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Abstract

We used functional magnetic resonance to investigate the effects of exposure to violence on early adolescent brain function
in an inhibitory control task. We investigated the association among scores on self-reported exposure to violence,
performance and brain activation. Thirty-seven early adolescents (ages 10-14) from a Latin-American urban region
participated in the study. Results showed that recent and chronic exposure to violence was associated with less activation of
a network of frontal regions, including the anterior cingulate gyrus and the superior frontal cortex; recent exposure to
violence was also associated with less activation of the superior parietal lobe. Results also showed that less activation
correlated with more prominent deterioration in the performance in the inhibitory control task (increased latency with
time). The findings suggest that early adolescence exposure to violence is associated with differences in activation of a
neural network commonly associated with executive function and control. The results underscore the urgency of
addressing exposure to violence in adolescence, a period of high susceptibility to the environment, and are discussed in the
light of the evidence of the effects of violence on adolescent brain function. Executive function training may be a candidate
for targeted cognitive interventions aimed at mitigating these effects.
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Early adolescence (9 to 14 years) is a period of heightened
susceptibility to social context (Schriber and Guyer, 2016; Dahl
and Suleiman, 2017). It is a critical juncture for negative behavior
patterns, which in their turn are associated with increased risks
for poor mental health outcomes (Dahl & Suleiman, 2017). The
increase in risk-taking in adolescence is underpinned by brain
maturation processes that make adolescents more prone to risk-
taking, especially in the company of peers (Spear, 2013; Spielberg
etal, 2014; Steinberg, 2008). Risk-taking behavior changes in
adulthood as brain circuitry associated with self-regulation
and executive functions develops (Steinberg, 2008; Spear,
2013). But negative, stressful environments can mar adolescent
development and alter neurodevelopmental patterns.

Executive functions are higher-level processes involved in
controlling and coordinating thoughts and action. They include
inhibiting impulsive and automatic responses, shifting attention
and updating the information in working memory (Friedman
and Miyake, 2017). More specifically, inhibitory control refers to
the ability to produce adaptive responses and suppress prepo-
tent behavior that is presently not required to carry out goal-
directed actions (Friedman and Miyake, 2017; Stocco et al., 2012;
Fuster, 2000). To the point, inhibitory control involves the ability
to control one’s attention, behavior, thoughts and/or emotions.
It is paramount for resisting impulses, habits and actions in
order to select a more appropriate behavior consistent with the
completion of goals (Boecker et al., 2013; Diamond, 2013; Hughes,
2013), such as ordinary decisions of not eating a cake to keep with
one’s dietary plan (Aron, 2011) and more resilient behaviors as
the ability to focus and study despite the lack of a safe place at
home (Zhang et al., 2012).

Executive functions are underpinned by a distributed,
anterior-posterior brain network that includes lateral pre-frontal
cortex, anterior cingulate cortex, medial pre-frontal regions,
posterior parietal cortex and the basal ganglia (D’Esposito
et al., 1995; Fuster, 2000; Luna et al., 2010; Stocco et al., 2012;
Hsu etal, 2014; Friedman and Miyake, 2017). The activation
of the frontoparietal executive network has been involved
in switching attention, response inhibition and interference
(Sylvester et al., 2003; Simmonds et al., 2008). It is also involved
in when more efficient distribution of limited brain resources
is required: Increasing task difficulty has been shown to
modulate activation of the frontoparietal systems across
different domains, including executive function and language
comprehension tasks (D’Esposito et al., 1995; Keller et al., 2001,
2003; Jaeggi et al., 2003; Just et al., 2008; Buchweitz et al., 2014).

Stress has been shown to affect cognition and the brain
throughout the lifespan (Pollak, 2005; Taylor et al., 2006; Lupien
et al., 2009; Rahdar and Galvan, 2014; Hanson et al., 2015; Birn
et al., 2017; Gupta et al., 2017). In adolescents, stress is associated
with increased physiological response and risk for mental health
problems (Lupien et al., 2009); the adolescent brain is more sensi-
tive to stress-induced differences in activation and dysfunctions
(Eiland and Romeo, 2013; Rahdar and Galvan, 2014).

