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Abstract

Background—Individuals involved in antisocial behavior often engage in excessive reward-
driven behavior even in the face of severe punishments including incarceration. However, the
neural mechanisms of reward processing in antisocial behavior have not been examined while
considering the heterogeneity of antisocial behavior and specific phases of reward and loss
processing. In this study, we investigate the relationship between antisocial behavior, callous-
unemotional traits, and neural activity during the anticipation and receipt of rewards and losses.

Methods—A community sample of 144 low income, racially diverse, urban males at risk for
antisocial behavior completed self-report measures, a clinical interview, and an fMRI scan at age
20. Neural response during the anticipation and receipt of monetary rewards and losses was linked
to antisocial behavior and callous-unemotional traits using a priori ventral striatum region of
interest analyses and exploratory whole brain analyses.

Results—Antisocial behavior, but not callous-unemotional traits, was related to less ventral
striatum response during reward anticipation. There were no significant relationships between
neural reactivity and antisocial behavior or callous-unemotional traits during reward or loss
outcomes. Antisocial behavior was also related to less ventrolateral prefrontal cortex reactivity
during reward and loss anticipation.
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Conclusions—These findings support a hypo-reactivity model of reward and loss anticipation in
antisocial behavior. Lower striatal reactivity to cues of reward and lower prefrontal-regulatory
recruitment during reward and loss anticipation may contribute to maladaptive reward-related
behavior found in antisocial behavior.
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Introduction

Antisocial behavior (AB), which includes aggression and rule breaking, is the cornerstone of
the diagnoses of Conduct Disorder (CD) in youth and Antisocial Personality Disorder
(APD) in adults (1). AB is an important public health concern because of the large financial
and emotional costs to perpetrators, victims, and society (2). Recently, neuroimaging
research has focused on connecting emotional deficits seen in AB, such as abnormal fear
processing, to altered function in limbic and prefrontal neurocircuitry (3, 4). However,
individuals high on AB also show marked behavioral differences in response to reward (5).
For example, they perseverate on previously rewarded, but now punished behaviors, engage
in greater risk taking, and are less sensitive to punishments and losses (5-9). Improved
understanding of the neural bases of these behavioral deficits is key to understanding the
etiology of AB and informing biologically-based assessment and treatment.

Reward Processing in AB

The few studies investigating reward-related neural activity in relation to AB focus on the
ventral striatum (VS), a region active during reward evaluation, anticipation, and receipt
(10). These studies have yielded conflicting results: Two studies have linked AB to greater
reward-related VS reactivity in youth (11) and healthy adults (12), consistent with studies of
substance abusers who show neural hyper-sensitivity to highly valued rewards (i.e., drug
cues)(13-15). These studies suggest that individuals high on externalizing/AB may be
hyper-sensitive to rewards leading to reward dominant behavior. Conversely, two other
studies have linked AB to /ess reward reactivity in youth with persistent disruptive behavior
disorders (16) and in undergraduates (17). This pattern of hyporeactivity to rewards parallels
the lower VS reactivity found in those with ADHD (18, 19) and in substance users when
responding to non-drug rewards. This pattern is hypothesized to drive maladaptive reward
seeking behavior via attempts to “normalize” reward-related neural reactivity by pursuing
progressively more intense rewards (20-22). Based on the conflicting findings for AB,
research is needed to identify the extent to which those engaged in AB may be better
characterized by hyper- versus hypo-sensitivity to highly valued cues (i.e., monetary
reward).

One potential explanation for the heterogeneity of findings of reward-related neural
functioning in AB may be the failure of previous studies to discriminate between phases of
reward and loss processing. Human and animal research demonstrates that reward
anticipation and receipt have dissociable neural networks (14, 23), and may be differentially
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implicated in AB and externalizing disorders (11, 12, 16). Thus, neuroimaging studies of AB
are needed that discriminate between anticipation and receipt of reward.

