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Youth with severe conduct problems impose a significant cost on society by engaging in high levels of antisocial
and aggressive behavior. Within this group, adolescents with high levels of callous- unemotional traits have been
found to exhibit more severe and persistent patterns of antisocial behavior than youth with severe conduct
problems but normative levels of callous-unemotional traits. Existing neuroimaging studies, along with theo-
retical accounts of psychopathology, suggest that dysfunction within the paralimbic cortex and limbic system
may underlie elevated levels of callous-unemotional traits. The present study examines this hypothesis by in-
vestigating gray matter correlates associated with callous-unemotional traits. A sample of incarcerated male
adolescents (N = 269), were assessed using voxel-based morphometry. Callous-unemotional traits were assessed
using the Inventory of Callous-Unemotional traits (Frick 2004). Total callous-unemotional traits were negatively
correlated with anterior temporal lobe gray matter volume (GMV). Callous traits in particular exhibited a re-
liable negative correlation with gray matter volume in nearly every paralimbic brain region examined. Uncaring
traits were positively correlated with GMV in the orbitofrontal and anterior cingulate cortices. These findings
demonstrate specific neural features within the paralimbic cortex and limbic system that accompany elevated
callous-unemotional traits and serves to expand our understanding of pathophysiological mechanisms that may
give rise to severe conduct problems in youth.

1. Introduction normative levels of CU traits (Byrd et al., 2014; Feilhauer et al., 2012;

Longman et al., 2016).

Youth who exhibit persistent aggressive and antisocial behaviors
pose a serious mental health and public policy concern (Erskine et al.,
2013). A growing body of research suggests that youth with severe
conduct problems can be meaningfully delineated according to the
presence of callous-unemotional (CU) traits. CU traits include lack of
guilt or remorse, lack of affective empathy, lack of concern for per-
formance in important activities, and deficient or shallow affect (Frick
and Moffitt, 2010; Frick et al., 2013). Youth with conduct problems
who exhibit elevated levels of CU traits display more severe patterns of
antisocial behavior compared to youth with conduct problems but

Youth with elevated CU traits also pose a unique treatment chal-
lenge, as traditional treatment approaches have shown to be con-
siderably less effective at reducing conduct problems in this population
(Falkenbach et al., 2003; Haas et al., 2011; O'Neill et al., 2003; Spain
et al., 2004). Nevertheless, some specialized intensive treatment pro-
grams have been successful in reducing conduct problems amongst
youth with elevated CU traits (Butler et al., 2011; Caldwell et al., 2007;
Dadds et al., 2012; Kolko and Pardini, 2010; McDonald et al., 2011;
White et al., 2013; for review see Hawes et al., 2014). The success of
these programs demonstrates that important functional manifestations
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of CU traits are malleable and youth high on these traits can be suc-
cessfully treated in programs tailored to their needs. Moreover, during
adolescence individuals may be more amenable to treatment, as re-
inforcing socially adaptive behaviors and changing their social ecology
is likely to have a more significant impact on the adolescent's devel-
oping personality and behavior.