Negative, stressful experiences have been associated with
differences in executive-function related performance and brain
function, including working memory (Richmond et al.,, 1967;
Spielberg et al,, 2015; Noble et al, 2015), sustained attention
(Lim et al.,, 2016) and response inhibition (Carrion et al., 2008;
Mueller et al., 2012; Elton et al., 2014; Rahdar and Galvan, 2014;
Lim etal, 2015; Jankowski et al, 2017). High levels of stress
culminate in declined intellectual ability and deteriorated
academic performance (Pechtel and Pizzagalli, 2011). The effects
of early-life stress on cognition and development have been
extensively investigated (Shonkoff et al., 2012; Pollak, 2015); but

less is known about the effects of stress on adolescent cognition
and development (Romeo and McEven, 2006), especially in
more vulnerable, low and middle income countries (Pellizzoni
et al.,, 2019; Willoughby et al., 2019). The combination of stress-
related susceptibilities with growing up in more stressful, violent
environments may create the ‘perfect storm’ for adolescent
brain development in more violent regions of the world.

Violence affects adolescents worldwide (Bustreo and Chest-
nov, 2013). In Latin America, violence affects youths dispropor-
tionately relative to adults (Cerqueira, 2016). Yet the neurobio-
logical effects of violence and stress are poorly understood in
Latin American adolescent populations. Studies of the effects
of violence, poverty and other negative environmental factors
on brain function are especially scarce in lower and middle
income countries (see e.g. Buchweitz, et al., 2019b; Wijeakumar
etal, 2019). The goal of the present study was to investigate
the association among Latin-American early adolescents’
exposure to violence and brain activation and performance in
an inhibitory control task.

Methods

We sent invitations to participate in the study through municipal
schools to approximately 500 families; approximately 300
families attended meetings at the schools, during which we
explained the project. A total 142 parents or guardians consented
participation of their children and gave a signed informed
consent in a sealed, anonymous envelope provided with the
informed consent form. The study was approved by the ethics
committee of the Pontifical Catholic University of Rio Grande do
Sul.

Participants

The study involved evaluations at the participant’s school and
evaluations and brain scanning sessions at the Brain Institute. Of
the 142 participants whose guardians consented participation,
90 were excluded due to (i) IQ score below 75 (7 participants),
(ii) voluntary withdrawal from the investigation, by the guardian
or participant, during the evaluations at school (43 participants);
(iii) illiteracy/inability to fill out the questionnaires and tests (10
participants); and (iv) frequent absence from school (at least two
additional attempts at data collection were made if the partic-
ipant missed school on data collection days) (5 participants).
There were another 25 voluntary withdrawals from the study
due to unavailability of a guardian to accompany the minor.
Therefore, 52 participants were scanned, initially. Participation
in the study was voluntary and at no cost to participants. We
provided free transportation to the Brain Institute.

The present paper reports on 37 right-handed early ado-
lescents (boys: n=25; girls: n=12; average age=11.43 year;
s.d.=1.06 years; age range 9 to 14 years). Of the 52 participants
scanned, nine were excluded due to excessive head motion (see
below). A 10th participant was excluded due to focal demyelina-
tion on the left hemisphere temporal lobe. (A neuroradiological
reading of the structural scans was carried out to ensure
there were no lesions, malformations or other abnormalities
in the brain). Additionally, five participants were excluded due
to absence of socioeconomic scores, which were used as a
covariable in the brain imaging analyses. The socioeconomic
interview was carried with the accompanying guardian or parent
while the participant was in the MRI scanner. Accompanying
guardians were, at times, more distant relatives or friends of
the family who were unable to provide the information for the
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SES questionnaire. In these cases, we subsequently attempted
to reach the parents or guardians by phone. We were unable to
reach parents or guardians of five participants.

Materials and procedures

Evaluations included IQ tests and questionnaires about exposure
to violence. IQ was evaluated using the Wechsler Abbreviated
Scale of Intelligence™ (mean=95.27; s.d.=10.69; range 75-114).
Exposure to violence was investigated using the Juvenile Victim-
ization Questionnaire (JVQ) second revision (JVQ-R2) (Finkelhor
et al., 2005). We also investigated socioeconomic status using a
standardized questionnaire for socioeconomic classification in
Brazil (ABEP, 2016), which provides a score based on schooling
and possession of consumer goods. The scores allow for catego-
rization of SES from A (highest) to D (lowest) and subcategories in
between. The average SES score corresponded to level C1 SES in
Brazil (the range of scores was from D lower SES to B1 higher SES).