Beyond reward-related reactivity in the VS, a broader literature on decision-making and
learning suggests that AB is linked to dysfunction in prefrontal regions during tasks that tap
emotion regulation, affective decision-making, and learning (i.e., OFC/VmPFC; 24, 25-28),
as well as affective responses to reward (i.e., VIPFC; 29, 30). In Blair’s model of AB,
impairment in prefrontal functioning that leads to deficits in cognitive control and reward-
dominant behavior is central to the etiology of broad disinhibited externalizing behaviors
including AB, ADHD, and substance use (31). These studies and theoretical models suggest
that beyond the VS, reward-related processing is likely to elicit AB-related differences in
medial and lateral prefrontal cortex (32).

of AB

Beyond the need to separately examine phases of reward, little existing research has
examined whether reward-related neural activity may differentiate different zypes of AB (12,
17). Research examining dimensions of AB and the CU traits prominent in adult
psychopaths and youth diagnosed with the DSM-5 “limited prosocial emotions” specifier to
CD (1), has demonstrated divergent relationships between AB, CU traits, and emotion-
related amygdala reactivity (33, 34). These studies suggest that dimensions of AB and CU
traits should be examined separately in relation to neural reactivity. In one of the few studies
parsing AB versus CU trait dimensions in relation to reward-related neural reactivity, we
have shown that antisocial, but not callous-unemotional, components of psychopathy were
associated with reduced reward-related VS reactivity (17). However, this study used a
sample of healthy college students, highlighting the need for studies of those with a greater
range of AB.

Current Study

The current study aims to elucidate the reward-related neural underpinnings of AB in a
diverse community sample enriched for AB by sampling young men who were raised in
low-income, urban environments. We examine the impact of the phase of reward (i.e.,
anticipation versus receipt/outcome) on the association between neural reactivity and AB,
while leveraging multi-method assessment of AB through self-report, diagnostic interview,
and official report, as well as self-reports of CU traits. Finally, we examine these questions
at the transition to adulthood when serious AB peaks, and when youth transition to more
independence and the adult legal system.

Based on previous findings (5), we hypothesized that AB would be related to greater VS
reactivity during reward anticipation, but not reward outcome. Because of the lack of
concern about performance that often characterizes individuals high on CU traits (1), we
hypothesized that CU traits would be related to decreased VS reactivity during reward
outcome, reflecting reduced sensitivity to the receipt of rewards.
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Methods and Materials

Participants

Measures

Participants are part of the Pitt Mother & Child Project, an ongoing longitudinal study of
310 low-income boys and their families recruited in 1991 and 1992 from Allegheny County
Women, Infant and Children Nutritional Supplement Clinics when boys were between 6 and
17 months old (35). This community sample is at high sociodemographic risk for AB based
on being male, urban, and primarily low-income (at initial recruitment, per capita income
was $241 per month). The sample is also racially diverse (e.g., 53.5% European-American,
36% African-American of those included at age 20). Target children and their mothers were
seen almost yearly from age 1.5-20 in the laboratory and/or home with assessments that
included questionnaires, a psychiatric interview, and at age 20, an fMRI scan. Participants
were reimbursed after each assessment and all procedures were approved by the University
of Pittsburgh IRB. Retention rates are high at each time point, with behavioral and fMRI
data on 186 participants at age 20 (35, 36). After excluding for motion, task and signal-
related error, 144 men had usable fMRI data (Supplemental Table S1).

Self-Report Measures—AB was assessed using the 53-item Self-Report of Antisocial
Behavior Questionnaire (37). Items probing alcohol and drug use were removed to reduce
the possibility that substance use could explain any potential findings. The remaining 41
items were summed to form a dimensional measure of AB (a=0.84). CU traits were
measured using a sum of 5 items from the CU factor of the Antisocial Process Screening
Device (38) as described previously in this sample (a=0.58) (39).

Interview Measures—Antisocial Personality Disorder (APD) was assessed by trained
interviewers using the Structured Clinical Interview for DSM-IV for Axis Il personality
disorders (40). Cases approaching diagnosis were reviewed by a licensed clinical
psychologist (39). As reported previously, at age 17, 35 of 250 participants (14%) met
diagnostic criteria for CD, and at age 20, 34 of 254 participants (13%) met criteria for APD
(39). In the current sample, 8% (/7=11) met criteria for APD. Thus rates of diagnosis were
above national prevelance estimates (i.e., APD rate is 5.5% in males)(41), but below
forensic/clinical samples, consistent with an at-risk community sample (42). Based on
research emphasizing the dimensional nature of AB (43, 44), for the present analyses, APD
symptoms were summed to create a dimensional measure of AB. For covariates, we used the
Structured Clinical Interview for DSM-1V (SCID)(45) to assess for lifetime symptom counts
of major depressive episode (MDE), generalized anxiety disorder (GAD), and substance use
disorders (SUD).