Similar to adult psychopaths, neurocognitive abnormalities amongst
youth with elevated CU traits include low emotional reactivity (de Wied
et al., 2012; Kimonis et al., 2008a), poor emotion recognition (Blair
et al., 2005; Sylvers et al., 2011), and deficient reversal learning (Byrd
et al., 2014; Finger et al., 2008). Neurobiological accounts of psycho-
pathy have drawn from research conducted on clinical populations with
specific brain lesions, functional neuroimaging and electrophysiological
studies to identify a series of brain regions in the paralimbic cortex and
limbic system which may underpin these neurocognitive abnormalities
in adult psychopaths (Kiehl, 2006). These regions are linked cy-
toarchitecturally as part of the ‘paralimbic system’ — a network of brain
regions which includes the primary limbic structures and regions they
directly project to (Anderson and Kiehl, 2012; Mesulam, 2000). Regions
within the paralimbic system which are thought to play a central role in
psychopaths' affective and reinforcement learning deficits include the
amygdala, ventral striatum (vSTR), medial orbitofrontal cortex
(mOFC), anterior insula (aINS), anterior and posterior cingulate (ACC
and PCC), anterior temporal lobe (aTL), posterior superior temporal
sulcus (pSTS), and parahippocampal gyrus (PHG) (Anderson and Kiehl,
2012; Blair et al., 2014). The paralimbic system is responsible for
generating affective responses to stimuli (i.e., good/bad, approach/
avoid) and integrating that information into higher-order emotional
processing and decision-making mechanisms (Anderson and Kiehl,
2012; Kiehl, 2006). Moreover, these regions remain relevant in struc-
tural studies of youth with elevated psychopathic traits (Cope et al.,
2014a; Ermer et al., 2013). Given that youth with severe conduct
problems and elevated CU traits exhibit similar affective and re-
inforcement learning deficits, brain regions within the paralimbic
system are promising regions of interest in the study of this population.

Functional magnetic resonance imaging (fMRI) studies on youth
with elevated CU traits support the application of the paralimbic dys-
function model to elevated CU traits in youth. Youth with elevated CU
traits have consistently exhibited abnormal hemodynamic activity
across the paralimbic system during a variety of emotional processing
(Lockwood et al.,, 2013; Lozier et al.,, 2014; Marsh et al., 2013;
Sebastian et al., 2012; Viding et al., 2012) and decision-making tasks
(Finger et al., 2008; Finger et al., 2011). A number of structural mag-
netic resonance imaging (sMRI) studies have focused on youth with
severe conduct problems compared to neurotypical controls. They have
found that adolescents with severe conduct problems have exhibited
reduced gray matter volume (GMV) in the amygdala, aINS, OFC, and
aTL (Cope et al., 2014a; Fairchild et al., 2011; Huebner et al., 2008;
Sterzer et al., 2007; see Rogers and De Brito, 2016 for a meta-analysis).

A subset of these structural studies have investigated the contribu-
tion of elevated CU traits specifically. A number of studies identified
positive relationships between CU traits and gray matter structure
within the paralimbic brain regions (Fairchild et al., 2011; Wallace
et al., 2014). For instance, a recent study found adolescent boys with
conduct problems and high CU traits to have greater GMV and gray
matter density (GMD) in the posterior mOFC, dorsal ACC, rostral ACC,
and aTL compared to typically developing boys (De Brito et al., 2009).
However, a more recent group comparison found reduced GMV in the
left OFC and right ACC in youth with conduct problems and elevated
CU traits compared to youth with conduct problems and normative CU
traits and neurotypical controls (Sebastian et al., 2016). Additionally, a
few studies have examined the structural correlates of ‘psychopathic
traits’ in adolescents with severe conduct problems. These studies have
generally found a negative association between psychopathic traits and
GMYV across multiple paralimbic regions (Ermer et al., 2013; Yang et al.,
2015).
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The neurological structure that might underlie elevated CU traits
has been identified as an under-examined area in the study of CU traits
(Frick et al., 2013). The anatomical structure of interconnected brain
regions provides the basic architecture underlying a neural network
and, through interactions between those regions, facilitates the func-
tions of that network (Bressler and Tognoli, 2006). Thus, while the
exact relationship between neural structure and function is not fully
understood, identifying the structural correlates of a set of traits pro-
vides us with some understanding of the neural functioning from which
those traits arise. Similar to how studies examining neurological ab-
normalities in antisocial adolescents have led to important advances in
causal theories (Raine and Yang, 2006), etiological accounts of the
development of CU traits are likely to be advanced substantially from a
better understanding of the structural brain basis of CU traits (Frick
et al., 2013). Moreover, identifying the structural correlates of CU traits
may assist future research into the developmental pathways responsible
for elevated CU traits, and guide treatment programs by providing a
clearer understanding of the neural mechanisms underlying the beha-
vior of youth with severe conduct problems and elevated CU traits.

