N EW R E S E A R C H

Altered Neural Processing of Threat-Related
Information in Children and Adolescents Exposed to
Violence: A Transdiagnostic Mechanism Contributing to
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Objective: Exposure to violence in childhood is associated with increased risk for multiple forms of internalizing and externalizing psychopathology.
We evaluated how exposure to violence in early life inﬂuences neural responses to neutral and threat-related stimuli in childhood and adolescence,
developmental variation in these associations, and whether these neural response patterns convey transdiagnostic risk for psychopathology over time.
Method: Participants were 149 youths (75 female and 74 male), aged 8 to 17 years (mean ¼ 12.8, SD ¼ 2.63), who had experienced physical abuse,
sexual abuse, or domestic violence (n ¼ 76) or had never experienced violence (n ¼ 73). Participants underwent functional magnetic resonance imaging
scanning while passively viewing fearful, neutral, and scrambled faces presented rapidly in a block design without speciﬁc attentional demands.
Internalizing and externalizing psychopathology were assessed concurrently with the scan and 2 years later and were used to compute a transdiagnostic
general psychopathology factor (p factor).
Results: Exposure to violence was associated with reduced activation in the dorsal anterior cingulate cortex (dACC) and frontal pole (1,985 voxels,
peak x, y, z ¼ 6, 4, 40) when viewing fearful (versus scrambled) faces, and reduced activation in dorsomedial prefrontal cortex and superior frontal gyrus
(1,970 voxels, peak x, y, z ¼ 16, 64, 10) when viewing neutral faces, but not amygdala activation or connectivity. Lower dACC response to fearful faces
predicted increase in the p factor 2 years later (B ¼ 0.186, p ¼ .031) and mediated the association of violence exposure with longitudinal increases in
the p factor.
Conclusion: Reduced recruitment of the dACC—a region involved in salience processing, conﬂict monitoring, and cognitive control—in response to
threat-related cues may convey increased transdiagnostic psychopathology risk in youths exposed to violence.
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xposure to trauma in childhood, particularly
traumatic events involving interpersonal violence,
is associated with increased risk for virtually all
forms of psychopathology, including mood, anxiety,
disruptive behavior, substance abuse, and psychotic disorders.1 Identifying the mechanisms linking violence exposure
with psychopathology transdiagnostically across childhood
and adolescence is critical for informing early interventions
in children exposed to violence. Albeit potentially adaptive
in dangerous environments, altered neural responses to
threat-related cues, such as facial expressions of fear and
anger, may be one mechanism conveying risk for psychopathology in violence-exposed youth.2 In the present study,
we examined associations between childhood violence
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exposure, psychopathology, and neural responses to fearful
faces.
Childhood violence exposure, including physical and
sexual abuse and domestic violence, is associated with
heightened neural reactivity to threat cues in the salience
network,3-5 including the amygdala.6 Moreover, the magnitude of amygdala response to threat-related cues increases
with greater severity of violence exposure.5 Disruptions in
prefrontal cortex regulation of the amygdala may contribute
to heightened amygdala reactivity following violence exposure
early in life. Indeed, childhood violence exposure is associated
with reduced amygdalaPFC functional connectivity during
facial emotion processing in adults.7,8 Furthermore, because
the function and connectivity of salience network regions
Journal of the American Academy of Child & Adolescent Psychiatry
Volume 59 / Number 11 / November 2020