Exposure to violence: the JVQ-R2. The JVQ-R2 is an instrument for
evaluating self-reported interpersonal victimization in children
and adolescents (Finkelhor et al., 2005). The JVQ-R2 gathers infor-
mation on 34 items of specific forms of victimization, distributed
into five modules: 9 items for Conventional Crime, 4 items
for Maltreatment, 6 items for Peer and Sibling Victimization,
7 items for Sexual Victimization and 8 items for Witnessing
and Indirect Victimization. It also allows for evaluation of more
recent victimization (last year) and more chronic exposure to
violence (lifetime). Assuming the Item-level Scores proposed by
the manual® for each item the reported presence of victimization
is scored as 1, the absence is scored as zero; the sum of these
scores makes up the total score. The JVQ-R2 can also be used to
assess individual module scores. Each module can be scored to
produce a LY or LT rate for, for example, Conventional Crime, or
other type of victimization. Thus, a ‘yes’ or 1 for the Conventional
Crime module indicates that at least one report of exposure to
Conventional Crime occurred, whereas a ‘no’ or zero indicates no
report of exposure to the type of victimization in that module.

The JVQ-R2 full interview was translated and adapted to
Portuguese with the permission of its authors. In the present
study, the JVQ-R2 was filled out in two separate occasions.
The first occasion was at the schools. Participants filled out
the reduced format of the questionnaire in groups of 10 to 20
individuals (i.e., the module that assesses the dichotomous pres-
ence/absence of types and instances of victimization only). The
questionnaires were later scored and evaluated. Subsequently, a
trained member of the clinical research team administered the
full format of the questionnaire in an individual interview, in the
second stage of the study. The full format of the JVQ-R2 gathers
additional information about each of the types and instances of
victimization reported in the reduced format.

Child Behavior Checklist for ages 6 to 18. Behavioral and mental
health problems were assessed using the Child Behavior Check-
list (CBL) for ages 6-18 (CBCL/6-18) and adapted for the Brazilian
context (Bordin et al., 1995). The CBCL/6-18 is a psychological
assessment questionnaire (Achenbach and Rescorla, 2001) used
for screening of child and adolescent mental health. It is filled
out by parents or guardians, and it has been adapted for the
Brazilian context (Bordin et al., 1995). The questionnaire consists
of 138 items: 20 assess social competence and 118 assess behav-

1 http://www.unh.edu/ccrc/jvg/scoring.html
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ior problems. The checklist includes 11 subscales that evalu-
ate symptoms of internalizing problems (withdrawn, somatic
complaints and anxiety/depressed behaviors) and externaliz-
ing problems (delinquent and aggressive behaviors), as well as
total problem scores (include externalizing, internalizing, social,
school, thought and attention problems) (Achenbach, 2004).

We analyzed CBCL/6-18 scores for the three broad-spectrum
scales: internalizing and externalizing problems and total prob-
lem scores. The data were analyzed using the Assessment Data
Manager (ADM) software (ASEBA, Burlington, Vermont) to assess
raw scores and generate clinical, non-clinical and borderline
clinical profiles (Achenbach and Rescorla, 2001). The CBCL/6-18
scales in the present study showed good internal consistency
reliability (Cronbach’s alpha estimated in 0.801). The internal
consistency (Cronbach’s alpha) was also calculated for each
broad-spectrum scale: internalizing problems (« =0.760), exter-
nalizing problems (« =0.527) and total problems (« =0.729).

Functional magnetic resonance design: Change task. Functional
magnetic resonance (fMRI) studies have applied different tasks
to investigate executive functions, such as Stop tasks (McNab
et al., 2008; Mueller et al., 2010; Levy and Wagner, 2011; Cai et al.,
2014; Elton et al., 2014; Meyer and Bucci, 2016) and Go/No Go
tasks (Menon et al., 2001; Mazzola-Pomietto et al., 2009; Gilman
et al., 2018). In the present study, we investigated brain function
associated with a variant of the Go/No Go and Stop tasks, called
the Change task. Participants must inhibit the more frequent,
prepotent left-hand button press and make a right-hand button
press (Logan and Burkell, 1986; Boecker et al., 2011; Thomas et al.,
2011; Boecker et al., 2013).

The task includes Go trials and Change trials. Go trials consist
of the visual presentation of either an X or an O, to which
participants have to respond by pressing a button with their left
middle finger for X and index finger for O. Go trials made up
66% of the trials. The less-preponderant Change trials consist of
the presentation of a blue square, to which participants have to
press a button with their right index finger; Change trials made
up 33% of the experiment. Go trials are more frequent, thus the
task tests the ability of the participant to inhibit the prepotent
response (Go—left middle and index fingers) and change it to a
different, less frequent response (Change—right index finger).

