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Abstract

Objective—To investigate the relationship between brain structure and psychopathic traits in
maximum-security incarcerated male adolescents: Do the associations between brain volumes in
paralimbic and limbic regions and psychopathic traits observed in incarcerated adult men extend
to an independent sample of incarcerated male adolescents?

Method—A structural magnetic resonance imaging (MRI) study of regional gray matter volumes
(GMV) by using voxel-based morphometry (VBM) in maximum-security incarcerated male
adolescents (N=218) assessed for psychopathic traits using the Hare Psychopathy Checklist—
Youth Version (PCL-YV). All analyses controlled for effects of age, substance use, and brain size.

Results—Consistent with hypotheses and the adult literature, psychopathic traits were associated
with decreased regional GMV in diffuse paralimbic regions, including orbitofrontal cortex,
bilateral temporal poles, and posterior cingulate cortex.

Conclusions—These results strengthen the interpretation that paralimbic regions are central for
understanding neural dysfunction associated with psychopathic traits and that psychopathy is best
conceptualized as a neurodevelopmental disorder.
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For most antisocial male adolescents, problematic behavior peaks in late adolescence or
early adulthood and drops off rapidly thereafter, but some individuals remain on a life-
course persistent trajectory of antisocial behavior throughout adulthood?. Some adults on the

© 2012 American Academy of Child & Adolescent Psychiatry. Published by Elsevier Inc. All rights reserved.
Correspondence to Elsa Ermer, Ph.D., Adelphi University, Psychology, 1 South Ave., Garden City, NY 11530; eermer@adelphi.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Supplemental content cited in this article is available online.
This article is discussed in an editorial by Dr. Tonya J.H. White on page xxx.
Dr. Ermer, Ms. Cope, and Mr. Nyalakanti report no biomedical financial interests or potential conflicts of interest.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Ermer et al.

Page 2

life-course persistent trajectory meet diagnostic criteria for psychopathy, a predictor of
persistence in criminal activity and violent behavior2-4.

Psychopathy is a serious and enduring personality disorder marked by interpersonal,
affective, and behavioral traits such as glibness, lack of moral emaotions (e.g., remorse,
empathy), irresponsibility, and impulsivity®. Clinical psychopathy is commonly assessed
with the Hare Psychopathy Checklist- Revised (PCL-R)8, the most widely accepted
diagnostic instrument for psychopathy in adults. The assessment of psychopathic traits in
youth raises a number of important issues. In the DSM', antisocial personality disorder (in
adults) and conduct disorder (in youth) are most closely related to the construct of
psychopathy; however, these diagnoses focus on more readily observable behavioral traits,
rather than affective and interpersonal traits conceptualized to be at the core of the disorder®.
Thus, others have emphasized the particular importance of callous and unemotional traits in
conceptualizing psychopathy in adolescents8-9. Hare and colleagues constructed a modified
version of the PCL-R, the Psychopathy Checklist-Youth Version (PCL-YV)10, designed for
use with adolescents, identifying both interpersonal and affective traits (Factor 1) and
lifestyle and antisocial traits (Factor 2). Although distinguishing psychopathic traits from
normative adolescent development can be challenging!! and it is critical to avoid the
assumption that adolescents with psychopathic traits are on a predetermined path of adult
psychopathy12-13 or are untreatable1?, the assessment of psychopathic traits in youth
evidences reliability and construct validityl1-15, Furthermore, male adolescents, like
adults1®, scoring high on these traits are quicker to reoffend, including violent offenses!?-18,

The pervasive nature of emotional and behavioral symptoms of psychopathy suggests that a
number of associated brain regions may contribute to the disorder. Among adults,
converging evidence from electrophysiology®-20, functional neuroimaging?1-22, and lesion
studies?3 implicates paralimbic cortex and limbic structures as dysfunctional in
psychopathy?4. These regions are linked based on cytoarchitectural similarities2®, which
suggests a partially shared neurodevelopmental trajectory. These regions include the
temporal poles, anterior cingulate cortex (ACC), posterior cingulate cortex (PCC),
orbitofrontal cortex (OFC), parahippocampal regions, amygdala, and hippocampus?4.