NEURAL PROCESSING OF THREAT

undergo considerable developmental change across childhood
and adolescence,9,10 the associations between violence exposure and neural response to threat-related cues may vary with
age. Amygdala reactivity to emotional faces decreases across
adolescence, corresponding with increases in mPFC activity.9
However, amygdala reactivity to fearful and angry faces increases longitudinally across adolescence in youth with high
levels of exposure to stressful life events.11 Functional connectivity between the amygdala and mPFC during fearful face
viewing switches from positive to negative in early adolescence.10 This pattern occurs earlier in youths exposed to
deprivation and other forms of early-life stress,12,13 which
may serve an adaptive function to compensate for amygdala
hyperactivity, reducing anxiety risk.12 However, developmental patterns in amygdala connectivity have not been
investigated in relation to childhood violence exposure
speciﬁcally.
Increased salience network reactivity to threat-related cues
is associated with depression, anxiety, and externalizing
problems,11,14,15 especially among children and adolescents
exposed to adversity,3 suggesting that heightened salience
network reactivity to threat-related cues may contribute to
psychopathology transdiagnostically. Recent work has
demonstrated the existence of a transdiagnostic psychopathology factor—termed the general factor or “p factor”—that
explains the co-occurrence of psychopathology symptoms
across the internalizing and externalizing spectrum.16–19 The
existence of “p” has been demonstrated in studies examining
the structure of psychopathology symptoms in children, adolescents, and adults.16-19 Moreover, violence exposure in
childhood is associated with increases in this general psychopathology factor, with no residual associations with speciﬁc symptoms types after accounting for associations with
“p.”18 Negative emotionality, a tendency to experience
negative emotions more frequently and intensely, has been
proposed as one pathway contributing to this transdiagnostic
general factor.20 This assertion is supported by evidence that
negative emotionality predicts virtually all forms of psychopathology21 as well as comorbidity between disorders.22 We
recently found that self-reported emotional reactivity and
difﬁculties with emotion regulation mediated the longitudinal
association between childhood violence exposure and “p,”23
providing preliminary evidence that emotional reactivity is a
mechanism linking violence exposure with general psychopathology. To our knowledge, neural mechanisms linking
childhood violence exposure with the generalized psychopathology factor have not previously been examined. In the
current study, we examine neural function in response to
negative emotional cues as one potential mechanism.
We investigated the inﬂuence of childhood violence
exposure on neural reactivity to fearful and neutral faces.
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Participants were children and adolescents who experienced
physical abuse, sexual abuse, or domestic violence, and ageand sex-matched controls who had never experienced violence.
Neural reactivity was assessed using rapid, repeated presentation of faces without explicit attentional demands. Building on
prior work using tasks assessing explicit processing of facial
features,4 we expected that violence exposure would be associated with greater neural activation to fearful faces in the
amygdala, anterior insula, and other nodes of the salience
network. Given evidence that violence-exposed children
perceive neutral faces as more threatening,24 we contrasted the
fearful faces with scrambled, rather than neutral, faces. We also
tested whether neural reactivity to neutral relative to scrambled
faces was associated with violence exposure to determine
whether differences were speciﬁc to threat cues. With regard to
developmental differences, we expected heightened salience
network activity to fearful faces to be more strongly associated
with maltreatment among adolescent participants than among
younger children. Given limited published ﬁndings on the
nature of amygdalaprefrontal connectivity differences in
relation to violence exposure in adolescents, we did not have
directional hypotheses about differences in amygdalamPFC
connectivity as a function of violence exposure or interactions with age. Finally, we predicted that alterations in
neural circuitry underlying response to threatening stimuli
would be a mechanism linking violence exposure to increases
in the general psychopathology factor (p factor) over time.
METHOD
Participants

Participants were 160 children and adolescents between the
ages of 8 and 17 years who were living in the Seattle, WA,
area. Youths and caregivers were recruited for participation
at schools, after-school and prevention programs, adoption
programs, food banks, shelters, parenting programs, medical
clinics, and the general community in Seattle between
January 2015 and June 2017. Recruitment efforts were
targeted at recruiting a sample with variation in exposure to
maltreatment-related trauma. To do so, we recruited from
neighborhoods with high levels of violent crime, clinics that
served a predominantly lowsocioeconomic status (SES)
catchment area, and agencies that work with families who
have been victims of violence (eg, domestic violence shelters, programs for parents mandated to receive intervention
by Child Protective Services). Exposure to violence and
other inclusion and exclusion criteria were assessed during
the ﬁrst study visit. Inclusion criteria for the violenceexposed group included exposure to physical or sexual
abuse or direct witnessing of domestic violence. Children in
the control group were matched to children in the violenceexposed group on age, sex, and handedness; inclusion
www.jaacap.org
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criteria required an absence of exposure to maltreatment or
other forms of signiﬁcant interpersonal violence. Exclusion
criteria included IQ <80, presence of pervasive developmental disorder, active psychotic symptoms or mania, active
substance abuse, and presence of safety concerns. Participants who completed the MRI visit also met standard MRI
inclusion criteria (ie, absence of braces, claustrophobia).
Written informed consent was obtained from legal guardians, and children provided written assent. Eleven participants were excluded from further analysis because of
nonresponses to a behavioral check for attention during the
scan or excessive head movement, 10 of whom were
violence exposed. Excluded participants were mostly male
(9 of 11), racial or ethnic minority (9 of 11), and tended to
be younger and to have higher levels of psychopathology
than included participants. A total of 149 participants (76
violence exposed, 73 unexposed) were included in wholebrain and region of interest (ROI) analyses. A total of
122 (59 maltreated) of the 149 participants with usable data
returned for follow-up assessments of psychopathology
approximately 2 years later (82% retention rate). Table 1
lists socio-demographic characteristics of the ﬁnal MRI
sample.
Materials and Measures
Violence Exposure. We used a multi-informant, multi-

