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with decreased neural connectivity

in emotion regulation and cognitive
control, but not working memory, networks
after accounting for socioeconomic status:
a preliminary study
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Abstract

Previous research has demonstrated behavioral and neural differences associated with experiencing adversity. How-
ever, adversity is unlikely to be a monolithic construct, and we expect that examining effects of more specific compo-
nents such as exposure to violence in the home community will yield more concretely interpretable results. Here we
account for effects of low socioeconomic status (SES) to examine the specific effects of exposure to violence on func-
tional connectivity between brain areas known to be related to emotion regulation and working memory. Decreased
resting state functional connectivity for individuals exposed to high compared to low levels of violence during child-
hood was predicted for two sets of areas: (1) bilateral amygdala with anterior medial regions involved in cognitive
control of emotion, and (2) the right dorsolateral prefrontal cortex (dIPFC) with frontal and parietal regions implicated
in working memory. Consistent with our predictions, increasing exposure to violence was related to decreased resting
state functional connectivity between the right amygdala and anterior cingulate cortex, even after accounting for SES.
Also after accounting for SES, exposure to violence was related to reductions in connectivity between the right dIPFC
and frontal regions, but not with parietal regions typically associated with working memory. Overall, this pattern sug-
gests increased exposure to violence in childhood is associated with reduced connectivity among key areas of the
circuitry involved in emotion regulation and cognitive control, but not working memory. These results offer insight
into the neural underpinnings of behavioral outcomes associated with exposure to violence, laying the foundation for
ultimately designing interventions to address the effects of such exposure.
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Adversity
Background
Both witnessing and being a victim of violence have been
linked to a wide range of adverse effects including detri-
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the neuroimaging work on exposure to violence has uti-
lized experimental manipulations of acute exposure to
violence during, for example, violent video games, video
clips displaying media violence, and images with violent
content [6—8]. Other studies have used various measures
of exposure to violence, such as self-reported violence
in the home or experiences of childhood maltreatment,
to predict task-based [9, 10] and resting-state [11] con-
nectivity in children and adolescents. No studies, to our
knowledge, have explored the cumulative effects of child-
hood exposure to community violence on adult resting
state connectivity of circuits underlying emotion regula-
tion and working memory. Resting state connectivity has
been shown to be a measure of overall brain organiza-
tion and communication between regions [12—14]. Thus,
our study contributes to the literature on the neural cir-
cuitry of adversity by examining the long-term effects of
exposure to violence on well-characterized brain circuits
involved in emotion regulation [15, 16].

Exposure to violence often co-occurs with low socio-
economic status (SES), as well as several other SES-
related factors including maternal deprivation, poor
access to health care, and exposure to noise and toxins
[17]. Research has broadly demonstrated adverse effects
of such factors on affective and cognitive functioning,
including impairments in working memory and emotion
regulation, [17-21]. Despite it being a challenging under-
taking, distinguishing the effects of factors that com-
monly coincide with low SES is essential to determining
how to prioritize intervention efforts. For example, inter-
ventions focused on alleviating poverty may not address
systemic factors, like schooling disparities and exposure
to violence. The use of neuroimaging methods has the
potential to elucidate the neural consequences of specific
factors, such as exposure to violence, thus providing even
more precise information on which to ultimately base the
development of novel interventions. The current study
aims to identify precise differences in resting state con-
nectivity in relation to exposure to community violence,
above and beyond the effects of SES.

Exposure to violence: effects on emotion regulation
circuitry

Adversity, a construct that includes, but is not limited
to, exposure to violence, has been shown to have detri-
mental effects on emotion regulation [20, 22—24]. Task-
based neuroimaging studies demonstrate the effects of
childhood adversity on amygdala reactivity to threat-
ening stimuli [20, 25-27]. Increased responsivity to
threat is thought to be related to decreased regulatory
activity from the prefrontal cortex (PFC) [25], shown to
regulate threat and reward responses by influencing the
amygdala. Specifically, increased amygdala activation
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corresponds to decreased PFC activity [28-32]. Adver-
sity has been linked not only to emotion regulation
deficits and increased amygdala reactivity, but also to
decreased fronto-amygdala connectivity [11, 23, 33—
35], yet to date, few neuroimaging studies have aimed
to disaggregate dimensions of adversity [23]. Neuro-
biological influences, such as increased release of cat-
echolamines, including norepinephrine, are thought to
underly such changes in connectivity [36].

Several studies have shown similar effects from expo-
sure to violence—a subtype of adversity [5, 37]. Behav-
iorally, children who have been exposed to violence
have a decreased ability to regulate negative emotional
responses, resulting in impairments in goal-directed
behavior in the presence of threatening stimuli [3,
38-40]. Neuroscientific research is consistent with
these behavioral findings, with childhood maltreat-
ment and violence exposure in the family shown to be
related to increased neural amygdala response to threat
[41, 42]. Also in line with adversity-induced reduc-
tion in prefrontal-amygdala connectivity, children who
were exposed to physical, sexual, or domestic violence
had reduced activation of the anterior cingulate cor-
tex (ACC) while viewing fearful faces [43], relative to
peers who had not been exposed to violence. The ACC
is involved in a diverse range of cognitive and affec-
tive functions, including, but not limited to, emotion
regulation (e.g. [44, 45], conflict monitoring and error
detection [46-48], and avoidance of threat cues [43].
Moreover, the prefrontal cortex has been shown to be
impacted by adversity. For example, an acute manipu-
lation of violence exposure—playing violent video
games—also corresponded to reduced prefrontal cor-
tex activity during inhibition tasks [49]. Finally, in a
study most comparable to ours, urban youth ages 9-15
who reported having experienced at least one form of
trauma compared to those who reported not having
experienced trauma had less amygdala-prefrontal func-
tional connectivity [11]. However, in that study, the
trauma-exposed group reported lower levels of parental
income, p <0.05 [11]; our study, by contrast, uses linear
regression to account for individual variation in paren-
tal SES. In addition, rather than examining a single
incident of trauma, we regress functional connectivity
with the amygdala seed region on a self-report cumula-
tive measure of childhood exposure to violence. Based
on previous research, we expected childhood exposure
to violence to predict decreased connectivity between
the amygdala and the ACC. Moreover, we predicted
decreased connectivity between the amygdala and the
ACC based on the findings of a meta-analysis that con-
cluded that peak effects of adversity across multiple
studies converged at the ACC [34].
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Exposure to violence: effects on working memory circuitry
Many studies also show that childhood adversity, includ-
ing physical and emotional abuse, is related to deficits in
working memory, among other executive functions [20,
50-52]. Neuroimaging research also tracks with this
behavioral evidence. The dIPFC, along with the dorso-
medial prefrontal cortex (dmPFC) and inferior parietal
cortex, comprise the frontoparietal network [53], which
is involved in working memory and cognitive control [53,
54]. Several studies have demonstrated reduced connec-
tivity in this network in relation to adversity [10, 49, 55,
56].