Additionally, existing structural studies have only examined CU
traits as a unified construct, measured by ICU total score without ex-
amining the contribution of the individual components of CU traits. A
substantial amount of literature in adult psychopathy has demonstrated
that the individual factors and facets of psychopathic traits are asso-
ciated with discriminable neurological effects (Anderson et al., 2018;
Baskin-Sommers et al., 2016; Juarez et al., 2013). Moreover, a number
of studies of CU traits have identified discriminable behavioral effects
amongst the ICU factors (e.g. Byrd et al., 2013; Ezpeleta et al., 2013;
Kimonis et al., 2008b). This suggests that CU traits may be a con-
stellation of interrelated yet distinct socio-affective characteristics. This
paper advances the study of CU traits by breaking down the factors and
showing their individual effects amongst a sample of uniformly anti-
social youth.

The purpose of this study is to further explore the structural neu-
rological correlates of CU traits in youth with severe conduct problems,
both as a unified construct and divided into factors. To accomplish this,
we present results from a voxel-based morphometry analysis on the
relationship between brain structure and CU traits in a large sample of
maximum-security incarcerated male adolescents. Based on the extant
research in the field, as well as theoretical perspectives on the neuro-
biological basis of psychopathy, we predicted that CU traits would be
associated with gray matter volume within the amygdala, aINS, vSTR,
mOFC, ACC, PCC, aTL, pSTS, and PHG.

2. Methods
2.1. Participants

The sample (N = 269) included male adolescents recruited from
correctional facilities in New Mexico and Wisconsin (mean
age = 17.25years; SD = 1.223; range: 13.75-20.75years). This re-
search was approved by the relevant institutional review boards and
individuals volunteered to participate after providing written informed
consent (if = 18 years of age) or after providing written informed as-
sent and parent/guardian written informed consent (if < 18 years of
age). Participants were paid a flat rate, yoked to the standard institu-
tional hourly pay scale, for participation in the study. 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. A portion of
this sample was included in previous studies (Cope et al., 2014b; Ermer
et al., 2013), but all current data analysis is unique to this study. De-
mographic information on this sample is provided in Table 1.
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Table 1
Demographic information for incarcerated male adolescents (N = 269).
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Table 2
Psychiatric diagnoses for incarcerated male adolescents (N = 269).

Variable N Min Max Mean SD 95% C.L Past disorder Prevalence (%)
Age 269 13.75 20.75 17.25 1.22 17.11-17.39 Mood disorders
1Q 269 57 140 90.51 13.52 88.91-92.19 Major depression 9
Callous-unemotional traits Melancholic depression 1
ICU total 269 7 65 28.51 9.59  27.41-29.72 Dysthymic disorder 1
ICU callous 269 0 24 7 413 6.53-7.53 Depressive disorder nos 3
ICU uncaring 269 0 22 10.34 4.96 9.75-10.95 Bipolar 1
ICU unemotional 269 0 15 8.61 3.06 8.27-9.00 Schizoaffective disorder 1
Substance use history Adjustment disorder w/ depressed mood 3
Cumulative substance use” 269 0 215.57 52.04 35.35 47.77-56.31 Psychotic disorders
Schizophreniform 0
Psychotic disorder nos 1
Variable n % Anxiety disorders
Panic 1
Race Phobia 3
American Indian 30 11 Obsessive-compulsive 1
Black 58 22 Post-traumatic stress 6
Pacific Islander 1 1 Generalized anxiety 1
White 53 20 Anxiety disorder nos 1
Other/decline 124 46 Behavioral disorders
Missing 3 1 Attention deficit hyperactivity disorder 39
Ethnicity Oppositional defiant disorder 47
Hispanic 155 58 Conduct disorder 95
Not Hispanic 114 42 Childhood onset 55
Location Adolescent onset 40
Wisconsin 80 30 Group type 35
New Mexico 189 70 Solitary type 20
Handedness Undifferentiated 27
Right 208 77 Substance use disorders Dependence Abuse
Left 26 10 Alcohol 43 57
Ambidextrous 2 1 Sedative-hypnotic-anxiolytic 7 14
Missing 33 12 Cannabis 45 63
N R R Stimulants 12 14
Cumulative Substance Use was calculated by adding years of regular use Opioids 3 6
(three times a week or more) for all substances, dividing by age, multiplied by Cocaine 20 28
100, and a square root transformation was applied to correct for skew. Hallucinogens/PCP 3 5