The existing structural imaging literature supports the hypothesis that dysfunction in
paralimbic and limbic regions is associated with psychopathy. Structural differences in the
form of reduced regional gray matter volumes (GMV) are observed in adult men with
psychopathic traits26-28, However, it is not known when these differences begin to appear
and whether they are apparent in adolescence, a time when the brain is still undergoing
significant development?® and psychopathic traits may begin to be observed!!.

To date, no research has examined brain structure in incarcerated adolescents with
psychopathic traits assessed by the PCL-YV. Some previous work has looked at structural
differences in (primarily) male adolescents with psychopathic traits, using diverse
assessment methods. Youths (M=16 years) with early onset conduct disorder (CD) had
reduced temporal lobe volumes; prefrontal volumes were also reduced in these youths, but
the difference did not reach statistical significance30. Reduced GMV in bilateral insula and
left amygdala was reported in male adolescents (M=13 years) with CD compared to
controls, but there were no significant differences in the ACC or OFC3L, However, reduced
GMV was reported in the temporal lobes bilaterally, left amygdala, left hippocampus, OFC,
and ventromedial PFC, and greater GMV in the cerebellum, in male adolescents (M=14
years) with early onset CD compared to controls32. In contrast, one study of boys from the
community (M=11 years) with callous and unemotional traits found increased GMV
compared to controls in several regions, including the OFC, ACC, superior temporal gyrus,
left hippocampus, insula, and PCC33,
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These studies suggest that adolescents with early CD symptoms have aberrant paralimbic
and limbic structure; however no studies have examined psychopathic traits assessed with
the expert-rater based PCL-YV and thus may not be directly comparable to adult samples.
Additionally, prior studies3%-33 have relied on relatively small samples (Ns=20-48), drawn
largely from community and outpatient populations; thus, these samples were likely only
associated with low to moderate levels of psychopathic traits and had limited ability to
control for potential confounds (e.g., substance abuse).

Here we begin to address these limitations by presenting results from a voxel-based
morphometry (VBM) analyses on the relationship between brain structure and psychopathic
traits in large sample of maximum-security incarcerated male adolescents. The aberrant
structure and dysfunction observed in paralimbic cortex and limbic structures in adult
psychopathy predicts that higher scores on psychopathic traits will be associated with
reduced GMV in the parahippocampus, amygdala, hippocampus, temporal pole, ACC, PCC,
and OFC.

The data analyzed were drawn from the NIMH-funded SouthWest Advanced Neuroimaging
Cohort, Youth sample (SWANC-Y), collected between June, 2007, and March, 2011, from
ongoing research studies at a maximum-security youth detention facility in New Mexico.
This research was approved by the University of New Mexico Health Sciences Center
Human Research Review Committee and individuals volunteered to participate after
providing written informed consent (if >=18 years of age) or after providing written
informed assent and parent/guardian written informed consent (if <18 years of age).
Participants were excluded from participation if they had a history of seizures, psychosis,
traumatic brain injury, other major medical problems, or failed to show fluency in English at
or above a grade four reading level. High-resolution structural magnetic resonance imaging
(MRI) scans and PCL-YV scores were available from 218 male adolescents. Our final
sample included A=191 individuals, after excluding /=18 for excessive motion or
radiological findings and /=9 who were determined to meet the above exclusion criteria
after scanning.

Participants were incarcerated for crimes that included murder, assault, rape, arson, weapons
possession, burglary, fraud, drug possession/distribution, and criminal mischief (Table 1).
Participants were predominantly Hispanic/Latino (56.6%), white/Caucasian (14.8%), or
Native American (11.7%). From self-report, 89.0% of participants were right-handed, 9.4%
left-handed, and 1.6% ambidextrous. Participants were paid a flat rate, yoked to the standard
institutional hourly pay scale, for participation in the study.