The task lasted 8 min and 3 s and included 167 trials, 112 Go
and 55 Change. Each trial began with a 500 ms fixation cross at
the center of the screen, which was followed by the stimuli (pre-
sented for 1000 ms). The order of the presentation of the stimuli
was randomized once, and each participant was presented with
the same order. Stimulus presentation was offset by jittered
intervals, which ranged from 0.75 to 2 s (in 0.25 s intervals) and
were randomly inserted after each trial. A 6 s dummy scan was
inserted at the beginning of the task to ensure T1 magnetiza-
tion reached an equilibrium state. An additional 10 s rest was
inserted at the end of the task. Response times and accuracy
were recorded and computed for all trials using an MRI-safe but-
tonbox; stimulus was presented using E-Prime (Psychology Soft-
ware Tools). Prior to the scanning session participants were given
an out-of-scanner practice in an MRI simulator (Psychology Soft-
ware Tools, Pittsburgh, PA). The goal was to help participants
become acclimated with the scanner environment and noise. We
used a shorter version of the task for the practice session.

Data collection

fMRI parameters. Data were collected on a GE HDxT 3.0T MRI
scanner with an eight-channel head coil. Three MRI sequences
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Violence Associates with Less Activation in Inhibitory Control
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Fig. 1. Negative correlation among JVQ-R2 Lifetime and Last Year scores with activation for all conditions (Go and Change) in the Change task. Clusters significant at
p < 0.05 corrected for multiple comparisons (equivalent to a 71-voxel threshold and p < 0.005). (A) Sagittal slice showing anterior and middle cingulate cluster of negative
correlation with Lifetime scores (crosshair at x=—6, y =3, z=35). (B) Sagittal slice showing anterior cingulate and posterior parietal clusters of negative correlation with
Last Year scores (crosshair at x=—6, y=19, z=35). (C) Overlap among anterior cingulate negative correlation with Lifetime and Last Year exposure to violence: yellow-

colored voxels represent the overlapping areas. AFNI (Cox, 1996).

were acquired: a T1 structural scan (TR/TE=6.16/2.18 ms,
isotropic 1 mm?® voxels); two task-related functional FMRI EPI
sequences (run 1 = 8 min; run 2 = 8 min 04 s). For the task
EPI sequence we used the following parameters: TR =2000 ms,
TE =30 ms, 29 interleaved slices, slice thickness=3.6 mm; slice
gap=0.3 mm; matrix size=64 x 64, FOV =220 x 220 mm, voxel
size=3.75 x 3.75 x 3.90 mm. During the scan, real-time motion
detection software was used to monitor participant cooperation.
In case participants presented more than 0.9 mm of motion in
more than 20 TRs before completing the run, we interrupted the
experiment and ran the task again. We made one attempt to
re-run the task if it was stopped due to excessive head motion.

fMRI analyses

Functional data were processed using AFNI’s (http://afni.
nimh.nih.gov/) afni_proc.py program (Cox, 1996). Preprocessing
included slice-time and motion correction, smoothing with a
6 mm FWHM Gaussian kernel, and a non-linear spatial nor-
malization to 3.5 x 3.5 x 3.5 mm voxel template (HaskinsPedsNL
template) (Molfese et al., 2015). Time points between volumes
with motion >0.9 mm were censored from the data. Nine
participants who finished the scanning session were excluded
due to excessive motion. The criterion for exclusion due to head
motion was excessive motion in 20% of the TRs. The average
head motion for the participants included in the study was
mean=0.1262 (s.d.=0.065).

First level analysis included modeling regressors for each
condition, Change and Go, convolved with the canonical hemo-
dynamic response function as implemented in AFNI (Cox, 1996).

To correct for multiple comparisons, the 3dClustSim program
using the autocorrelation function blurring estimates and per-
forming 10000 Monte Carlo simulations was used to calculate
the cluster threshold for a corrected p-score of « <0.05. Results
showed that the threshold of p <0.005 combined with a min-
imum cluster size of 71 voxels (3038.8 pl) corresponded to a
corrected score of « <0.05.