2.2. Assessments

CU traits were measured using the Inventory of Callous-
Unemotional Traits (ICU), a 24-item self-report questionnaire designed
to provide a comprehensive assessment of callous and unemotional
traits (Frick, 2004). Items are rated on a four-point Likert-type scale
(0 = Not at all true to 3 = Definitely true). In addition to a total score,
the ICU can be broken down into three factors: callousness, uncaring
and unemotional (Essau et al., 2006). The callousness factor en-
compasses traits such as a lack of empathy, guilt, and remorse for
wrongdoing. The uncaring factor focuses on a lack of caring about one's
performance on tasks and for the feelings of other people. The final
factor (unemotional) captures the absence of emotional expression.
Several studies support the construct validity of the ICU in incarcerated
youth (e.g., Kimonis et al., 2008b; Pihet et al., 2014). In our sample, the
ICU was found to have good internal consistency (Chronbach's alpha for
ICU total score, containing all 24 items, was a = 0.84; Callousness,
containing 9 items, was a = 0.84; Uncaring, containing 8 items, was
a = 0.81; Unemotional, containing 5 items, was a = 0.62).

Full-scale IQ (IQ) was estimated from the Vocabulary and Matrix
Reasoning sub-tests of the Wechsler Adult Intelligence Scale (Wechsler,
1997) for participants older than 16 years of age and from the Wechsler
Intelligence Scale for Children-Fourth Edition (Wechsler, 2003) for
participants younger than 16 years of age.

Trained researchers administered a post-head injury symptoms
questionnaire (King et al., 1995) to evaluate history of traumatic brain
injury (TBI). Psychiatric disorders were accounted for using two dif-
ferent methods. Diagnoses were coded from comprehensive psychiatric
evaluations made by an attending psychiatrist where they were avail-
able. For participants that did not receive an admission psychiatric
evaluation, psychiatric disorders were evaluated using the Kiddie
Schedule for Affective Disorders and Schizophrenia (KSADS; Kaufman

et al., 1997) completed by trained research assistants (for a breakdown
of psychiatric disorders see Table 2). As a result, we had basic diag-
nostic information (Past, Present, Past & Present) on a variety of psy-
chiatric disorders for our entire sample. Notably, the incidence of
conduct disorder was uniformly distributed throughout the sample, as it
was present in about 95% of participants (n = 256).

A modified version of the Addiction Severity Index (McLellan et al.,
1992) was administered across the entire population. Years of regular
use were summed for each substance (alcohol and drug) that the par-
ticipant reported using regularly (three or more times per week for a
minimum period of one month). Cumulative substance use was then
calculated by adding years of regular use for all substances, dividing by
age (to control for opportunity to use), multiplied by 100, and a square
root transformation was applied to correct for skew (“Cumulative
Substance Use”; Table 1). Diagnoses of substance abuse or dependence
are included in the breakdown of psychiatric disorders (see Table 2).