method approach for assessing exposure to violence. All
participants completed two interviews with a trained
member of our research team assessing exposure to interpersonal violence: the Childhood Experiences of Care and
Abuse (CECA) Interview25 and the Violence Exposure Scale
for ChildrenRevised (VEX-R).26 The CECA assesses
caregiving experiences, including physical and sexual abuse.
We modiﬁed the interview to ask parallel questions about
witnessing domestic violence (ie, directly observing violence
directed at a caregiver). The VEX-R assesses the frequency

of exposure to different forms of violence. Children are
presented with a cartoon and caption depicting a child of
the same sex witnessing a type of violence (eg, “Chris sees a
person slap another person really hard”) and experiencing
that same type of violence (eg, “A person slaps Chris really
hard”). Children are then asked to report how frequently
they have witnessed or experienced that type of violence (eg,
“How many times have you seen a person slap another
person really hard?” “How many times has a person slapped
you really hard?”) on a Likert scale ranging from 0 (“never”)
to 3 (“lots of times”). We added follow-up questions for
each item that was endorsed to gather additional information (eg, the perpetrator, age of onset).
Children also completed two self-report measures: the
Childhood Trauma Questionnaire (CTQ)27 and the UCLA
PTSD Reaction Index (PTSD-RI).28 The CTQ is a 28-item
scale that assesses the frequency of maltreatment during
childhood, including physical and sexual abuse. The PTSDRI includes a trauma screen that assesses exposure to
numerous traumatic events, including physical abuse, sexual
abuse, and domestic violence, and additionally assesses
posttraumatic stress disorder (PTSD) symptoms.
Caregivers completed three self-report measures: the
Conﬂict Tactics ScaleParent Child Version (CTS),29 the
Juvenile Victimization Questionnaire (JVQ) lifetime caregiver report,30 and the caregiver version of the PTSD-RI.
The CTS includes 22 items assessing caregiver responses
to child disobedience or misbehavior in the past year.
Caregivers indicate how frequently they have used each
strategy (eg, shook him/her) on a Likert scale ranging from
0 (“this has never happened”) to 6 (“more than 20 times in
the past year”) and can also indicate whether they have used
the strategy in the past but not in the last year. The JVQ
includes 34 items assessing exposure to crime, child
maltreatment, peer and sibling victimization, sexual
victimization, and witnessing and indirect violence.

TABLE 1 Distribution of Sociodemographic Factors and Psychopathology by Violence Exposure
Violence-exposed
(n ¼ 76)
Sex (female)
Racial/ethnic minority
Physical neglect

%
55
78
45

Age
Income-to-needs
Violence severity
p factor (baseline)
p factor (follow-up)

Mean
12.92
2.31
7.82
0.575
0.440
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n
42
59
34
SD
2.68
2.36
2.97
0.680
0.889