Correlations: fMRI, exposure to violence and behavior. We carried
out correlations among the JVQ-R2 scores and the images
collapsed across Change and Go trials. We collapsed across
conditions to investigate the brain activation associated with the
entire task. The correlation was calculated using the 3dRegAna
function from the AFNI package (Cox, 1996). We used the
3dClustSim program autocorrelation function blurring estimates
and performed 10000 Monte Carlo simulations to calculate the
p-value and cluster size combination that equate to a corrected
p-score of « <0.05 (Cox et al.,, 2017). The calculation showed that
a threshold of p <0.005 combined with a minimum cluster size
of 71 voxels (3044.1 pl) corresponded to a corrected score of
a < 0.05. All results thus represent o < 0.05 corrected for multiple
comparisons. The correlation was carried out with the Lifetime
and the Last Year scores for JVQ-R2 to investigate the effects of
longer (chronic) exposure and more recent exposure to violence,
respectively. We included the age, IQ and SES of participants as
covariables in the fMRI analyses to control for effects associated
with these variables.

Betas. We extracted the average betas for functional regions of
interest for individual participants for the regions that negatively
correlated with the JVQ-R2 scores (see Figure 1 and Table 1).
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Table 1. Brain regions and number of voxels significantly correlated
with JVQ-R2 scores. Number of voxels negatively correlated with the
JVQ-R2 scores (p <0.005; cluster threshold 71 voxels, which corre-
sponds to a cluster corrected for multiple comparisons). There were
no positive correlations. Brain regions from the Haskins pediatric
atlas (Molfese et al.,, 2015); the atlas region number is reported in
parentheses. The x, y, z coordinate indicates the peak region in the
correlation

Region (Haskins ped. Voxels Peak
atlas number)

X y z
JVQ-R2 Lifetime
Right-hemisphere
Anterior cingulate (caudal) (75) 3 3 6 39
Precentral (96) 2 47 2 38
Superior frontal (66) 30 9 -1 55
Left-hemisphere
Anterior cingulate (caudal) (41) 11 -8 2 32
Middle frontal (42) 45 —28 -5 37
Pars opercularis (56) 62 —45 4 12
Precentral (62) 33 —45 3 34
Superior frontal (66) 52 -23 -8 55
Insula (73) 9 -35 5 4
JVQ-R2 Last Year
Right-hemisphere X y Z
Anterior cingulate (caudal) (75) 4 4 2 40
Middle frontal (76) 13 29 -3 40
Postcentral (94) 1 35 -16 40
Posterior cingulate (95) 1 10 -54 14
Precentral (96) 64 34 -12 40
Superior frontal (100) 54 15 1 62
Left-hemisphere
Anterior cingulate (caudal) (41) 40 -7 7 36
Middle frontal (caudal) (42) 45 -3 8 36
Cuneus (43) 9 -14 -76 30
Precentral (62) 25 —52 4 29
Precuneus (63) 61 -10 —65 34
Superior frontal (66) 71 -4 5 45
Superior parietal (67) 11 -15 —65 51

These betas were subsequently correlated with the slope of the
response times (an index of latency in response, see below).

Behavioral data analyses. Task response and response times were
recorded using E-Prime (Psychology Software Tools, Pittsburgh,
PA) for all trials. Behavioral data were analyzed using Spearman’s
rho correlation for significant association between response
times and accuracy on the task and the JVQ scores. To investigate
if participants’ performances changed with time, we correlated
the accuracy and response time of each trial, for each participant,
with the order of the presentation of the trials. The correlation
was intended to represent an index of changes in the latency
of response time. The correlation was calculated as follows:
the response time of each Go and Change trial was correlated
with the trial number in the experiment (e.g. the first trial is 1,
the second, 2, and so on). The slope of the correlation between
response time and the presentation was used as an index of the
latency: a negative slope (r value) would represent a decrease in
response time as the experiment progressed; a positive slope,
an increase in response time as the experiment progressed. To
investigate if there was an association among increase in latency
or accuracy with exposure to violence, we correlated (Pearson’s
correlation) the slope (r value) for each participant with their JVQ
scores.
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Results
fMRI results

Brain function and exposure to violence. Results show that more
exposure to violence was associated with less activation of ante-
rior and posterior clusters of brain regions that are part of the
frontoparietal executive function network. The Lifetime score for
violence was associated with less activation of an anterior clus-
ter of brain regions that included the anterior cingulate gyrus,
the middle and superior frontal gyri, the precentral gyrus and
the insular cortex. More recent exposure to violence (Last Year
score) was associated with less activation of a similar anterior
network of regions and an additional posterior clusters, both of
which included anterior cingulate, precentral, superior frontal
gyri and posterior cingulate gyrus and posterior parietal lobe
(Figure 1; Table 1). The anterior cluster of regions that negatively
correlated with Lifetime and Last Year violence overlapped in
pre-frontal regions, including the anterior cingulate cortex and
precentral gyrus (Figure 1).