Psychopathy

The PCL-YV10 assessment includes a review of institutional records and a semi-structured
interview that reviews individuals’ school, family, work, and criminal histories, and their
interpersonal and emotional skills. Individuals are scored on 20 items that measure
personality traits and behaviors characteristic of psychopathy. Scores range from 0 to 40.
For adults, the accepted diagnostic cutoff for psychopathy is 30 and above34. For
comparison to adult samples, in addition to Total PCL-YV scores, we examined a two factor
model of psychopathic traits®35, with Factor 1 composed of interpersonal and affective traits
and Factor 2 composed of lifestyle and antisocial traits.

This sample covered a wide range of PCL-YV scores, including a sufficient number of high
scorers (PCL-YV>=30, r=35; Figure S1, available online) indicating a high level of
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psychopathic traits. The mean scores are comparable to those observed in adult male
incarcerated populations®. Interviews were conducted by trained researchers and videotaped
for reliability assessment (intra-class correlation coefficient (ICC 1,1)=.90 for PCL-YV
Total scores; 12% of interviews (randomly selected) were double-rated).

Control Measures

Full-scale 1Q (1Q) was estimated from the VVocabulary and Matrix Reasoning sub-tests of the
Wechsler Adult Intelligence Scale36-37 for participants older than 16 years of age and from
the Wechsler Intelligence Scale for Children—Fourth Edition38-39 for participants younger
than 16 years of age (Table 1). The mean IQ estimate in this sample is consistent with other
studies of juvenile offenders suggesting a negative relationship between delinquency and

1Q40,

Trained researchers administered a post-head injury symptoms questionnaire*! to evaluate
history of traumatic brain injury (TBI) and the Kiddie Schedule for Affective Disorders and
Schizophrenia (KSADS)*2. From the KSADS, we counted the total number of substances
(alcohol and drug) for which an individual met the lifetime dependence diagnostic criteria
(“substance dependence”). A modified version of the Addiction Severity Index*3 was also
administered. Following the method we used previously in adults?8, years of regular use
were summed for each substance (alcohol and drug) that the participant reported using
regularly (3 or more times per week for a minimum period of one month), total scores were
then divided by age (to control for opportunity to use), multiplied by 100, and a square root
transformation was applied to correct for any skew (“regular substance use”; Table 1).

MRI Acquisition

High-resolution T1-weighted structural MRI scans were acquired using the Mind Research
Network Mobile Siemens 1.5T Avanto MRI scanner, stationed at the detention facility. A
multi-echo MPRAGE pulse sequence (repetition time=2530ms, echo times=1.64ms, 3.50ms,
5.36ms, 7.22ms, inversion time=1100ms, flip angle=7°, slice thickness=1.3mm, matrix
size=256x256) was used, yielding 128 sagittal slices with an in-plane resolution of
1.0mmx1.0mm. Data were pre-processed and analyzed using Statistical Parametric Mapping
software (SPM5). T1 images were manually inspected by an operator blind to subject
identity and realigned to ensure proper spatial normalization. Images were spatially
normalized to the SPM5 T1 Montreal Neurological Institute (MNI) template using non-
linear registration, segmented into gray matter, white matter, and cerebrospinal fluid, and
modulated to preserve total volume?*4-45, These segments were then averaged to create a
study-specific template. Next, the original gray matter segments were normalized to the
customized template. Finally, the images were resampled to 2x2x2mm and smoothed with a
10mm full-width at half-maximum (FWHM) Gaussian kernel. VVoxels with a gray matter
value of <.15 were excluded in order to remove possible edge effects between gray matter
and white matter. Only gray matter segments were used in this analysis.