With regard to exposure to violence, individuals who
experienced abuse during childhood compared to con-
trols had reduced connectivity in the frontoparietal net-
work during a sustained attention task [10]. Adolescents’
self-reported exposure to violence was also linked with
reduced activity in frontoparietal regions during an exec-
utive control task [9]. While these studies have demon-
strated decreased frontoparietal connectivity in relation
to exposure to violence, other findings are mixed. One
influential approach, the dimensional model of adversity
and psychopathology [57], distinguishes between threat,
defined as experiences of threat or harm, and depriva-
tion exposures, defined as the absence of expected social,
physical, and emotional environmental stimulation [57].
This model proposes that threat exposures including
physical abuse, direct community violence, and family
violence abuse, affect emotion regulation; while depri-
vation exposures including low income-to-needs ratio
and parental education affect working memory [57, 58].
One study in line with the model found that depriva-
tion (low parental education and childhood neglect), but
not abuse was related to working memory deficits [55].
Overall, there is evidence that threat exposures including
physical abuse, direct community violence, and family
violence abuse impact emotion regulation; while depri-
vation exposures including low income-to-needs ratio
and parental education impact working memory [57,
58]. However, further evidence is needed to test whether
exposure to violence predicts decreased frontoparietal
connectivity. Our study can help elucidate the specific-
ity of exposure to community violence-related reduc-
tions in frontoparietal connectivity since we measured
both parental SES and exposure to violence. Thus, we can
assess the effects of Exposure to Violence after account-
ing for parental SES. However, since we are using SES
and not directly measuring deprivation, we cannot draw
conclusions about the effects of deprivation.

In the current study, we use a working memory-related
region of the prefrontal cortex (the right dIPFC) as a
seed to test for changes in connectivity with the rest of
the brain as a function of exposure to violence. In line
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with previous research, we expect reduced connectiv-
ity between the right dIPFC seed and parietal regions
involved in working memory, such as the intraparietal
sulcus and surrounding cortex, for individuals with high
compared to low childhood violence exposure. Alterna-
tively, it is possible that we would find no differences in
working memory circuitry based on exposure to violence
and after accounting for SES.

Cognitive control and emotion regulation

The two consequences of adversity considered here—
emotion regulation and working memory—are distinct,
yet related [59-62]. A meta-analysis, for example, iden-
tified overlap between working memory and emotion
regulation networks, such as in the ACC, but also found
distinct regions associated with each domain [44]. These
interrelated domains are both broadly associated with
adversity, yet the research is inconclusive as to whether
each is independently associated with threat vs. depriva-
tion exposures [23, 57].

In the current study, we examine emotion regulation
and working memory networks, using the bilateral amyg-
dala and dIPFC as seeds to test for differences in neural
connectivity related to exposure to violence. We expect
reduced connectivity in these two distinct but related
networks, with both the right dIPFC and bilateral amyg-
dala seeds showing reduced connectivity in medial pre-
frontal regions with increased exposure to violence. As
mentioned previously, we also test for the possibility that
after accounting for SES, exposure to violence will pre-
dict decreased connectivity in fronto-amygdala circuitry,
but not in frontoparietal circuitry.

Current study

Here we examine whether younger adults’ self-reported
exposure to violence during childhood modulates intrin-
sic functional connectivity among emotion regulation
and working memory circuits. Specifically, we examine
the cumulative effects of exposure to violence during
childhood and into early adolescence. We use functional
magnetic resonance imaging (fMRI) to test for specific
neural regions where connectivity differs based on expo-
sure to violence in childhood.

To investigate areas relevant to these functions, in the
current study we chose two seed regions from the amyg-
dala and one seed from the right dorsolateral prefrontal
cortex. We first conducted a group comparison of indi-
viduals exposed to high compared to low levels of vio-
lence. These groups were matched on current SES. A
follow-up analysis was conducted on a subset of partici-
pants who had a more relevant measure of SES—parental
SES. In this second analysis, exposure to violence and SES
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were entered as continuous predictors in a regression on
resting state functional connectivity. This analysis was
completed to confirm that our results demonstrate the
specific effect of exposure to violence above and beyond
childhood SES.

Materials and methods

Participants

Fifty-two right-handed native English speakers were
recruited from the Rutgers University—Newark com-
munity using the following sources: the undergraduate
participant test pool, the Rutgers graduate student list-
serv, Craigslist, social media groups, and flyers posted in
several campus locations. Participants were combined
across five separate studies conducted by the Language
Behavior and Brain Imaging Laboratory, all of which
collected resting state fMRI data in a separate run using
identical acquisition parameters. All participants pro-
vided written informed consent according to Institu-
tional Review Board guidelines and were compensated
$30 per hour for their time in the scanner. Participants
were prescreened to exclude those reporting a history of
traumatic brain injury, psychiatric illness, diagnoses of
learning disabilities, autism, or attention deficit hyperac-
tivity disorder. Participants were also screened based on
self-report for current drug use, cigarette smoking, and
more than moderate alcohol consumption (more than 5
drinks per week).

To address our primary question of interest (connec-
tivity differences related to exposure to violence), we
selected two subgroups based on a median split of their
self-report scores on an adapted version of the Survey
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of Exposure to Community Violence (SECV) [63]. They
were selected for inclusion in one of two groups based
on whether they reported being exposed to high lev-
els of violence during childhood. To isolate the neu-
ral effects of previous exposure to violence, the two
groups were selected to match on multiple relevant vari-
ables. The matching process began with the two initial
groups (HighViol vs. LowViol). Continuous-valued vari-
ables were tested for differences between groups using
between-subjects t-tests, while categorical variables
were tested using chi-square tests. The two groups were
initially matched on all variables except for race, X2 (4,
N=52)=12.36, p=0.01, and current exposure to vio-
lence, t [50] =2.41, p=0.02. Participants were removed
based on characteristics that would generate matched
groups while maximizing sample size. The resulting sam-
ple was N=46. The HighViol group consisted of 23 indi-
viduals, with 7 females; the LowViol group consisted of
23 individuals, with 13 females, X2 (1, N=46)=02.21,
p=0.137. Based on assignment, groups differed sig-
nificantly on self-reported exposure to violence during
childhood, High Violence (M =20.30, SD=5.97), Low
Violence (M=6.0, SD=3.10), t [33]=10.19, p<0.0001.
These are unitless numbers based on a self-report scale,
as described further below. After matching, there were
no reliable differences between groups for the continu-
ous-valued variables of current SES, age, and exposure to
violence during the past year (all p>0.1, Table 1). Groups
were also matched on race, x° (3, N =46) = 6.83, ethnicity,
X (2, N=46)=3.09, and languages spoken (monolingual
vs. bilingual), x* (1, N=46)=0.57 (all p>0.05, Table 1).
Language data for two participants were missing. To