Court records—Records of adult violent charges (e.g., homicide, arson, sexual assault)
were collected using the Pennsylvania state public court records website. These records were
last checked in February, 2014 when almost all men were at least 21 years old (and up to 24
years old; average age=23.3). Age at time of record review was unrelated to number of
violent charges (p=0.57). Of the full cohort that was searched, 91 young men (29%) had at
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least one adult arrest (39). The number of violent charges was summed for each participant,
creating a dimensional measure (10% of the sample had at least 1 violence charge).

Neuroimaging Procedures

The fMRI paradigm was a slow event-related card-guessing game that evaluates neural
response to the anticipation and receipt of monetary rewards and losses (46, 47). During
each trial, participants guessed via button press whether the value of a visually presented
card, with a possible value of 1-9, was higher or lower than 5 (4s), learned the trial type
(possible-win, possible-loss) to anticipate (6s), and received feedback (win, lose, or no
change; 1s plus 9s inter-trial interval)(47). Participants were told that their performance
would determine a monetary reward after the scan, with $1 for each win and $0.50 deducted
for each loss. Trials were presented in pseudorandom order with predetermined outcomes.
Earnings totaled $6. Trials were presented in an 8-minute, 24-trial run, and a balanced
number of trial types. This task has been shown previously to differentiate phases of reward
and loss processing and to have large task-based effect sizes in the VS and prefrontal regions
(46-50).

Bold fMRI acquisition parameters—As described previously (36), participants were
scanned with a research-dedicated Siemens 3-T Trio scanner. Blood oxygenation level—-
dependent (BOLD) functional images were acquired with a gradient-echo echoplanar
imaging sequence (repetition time/echo time=2000/29 milliseconds, field of
view=200x200mm, matrix=64x64), that covered 34 interleaved axial slices (3mm slice
thickness) aligned with the AC-PC plane and encompassing the entire cerebrum and most of
the cerebellum to maximize limbic structure coverage.

Image processing—Image analyses were completed using the general linear model of
SPMB8 (http://www.fil.ion.ucl.ac.uk/spm/). Images for each participant were grey matter
segmented, realigned to the first volume in the time series, unwarped to correct for head
motion, co-registered to high resolution structural scans (MPRAGE), spatially normalized
into a standard stereotactic space (MNI template) using a 12-parameter affine model, and
smoothed to minimize noise and residual difference in gyral anatomy with a 6mm FWHM
Gaussian filter. Voxelwise signal intensities were ratio-normalized to the whole-brain global
mean. After preprocessing, Artifact detection Tools (ART) software (http://www.nitrc.org/
projects/artifact_detect/) was used to address any possible influence of spiking or high-
movement volumes by detecting global mean intensity and translation or rotational motion
outliers (>4.5 SD from the mean global brain activation, >2mm movement, or 2° translation
in any direction) within each participant’s data by creating a regressor within each
participant’s first-level analysis that accounted for the possible confounding effects of
volumes with large motion deflections or intensity spikes. Because of the potential for signal
loss in limbic regions, particularly our main region of interest (ROI), single-subject BOLD
fMRI data were only included in subsequent analyses if there was a minimum of 85% VS
coverage using our bilateral VS ROI (51, 52). Participants with <80% task responding were
excluded from analysis (7=24)(51, 53). These thresholds were chosen to balance sample/
power considerations with coverage and task engagement (51-54). Participants excluded
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versus included due to task performance did not differ on measures of AB, CU traits, other
psychopathology, race, or SES.

BOLD fMRI data analysis—L.inear contrasts employing canonical hemodynamic
response functions were used to estimate condition-specific BOLD activation for each
individual. These individual contrast images were then used in second-level random effects
models to determine mean reward-related reactivity using one-sample t-tests on the
following contrasts: 1) reward anticipation>baseline, 2) loss anticipation>baseline, 3) reward
outcome>baseline, and 4) loss outcome>baseline. Baseline was defined as the last 3 seconds
of the 9-second inter-trial interval as previously described in this task/dataset (47, 50, 51, 53,
54). See Supplemental Table S2 for the main effects of the task.

We examined all results within the VS ROI, while masking for main effects of the task. The
V'S ROI was constructed using the Talairach Daemon option of the WFU PickAtlas Tool
v2.4. Two spheres of 10mm radius were created around MNI coordinates x=+/-12, y=12, z=
10 to encompass the right and left VVS. To examine whether reward-related differences may
be present in other brain areas such as the PFC (55), we conducted whole-brain analyses in
regions showing a main effect of task. We used 3DClustSim which uses a Monte Carlo
simulation to correct for multiple comparisons across the whole brain or ROl at p<.05.
Within 3DClustSim, we used a voxel-level threshold of p<.05, resulting in whole-brain
cluster thresholds of k=505-742 (4040-5936mm?3), and k=23-72 (184-756mm3) within the
VS ROI (Supplemental Table S3).