Analytic Strategy

As expected, Total PCL-YV scores were not significantly correlated with 1Q, TBI,
handedness, or total brain volumes, and the typical negative correlations between PCL-YV
scores and age*® and substance use28 were observed (Table S1, available online).
Psychopathy is frequently comorbid with substance use in adults*’ and adolescents*8 and
substance use has been linked with GMV differences although the direction and duration of
effects, and the role of related third variables (like psychopathy), is currently unsettled9-20,
Thus, all analyses included the measure of substance dependence as a covariate. Age at scan
was included as a covariate in all analyses, because of the developmental changes in brain
structure over adolescence?®. PCL-YV scores were used continuously. We also included
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brain volume (BV; white matter + gray matter) as an additional covariate in all analyses to
account for individual variation in brain size®® and to focus on regionally-specific changes.

analysis

Multiple regression analyses were performed on a voxel-by-voxel basis over the whole brain
using the general linear model to evaluate the relationship between PCL-YV and regional
GMV, including BV, age at scan, and substance dependence in the model as covariates. In
multiple regression analyses evaluating the relationship between the psychopathy factors
and regional GMV, both factors were included in the model simultaneously, in addition to
the BV, age at scan, and substance dependence covariates.

Results from an independent adult sample28 indicated that GMV abnormalities are
extensively distributed in paralimibic and limbic regions, but the effect size at each voxel is
small. We utilized the two common methods in whole-brain analyses to assess for effects
across voxels: (1) peak height, using a false discovery rate (FDR) correction for multiple
comparisons (to test for focal peak effects); and (2) cluster size, estimating the cluster size
necessary to correspond to a desired statistical threshold (to test for small, distributed
effects).

Monte Carlo simulation conducted using AlphaSim>2 determined that a 1643 voxel extent at
height threshold of p<.05 uncorrected yielded a family-wise error rate (FWE) corrected
threshold of p<.05, accounting for spatial correlations between GMVs in neighboring
voxels. Peak height-based whole-brain analyses were thresholded at a FDR of p<.05.

Region of interest (ROI) analysis

Results

In addition to the whole-brain analyses, we also tested our hypotheses in a priori regions of
interest. Anatomical image masks based on ROIs (ACC, PCC, left and right
parahippocampal gyrus, left and right amygdala, left and right hippocampus, left and right
temporal pole, left, right, and medial OFC) identified in the adult literature were created
using the Wake Forest University (WFU) Pick Atlas Toolbox in SPM5. For each region in
each hemisphere, a small volume correction (SVC) was applied to the area within each
mask; we report the FWE correction.

As an additional a priori analysis, we also examined the association between PCL-YV
scores and brain structure at the anatomical ROI peak coordinates identified in an
independent adult sample28 (AV=254). We averaged the coordinates from these analyses
(Table 1 in ref. 28); because the peaks associated with the amygdala, hippocampal, and
parahippocampal anatomical masks were very close spatially, we averaged these peak
coordinates to produce one set of coordinates for the right and for the left parahippocampal
region. We then used these coordinates to conduct an SVC analysis, using 10mm diameter
spheres, in our adolescent sample. All tables and figures are presented in MNI space.

Were psychopathic traits associated with brain structure?

As found in adults?8, cluster-extent analyses (1643 voxel threshold) across the whole brain
showed that GMV in paralimbic regions was negatively associated with PCL-YV scores.
Two clusters, in PCC and OFC (extending into the parahippocampal cortex and the temporal
poles), were found. In addition, a significant cluster in prefrontal cortex was positively
associated with PCL-YV Total scores (Figure 1). These results suggest a potentially large
extent of structural abnormalities in psychopathy. In contrast, peak-height whole-brain
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analysis corrected for multiple comparisons (FDR p<.05) revealed no regions with GMV
significantly negatively or positively associated with Total PCL-YV scores.

Anatomical ROI analyses with SVC identified several paralimbic regions with GMVs
significantly negatively associated with PCL-YV Total scores: the FWE p<.05 threshold
was met (Table 2) within the left OFC and medial OFC. This threshold was approached in
the right and left amygdala, left temporal pole, and PCC.

A priori SVC analyses on 10mm diameter spheres around peak coordinates from an
independent adult sample28 showed that PCL-YV scores were significantly (FWE p<.05)
negatively associated with GMV (Table 3) in the left temporal pole, left parahippocampal
cortex, and PCC, and this threshold was approached for the right temporal pole, right
parahippocampal cortex, and left and right lateral OFC.