Table 1 Characteristics for participants included in the group comparison

High Violence Low Violence P-value
N=46 23 23
Age 23.70 22.57 0.22
Gender 7 Females 13 Females 0.14
SES current 16.26 (4.58) 16.26 (3.98) 1
SES parental N=12 N=9 0.65

1242 (4.25) 13.33 (4.80)
Exp Viol Current 8.35 (6.19) 543 (4.45) 0.07
Exp Viol Childhood 20.30 (5.97) 6.00 (3.10) <0.001
Languages Spoken (Monolingual vs. 16 monolingual 5 bilingual 14 monolingual 9 bilingual 044
bilingual) Missing: 2
Race 1 Asian 7 Asian 0.08

11 Black 7 Black

6 White 11 White

1 Other 1 Other
Ethnicity 8 Hispanic-Latino 2 Hispanic-Latino 0.07

15 Not Hispanic-Latino

21 Non Hispanic-Latino

Individuals scoring above the median (High Violence) on the adapted version of the Survey of Exposure to Community Violence (SECV) [63] were matched to
individuals scoring below the median (Low Violencnce) on the SECV for the listed variables
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address this issue, the data were imputed with all possi-
ble combinations of language for these two participants;
it was found that regardless of whether those two partici-
pants were monolingual or bilingual, language would still
be matched between groups, all p>0.6. Finally, a power
analysis in R [64] using alpha=0.05 and power=0.80
demonstrated that the sample size (N =46) was sufficient
to detect a medium to large effect (Cohen’s d > 0.8).

For our secondary question regarding the separabil-
ity of these effects from SES, we used a subset of the full
sample that also had parental SES and conducted a linear
regression analysis. Parental SES scores were only avail-
able for a subset because after approximately half of par-
ticipants were recruited, it was determined that a more
specific measure of parental SES, rather than current
SES, would be helpful in identifying the effects of child-
hood exposure to violence above and beyond childhood
SES. As such, a measure of parental SES was collected
in a subset of participants (N=25), of the original full
sample (N =52). For this group, the correlation between
parental SES and current SES was 0.41, p=0.04. In this
sample, the average self-reported exposure to violence
during childhood was 15 (SD=10.47), exposure to vio-
lence during the past year was 7.92 (SD=9.21), the aver-
age age was 21.72 (SD=2.57); 5 participants (20%) were
female. A power analysis in R [64] using alpha=0.05 and
power =0.80 demonstrated that the sample size (N=25)
was sufficient to detect medium to large effect (Cohen’s
2>0.35).

Procedure

Resting-state data were collected at the end of each scan-
ning session (after completion of any experimental tasks).
Participants were told to lie still, look at the fixation
cross, and let their mind wander. For three of the studies,
participants completed relevant questionnaires directly
after the brain scan. For the other three studies, partici-
pants were contacted after they had participated in the
study, and invited to complete the questionnaires online.

Behavioral measures

The Survey of Exposure to Community Violence (Rich-
ters & Saltzman [63]) is a validated self-report measure
that assesses an individual’s incidence of being a victim
of violence (e.g., Have you been hit or punched by some-
one?) as well as witnessing acts of violence (e.g., Have
you heard guns being shot?). The full survey, which con-
sists of 11 items assessing victimization and 35 assess-
ing witnessing violence, has high test-retest reliability
(0.81, Richters & Martinez [65]). In the current study,
we selected a subset of the most relevant items using an
approach similar to Boxer et al. [38]. Two items assessed
frequency of being a victim, and 13 items assessed
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frequency of witnessing violence. Four response choices
are included for each question (1 Yes, many times; 2
Yes, a few times; 3 Yes, once or twice; 4 No.) Responses
were reverse coded, with choice 4 receiving 0 points, and
choice 1 receiving 3 points, etc. This coding scheme was
used so that higher numbers could be straightforwardly
interpreted as more exposure to violence. Two items
asking about helping behavior (e.g., Have other people
helped you with something?) were not scored. Two cop-
ies of the survey were administered to all participants.
For one, participants were asked to base their answers
on their childhood experience during the ages of 3 to
16 years old. Scores on this measure (Childhood expo-
sure to violence) were used as the main predictor in our
analyses. To control for current exposure to violence in
the group comparison, a second copy of the survey was
administered, for which participants were asked to base
their answers on their current experiences, during the
last year.

The Modified Kuppuswamy SES scale was adapted
from Kuppuswamy [66]. It is a three-item measure
assessing education and occupation of the head of
household, as well as per capita income. Seven response
choices were provided for each question, with responses
indicating high SES (e.g. “Professional”) coded as 7, and
low SES (e.g. “Unemployed”) coded as 1. Thus, scores
range from 3 to 21, with lower scores indicating lower
SES (labeled “SES current” in Table 1). After administer-
ing this survey to twenty participants, it was determined
that it would be additionally useful to obtain a measure
of childhood SES, as described above. Therefore, an addi-
tional measure was administered based on the Reserve
Capacity Model [67]. It asked participants to report
household income, employment status, and highest level
of educational attainment of their parent or guardian
(labeled “SES parental” in Table 1). Twenty-five partici-
pants of the full sample (N=52) completed it. The cor-
relation between parental SES and childhood exposure to
violence among the 25 participants who completed it was
— 0.34, p=0.09.