Unexposed (n ¼ 73)
%
45
32
14
Mean
12.61
5.40
1.79
L0.693
L0.389

n
33
23
10
SD
2.58
2.19
1.70
0.615
0.698

c2
1.13
30.17
15.78

p
.288
<.001
<.001

t
L0.72
L8.00
15.25
12.41
5.95

p
0.476
<.001
<.001
<.001
<.001
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Caregivers endorsed whether their child had experienced
each event in his/her lifetime. Caregivers also completed the
trauma screen included in the PTSD-RI, described above. A
trained interviewer followed up with the caregiver if they
endorsed any form of abuse or domestic violence to gather
additional information about the experience.
Children were classiﬁed as experiencing physical or
sexual abuse if abuse was endorsed by the child (on the
CECA interview, PTSD-RI trauma screen, or above the
validated CTQ threshold) or parent (on the CTS, JVQ, or
PTSD-RI trauma screen). Otherwise, they were classiﬁed as
controls. A total of 69 children (46.3%) experienced
physical or sexual abuse. Interrater reliability was fair to
good for child and caregiver reports (82.0% agreement; k ¼
0.62). Exposure to domestic violence (on the VEX-R
interview or PTSD-RI trauma screen) was determined
based on child report only. A total of 58 children (38.9%)
reported witnessing domestic violence. Overall, 73 participants met criteria for violence exposure, deﬁned as exposure
to physical abuse, sexual abuse, or domestic violence.
A violence severity score was created by summing the
total number of types of maltreatment and violence experienced by the child, including physical abuse, sexual abuse,
domestic violence, and exposure to violence in the broader
community. Each type of maltreatment or violence exposure was coded as present or absent, and these indicators
were summed to create a severity score.

variables were slightly skewed and kurtotic, we used the
robust maximum likelihood estimator (MLR), which uses a
sandwich estimator to arrive at standard errors robust to nonnormality of observations. As assessed by relative ﬁt indices
and factor loadings, both models ﬁt the data well at the
baseline assessment, with a relatively better ﬁt for the bi-factor
model (see Table S1, available online). In the present analyses,
we used the bi-factor model because it is the most commonly
reported general factor model of psychopathology in the
existing literature.16-19
Emotional Face Task. The emotional face task consisted of

2 runs of nine 18-second blocks, during which participants
passively viewed emotional face stimuli. Faces were drawn
from the NimStim stimulus set.34 The “calm” faces from
this dataset were used as neutral expressions, as these expressions are potentially less emotionally evocative than
neutral faces,35 which are perceived as negatively valenced.35
Each run consisted of three blocks of calm, fearful, and
scrambled faces and three ITI blocks displayed in a pseudorandom order that ensured that no block type was displayed
twice in a row. During each block, 36 faces of different
actors expressing the same emotion were displayed for 300
milliseconds each, with 200 milliseconds between faces,
based on prior face-processing tasks.36 Once every run, a
cartoon character appeared on the screen, and respondents
were asked to push a button to ensure that they were paying
attention.

General Psychopathology. As described in detail previ-

ously23 and in Supplement 1, available online, symptoms of
child psychopathology were assessed by both child and parent
report at baseline and about 2 years later at a follow-up visit.
The Children’s Depression Inventory2 was used to measure
depressive symptoms.31 Anxiety symptoms were assessed with
the Screen for Child Anxiety Related Emotional Disorders.32
Attention problems, rule-breaking behaviors, and aggressive
behaviors were assessed on the Youth Self-Report and Child
Behavior Checklist.33 PTSD symptoms were assessed with
the UCLA PTSD Reaction Index (PTSD-RI).28 Following
prior work,17,19 we performed conﬁrmatory factor analysis
(CFA) to test two standard models: a correlated-factors model
specifying Internalizing and Externalizing latent factors, and a
bi-factor model specifying both a General Psychopathology
latent factor (“p”) and residual Internalizing and Externalizing
factors (Figure 1). To ensure that our latent factors were not
being driven by one or more indicators simply because of
measurement differences across psychopathology instruments
(ie, different number of items, scoring, etc), we binned scores
on each indicator into deciles prior to CFA analyses. All CFA
analyses were performed in MPlus version 8.1 (Muthen &
Muthen, Los Angeles, CA). Given that our observed indicator
Journal of the American Academy of Child & Adolescent Psychiatry
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Functional Magnetic Resonance Imaging Data
Acquisition and Preprocessing