How much variance in PCL-YV scores does brain structure account for?

For each of the a priori anatomical ROIs, we identified the cluster peak negatively
associated with Total PCL-YV scores, controlling for BV, substance dependence, and age,
and extracted the regional GMV for each subject at these peaks. To reduce multicollinearity,
we scaled each regional volume by the subject’s total GMV and summed values for
neighboring regions (right amygdala, right hippocampus and right parahippocampal gyrus;
left amygdala, left hippocampus and left parahippocampal gyrus; right, left, and medial
OFC). These regions showed acceptable independence (all tolerance values >.42) and were
entered as predictors in a multiple regression. As a group, these seven a priori regions (OFC,
ACC, PCC, right parahippocampal cortex, left parahippocampal cortex, right temporal pole,
and left temporal pole) accounted for 19.5% of the variance in Total PCL-YV scores,
F(7,183)=6.32, p<.001, adjusted A2=16.4%.

As a more stringent analysis, we extracted the regional GMV at each of the peaks (Table 3)
identified in the independent adult sample28, and conducted multiple regression to predict
PCL-YYV scores from these volumes. As above, to reduce multicollinearity, we scaled each
regional volume by the subject’s total GMV and summed values for neighboring regions
(right, left, and medial OFC). These regions showed acceptable independence (all tolerance
values >.46) and were entered as predictors in a multiple regression. As a group, these seven
regions (OFC, ACC, PCC, right parahippocampal cortex, left parahippocampal cortex, right
temporal pole, and left temporal pole) accounted for 10.6% of the variance in Total PCL-YV
scores, A7,183)=3.11, p=.004, adjusted /2=7.2%.

Were the PCL-YV factors associated with brain structure in paralimbic regions?

In multiple regression analyses evaluating the relationship between the PCL-YV factors and
regional GMV, both factors were included in the model simultaneously, in addition to BV,
substance dependence, and age covariates. Cluster extent threshold whole brain analysis
(1643 voxels) showed that Factor 1 scores were negatively associated with GMV in one
cluster centered in the OFC (Figure 2, Panel A). Factor 2 scores were negatively associated
with GMV in clusters in the left and right inferior parietal lobule and the PCC, and
positively associated with GMV in the mOFC and ACC (Figure 2, Panel B). In contrast,
peak-height whole-brain analysis corrected for multiple comparisons (FDR p<.05) revealed
no regions with GMV significantly negatively or positively associated with Factor 1 or
Factor 2 scores.

How robust are these results to model variation?

The models above used substance dependence as the measure of substance use. When
regular use was used as the covariate instead, results for cluster extent analyses were
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substantively the same for negative associations with psychopathy scores (Figure S2; Tables
S2-S3, available online). However, there was no evidence of a positive association between
GMV in the medial prefrontal cortex (mPFC) and Total PCL-YV scores.

Discussion

Among adults, evidence from multiple methodologies has converged on a set of brain
regions, in paralimbic cortex and limbic structures, as dysfunctional in adults with
psychopathic traits. The present study adds to this literature by investigating structural
abnormalities using VBM in a large sample of incarcerated male adolescents assessed for
psychopathic traits using the PCL-YV. Cluster extent analysis showed that PCL-YV Total
scores were associated with decreased GMV in the PCC and in the OFC, extending into the
parahippocampal cortex, and the temporal poles. PCL-YV Total scores were associated with
increased GMV in the medial PFC. In contrast, whole brain analyses focusing on peak
height and correcting for multiple comparisons using an FDR p<.05 threshold revealed no
regions with GMV significantly associated with psychopathic traits in adolescence, either
negatively or positively. Given our sample size, population sampled, and methodology, this
null result is unlikely to be due a lack of power. These findings suggest that structural
abnormalities associated with psychopathic traits reflect distributed network(s) of subtle
impairment, rather than focal lesions.