2.3. MRI data acquisition and analysis

High-resolution T1-weighted structural MRI scans were acquired
using the Mind Research Network Mobile Siemens 1.5 T Avanto MRI
scanner, stationed at the detention facility. A multi-echo MPRAGE pulse
sequence (repetition time = 2530 ms, echo times = 1.64 ms, 3.50 ms,
5.36ms, 7.22ms, inversion time = 1100ms, flip angle = 7°, slice
thickness = 1.3 mm, matrix size = 256 x 256) was used, yielding 128
sagittal slices with an in-plane resolution of 1.0 mm X 1.0 mm. Data
were pre-processed and analyzed using Statistical Parametric Mapping
software (SPM12; http://www.fil.ion.ucl.ac.uk/spm). T1 images were
manually inspected by an operator blind to subject identity and rea-
ligned to ensure proper spatial normalization. Images were then ana-
lyzed via the Unified Segmentation approach as implemented in SPM12
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(Ashburner and Friston, 2005). Unified Segmentation allows for image
registration based on Gaussian mixture modelling, tissue classification
with warped prior probability maps and bias correction to be combined
in the same generative model. During spatial normalization data were
resampled to 2 X 2 X 2 mm. Subsequent segmentation partitioned the
images into gray matter, white matter, and cerebrospinal fluid. Mea-
sures equating to gray matter volume and density were derived from
these data. A Jacobian modulation was performed to preserve total
volume, i.e., modulated data was interpreted as GMV. A nonlinear
transformation without Jacobian determinants was performed on un-
modulated images to extract gray matter density (i.e., GMD; Ashburner
and Friston, 2000, 2005). GMD results were included as supplementary
material (Table S1). Voxels with a value of < 0.15 were excluded in
order to remove possible edge effects between gray and white matter.
Finally, segmented images were smoothed with a 10-mm full-width at
half-maximum Gaussian kernel. Only gray matter segments were used
in this 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 ICU scores and regional GM. In analyses
evaluating the relationship between the ICU factors and regional GM,
all three factors were included in the model simultaneously to examine
relative contribution of each factor, holding the others constant, while
also controlling for IQ, total brain volume (TBV), age at scan, and
substance use. A separate model was used to examine ICU total scores
with the same covariates (IQ, TBV, age, substance use). All ICU scores
were used continuously. At the whole brain level, results were
considered significant at the voxel level using a statistical threshold
of p < .05 after Family-Wise Error (FWE) correction for multiple
comparisons. For completeness, the whole brain results were also
examined using cluster-level correction and were included in the
Supplementary Material (Table S2). Monte Carlo simulation was
conducted using 3dClustSim (AFNI: Compile Date = Apr 182,018,
Version = AFNI_18.1.05, http://afni.nimh.nih.gov) and accounting for
spatial auto correlation function (ACF) in a mixed model to determine
significant clusters across the whole brain. For the ICU total score
analysis, an initial cluster forming threshold of p < .001 and voxel
extent threshold of k = 407 produces an effective family-wise error rate
corrected threshold of p < .05 across the whole brain. For models
examining ICU factors, an initial threshold of p < .001 and k = 424
effectively controls family wise error at p < .05 across the whole brain.

In addition to the whole-brain analyses, our hypotheses were also
tested in a priori regions of interest (ROIs). Bilateral anatomical image
masks based on ROIs (amygdala, aINS, vSTR, mOFC, ACC, PCC, aTL,
pSTS, PHG) were created using the Wake Forest University (WFU) Pick
Atlas Toolbox (Maldjian et al., 2003; Maldjian et al., 2004). For each
region, a small volume correction (SVC) was applied to control fa-
milywise error rate at p < .05 within the area of each mask; we report
the FWE corrected p-values. The WFU Pick Atlas AAL labels used for
each anatomical brain region are listed in Table 3. A few a priori ROIs
required more than one anatomical mask to encompass the entire

Table 3
AAL Labels of WFU Pick Atlas images used to examine each anatomical region
of interest.