The results also show that an increase in latency in
response time was associated with less activation of the
anterior and posterior clusters of activation that negatively
correlated with more exposure to violence. Beta values extracted
from the brain regions of negative correlation with violence
also showed a negative correlation with a more prominent
increase in the response time over the experiment (an index
of increase in latency of response, or faster deterioration in
performance). Figure 2 shows the scatter plots for the beta
values and the increase in response time (latency) [Spearman
one-tailed correlations: RT LATENCY xL INSULA=-0.381
(p<0.05); RT LATENCY x POSTERIOR=-0.286 (p=0.046); RT
LATENCY x ANTERIOR =—0.409 (p < 0.01)].

Behavioral results. The mean accuracy (ACC) for the whole group
was 0.83 (s.d.=0.13) and mean response time (RT) was 636.7
(s.d.=58.7). For the Change trials, mean ACC was 0.88 (s.d.=0.09)
and mean RT was 625.44 (s.d.=64.32). For the Go trials, mean
ACC was 0.80 (s.d.=0.17) and mean RT was 642.49 (s.d.=60.79).
There were no significant correlations among RT and the
JVQ scores (p=0.341) or the CBCL (p=0.376 for Internalizing
Behaviors, p=0.283 for Externalizing Behaviors and p=0.477 for
Total Problems Scale). There were no significant correlations
among ACC and JVQ (p=0.352) or CBLC (p =0.308 for Internalizing
Behaviors, p=0.197 for Externalizing Behaviors and p=0.356 for
Total Problems Scale). The mean accuracy for all participants
decreased over the experiment (p <0.001), as the response time
increased (p < 0.01). The correlations of JVQ scores and increase
in RT or decrease in ACC were not significant (p=0.121 for RT
and p =0.415 for ACC).

Exposure to violence: JVQ. The majority of preadolescents (36
participants, 85.7%) had experienced at least one form of vic-
timization over the life span, and 31 (73.8%) reported being
exposed to violence over the last year. The most common type
of violence exposure was conventional crime (69%), followed by
witnessing/indirect forms of violence (59.5%). Spearman’s rho
correlation showed a significant negative correlation among the
JVQ Modules 1 (Conventional Crime) and 2 (Maltreatment) with
the CBCL Total Social Competence Score (p=0.019 and p=0.024,
respectively). The Social Competence Score assesses social inter-
action patterns; for instance, if the respondent interacts well
with other preadolescents and family members, how many close
friends they have, how often they meet with the close friends
and what is their level of independency for playing or working
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Less activation associated with violence and poorer performance
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Fig. 2. Association among increase in latency in response times with time and less activation for the clusters of negative correlation with exposure to violence.
Participants who reported more exposure also showed more prominent deterioration in response times as the experiment progressed. (A) Dispersion plot for the betas
for each participant’s activation for the anterior cingulate cluster (in association with JVQ-R2 Lifetime scores) and the slope of the latency in response times for each
participant. (B) Dispersion plot for the betas for each participant’s activation for the anterior cingulate cluster (in association with JVQ-R2 Last Year scores) and the slope
of the latency in response times for each participant. (C) Dispersion plot for the betas for each participant’s activation for the posterior parietal cluster (in association
with JVQ-R2 Lifetime scores) and the slope of the latency in response times for each participant. Betas were extracted for the entire clusters. Latency represents the

increase in latency during the experiment. AFNI (Cox, 1996).

Table 2. Descriptive data on types of exposure to violence (JVQ-R2)

Participants, Exposure to Violence and Types of Exposure

n % Min Max Mean (s.d.)