To our knowledge, this is the first structural MRI study of adolescents assessed using the
PCL-YV. As such, the findings in the extant adolescent literature are not directly
comparable®3, However, recent research on structural MRI in incarcerated male adults,
assessed using the PCL-R, demonstrates several commonalities. GMV decreases were found
in the temporal poles, parahippocampal cortex, posterior cingulate, and lateral OFC in both
adults and adolescents, when the same covariates were used?8. In contrast to the present
study in juveniles, however, no positive associations between psychopathic traits and GMVs
were identified in adults. This difference may reflect the variable trajectory of brain
development: male adolescents with psychopathic traits showed increased GMV in medial
PFC, one of the last regions to reach developmental maturity. Notably, evidence from
functional MRI suggests that medial PFC activity is abnormal in adolescents with
psychopathic traits®*. The differential associations of Factor 1 and Factor 2 traits on GMV in
the OFC may account for this disparity between adolescents and adults. Analyses of the
unique contributions of the factors (Figure 2) support the hypothesis that the positive
association between GMV and PCL-YV Total scores is driven by Factor 2 traits. Some
Factor 2 traits, such as impulsivity and need for stimulation, are elevated in adolescence
generally and tend to decrease over the lifespan. Plausibly, this pattern is related to the
maturation of the prefrontal cortex. The pattern of increased GMV in this region in
adolescents with psychopathic traits may reflect a delayed trajectory of brain development®®,

Unlike adults, adolescents with psychopathic traits also showed decreased GMV throughout
much of the cerebellum. At present, there is limited knowledge about the precise role of the
cerebellum in cognitive and emotional processes, although evidence increasingly suggests
that the cerebellum may have a significant role in these areas®®. Notably, the cerebellum has
been implicated in other child-onset disorders such as ADHD®’; however, psychopathic
traits were unrelated to ADHD diagnosis in this sample (/{191]=.10, p=.17). In healthy
adolescents, cerebellar volume follows an inverted-U shaped trajectory, peaking around age
15.5 in males®®. The observed decreased GMV in the cerebellum in male adolescents with
psychopathic traits is consistent with a delayed developmental trajectory, although other
explanations remain possible.
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Despite the fact that observed brain abnormalities were relatively subtle, these differences
accounted for a substantial amount of variance in psychopathic traits in our sample.
Together, volumes from anatomically-defined a priori paralimbic regions accounted for
nearly 20% of the variance in Total PCL-YV scores. Volumes from the peak coordinates in
an independent adult sample?® accounted for over 10% of the variance in Total PCL-YV
scores.

Incarcerated populations in general show high comorbidities with substance problems, early
life stress, and mental health problems. Thus, our results may be subject to other
interpretations and it is difficult to tease out all possible moderating variables. We chose to
pursue a broad sampling strategy to insure our sample was representative of incarcerated
populations in general and individuals with psychopathic traits in particular. The negative
associations between PCL-YV scores and GMV in paralimbic regions were robust to
different specifications of substance use (Figure S2). Importantly, existing comorbidities
may be risk factors for developing psychopathic traits and thus may reflect true group
differences rather than introducing confounds. Nevertheless, future research comparing
brain structure in typically developing youth and youth with other disorders would help
clarify the specificity of these results.

VBM can be sensitive to methodological parameters (e.g., covariates), affected by atypical
brains, and produce less precise localization compared to other methods**. We followed the
same methodological choices in the present study as we did in our study of incarcerated
adults?8 (including use of the same MRI scanner), employed a study-specific template,
compared brain structure across a large number of individuals, and found relatively
widespread deficits across paralimbic regions. Future studies with alternative analytical
techniques may identify additional abnormalities associated with psychopathic traits.

The finding that adolescents with psychopathic traits exhibit many of the same structural
abnormalities as adults with psychopathy supports the hypothesis that this disorder is
neurodevelopmental in nature. These results suggest that the brain abnormalities observed in
adults with psychopathy are present as early as age 14. Furthermore, these results provide
further support for the construct validity of psychopathic traits assessed in adolescencel® and
the concept of psychopathy as a developmental disorder.