Anatomical region WFU pick atlas AAL labels (Rolls et al., 2015)

Amygdala Amygdala

Insula Insula

Ventral striatum Caudate, Putamen

Medial orbitofrontal cortex Frontal Med_Orb, Frontal_Sup_Orb, Rectus
Anterior cingulate cortex Cingulum_Ant

Posterior cingulate cortex Cingulum_Post, Cingulum_Mid

anterior temporal lobe Temporal_Pole_Mid, Temporal_Pole_Sup
Superior temporal sulcus Temporal Mid

Parahippocampal gyrus ParaHippocampal
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Table 4
Correlation matrix for variables included in MRI analysis.
1 2 3 4 5 6 7 8
1 Age
21Q 0.17°
3 CumSU* 0.15"  0.12°
4 TBV -0.18" 010  -0.05
5 ICU total —0.08 0.01 0.23% —0.06
6 ICU callous 012" -011 0.17° -0.07 0.79"
7 ICU uncaring —0.04 0.02 0.22% —0.02 0.82" 0.46"
8 ICU unemotional —0.02 0.16" 0.11 —-0.05 0.60" 0.25" 0.30°

@ Correlation is significant at the 0.01 level (2-tailed).

b Correlation is significant at the 0.05 level (2-tailed).

¢ CumSU stands for Cumulative Substance Use. This value was calculated by
adding years of regular use (three times a week or more) for all substances,
dividing by age, multiplied by 100, and a square root transformation was ap-
plied to correct for skew.

region. To correct for multiple comparisons across all ROIs, we em-
ployed the Benjamini-Hochberg procedure to perform a false discovery
rate (FDR) correction (Benjamini and Hochberg, 1995). The Benjamini-
Hochberg critical value was calculated based on applying 14 ROIs to
each regression with a false discovery rate of p < .05. Brain regions
which emerged as significant during SVC and were significant after FDR
correction are marked with a super-scripted psi (y) in the imaging re-
sults below (Table 5). In a second ROI analysis, included as supple-
mentary material (see Table S2), unilateral masks were used in order to
demonstrate which significant effects exhibit left or right hemispheric
specificity and, conversely, identify effects which were significant bi-
laterally.

3. Results

Table 4 provides the correlation matrix for all of the variables in-
cluded in MRI analysis.

3.1. Voxel-based morphometry results

In whole-brain analysis, only the Callousness factor of the ICU was
significantly correlated with GMV in any regions. The Callousness
factor was negatively correlated with GMV in a number of paralimbic
regions, including the right aTL, aINS, PCC and precuneus.
Additionally, callousness was negatively correlated with GMV in the
right middle temporal gyrus, ventrolateral prefrontal cortex and dor-
somedial prefrontal cortex. Examining a priori ROIs, ICU total score and
all three of its subscales were significantly correlated with gray matter
in paralimbic brain regions after small volume correction (FWE). ICU
total score was negatively correlated with gray matter volume in both
the right aTL (trend level). The Uncaring factor held a positive re-
lationship with GMV in the right mOFC, and rostral ACC. The
Unemotional factor was not significantly correlated with GMV in any
regions of interest.

By far the most stable and widespread effects were associated with
the Callousness factor of the ICU (see Fig. 1). Callousness scores were
negatively correlated with GMV across nearly every paralimbic region
examined, including the amygdala, aINS, vSTR, mOFC, aTL, PCC and
ACC (See Table 5 for detailed imaging results). There were no regions
whose GMV was positively correlated with Callousness.

4. Discussion

The current study used VBM to examine gray matter volume and
density related to varying levels of callous-unemotional traits in a
sample of incarcerated male adolescents. Consistent with our hypoth-
esis, ICU total score and two factors of the ICU (Uncaring and
Callousness) were associated with gray matter structure in paralimbic
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Fig. 1. GMV negatively correlated with the Callousness factor of the ICU (p-threshold = 0.001).

brain regions, including the amygdala, aINS, vSTR, mOFC, ACC, PCC looked at overall levels of CU traits only, without examining the con-

and aTL. tribution of the individual elements of CU traits. As such, only our re-