For each contrast we used the following series of multiple regressions to examine our aims:
1) We examined the relationship between neural activity and self-reported AB or CU traits
(each measure separately); 2) if self-reported AB was related to neural reactivity in a
contrast, we examined whether results extended across other measures of AB (i.e., APD
symptoms and/or violent charges); 3) in addition to assessing zero-order correlations, we
also probed for suppression and confounding effects by controlling for the overlap between
AB and CU traits, and 4) examined whether the results remained when adding psychiatric
covariates (e.g., MDE, GAD, SUD). These analyses aimed to address recent studies showing
a suppressor effect wherein only dimensional models that parse the overlapping variance
separately between CU traits and AB predict neural reactivity (56-58) and to confirm that
results were not due to general psychiatric symptoms. Finally, to address potential
confounding by 1Q or ADHD symptoms, we examined these variables as covariates
(Supplemental Table S4).

Reward Anticipation

Self-reported AB was associated with decreased right VS reactivity during reward
anticipation (t=3.06, k=148; x=10, y=14, z=-6). This finding remained significant when
controlling for CU traits and psychiatric symptoms (t=2.73, k=164; x=10, y=14, z=-8)
(Figure 1a/b). Moreover, APD symptoms and violent charges were also related to decreased
bilateral VS reactivity (Table 1).
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In whole-brain analyses, self-reported AB was associated with decreased reactivity in a
cluster that extended from the right VS into the broader caudate (t=3.43, k=625, x=6, y=26,
z=6) (Figure 1c). Consistent with past findings of suppression effects, this effect
strengthened when controlling for CU traits and psychiatric symptoms (t=4.25, k=1052,
x=4, y=24, z=8). Self-reported AB was also associated with decreased left ventrolateral PFC
(VIPFC) reactivity, but only when partialling out the variance of CU traits and psychiatric
symptoms (t=3.36, k=601; x=—32, y=60, z=-2) (Figure 1c/d). Violent charges were related
to decreased right vIPFC reactivity and APD was related to decreased right VVS/caudate
reactivity.

CU traits were not related to VS reactivity during reward anticipation, but were related to
decreased right VIPFC reactivity (t=3.77, k=760; x=34, y=56, z=6) (Supplemental Figure
S1). However, this finding was not unique to CU traits, as the result was no longer
significant when controlling for self-reported AB. Unexpectedly, CU traits were related to
decreased middle occipital gyrus reactivity (t=3.62, k=2134, x=—42, y=-56, z=6).

Loss Anticipation

During the anticipation of potential losses, AB was not related to VS reactivity, but was
related to decreased left vVIPFC reactivity (t=3.32, k=531; x=-42, y=48, z=2) (Figure 2a/b)
and this relationship strengthened (i.e., suppression effects) when controlling for CU traits
and other psychiatric symptoms (t=3.72, k=793; x=—32, y=58, z=2). Unexpectedly, when
controlling for CU traits and other psychiatric symptoms, AB was also related to decreased
inferior parietal lobe reactivity (t=3.58, k=1514, x=—48, y=—60, z=42). Violent charges were
also related to decreased occipital lobe reactivity. CU traits and APD symptoms were not
related to neural reactivity to loss anticipation.

Reward Outcome

Neither AB nor CU traits were related to neural reactivity to reward receipt.

Loss Outcome

Neither AB nor CU traits were related to neural reactivity to loss receipt.

Potential Confounds

Though no measures of ADHD or 1Q were collected concurrently with fMRI scanning,
exploratory analyses with ADHD symptoms at earlier age periods (collected at age 15 and
age 17, n=134) and I1Q (collected at age 11, n=114) indicated that most results remained
significant or were near significance (i.e., p<0.1) when these potential confounding
characteristics were included, despite the reductions in power due to a reduced sample size
(Supplemental Table S4).

