken together, the literature suggests that warm parenting
behaviors expressed by mothers may be protective against the emergence of externalizing-
related psychopathology in trauma-exposed adolescents. Although mothers were tested here,
it is anticipated that the findings would be likely to extend to any primary caregiver, given
that social buffering effects on stress and arousal are not limited to maternal relationships
(Hennessy, Kaiser, & Sachser, 2009).

There are a number of limitations that should be noted. First, the moderate sample size
meant that tests of interaction effects between violence exposure and maternal warmth
may be underpowered. Further investigation is needed to provide a strong test of whether
maternal buffering effects are greatest for traumas experienced in the home environment.
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Second, although we were interested in developmental change over this window of child
development, we did not observe any age effects on amygdala reactivity. It may be that
there is significant development in the amygdala response to social threat cues, but that
there are major individual differences in these trajectories that are masked when imaging
is gathered at only 1 timepoint. Longitudinal investigation can better track such changes
within individual children. Lastly, experimental studies manipulating parental engagement,
such as studies involving interventions with parents to impact child anxiety or depressive
symptoms (Lebowitz et al., 2020), will provide the strongest tests of maternal buffering
effects. The current findings support the translational importance of such interventions in
children exposed to violence.

The current study provided further evidence that early life stress, and particularly

violence exposure, influence the function of threat neurocircuitry in school-aged children.
Interestingly, violence experienced in the home environment was linked with a pattern

of amygdala sensitization to repeated social cues indicating threat (fearful faces) or
ambiguity (neutral faces), whereas violence experienced at school was associated with
amygdala habituation to repeated cues. Finally, we identified a feature of mothers’ parenting
—warm parenting behaviors—which was associated with a normalization of amygdala
function in children exposed to greater in-home violence, as well as predicting fewer future
externalizing behaviors. The findings are encouraging, suggesting that parenting behaviors
can be protective even in the presence of highly impactful forms of ELA. A clear next

step for translation might be to conduct early intervention studies involving parent-centered
approaches to prevent the mental health impacts of ELA on children, with children’s
amygdala responses to threat stimuli as an intermediate target.
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Figure 1. Functional magnetic resonance imaging (fMRI) responses to the fearful and

neutral face stimuli, and associations with violence exposure. Whole-brain analyses of the

full sample showed that for both fearful (a) and neutral faces (b) relative to baseline,

children had fMRI activation in left amygdala and hippocampus, as well as ventral visual

regions, pepr < .05. Children did not have a differential response to fearful versus neutral

pictures in any brain region (Fearful > Neutral contrast). Significant clusters are overlaid on

a representative single-subject anatomical image in ICBM152 space. 3D rendering of the

medial surface of the left hemisphere generated in Surf Ice (https://www.nitrc.org/projects/

surfice). Violence exposure frequency was positively associated with children’s amygdala

responses to (c) fearful face stimuli, r=.34, p=.01, and (d) neutral face stimuli, r=.35, p

=.01. Beta values for the bilateral amygdala ROI are plotted on the y-axis, and error bars

represent + SE.
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Figure 2. Amygdala sensitization co-varies with externalizing problems. Beta values for the
bilateral amygdala ROI are plotted over the early, middle, and late windows of the Faces
task. The continuous BASC scores for externalizing showed an interaction with stimulus
emotion and timepoint, such that greater externalizing was associated with late sensitization
to the neutral face stimuli, p=.02. For illustrative purposes, the charts show amygdala
time-courses among children with externalizing scores <50th percentile relative to age
norms (“low exter”), or >50th percentile (“high exter”). Error bars + 1 SE.
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Figure 3. Maternal buffering of violence exposure. In the group of children whose mothers
reported fewer warm parenting behaviors (blue), the violence context score (proportion

of violence in the home vs. elsewhere) was associated with amygdala sensitization to

fearful and neutral face stimuli over the course of the task, post-hoc r= .65, p<.001.
Conversely, among children whose mothers reported greater warm parenting behaviors (red),
the proportion of violence experienced in the home was unrelated to amygdala habituation,
post-hoc r= .05, p=.83. This pointed to a maternal buffering effect. In the primary
statistical model, habituation was quantified using a within-subjects timepoint factor, but for
illustrative purposes, amygdala habituation is plotted on the y-axis as the linear slope of
change across the three time windows.
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