Our study is the first to examine CU traits both as a unified con- sults relating to the ICU total score are directly comparable to extant
struct, through ICU total score, and as a composite of related traits, findings related to CU traits. In our analysis, ICU total score was in-
through the three factors of the ICU. Previous research in this area has versely related to GMV in the right aTL, and was not significantly
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Table 5
Imaging results from sample of incarcerated male adolescents (N = 269).
Region BA X y z t k p
ICU Total (corrected for age, IQ, TBV, CumSU)
GMV
Positive correlation
None
Negative correlation
R. anterior temporal lobe* 38 32 20 -36 3.34 853 0.052
ICU callousness (corrected for unemotional, uncaring, age, 1Q, TBV, CumSU)
GMV
Positive correlation
None
Negative correlation
R. Middle temporal gyrus 21 52 -22 -17 4.82 22 0.026
R. Middle temporal gyrus*¥ 21 48 -6 —-24 5.16 6936 0
R. anterior temporal lobe 21/38 46 -4 -26 5.21 41 0.018
R. anterior temporal lobe*¥ 38 38 17 -21 3.67 1113 0.026
R. amygdala*"¥ 53 34 0 -29 3-56 86 0.009
L. amygdala*¥ 53 -12 2 -20 4.01 202 0.007
R. insula/striatum 48/49/13 24 20 7 4.78 27 0.023
R. ventral striatum*¥ 48/49/13 26 20 6 4.74 1051 0
L. anterior insula*¥ 13 -26 18 4 3.95 2243 0.014
R. caudate*V 48 22 21 6 3.94 30 0.008
R. posterior cingulate 23 10 —-22 34 4.58 2 0.044
B. dorsal posterior cingulate 31 0 -37 52 4.5 2 0.044
R. posterior cingulate*¥ 23 10 —-22 34 4.58 7647 0.001
L. posterior cingulate*¥ 23 -9 -51 21 3.56 1009 0.013
L. ventral anterior cingulate*¥ 32 -9 32 -3 4 4884 0.008
R. medial orbitofrontal cortex*" 32/11 14 39 -2 3.61 2005 0.016
L. medial orbitofrontal cortex*" 11 —-15 35 -15 3.75 3089 0.011
L. medial orbitofrontal cortex*" 11 -16 51 -11 3.93 1093 0.01
R. dorsomedial prefrontal cortex 9 14 42 37 4.54 1 0.046
R. ventrolateral prefrontal cortex 47 40 38 -6 4.66 5 0.039
R. precuneus 7 10 —54 60 4.76 26 0.024
R. precuneus 7 3 —54 58 4.5 3 0.042
L. somatosensory cortex 5 -16 -30 46 4.74 3 0.042
ICU uncaring (corrected for callousness, unemotional, age, 1Q, TBV, CumSU)
GMV
Positive correlation
R. rostral anterior cingulate* 32 12 38 0 3.74 2893 0.018
R. medial orbitofrontal cortex* 11 12 38 -3 3.44 898 0.026
Negative correlation
None

ICU unemotional (corrected for callousness, uncaring, age, 1Q, TBV, CumSU)
GMV
Positive correlation
None
Negative correlation
None

BA, Brodmann area; t, t score; k, spatial extent of activation. Activations are reported in MNI coordinate space. Regions marked with an asterisk (*) were identified
after small volume correction using regions of interest; p-values for these regions represent FWE small-volume-corrected values. Of these regions, those marked with a
super-scripted psi (y) were found to be significant after FDR correction for multiple comparisons. Regions without an asterisk were identified during whole-brain

analysis; p-values for these regions are FWE-corrected p-values.

related to gray matter structure in any other regions of interest. Existing
structural studies of CU traits have largely failed to find associations
with the aTL, with the exception of De Brito et al. (2009) who found
higher GMV in the right aTL amongst youth with severe conduct pro-
blems and elevated callous-unemotional traits when compared to ty-
pically developing boys.