Lifetime 36 85.7 1 20 5.25 (4.18)
Conventional crime 29 69 1 7 2.55 (1.52)
Maltreatment 13 31 1 2 1.23 (0.44)
Peer and sibling 14 333 1 4 1.71(1.21)
victimization

Sexual victimization 04 9.5 1 2 1.25 (0.5)
Witnessing and other 25 595 1 5 2.64 (1.44)

exposure
Last Year 31 738 1 18 3.35(3.51)

(Bordin et al., 2013). The correlation between low scores for Social
Competence and high scores for exposure to violence suggest
an association between the increased exposure to violence and
diminished ability to socialize with peers and family. Table 2
shows descriptive statistics (mean =+ s.d.) for each domain mod-
ule of JVQ-R2 full interview, as well as for the total score. Studies
have shown JVQ-R2 scores correlated with hair cortisol concen-
trations, thus suggesting self-reported scores provide a reliable
index of more stressful experiences (Grassi-Oliveira et al., 2012;
Buchweitz, et al., 2019b).

Internalizing and externalizing behaviors: CBCL. The analyses
of CBCL/6-18 scores included 42 preadolescents (boys: n=26;
girls: n=16). The results show that 64.3% (n=27) of the sample

scores for internalizing behaviors were at the clinical level
(borderline level: 4.7%; non-clinical level: 31.0%), and 66.7%
(n=28) of the sample scores for externalizing behaviors were
at the clinical level (borderline level: 9.5%; non-clinical level:
23.8%). The total problems scores were 61.9% (n=26) at the
clinical level (borderline level: 11.9%; non-clinical level: 26.2%).
We investigated sex-specific effects and found no significant
sex differences on CBCL/6-18 scores for the different symptoms:
withdrawn (t=-0.726; P=0.472), somatic complaints (t=—0.070;
P=0.944), anxiety/depression (t= —0.443; P =0.660), rule-breaking
behavior (t=1.002; P=0.322), aggressive behavior (t=-0.099;
P=0.922), internalizing problems (t=—0.435; P=0.666), external-
izing problems (t=0.211; P=0.834) and total problems (t=0.372;
P=0.712).

Discussion

The present study shows that more exposure to violence was
associated with less activation of anterior and posterior brain
regions in an inhibitory control task; the activation of these
brain networks was also associated with faster deterioration in
performance in the task (more prominent increase in latency
of response). Few studies have investigated inhibitory control in
early adolescents exposed to violence or other forms of stress.
To our knowledge, there are no brain imaging studies that inves-
tigated exposure to violence and executive functions in Latin-
American children or adolescents. Our results corroborate the
literature that shows the association among trauma, violence,
institutionalization and other negative, stressful life events with
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alterations in brain function (Carrion et al., 2008). The direction of
the differences in brain activation associated with stress varies
(more or less activation), as do the directions of differences
in brain connectivity and behavior patterns that emerge with
increased exposure to violence (hypersensitivity to error, more
risk-taking and reward-seeking behavior, among others). But one
pattern is clear: negative, stressful experiences show associated
effects on executive function performance and the underlying
brain networks.

Chronic exposure to violence during childhood is associ-
ated with an increased risk for a broad range of developmental
difficulties, including behavioral, emotional and learning prob-
lems (Moffitt and Tank, 2013; Tsavoussis et al., 2014; Bick and
Nelson, 2016). Chronic exposure to violence is also associated
with risk for psychosis, ADHD (Attention Deficit and Hyper-
activity Disorder), depression, anxiety among other impairing
conditions (Lupien et al.,, 2009; Banny et al.,, 2013; Fonzo et al.,
2016). The deactivation of bilateral networks associated with
inhibitory control and sustained attention suggests a deleterious
effect of exposure to violence on brain function that, in its
turn, is associated with an ability that is associated with quality
of life.

Chronic exposure to violence (Lifetime score) was associ-
ated with less activation of an anterior cluster of brain regions,
including the anterior cingulate cortex. More recent exposure
(Last Year score) was associated with less activation of a sim-
ilar, overlapping anterior network of regions, as shown in the
overlapping clusters in Figure 1, and with less activation of the
posterior parietal lobe. The posterior parietal cluster was iden-
tified only in association with more recent violence. The ante-
rior and posterior regions identified in both correlations with
violence scores are generally associated with cognitive control,
behavioral flexibility, emotional regulation and working memory
(Schneider, 2003; Chein and Schneider, 2005). The functional
mapping of the anterior cingulate cortex is traditionally divided
into rostral and caudal (dorsal) associations. The rostral anterior
cingulate cortex is generally associated with affective processes;
the caudal, in turn, is commonly associated with sensorimotor
and higher order cognitive functions (Vogt et al., 1991; Bush et al.,
2000). Stressful experiences and trauma have been associated
with alterations in dorsal anterior cingulate cortex function,
such as in cases of deprivation in institutionalized care (Mueller
etal., 2010) and post-traumatic stress disorder in maltreated
children (Carrion et al., 2008); moreover, significant morpholog-
ical alterations in this portion of the anterior cingulate cortex
have been identified in adults who experienced early-life stress
(Cohen et al., 2006).