Details on magnetic resonance imaging (MRI) acquisition
are described in Supplement 1, available online. Preprocessing and statistical analysis of functional MRI (fMRI)
data were performed in a pipeline using Gnu Make. The
following preprocessing steps were applied: 1) motion
correction followed by slice-time correction in FSL; 2) skullstripping using FSL’s bet tool; 3) despiking using AFNI’s
3dDespike tool; and 4) smoothing with a 6-mm full-widthat-half-maximum kernel using SUSAN in FSL. Outlier
volumes in which framewise displacement exceeded 1 mm,
the derivative of variance in blood oxygen leveldependent
(BOLD) signal across the brain (DVARS) exceeded the
upper fence (above 75th percentile þ 1.5  interquartile
range) or signal intensity was more than 3 SD from the
mean were regressed out of person-level models. Six rigidbody motion regressors and the time-series extracted from
white matter and ventricles were included in person-level
models to reduce noise associated with motion and physiological ﬂuctuations. Person- and group-level models were
estimated in FSL. Following estimation of person-level
www.jaacap.org
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FIGURE 1 Neural Activation During Emotional Face Viewing

Note: Figure depicts signiﬁcant activation in the left lateral (top) and medial (bottom) surfaces of the brain when participants viewed (A) fearful vs scrambled and (B) neutral
vs scrambled faces. dACC ¼ dorsal anterior cingulate cortex: mPFC ¼ medial prefrontal cortex; VVS ¼ ventral visual stream. Please note color ﬁgures are available online.
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models, the resulting contrast images were normalized into
standard space, and anatomical co-registration of the functional data with each participant’s T1-weighted image was
performed using Advanced Normalization Tools (ANTs)
software.37

controlling for p factor at baseline, mediation models with
bootstrapped conﬁdence intervals (10,000 iterations) were
tested using version 2.13 of the PROCESS macro in SPSS,
version 25 (International Business Machines Corporation,
Armonk, NY).39

fMRI Analysis

Amygdala Region of Interest

fMRI data processing was performed using FEAT (FMRI
Expert Analysis Tool) Version 6.00, part of FSL. Regressors
were created by convolving a boxcar function of phase
duration with the standard double-gamma hemodynamic
response function for each phase of the task (fearful, neutral,
and scrambled faces). A general linear model was constructed for each participant. Higher-level analysis was
carried out using FLAME1. We applied cluster-level
correction in FSL (z > 2.3, p < .01) to our models run
in FSL FLAME. We examined differences in BOLD
response during contrasts of interest as a function of
violence exposure in whole-brain analysis.
To investigate study hypotheses, we ﬁrst conducted
whole-brain analyses comparing youths with and without
violence exposure for the contrasts of fear versus scrambled
and neutral versus scrambled faces. Associations of violence
severity with neural activation within the violence-exposed
group were examined using linear regression. We next
tested whether age interacted with violence exposure or
severity to predict neural activation for each contrast. Region of signiﬁcance analyses38 were conducted to identify
the values of the moderator (age) at which the association
between violence and neural function were signiﬁcant.
Mean z-scores were extracted from the functional masks of
regions where signiﬁcant effects were detected. Finally, we
examined the association of average neural activity within
brain regions that were signiﬁcantly associated with violence
exposure as a predictor of the p factor at baseline, controlling for violence exposure, and the p factor at the follow-up
assessment, controlling for p factor at baseline and violence
exposure.
Participant race/ethnicity and income-to-needs ratio
varied as a function of violence exposure and were included
as covariates in all group comparisons. Age and sex were
matched between groups, but were also included as covariates in all regressions within the violence-exposed group.
To evaluate whether the pattern of ﬁndings was speciﬁc to
violence exposure, we conducted sensitivity analyses controlling for exposure to neglect, as measured on the CTQ
Physical Neglect subscale, instead of income-to-needs ratio.
The pattern of results was unchanged (see Supplement 1,
Table S2, available online).
To test whether neural activity mediated the association
between violence exposure and p factor at follow-up,

A bilateral amygdala region of interest (ROI) was extracted
based on the Harvard Oxford subcortical probabilistic
structural atlas, thresholded at 50% probability and warped
back into each subject’s native space. Mean z scores were
extracted from the bilateral amygdala for each contrast for
each participant. We examined differences based on
violence exposure and severity, and interactions with age,
and associations with psychopathology using the same steps
outlined above implemented in R version 3.5.1. To account
for multiple testing, we used a signiﬁcance threshold of p <
.01 for analyses that were run at both the whole-brain level
and using a bilateral amygdala ROI and with violence
exposure as a dichotomous variable and severity of exposure
as a continuous variable (4 tests).
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Functional Connectivity Analyses