Seed ROI generation

Bilateral amygdala ROIs (see Fig. 1A) were obtained
based on anatomical designations from the Talairach
atlas [68]. The right dIPFC was chosen as an additional
seed based on evidence of adversity-related differences
in connectivity [69], recruitment, [70] and gray mat-
ter differences [71] in the right dIPFC. Additionally, a
focus of our original research was to explore the role of
adversity-related working memory deficits in learning
from negative feedback, which led us to choose a right
dIPEC seed from a feedback learning study [72]. In this
study, recruitment of the right dIPFC was involved in
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y:33,Z=31)

A Left and right amygdala seeds

B Right dIPFC seed

Fig. 1 Seed regions. A Left and right amygdala seeds. B Right dorsolateral prefrontal cortex (dIPFC) seed (centered at Talairach coordinates, x =43,

learning from negative feedback, with involvement
attributed to working memory processes [72], which
is relevant to our current research question. This right
dIPFC ROI (Fig. 1B) was generated by creating a 6 mm
sphere centered on the coordinates from this study
[72] and converted from MNI to Talairach space as
x=43,y=33,z=31[73, 74]. This resulting ROI is part
of the middle frontal gyrus and has been shown to be
involved in working memory across several meta-anal-
yses [75-77], thus confirming its role in working mem-
ory. Notably, the ROI is essentially identical with the
highest-peak right dIPFC result (x =40, y=32, z=30)
from an influential meta-analysis of fMRI studies on
working memory (79; See Additional file 1: Fig. S4 for
results using the ROI from this meta-analysis).

After the three seed ROIs were generated, they were
aligned to each subject’s original resting state functional
image space by inverting the transformation matrix
already calculated for registering the individual images to
group space.

fMRI acquisition and analysis

MRI data were collected on a 3-T Siemens Mag-
netom TrioTim Scanner with a 12 channel head coil
A T1 high-resolution anatomical brain scan was col-
lected for each participant, using a 3-dimensional mag-
netization-prepared rapid gradient-echo (MPRAGE)
sequence, with a TR of 1900 ms (ms) and a TE of
2,52 ms (matrix=256 x 256 voxels, 176 contiguous
1 mm axial slices, field of view, FOV =256 mm, flip
angle=9 degrees). A seven-minute resting state scan of
Blood Oxygen Level Dependent (BOLD) data was col-
lected using a gradient-echo echoplanar imaging (EPI)
sequence (TR=3000 ms, TE=31 ms, FOV =240 mm,

matrix =96 x 96 voxels, flip angle =90 degrees), yielding
140 TRs and 41 oblique axial slices roughly parallel to the
anterior commissure-posterior commissure plane with
2.5 x 2.5 x 2.5 mm voxel size.

All MRI data were preprocessed using the AFNI soft-
ware suite (http://afni.nimh.nih.gov/afni; [73]. Slice tim-
ing and motion correction were applied to the time series
images, and the high-resolution structural scan was then
aligned to these images [78]. The first 6 images in each
run were ignored due to initial saturation. High and low
pass filtering between 0.01 and 0.1 Hz was applied to
the image time series. Signal in the ventricles and white
matter, as well as the global mean, were modeled sepa-
rately as nuisance regressors using the AFNI program for
least squares multiple linear regression, 3dDeconvolve.
The time series for each voxel in a given seed ROI was
averaged to create a single mean time series for that ROI
using the AFNI program 3dmaskave, and entered into
an individual subject whole-brain analysis as the regres-
sor of interest for each subject. Each subject’s anatomi-
cal scan was aligned to the Talairach atlas [79], and this
alignment solution was applied to register each subject’s
image regression results to the same atlas.

Group-level analyses were performed with a two-sam-
ple t-test, using AFNI'’s 3dttest+ +, for each functional
connectivity map of each ROI by comparing between the
groups High Exposure to Violence vs. Low Exposure to
Violence (n=46). These groups were matched on current
SES. As a follow-up, we complete an analysis with expo-
sure to violence as a continuous factor while also includ-
ing childhood SES as a control covariate (which was only
available in a subset of participants, n=25). In this analy-
sis, parental SES and Childhood Exposure to Violence
were entered as predictors into the 3dttest+ + function
in AFNI.
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A brain mask excluding most white matter and cer-
ebrospinal fluid was applied to all resulting images. The
group z-score images were thresholded at a voxelwise
p<0.005, with a cluster extent correction of 532 mm?
(mapwise corrected p<0.05, as determined by the AFNI
program 3dClustSim). Analyses were performed sepa-
rately for the amygdala and dIPFC seed regions.

To extract beta-values (connectivity values) from the
clusters for purposes of plotting, the 3dmerge command
was used to generate thresholded, cluster-corrected
image results of each analysis. The 3dcalc command was
then used to extract specific clusters that were significant
in the relevant whole-brain connectivity analysis, such as
the region of the ACC that showed reduced connectiv-
ity in relation to higher childhood exposure to violence.
Finally, the 3dROlIstats command was used to extract
the mean connectivity value for each subject within the
region corresponding to the cluster.

A conjunction analysis was conducted to determine the
areas of overlap between the results of the right dIPFC
and right amygdala resting state connectivity analy-
ses [80]. The conjunction analysis was run by using the
3dmerge and 3dcalc commands in AFNI to generate two
binary maps of the region of the ACC that resulted from
the regression analysis using the right dIPFC seed and the
right amygdala seed. The 3dcalc command was then used
to multiply these images by each other, such that only
areas of overlap remained.

Results

Amygdala resting state functional connectivity

Group comparison: amygdala seeds

First, we established the overall connectivity patterns for
each group, then contrasted the connectivity between
groups. For both groups, the analysis examining rest-
ing state functional connectivity of the amygdala seed
regions with the whole brain resulted in positive connec-
tivity with numerous regions throughout the brain, not
qualitatively different for the left and right seeds. These
included the medial and orbital frontal cortex, areas of
dorsal frontal cortex (superior frontal gyrus), bilateral
amygdala, parahippocampal gyrus, caudate, temporal
lobe, aspects of both the inferior and superior parietal
lobe, posterior cingulate, insula, and bilateral occipital
cortices (See Additional file 1: Fig. S1).

The contrast of high minus low exposure to violence
was expected to show weaker connectivity for the high
exposure to violence group between the amygdala seeds
and frontal regions involved in cognitive control of emo-
tion, such as the ACC. In line with this hypothesis, the
contrast yielded significantly less connectivity for high-
compared to low-violence exposure between the right
amygdala and the ACC (Fig. 2A, Table 2). The contrast of
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functional connectivity with the left amygdala, however,
showed no significant difference between groups.

Continuous analysis: amygdala seed

The analysis treating exposure to violence as a continuous
variable, statistically controlling for parental SES, showed
similar results to the categorical analysis above. Increas-
ing levels of exposure to violence significantly predicted
decreasing connectivity between the right amygdala and
the ACC, (see Fig. 2B, Table 2). Results were similar with
the left amygdala seed, where higher exposure to violence
predicted lower connectivity with the ACC, bilateral
putamen, and right dIPFC (see Fig. 2C, Table 2).