The effects on activation of anterior regions of the brain,
including as the anterior cingulate cortex might imply deteri-
oration in cognitive control. The common effects of recent and
more cumulative violence of activation of the anterior cingulate
cortex suggests that functions associated with this portion of
the brain (and its parietal lobe connections, for example) may
be especially sensitive to increased exposure to violence. This
is a speculative statement at best, but the literature does show
alterations associated with negative experiences in anterior cin-
gulate function and anatomy, as indicated above. Effects on
activation of the anterior cingulate cortex may compromise
cognitive performance in other relevant domains. More acti-
vation of dorsal anterior cingulate cortex has been associated
with good performance in early reading, for example (Shaywitz
et al., 2002; Buchweitz, et al., 2019a) and with the ability to better
benefit from reading interventions (compensated poor readers)
(Shaywitz et al., 2003).
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Policymaking aimed at mitigating the effects of violence in
Latin-American youths may benefit from understanding the
neurocognitive effects of exposure to violence and direct their
focus to executive function training. Studies have shown bene-
fits and transfer of executive functions training, such as in using
computerized cognitive training (de Oliveira Rosa et al.,, 2019;
Jaeggi et al.,, 2011; Salminen et al., 2012). Programs for building
adolescent life skills include learning better goal-directed behav-
ior and self-control (Lupien, 2017; Ward, 2017); programs that aim
to address the effects of exposure to violence may thus benefit
from evidence that executive function training help improve
some of the abilities affected by violence and may represent a
short-term alternative for mitigating its effects.

Participants were early adolescents whose ages ranged from
9 to 14 years. We underscore that age, intelligence and socioe-
conomic status were included as covariables in the investi-
gation. These demographic and psychometric variables have
been associated with differences in brain function and structure
(Luna et al., 2010; Kim et al., 2013; Noble et al., 2015; Piccolo et al.,
2016). The brain’s executive function network shows consider-
able overlap across ages (Luna et al., 2010), but studies show a
developmental shift in anterior to more posterior activation with
age (Velanova et al., 2008). Thus, we attempted to eliminate any
associated development and SES effects. The literature shows
different results for associations among accuracy and response
time in the inhibitory control and clinical populations. Untreated
bipolar adolescents showed significantly lower accuracy in the
Change trials than the control group (Nelson et al., 2007), though
most studies did not find differences in accuracy (Mueller et al.,
2010; Kim et al., 2012; Bruce et al., 2013; Roberts and Husain,
2015; Jankowski et al., 2017). Studies have found that response
time was slower in case of pre-SMA lesion patients (Roberts
and Husain, 2015), but significant differences in response times
were not identified (Kim et al., 2012; Jankowski et al., 2017; Nelson
etal,, 2017). In the present study, we used the calculation of
a slope to evaluate faster deterioration in performance in the
task. The results showed that the activation values for the brain
regions whose activations negatively correlated with increased
exposure to violence also correlated with faster deterioration
in performance. A putative disengagement (i.e. less activation)
of anterior and posterior brain regions that underpin executive
functions also indicated that performance would deteriorate
faster for these participants.

Of course, the present results are cross-sectional and asso-
ciative. It remains to be understood if the alterations in brain
function and deterioration in performance are associated with
effects that are taking hold and will affect the development of
executive functions into early adulthood. The literature suggests
that alterations in brain function and behavior in adolescence
may persist into adulthood (Romeo and McEven, 2006; Lupien
et al., 2009; Burghy et al., 2012). If brain function associated with
the ability to control inhibition is more permanently impaired by
exposure to violence, there may be significant impacts in school
performance and social-life behaviors (including impaired learn-
ing and studying abilities, impaired social abilities and poor
impulse control). To be sure, executive functions are not crystal-
lized and neither should we believe that the effects of violence
identified in the present study are definitive. Rather, we hope
the evidence suggests that these abilities can be included among
targets for mitigation of the effects of exposure to violence dur-
ing a crucial period of human development. Understanding the
neural effects of exposure to violence may help operationalize
multi-modal (brain and behavior), tangible measures to assess
and develop targeted interventions for early adolescent violence.
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