The details of the developmental process(es) of psychopathic traits are questions for future
research, but one possibility is that genetic and/or environmental events perturb the normal
developmental process, leading to decreased GMV in some areas and increased GMV in
others. These structural abnormalities may then be directly or indirectly related to the
functional deficits exhibited by both adults with psychopathic traits and adolescents with
psychopathic traits.

Finally, it is unknown when the neurodevelopmental trajectory to psychopathy begins.
Individuals in this study were in late adolescence, but one study with younger children also
demonstrated brain abnormalities33; however, they reported increased GMVs among
children with callous and unemotional traits in paralimbic and limbic regions. At this point,
it is unclear whether differences between these results and the present study are to be
accounted for by sample age (M=11.6 years vs. M=17.6 years), sample size (N=46 vs.
N=191), population source (community vs. incarcerated), psychopathy assessment (other-
report vs. expert-rater), or other factors. Future studies of younger adolescents and children
that utilize the PCL-YV (or downward extension) would allow for more direct comparison
with the findings from adults and older adolescents. Overall, our results strengthen the
interpretation that paralimbic regions are central for understanding neural dysfunction
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associated with psychopathic traits and that psychopathy may best be conceptualized as a
neurodevelopmental disorder.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Regional gray matter volumes (GMV) significantly associated with Total Psychopathy
Checklist— Youth Version (PCL-YV) scores, controlling for brain volume (BV), age at scan,
and substance dependence. Note: These regions are significant in the whole brain at p<.05,
uncorrected for multiple comparisons, with an extent threshold of 1643 voxels, yielding a
corrected threshold of p<.05, accounting for spatial correlations between GMVs in
neighboring voxels. Coordinates are in Montreal Neurological Institute (MNI) space. The
color bar represents #values. GMV increases are in yellow/orange/red and decreases are in
green/blue. Negatively associated clusters can be found in the orbitofrontal cortex (OFC),
extending into parahippocampal cortex and the temporal poles, and in the posterior
cingulated cortex (PCC). There is a positively associated cluster in the prefrontal cortex.
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Figure 2.

Regional gray matter volumes (GMV) negatively associated with the Hare Psychopathy
Checklist=Youth Version (PCL-YV) Factor 1 scores (Panel A) and negatively (blue) and
positively (red) associated with PCL-YV Factor 2 scores (Panel B), controlling for brain
volume (BV), age at scan, and substance dependence. Note: These regions are significant in
the whole brain at p<.05 and 1643-voxel extent. Numeric values indicate the Montreal
Neurological Institute (MNI) z-coordinate of the slice, and the color bar represents #values.
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Table 1
Descriptive statistics for analyzed sample (N=191).

Variable Mean SD n
Age 17.3 1.18 191
1Q 92.8 12.06 178
Substance Dependence 2.2 1.63 191
Regular Substance Use 5.5 2.70 184

Criminal Convictions @

Total 7.7 7.84 153
Violent 1.6 1.96 153
Non-violent 6.6 7.54 153

Psychopathic Traits
Total Scores 236 6.19 191
Factor 1 ( interpersonal/affective) 6.6 3.14 191
Factor 2 (impulsive/antisocial) 11.3 2.69 191

K SADS Diagnoses, n (%) Current Past Total
Anxiety disorders 8 (4.2) 8(4.2) 16 (8.4)
Depressive disorders 6 (3.1) 25(13.1) | 31(16.2)
Attention-Deficit/Hyperactivity Disorder 5 (2.6) 17 (8.9) 22 (11.5)

(ADHD)

Oppositional Defiant Disorder 11(5.7) | 46(24.1) | 57 (29.8)
Conduct Disorder 180 (94.3)
Childhood Onset 96 (50.3)
Adolescent Onset 84 (44.0)

aNote: From state records. KSADS = Kiddie Schedule for Affective Disorders and Schizophrenia.
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