A post-hoc resting state connectivity analysis was con-
ducted on the entire sample (N=52) and using the same
amygdala seeds, but with current, instead of parental,
SES entered as a covariate. As in the main regression
analysis, exposure to violence was entered as the predic-
tor variable. This analysis showed that after accounting
for current SES, increasing exposure to violence pre-
dicted decreased connectivity between the left amygdala
and thalamus (Additional file 1: Fig. S2A), and between
the right amygdala and the left anterior middle temporal
gyrus (Additional file 1: Fig. S2B).

Right dorsolateral PFC seed resting state functional
connectivity

Group compatrison: right dIPFC seed

For both the groups, exposed to low and high levels of
violence, the analysis examining resting state functional
connectivity between the right dIPFC seed region and the
whole brain resulted in positive connectivity with the lat-
eral, dorsolateral, and dorsomedial frontal cortex, insula,
thalamus, putamen, precuneus, bilateral inferior and
superior parietal lobules, and bilateral occipital lobe.

The contrast of high minus low exposure to violence
revealed significant decreased connectivity between the
right dIPFC seed and the cortex surrounding the left IPS,
left inferior frontal gyrus, ACC, bilateral vIPFC, and left
insula (see Fig. 3A, Table 3).

Continuous analysis: right dIPFC seed
The continuous analysis with the right dIPFC seed, statis-
tically controlling for parental SES, yielded results largely
compatible with but more spatially extensive then the
discrete group analysis. With increasing reported child-
hood exposure to violence there was decreasing con-
nectivity between the right dIPFC and the ACC, vmPFC,
left angular gyrus, left caudate, and the bilateral anterior
temporal lobe (see Fig. 3B, Table 3).

As with the amygdala seeds, another post-hoc regres-
sion analysis was conducted using the right dIPFC seed,
on the entire sample (N=52), with current SES as a
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Fig. 2 Functional connectivity results from the right amygdala seed. A The contrast of resting state functional connectivity with the right amygdala
seed for High Violence—Low Violence. B Continuous analysis of exposure to violence controlling for parental SES and with right amygdala seed
connectivity. C Continuous analysis of exposure to violence controlling for parental SES and with left amygdala seed connectivity
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Table 2 Talairach coordinates of the resting state functional connectivity analyses with the amygdala seeds
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Location of extreme point

Cluster size (ul)

X

y

z

Peak z statistic

Contrast of high—low exposure to violence for right amygdala seed

HighViol> LowViol
No significant activations
LowViol > HighViol

Right temporal pole 866
Left temporal cortex 738
L inferior temporal gyrus
L parahippocampal gyrus
Anterior cingulate 552
Left putamen 538

Continuous analysis of exposure to violence controlling for parental SES with right amygdala seed connectivity

Increased connectivity with increased violence scores:
No significant activations
Decreased connectivity with increased violence scores:

Left red nucleus 1249
Right anterior cingulate 1149
Right middle frontal gyrus 1079
Cerebellum 861
Right caudate 788
Right insula 704
Right superior frontal gyrus 608
Left cerebellum 591

Continuous analysis of exposure to violence controlling for parental SES with left amygdala seed connectivity

Increased connectivity with increased violence scores:

Cerebellum

715

Decreased connectivity with increased violence scores:

Right caudate 4220
Right anterior cingulate cortex 1867
Anterior cingulate cortex 1180
Right superior frontal gyrus 918
Left cerebellum 874
Cerebellum 662

26 —15 - 18 357
—56 —-20 —18 4.19
— 28 -2 — 26 3.68

1 32 17 358

- 20 -8 1 411
-6 - 20 -9 4.14
5 27 19 335

23 5 38 4.30

1 — 58 — 31 4.04

1 10 1 3.82

31 13 3 3.75

23 32 33 3.60
—-35 —55 —26 354

24 —-30 —48 354
—-25 —69 —43 351

8 1 6 502

15 32 7 4.09

4 26 19 379

26 50 30 383

— 16 — 56 - 31 493
1 —43 —30 4.23

covariate instead of parental SES. This analysis showed
that after accounting for current SES, increasing exposure
to violence predicted decreased connectivity between the
right dIPFC seed and the bilateral anterior middle frontal
gyrus and bilateral IPS (see Additional file 1: Fig. S3).

Conjunction analysis

In viewing the results of the continuous analyses from
the right dIPFC and amygdala seeds, it appeared that a
region of the ACC showed reduced connectivity with
both the right dIPFC and the right amygdala seeds with

higher reported childhood exposure to violence. To con-
firm this, a conjunction analysis [80] was run to deter-
mine whether there was spatial overlap. We binarized the
map for the two resulting maps of the two seed regions
and determined their intersection. This resulted in over-
lap region of 159 of voxels in the ACC (see Fig. 4).

Discussion

Childhood adversity, including exposure to abuse, his-
tory of trauma, and deprivation of typical environmental
experiences, has been shown to be related to differences
in regulation of affect and cognition [20, 23, 26, 81, 82].
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Fig. 3 Functional connectivity results from the right dIPFC seed. A The contrast of resting state functional connectivity with the right dIPFC seed for
High Violence—Low Violence. B The results of the continuous analysis using the right dIPFC seed, regressed on Exposure to Violence scores

The results of the current study suggest that, after con-
trolling for SES, exposure to violence during development
is specifically related to differences in neural circuits
associated with emotion regulation and cognitive control.
In particular, participants reporting high, compared to
low, levels of exposure to violence during childhood dem-
onstrated less functional connectivity between amygdala

and prefrontal regions, particularly the ACC, implicated
in emotion regulation [34, 47]. In a different analysis that
specifically accounted for parental SES, higher reported
violence predicted less connectivity between the amyg-
dala and prefrontal regions such as the ACC. The results
of our right dIPFC connectivity analysis were less clear.
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Table 3 Talairach coordinates of the resting state functional connectivity analyses with the right dIPFC seed
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Location of extreme point Cluster size (ul) X y z Peak z statistic
Contrast of high—low exposure to violence for right dIPFC seed
HighViol > LowViol