Discussion

In a large, racially-diverse and at-risk sample of young men, the current study identified
neural hypo-reactivity to reward and loss in the VS and vIPFC as a potential biomarker for
AB. We found that AB was related to /ower VS reactivity during the anticipation, but not
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receipt of rewards. We also found that CU traits were related to decreased vIPFC reactivity
during reward anticipation, although this effect did not remain when controlling for AB. AB
was also related to decreased VIPFC reactivity during the anticipation, but not receipt, of
losses. These results demonstrate hypoactivity in the VS and vIPFC during anticipation of
rewards and losses may be a neural “biomarker” of broad AB (and not of CU traits). These
findings may inform the search for biomarkers related to AB (59, 60), inform our
understanding of the etiology AB, and eventually inform prevention and treatment programs
that seek to address the reward-dominant behavior seen in AB. Furthermore, these results
also highlight the appreciable complexity when considering the role of reward-related neural
reactivity and AB, and the need for high-risk community samples where AB and CU traits
can be examined dimensionally with tasks that parse phases of reward.

Although previous literature has been mixed regarding the direction of reward processing
deficits in AB, our findings suggest that AB is linked to a hyposensitive neural reward
system (16, 17). Importantly, the negative relationship between AB and VS activity to cues
of reward was quite robust as it was present across multiple measures of AB, in ROl and
whole-brain analyses, and persisted after controlling for CU traits and other
psychopathology. These findings suggest that AB is linked to lower levels of reward-related
reactivity when considering potential rewards which could cause individuals with AB to
seek more risky behaviors to achieve an “optimal” level of anticipation-related neural
activity.

AB was also related to lower VIPFC activity during reward and loss anticipation.
Interestingly, for reward anticipation, associations between AB and prefrontal neural activity
showed suppression effects wherein the relationship was only significant when controlling
for CU traits. These results support Blair’s model suggesting that prefrontal neural
differences in response to reward, decision making, and cognitive control are markers of
broad externalizing/disinhibitory behaviors and unrelated to the level of CU traits (32, 61).
Indeed, in the current study it appears that only the variance related uniquely to AB (and not
overlapping with CU traits) is related to this blunted left vIPFC reactivity to reward.

Research suggests that activity in the vIPFC is important generally during response
inhibition (62), representation of punishment information (63), and reappraisal of affective
stimuli (54, 67, 68), as well as response conflict and response reversal in those high on AB
(64-66). Moreover, left vIPFC activity during reward processing is associated with
impulsive sensation seeking (69). Although reward-related processing is complex and may
engage multiple and different cognitive processes, reduced reward-related VIPFC activity
during reward and loss anticipation in this study could help to explain reward-related
behavioral deficits seen in AB. That is, lower reward-related reactivity in the VS and vIPFC
may help to explain why individuals high on AB seek increasingly risky rewards and then
have difficulty changing their behavior in response to unfavorable outcomes due to deficits
in inhibition, representing changing contingencies, or reappraising stimuli (70). This
combination of neurobehavioral deficits may make it difficult to refrain from engaging in
rewarding but risky behaviors, and may help explain why individuals with AB continue to
engage in such behaviors despite harmful consequences.
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In the current study, CU traits were related to lower right vIPFC activity during reward
anticipation, but this finding did not remain after accounting for AB. Thus, CU traits showed
little unique association with reward-related neural activity. Although this result is consistent
with Blair's model of the role of reward-related neural activity in AB versus CU traits, as this
measure of CU traits has failed to predict some expected outcomes in this sample (i.e., future
AB, amygdala reactivity; 36, 39), CU traits may manifest differently in these young men
who were reared in urban, low-income contexts fraught with acute and chronic adversities
(e.g., exposure to deviance and violence). Additionally, previously documented
psychometric issues with the measure of CU (71), including the small number of items and
low internal consistency (a=0.58) in this sample may have underestimated the true effect of
CU traits on reward processing, particularly in comparison to our more reliable measures of
AB (36, 39). A more comprehensive and age-appropriate measure of psychopathy (36) will
be important for future studies in confirming that CU/psychopathic traits are unrelated to
reward-related neural reactivity.