We used Psychophysiological Interaction (PPI) analyses to
examine functional connectivity of the amygdala with other
regions while viewing fearful and neutral faces relative to
scrambled faces. We found no differences in amygdala
functional connectivity as a function of violence exposure or
severity, and no age-by-violence interactions. See
Supplement 1, available online for details on PPI analysis
and results.
RESULTS
Descriptive Statistics

Descriptive statistics and distributions of sociodemographic
and psychopathology variables by violence exposure are
summarized in Table 1.
Neural Activation During Emotional Face Viewing

Compared to scrambled faces, both neutral and fearful faces
elicited widespread activation throughout the brain,
including throughout the ventral visual stream, along with
the superior temporal sulcus, amygdala, hippocampus,
bilateral insula, anterior cingulate cortex (ACC), and lateral
and mPFC in whole brain analyses (Figure 1, Table S3,
available online).
Violence-Related Differences in Neural Activation

Violence exposure was associated with decreased activation
to fearful versus scrambled faces in the dorsal ACC (dACC)
(Table 2, Figure 2A) and increased activation in the lateral
www.jaacap.org
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occipital cortex (Table 2) in whole-brain analyses. This effect was speciﬁc to threat cues, as violence exposure was not
associated with dACC activation to neutral versus scrambled
faces. However, violence exposure was associated with
decreased activation to neutral versus scrambled faces in a
cluster spanning dorsomedial PFC and frontal pole
(Table 2, Figure 2B).
Amygdala activation to fearful (B ¼ 0.022, SE ¼
0.210, t ¼ 0.11, p ¼ .916) and neutral faces (B ¼
0.068, SE ¼ 0.195, t ¼ 0.35, p ¼ .730) relative to
scrambled faces did not differ between violence-exposed
and control children. Within the violence-exposed
group, the severity of violence exposure was associated
with decreased amygdala reactivity to fearful versus
scrambled faces (B ¼ 0.082, SE ¼ 0.041, t ¼ 2.01,
p ¼ .049) but not neutral versus scrambled faces
(B ¼ 0.015, SE ¼ 0.039, t ¼ 0.39, p ¼ .696).
However, the association between violence exposure
severity and amygdala reactivity was not signiﬁcant after
correcting for multiple comparisons.
Age-Related Variation in Associations of Violence With
Neural Activation

Neural activation to fearful versus scrambled faces was
positively associated with age in whole-brain analyses in a
cluster centered in the bilateral hippocampus (4,374 voxels;
peak x, y, z ¼ 26, 32, 6, z ¼ 4.46) and occupying
portions of the bilateral thalamus, lingual gyrus, and precuneus. Age was not associated with neural activation to
neutral versus scrambled faces. Amygdala response to fearful
versus scrambled faces was unrelated to age (B ¼ 0.043, p ¼
.178) and increased with age to neutral versus scrambled
faces (B ¼ 0.061, p ¼ .037). However, the association
between amygdala reactivity and age was not signiﬁcant
after multiple comparison correction. No age-by-violence

interactions were observed in whole-brain analyses or in
the amygdala ROI.
Neural Function and Psychopathology

Neural activation to fearful versus scrambled faces in the
dACC cluster associated with violence exposure was not
related to p factor at baseline, controlling for violence
exposure (B ¼ 0.0138, p ¼ .847), but did signiﬁcantly
predict “p” at the longitudinal follow-up, controlling for “p”
at baseline and violence exposure (B ¼ 0.186, p ¼ .031).
In mediation analysis, there was a signiﬁcant indirect
effect of violence exposure on p factor at follow-up, via
lower dACC activation, controlling for p factor at baseline
(b ¼ 0.0351, 95% CI ¼ 0.00350.0970), suggesting that
lower dACC activation mediates the association between
violence exposure and increases in psychopathology transdiagnostically (Figure 3). Neural activation to neutral versus
scrambled faces in the dmPFC cluster associated with
violence exposure was not related to p factor at baseline
(B ¼ 0.0170, p ¼ .766) or follow-up (B ¼ 0.0459,
p ¼ .496).
DISCUSSION
This study examined neural activation to fearful and neutral
faces among youths exposed to violence, along with ageand sex-matched controls. Youths exposed to violence
exhibited lower dACC activation when viewing fearful and
neutral faces than those who had not experienced violence.
Lower dACC activation when viewing fearful faces predicted increases in the general psychopathology (“p”) factor
2 years later and mediated the association between violence
exposure and increases in p. Contrary to hypotheses, neither
amygdala reactivity nor amygdalamPFC connectivity
differed between youths with and without violence exposure. In fact, violence severity was associated with lower