No significant activations
LowViol > HighViol
Left middle frontal gyrus 2537 —15 41 15 3.80
Left inferior parietal sulcus 1926 —42 —31 39 4.35
Right superior frontal gyrus 897 23 50 7 3.80
Right anterior cingulate cortex 847 13 15 24 453
Left caudate 634 -19 20 8 3.04
Right cerebellum 571 35 —50 —35 443
Left inferior temporal gyrus 552 — 45 — 37 —10 3.79
Continuous analysis of exposure to violence controlling for parental SES with right dIPFC seed connectivity
Increased connectivity for increasing violence
No significant activations
Decreased connectivity for decreasing violence
Frontal cortex 22,445
Orbitofrontal cortex 0 59 -9 469
R middle frontal gyrus/Ventrolateral PFC 27 51 13 4.57
L middle frontal gyrus/Ventrolateral PFC —-29 53 12 4.53
Left precuneus 5484 -1 —47 34 395
Left middle temporal gyrus 4712 —45 -6 —15 4.74
Right superior temporal gyrus 3992
R superior temporal gyrus/R temporal pole 44 22 —18 4.11
R superior temporal gyrus 56 —16 -3 342
Left middle temporal gyrus 2638 — 54 — 21 1 4.04
Left angular gyrus 2284 — 38 —-59 33 4.55
Right middle frontal gyrus 725 32 17 47 379
Left caudate 587 —-22 3 24 -390

Overlap in ACC between dIPFC and right amygdala connectivity analysis

Fig. 4 Results of the overlap analysis. This region of the ACC showed reduced connectivity to the right dIPFC seed and the right amygdala seed in
relation to high childhood exposure to violence
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While the group comparison demonstrated decreased
connectivity between the right dIPFC and intraparietal
sulcus, our second analysis, which accounted specifically
for parental SES, showed decreased connectivity between
the right dIPFC and a different parietal region, the angu-
lar gyrus (AG). Our results suggest that exposure to
violence (seeing and hearing about violent acts) during
development, after accounting for SES, is related to dif-
ferences in adult neural circuitry relevant to both affec-
tive and cognitive functioning.

Amygdala connectivity

Our current finding of decreased connectivity between
the right amygdala and the rostral ACC for individu-
als exposed to high compared to low levels of violence
is consistent with previous evidence of reduced prefron-
tal-subcortical connectivity resulting from acute [83]
and chronic stress [11, 22, 84, 85]. It is also in line with
adversity-induced increases in sensitivity to threat [56,
86, 87], which is thought to be related to decreased regu-
lation of subcortical regions, like the amygdala, by pre-
frontal control regions [24, 25, 34, 88—92]. Our finding
of decreased connectivity between amygdala and rostral
ACC for individuals exposed to high levels of violence
is also consistent with structural brain findings, such as
adversity-related lower integrity of white matter tracts
connecting frontal with medial temporal regions [93,
94] and reduced gray matter volume in the frontal cortex
among children exposed to domestic violence [95].

The results of the continuous analysis on the subset of
participants with parental SES scores substantiates these
findings and lends additional support to the conclusion
that exposure to violence predicts reduced amygdala-
ACC connectivity, above and beyond the effects of SES.

Therefore, while both low parental SES and exposure to
violence represent subtypes of adversity, the contribution
of the current study is to begin to decompose the con-
struct of adversity into components, showing that early
exposure to violence has an independent impact on emo-
tion regulation circuitry. Further, reduced connectivity
with higher reported violence exposure offers evidence
of a continuous, compounding effect of chronic exposure
to violence rather than an “all-or-nothing” type effect
related to an exposure threshold.

Finally, our findings are also consistent with a meta-
analysis demonstrating that decreased connectiv-
ity between the amygdala and the rostral ACC, rather
than the vimPFC, is related to adversity [34]. Our study
contributes to the literature in that it offers additional
evidence of the specificity of the role of the ACC in stress-
induced decreases in fronto-amygdala connectivity.
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Dorso-lateral prefrontal cortex connectivity

The contrast of resting state functional connectivity
maps between the high compared to low violence expo-
sure groups showed decreased connectivity between the
right dIPFC seed and the bilateral IPS, left inferior frontal
gyrus, ACC, bilateral vIPFC, and left insula. The dIPFC
and IPS have previously been shown to be involved
in working memory [75, 96] among other cognitively
demanding tasks [97]. While our group analysis showed
reduced right dIPFC-IPS connectivity for the group
exposed to high violence, the continuous analysis on the
subset of participants with parental SES scores (N=25)
revealed a somewhat different pattern. Specifically, after
accounting for SES in the continuous analysis, the right
dIPFC no longer showed reduced connectivity with the
IPS for higher exposure to violence. Thus, standard work-
ing memory circuitry was not related to exposure to vio-
lence after accounting for SES.

Several studies show working memory deficits and
reduced frontoparietal connectivity related to adver-
sity [69, 87, 98, 99]. However, the dimensional model of
adversity and psychopathology suggests that working
memory deficits may be specific to deprivation-related
adversity, but not threat-related adversity [58, 100]. The
results of our dIPFC connectivity analysis lend support to
this, as dIPFC-IPS connectivity was no longer significant
after accounting for SES.

In addition to stress-induced decreases in frontopa-
rietal connectivity, adversity-related differences have
also been shown across frontal regions [26, 40, 100]. In
fact, a meta-analysis found decreased volume in frontal
regions across several subtypes of adversity, including
sexual abuse, emotional maltreatment, and neglect [101].
Another meta-analysis found reduced grey matter vol-
ume in the right dIPFC as well as the amygdala among
those who had experienced childhood trauma [71]. Such
reductions in dIPFC volume may underlie reduced con-
nectivity [102]. Overall, the results of our dIPFC resting
state connectivity analysis are in line with this research,
as both the group comparison and continuous analysis
demonstrated reductions in connectivity across fron-
tal regions for higher reported childhood exposure to
violence.

In the continuous analysis, decreased dIPFC—AG, but
not dIPFC—IPS, functional connectivity was found with
increasing levels of exposure to violence after account-
ing for a more precise measure of SES—parental SES.
While this finding was not predicted, it is consistent
with another study showing that exposure to violence
predicted reduced activity in a region outside of IPS,
but within the posterior parietal lobe during an inhibi-
tion task among adolescents [9]. More broadly, it is also
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in line with literature on emotion regulation circuitry.
Since childhood adversity has been shown to predict
emotion regulation [11, 89], such findings seem relevant
here. One study, for example, found decreased gyrifica-
tion, shown to underly connectivity differences [103],
in the AG for participants with emotion regulation dif-
ficulties [104]. Another meta-analysis suggests that the
dIPEC is involved in regulation of emotion and the AG
in execution of emotion regulation [16]. The results of
our regression analysis are in line with research showing
that violence exposure, but not poverty, was associated
with emotion regulation difficulties; and poverty, but
not violence, is associated with cognitive control deficits
[105]. Moreover, both forms of adversity were related to
decreased inhibition under emotional conditions [105].
Thus, while decreasing dIPFC-AG connectivity for higher
exposure to violence was not predicted, it lends support
to the proposition that exposure to violence alters con-
nectivity in emotion regulation circuitry—fronto-amyg-
dala and frontal-AG—but not working memory itself
(fronto-IPS). Such results warrant further attention to
distinct aspects of the parietal lobe in follow-up studies.
Finally, in both the grouped comparison and the con-
tinuous analysis, the dIPFC showed less connectivity
with the ACC with increasing levels of exposure to vio-
lence. Previous research has shown that the dIPFC medi-
ates the relationship between the ACC and the amygdala
[30, 106], and thus is relevant to the emotion regulation
circuit. The results of our connectivity analysis with the
dIPFC seed suggest that while exposure to violence may
not account for decreased connectivity in working mem-
ory circuitry, it may account for decreased connectivity
in a broad network associated with emotion regulation.