Although the current study has many strengths including a large, racially-diverse, high-risk
sample, use of multi-method dimensional measures of AB and CU traits, and assessment of
anticipation and outcome phases of reward processing, the results should be interpreted with
some caution based on several potential limitations. First, while research on reward-related
neural processing in AB is limited, our findings do conflict with a previous report linking
AB to greater VS activity in a healthy community sample (12). However, our study’s sample
was different than most based on the high-risk status of participants and the inclusion of
only males, which could explain the difference in findings. It is also possible that the link
between reward-related brain function and AB/CU traits could be curvilinear or vary by AB
severity (i.e., findings may diverge between clinical, at-risk, and community samples) and
this hypothesis (61) should be tested. Additionally, our task used relatively small monetary
rewards (total=$6). As differences in neural responding may only manifest for larger
rewards, it is possible that the larger rewards in this previous study (12), may moderate
findings. Second, the fMRI task was relatively short and did not include a jitter between
trials. Third, because concurrent ADHD was not assessed and some of our findings when
controlling for earlier ADHD did not meet stringent correction for multiple comparisons, it
is possible that ADHD could be accounting for some of the results. Although parsing AB
from ADHD may be difficult based on the high comorbidity between these constructs (72),
given findings linking ADHD to reward-related neural differences in frontostriatal brain
activity (19, 29), future studies should parse the unique contributions of reward-related
neural functioning between ADHD and AB. Fourth, despite the at-risk nature of our sample,
the rates of AB were relatively low compared to clinical/forensic samples. A small
percentage of participants were incarcerated during data collection and did not complete the
MRI scan, further lowering the rate of severe AB in the sample. Replicating the current
findings in a clinical/forensic sample will be important in determining whether these effects
exist linearly across a wide range of AB (19). Nevertheless, the high-risk focus of this study
is a strength because it allows for dimensional analyses of the relationship between AB and
reward-related neural response with a range from little AB to those with extensive legal
records and APD diagnoses. Finally, our findings should be interpreted with caution in
generalizing to other populations, particularly women and men not living in low-income,
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urban environments. Participants in this sample have been exposed to a high level of acute
and chronic stressors, which may affect their frontostriatal reactivity during reward
processing (73, 74). Thus, follow-up studies are needed to examine how individual
differences in life experiences may lead to individual differences in reward-related neural
reactivity.

The current study is one of the first to use a large at-risk community sample of low-income,
racially-diverse males to link distinct components of AB to neurobiological differences in
specific phases of reward processing. To address the increasingly important
conceptualization of psychopathology as dimensional (75, 76), we used dimensional
measures from multiple sources to assess AB and CU traits. We found evidence that AB was
related to less VS reactivity during the anticipation of rewards and less VIPFC reactivity
during anticipation of rewards and losses. These results suggest that AB is linked to
dysfunction in neural regions that are important in the learning and updating of reward-
related behavioral responses to help guide appropriate decision making and suggest neural
mechanisms underlying why individuals with AB persist in delinquent behavior despite
continued negative consequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Self-reported antisocial behavior (AB) predicts less ventral striatum and vIPFC
reactivity during the anticipation of rewards

(A) Self-reported AB is negatively correlated with ventral striatum reactivity in the right
ventral striatum region of interest (centered at the peak voxel, MNI: 10, 14, -6, t=—-2.73,
k=164). This finding emerges across multiple measures of AB and when controlling for CU
traits and other psychiatric diagnoses. (B) Scatterplot of Self-Reported AB and ventral
striatum reactivity during anticipation of rewards. (C) Self-reported AB is negatively
correlated with activity in the left middle frontal gyrus (ventrolateral prefrontal cortex) and
activity in a cluster extending from the right VS into the broader caudate during anticipation
of rewards (centered at the second peak voxel, MNI: 10 14 -6; t = 3.06, k=625). The VS/
caudate cluster remains (and demonstrated suppression effects) when controlling for CU
traits and other psychiatric diagnoses. The left middle frontal gyrus cluster was only
significant when partialling out variance of CU traits and other psychiatric diagnoses
(centered at the peak voxel, MNI: =32, 60, -2; t = -3.36, k =601). (D) Scatterplot of Self-
Reported AB and middle frontal gyrus (ventrolateral prefrontal cortex) reactivity during
anticipation of rewards
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Figure 2. Self-reported antisocial behavior (AB) predicts less middle frontal gyrus reactivity
during loss anticipation (versus baseline)

(A) Self-report AB is negatively correlated with left middle frontal gyrus (lateral prefrontal
cortex) reactivity (centered at the peak voxel, MNI: =42, 48, 2, t=-3.32, k=531) during
anticipation of loss. This cluster remains (and demonstrated suppression effects) when
controlling for CU traits and other psychiatric diagnoses. (B) Scatterplot of Self-Reported
AB and middle frontal gyrus (ventrolateral prefrontal cortex) reactivity during anticipation
of loss.
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