TABLE 2 Brain Regions With Signiﬁcant Differences in Activation Based on Violence Exposure
Voxels
Peak (x, y, z)
Fear > scrambled, VL > VD
1,985
6, 4, 40
16, 60, 8
L26, L78, 16
L8, L76, L12
Calm > scrambled, VL > VD
1,970
14, 64, 10
6, 54, 32
44, 24, 44
1,501

Region

BA

Peak voxel z score

Anterior cingulate cortex
Frontal pole
Fear > scrambled, VD > VL
Lateral occipital cortex
Lingual gyrus

24
9

4.61
3.85

31
18

4.05
3.02

Frontal pole
Superior frontal gyrus
Middle frontal gyrus

9
6
8

4.54
3.82
3.64

Note: BA ¼ Brodmann area; peak (x, y, z) ¼ Montreal Neurological Institute (MNI) coordinates for the voxels with the highest coefﬁcients within each
cluster as well as subcluster local maxima; Vþ ¼ violence exposure, V ¼ no violence exposure.

1280

www.jaacap.org

Journal of the American Academy of Child & Adolescent Psychiatry
Volume 59 / Number 11 / November 2020

NEURAL PROCESSING OF THREAT

FIGURE 2 Violence-ExposureRelated Differences in Neural Activation to Emotional Faces

Note: Youths exposed to violence had less activation than control youths in distinct regions of medial prefrontal cortex in response to (A) fearful vs scrambled and (B) neutral vs
scrambled faces. dACC ¼ dorsal anterior cingulate cortex; dmPFC ¼ dorsomedial prefrontal cortex; SFG ¼ superior frontal gyrus. Please note color ﬁgures are available online.
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FIGURE 3 Mediation of the Effect of Violence Exposure on p Factor by Lower Dorsal Anterior Cingulate Cortex (dACC)
Activation

Indirect effect = .0351
95% CI = .0035-.0970

dACC
-.22
Violence
exposure

-.16
-.05 (-.01)

p factor
(follow-up)

.69
p factor
(baseline)
Note: Model used to test the indirect effects of violence exposure on psychopathology (p factor) at follow-up, via lower dACC activation, controlling for baseline psychopathology. Standardized coefﬁcients are shown. Solid lines indicate signiﬁcant paths; dotted lines indicate nonsigniﬁcant paths.