Amygdala and dIPFC connectivity differences converge

in the ACC

Both the right amygdala and right dIPFC seed connectiv-
ity analyses showed reduced connectivity with the ACC—
with a spatial overlap between the analyses. The right
dIPFC seed was chosen because of its role in working
memory, and the right amygdala for its association with
the threat response. Results of our connectivity analyses
in the ACC point to it being at the intersection of cog-
nitive and emotional control. In line with this interpre-
tation, the ACC has been implicated in the regulation of
both cognitive and emotional processing [47, 107—109].
Moreover, the ACC has been shown to influence limbic
regions [48, 110-112], and to be involved in the appraisal
and regulation of negative emotions [111]. Other related
work suggests that emotion regulation depends upon the
interaction between prefrontal—cingulate and cortical—
subcortical circuitry [48, 113].
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The results of our analyses are in line with this pro-
posal and offer evidence that dIPFC-ACC connectivity
may be related to decreased amygdala-ACC connectivity.
Importantly, since SES was accounted for in the continu-
ous analysis, this study offers evidence that both cortical
and subcortical circuitry differences are specific to threat
exposure above and beyond other effects of SES. Overall,
while the results do not support threat-related differences
in working memory circuitry, they do support threat-
related differences across frontal regions, which may
in turn be related to the emotion regulation circuitry.
However, considering our analyses included resting state
data without corresponding affective or cognitive meas-
ures, we cannot interpret results as specifically relating
to a particular affective or cognitive process. Moreover,
various functions are associated with the ACC, including
effortful and attentional control [16, 114], conflict moni-
toring [115], error detection [47, 116], and emotion regu-
lation [16, 34, 47, 117]; and thus, a single process cannot
be assumed to be related to connectivity differences.
However, given impaired emotion regulation among indi-
viduals affected by threat exposures [11, 39, 40, 58, 118];
relationship between ACC and adversity [34, 119, 120];
and evidence for the role of the ACC in the processing of
negative emotion and effects on limbic regions [111], it
is plausible that adversity-related differential connectiv-
ity between the ACC and amygdala would correspond to
cognitive regulation of emotion.

Threat vs. deprivation exposure

Our continuous analysis with parental SES as a covariate
confirmed that decreased right amygdala-ACC connec-
tivity is associated with childhood exposure to violence
even after accounting for SES. These results are consist-
ent with the dimensional model of adversity (cite 53,95),
which suggests that threat exposure but not deprivation
per se is related to decreased right Amygdala-ACC con-
nectivity. However, while deprivation is a broad construct
related to the absence of expected environmental input
[57], we measured SES, which may or may not capture
some of the individual variation in deprivation exposure.
Specifically, our measure of parental SES was comprised
of parental income, education, and employment. Other
sources of deprivation that could have been measured
include neglect. Additionally, it is possible for an indi-
vidual to report low parental SES, but to have had suf-
ficient supports (community, extended family, etc.) such
that low SES did not correspond to deprivation. As such,
parental SES is not an explicit measure of deprivation
and thus we cannot draw conclusions about the effects
of deprivation on neural connectivity. Given the lack of
an explicit measure of deprivation, caution should also
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be taken when interpreting our results as being uniquely
related to threat exposures. Thus, although our results
are seemingly consistent with the dimensional model of
adversity and psychopathology [58, 82], further studies
are needed to substantiate this claim. What we can state
is that our study offers evidence that exposure to vio-
lence affects right amygdala-ACC connectivity above and
beyond the effects of parental income, education, and
employment.

Lastly, our post-hoc analyses accounting for current,
instead of parental SES, might lend support to future
studies exploring the role of current SES in moderat-
ing effects of childhood exposure to violence. Specifi-
cally, analyses of current SES using the amygdalae as
seed regions (Additional file 1: Fig. S2) showed essen-
tially null results with respect to our hypotheses, engag-
ing no frontal lobe circuitry. The results of the analysis
with the right dIPFC seed and current SES as a covari-
ate were consistent with the results of our discrete con-
trast analysis between high and low exposure to violence
groups, which matched groups for SES overall, without
specifically distinguishing current from parental SES.
Both results showed that increased exposure to violence
predicting decreased right dIPFC—left IPS connectiv-
ity. Caution is warranted in interpreting this apparently
convergent result, however, in that the discrete contrast
result (Fig. 3A) showed anterior IPS connectivity with
right dIPFC, while the continuous analysis of current
SES (Additional file 1: Fig. S3) showed a more posterior
IPS result, with additional connectivity in the right IPS.
The current SES analyses should also be interpreted with
caution given difficulties in measuring SES among col-
lege students [121]. They do, however, lend support to
future studies exploring mitigation of childhood expo-
sure to violence effects by current SES. With regards to
the dimensional model of adversity [58, 82], future stud-
ies might aim to pinpoint effects of timing of threat and
deprivation exposures.

Implications
Here we have shown that individuals exposed to high
levels of violence during childhood have decreased con-
nectivity between the right amygdala and the ACC. In
previous studies, decreased connectivity between ACC
and the amygdala has been shown to be related to impair-
ments in regulation of threat response [35, 91, 92]. Thus,
if individuals affected by adversity have less connectivity
between the ACC and the right amygdala, they may also
be less able to regulate attention and emotional reactions
to negative or threatening information.

Previous studies have operationalized adversity as
having experienced childhood trauma, such as physical
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or emotional abuse; or having experienced deprivation
related to, for example, being raised in an institution [21,
26, 43, 57, 82, 122—125]. Others have looked at effects
of SES [17]. Our study, however, is unique in that we
examine brain differences related to self-reported child-
hood exposure to violence. In the Exposure to Commu-
nity Violence survey we administered, 13 out of 15 of the
items corresponded to witnessing violent events, such
as seeing someone shot with a firearm, seeing people
with guns or knives in one’s neighborhood, seeing peo-
ple be hit or pushed, and seeing people break windows
on cars or buildings. Only two items related to being a
victim (Have you been hit or pushed by someone? Have
other people threatened to hurt you?). With composite
scores generated by adding responses to the 15 items,
it is inevitable that scores largely represent exposure to,
rather than being a victim of, violence. Although the
two constructs are likely correlated with each other, our
study offers evidence that decreased frontal and fronto-
limbic connectivity may be related to “mere” exposure to
violence. Moreover, our study confirms that such differ-
ences in brain connectivity hold even after accounting for
parental SES.

The lack of significant relationship between exposure
to violence and connectivity between dIPFC and IPS,
after accounting for SES, suggests that working memory
deficits may not be related to exposure to violence per
se, but may be related to other factors that commonly
coincide with such exposure. The results of the conjunc-
tion analysis suggest that interventions targeting dIPFC-
ACC connectivity may serve to buffer against effects of
violence exposure on fronto-limbic circuitry. This is in
line with previous studies showing, for example, that
real-time fMRI neurofeedback was effective in increas-
ing dIPFC-ACC connectivity and reducing anxiety for
highly anxious individuals [126]. Viewed in light of the
current results, this neurofeedback intervention may
also be promising for individuals affected by exposure to
violence.

Limitations

This study offers insight into the neural connectivity
associated with exposure to violence. We are, however,
aware of several limitations. For one, exposure to violence
is typically higher in neighborhoods of lower SES [127],
and SES has been shown to correlate with multiple other
environmental factors, such as exposure to environmen-
tal toxins [128]. Although SES was matched in our study,
it is possible that other factors which co-occur with
SES may also have differed between the groups. Expo-
sure to violence may also affect other outcomes, such as
level of physical activity [129], and perceptions of social
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cohesion among neighbors [127]. As such, it may be that
differences in connectivity between groups is attribut-
able to other violence- or low SES-related factors such as
neglect. Exposure to violence may also be correlated with
drug use and addiction [130]. However, in our sample,
participants were prescreened based on self-report for no
previous drug or alcohol abuse treatment, no current use
of recreational drugs, and minimal alcohol consumption
and/or cigarette smoking.

There were additional behavioral measures of potential
interest, such as perceived stress, working memory abili-
ties, and aggressive behaviors, that were not measured in
this study. Thus, it cannot be concluded that the effects
of exposure to violence are the same as, or different from,
the effects of these variables. Further, the adapted version
of the SECV [63] used in our study does not distinguish
between exposure to family or partner violence com-
pared to neighborhood violence. Therefore, the effects of
exposure to violence in this study cannot be attributed to
those more specific forms of violence.

Additionally, the number of participants with parental
SES scores would ideally be larger; however, the regres-
sion analysis on this subset of participants was conducted
as a secondary, follow-up analysis to the group compari-
son. Further, previous studies have found effects using a
regression analysis with comparable sample sizes [132,
133]. Moreover, overlap between the results of the group
comparison (N=46) and the regression analysis (N =25)
substantiate our main findings. The discrepancy in
results between the two analyses (in the group compari-
son, the IPS was significantly less connected to the right
dIPFC; in the regression analysis, the AG was signifi-
cantly less connected to the right dIPFC) should be inter-
preted with caution. These findings, nevertheless, call for
further research to examine distinctions in frontoparietal
connectivity in relation to exposure to violence and SES.

A final caveat is that this study of course cannot assert
a causal relationship between exposure to violence
and neural connectivity, as it relied on self-report data
and was not an intervention study. This leaves the pos-
sibility that some participants may have inaccurately
recalled exposure to violence during their childhood
years. However, the results of the current study do con-
verge with previous experimental work examining the
effects on neural activation of acute stress. For example,
participants who received a stress manipulation, com-
pared to control participants, had increased activity in
the amygdala in response to both threatening and posi-
tively valenced facial expressions [134]. These conver-
gent findings point to the validity of the current results.
If experiences of acute stress result in increased neural
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responsivity to threat and reward, with corresponding
decreased PFC activity, it is logical that after prolonged
exposure to stressors, the intrinsic functional connec-
tions between PFC control regions and affective subcorti-
cal and adjacent cortical regions would be reduced.

Conclusion

Extant literature reveals differences in brain func-
tional connectivity associated with a history of adverse
events (for reviews, see [26, 118, 119, 135]). While many
of these events are related to low SES, situations that
co-occur with low SES, such as exposure to violence,
are notoriously difficult to address. Treating low SES as
a monolithic construct may also make it difficult to gain
traction on the question of how exactly SES-related expe-
riences impact the brain. Here we have shown that a his-
tory of exposure to violence, as distinct from low SES, is
associated with reduced connectivity between regions
previously shown to be important for emotion regulation
and cognitive control. These results suggest that neural
circuitry related to emotion regulation and cognitive con-
trol can change due to exposure to violence in particu-
lar, pointing to the possibility that future interventions
could provide enhanced benefits by targeting exposure
to violence, rather than having to contend with low SES
in general. For example, interventions aimed at improv-
ing cognitive control may be beneficial for individuals in
high-crime neighborhoods. Overall, this study demon-
strates differences in neural connectivity due to exposure
to violence, suggesting a neural basis for targeting the
development of practical interventions.
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Additional file 1: Figure S1. L = left hemisphere, R = right hemisphere.
Whole-brain effects of left and right amygdala seeds, for the high
exposure to violence and low exposure to violence groups. Warm colors
represent positive correlations, in which the amygdala seed regions are
positively connected with the areas highlighted. Figure S2. Areas where
functional connectivity strength (beta-weights) is significantly correlated
with exposure to violence, after statistically controlling for current socio-
economic status. A: Functional connectivity with left amygdala seed. B:
Functional connectivity with right amygdala seed. Cool colors represent
negative correlations, where increasing exposure to violence is associated
with decreasing connectivity between each amygdala seed region and
the areas highlighted. Figure S3. Areas where connectivity strength (beta-
weights) is significantly correlated with exposure to violence, after statisti-
cally controlling for current socio-economic status. Cool colors represent
negative correlations, where increasing exposure to violence is associated
with decreasing connectivity between the right dIPFC seed region and
the areas highlighted. Figure S4. Analysis of right dIPFC connectivity with
seed from the Owen et al. [75] meta-analysis of working memory. Cool
colors represent negative correlations, where increasing exposure to vio-
lence is associated with decreasing connectivity between the right dIPFC
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seed from Owen et al. [75] and the areas highlighted. Note that results are
nearly identical to those in Figure 3.
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