amygdala reactivity among violence-exposed youths,
although this association was not signiﬁcant after accounting for multiple comparisons. Overall, ﬁndings suggest that
violence exposure inﬂuences the function and development
of key nodes within the salience network, with implications
for the emergence of psychopathology across adolescence.
Reduced dACC reactivity to faces was observed in
violence-exposed adolescents. This brain region is a key
node in the salience network6 and has been theorized to
play a role in action selection in emotional contexts.40
Trauma is associated with greater engagement of this region during explicit processing of angry faces, suggesting a
heightened salience response.41 Conversely, greater disengagement of dACC occurs when attention is directed away
from threat-related cues, as has been demonstrated during a
dot-probe task.42 Reduced engagement of dACC during
emotion processing among violence-exposed youths when
attention is not constrained may therefore reﬂect greater
attentional avoidance of threat-related cues. Although this
type of attentional avoidance may reduce distress in the
short term, it may contribute to fear generalization over
time.43 However, these interpretations remain speculative,
given the absence of behavioral data on attentional mechanisms in our study.
Although patterns of neural function have been argued
to contribute to the generalized psychopathology factor (p
factor),20 few empirical studies have examined this issue.
Here, we provide novel evidence that reduced dACC activation in response to threat cues predicts increases in p
factor over time during adolescence, and mediates the association of violence exposure with increases in p. Reduced
dACC activation during emotional processing has
1282
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previously been reported in PTSD44 and externalizing
problems.45 If reduced engagement of dACC in response to
fearful faces among violence-exposed youths indeed reﬂects
greater attentional avoidance of threat-related cues, this may
contribute to increased risk for transdiagnostic psychopathology, given that avoidance, as an emotion regulation
strategy, is associated with increased risk for psychopathology transdiagnostically.46
Amygdala reactivity did not vary as a function of
exposure to violence. Furthermore, within the violenceexposed group, violence severity was negatively associated
with amygdala reactivity, although this association was not
signiﬁcant after correction for multiple comparisons. This is
surprising, given that amygdala hyperreactivity is typically
observed among violence-exposed youths.3,4 In fact, in this
same sample, elevated amygdala reactivity was observed
during a task involving passive viewing of negatively
valenced images over a longer presentation interval (610
seconds) (J.L. Jenness et al., unpublished, 2020). It is
possible that the divergent ﬁndings in this case are attributable to task design. Emotional face paradigms used in
most studies of adversity constrain attention either implicitly, by requiring participants to attend to the gender of the
face, or explicitly, by requiring participants to attend to the
emotion of a face presented for several seconds. The present
study’s paradigm did not constrain attention because of
evidence that attentional constraints due to task demands
produce lower amygdala activation,47 and faces were displayed for only 300 milliseconds. A prior study found that
adults exposed to childhood adversity had greater amygdala
reactivity to fearful and angry faces when attention was
constrained, but lower amygdala reactivity when it was
Journal of the American Academy of Child & Adolescent Psychiatry
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not.48 This suggests that, when not forced by task demands
to engage with emotional cues, individuals exposed to
adversity may avoid the processing of emotional information by redirecting attention elsewhere. Indeed, attention
bias away from threat cues is associated with abuse severity
among maltreated children.49 Moreover, in a recent paper
from this sample, violence exposure and severity were
associated with attention bias toward threat in children that
shifted to an attention bias away from threat in adolescents.23 It may be that an increasing capacity to regulate
reactivity to threat through top-down inhibition and
attention modulation allows adolescents to inhibit processing of emotional information as an adaptation to severe
violence exposure.
This study had several strengths, including a wellpowered sample recruited to ensure sufﬁcient variability in
age and violence exposure, and integration of multiple
measures of violence exposure and psychopathology from
both youths and parents. However, some limitations
constrain interpretation and suggest directions for future
research. Because this sample was recruited for high levels of
violence exposure, and because violence exposure and
neglect frequently co-occur, experiences of neglect were
considerably more common in the violence-exposed group,
with very few youths experiencing neglect but not violence
exposure. This diminishes our ability to determine the
speciﬁcity of violence exposure. However, results were
largely unchanged when we controlled for neglect. Moreover, violence exposure in the home environment occurs
within a broader ecological context. The nature of that
context is not the same for all children exposed to violence,
nor would the same environment be experienced in the
same way by violence-exposed and unexposed youth. A
more complete understanding of how childhood adversity
inﬂuences children’s development and functioning requires
a more complex ecological transactional approach.50 Next,
although a general check for attention was included within
the task, how adolescents directed their attention during the
task was unclear, and may have been informative in interpreting the unexpected ﬁndings. Future work using eye
tracking is necessary to support our interpretation of
attentional avoidance in the violence-exposed group in the

presence of emotionally evocative stimuli. Finally, although
psychopathology was measured longitudinally, and we
found that dACC activity predicted “p” at follow-up,
developmental patterns in neural function could only be
inferred through cross-sectional associations between neural
function and age. However, longitudinal follow-up of
neural reactivity to faces and psychopathology in this sample
is currently underway.
During passive viewing of rapidly presented emotional
faces, youths exposed to violence exhibited reduced activity
in the dACC relative to those without a history of violence
exposure, a pattern associated with longitudinal increases in
transdiagnostic psychopathology. Elevated amygdala activity
was not observed among youths exposed to violence. These
results suggest that the nature of the relation between
violence exposure and the neural processing of emotionally
salient cues may vary based on attentional constraints.
When attention is not constrained, reduced engagement of
dACC, a region involved in directing attention in response
to emotionally salient cues, may be a mechanism linking
violence exposure with increased risk for transdiagnostic
psychopathology over time.
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