Although findings in this area have been limited, there is evidence
from extant literature that the aTL might be dysfunctional in adoles-
cents with high callous-unemotional traits. Anatomically, the aTL is
highly interconnected with other paralimbic regions such as the
amygdala, OFC, aINS and hypothalamus. Based on this anatomical
connectivity, it has been suggested that the aTL modulates visceral
emotional functions in response to emotionally evocative perceptual
stimuli (Frith and Frith, 2010; Kondo et al., 2003, 2005). Patients with
right aTL atrophy often exhibit striking changes in social behavior and
emotional processing (Mychack et al., 2001; Thompson et al., 2003).
Right aTL atrophy or hypoactivity has been associated with reductions
in empathy (Rankin et al.,, 2006; Sollberger et al., 2011) and

impairments on social cognition tasks (Kipps et al., 2009; Zahn et al.,
2009).

When the ICU factors were examined individually, the effects were
more widespread. Whole-brain analysis of the three ICU factors re-
vealed that the right aTL was strongly negatively associated with
Callousness. Given that the relationship between gray matter in the
right aTL and ICU total score was relatively weak, it is possible that the
Callousness factor drove that correlation. In fact, of the three factors of
the ICU, the Callousness factor had the most reliable and widespread
results by far. Callousness scores were negatively correlated with gray
matter volume across nearly every region examined, including the
amygdala, aINS, vSTR, rostral ACC, ventral ACC, mOFC, aTL and PCC.
Of our findings, it is these results which are most consistent with pre-
vious studies which found CU traits to be negatively associated with
GMV across many of these same brain regions (Sebastian et al., 2016;
Wallace et al., 2014).

Two prominent neurobiological models of psychopathy have
emerged from contemporary neuroimaging research. Both point to
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components of the limbic system as underlying emotional and beha-
vioral abnormalities in psychopaths. The model put forth by Blair
highlights abnormalities in the amygdala and mOFC as contributing to
the development of psychopathy (Blair et al., 2014). The paralimbic
dysfunction model, proposed by Kiehl, looks at a more widely dis-
tributed network of brain regions to account for the neurocognitive
abnormalities exhibited by psychopaths. In addition to the amygdala
and mOFC, cytoarchitecturally related regions such as the para-
hippocampal gyrus, anterior temporal lobe, anterior insula and cingu-
late have been emphasized by Kiehl as particularly relevant to psy-
chopathy (Kiehl, 2006; Kiehl et al., 2001). This model accounts for
findings that psychopaths exhibit abnormal neural structure and func-
tioning in regions beyond primary limbic structures (Anderson and
Kiehl, 2012; Boccardi et al., 2011; Ermer et al., 2013). Our findings are
consistent with both of these neurobiological models. The brain regions
in which we found gray matter structure correlated with CU traits,
especially for callous traits, are all a part of this paralimbic system. Our
pattern of results also supports several previous studies which have
found paralimbic gray matter reductions in adolescents to be associated
with elevated psychopathic traits (Cope et al., 2014a; Ermer et al.,
2013; Yang et al., 2015).

Our findings are also consonant with behavioral and fMRI research
regarding several neurocognitive abnormalities which have been ex-
hibited by youth with severe conduct problems and elevated CU traits.
Youth with elevated CU traits have consistently exhibited blunted
emotional reactivity when presented with negative affective stimuli
(Kimonis et al., 2008a; Loney et al., 2003). Specifically, they have
shown significantly less autonomic arousal when exposed to emotion-
ally evocative film clips (de Wied et al., 2012), when anticipating
aversive stimuli (Fung et al., 2005; Isen et al., 2010), and while viewing
others in pain (Cheng et al., 2012; Fanti et al., 2016). Studies using
fMRI data to examine these youths' neural responses to viewing others
in pain have found associated hypoactivity in several brain areas in-
cluding the left amygdala, aINS, and ACC (Lockwood et al., 2013;
Marsh et al., 2013). Researchers have also consistently found impair-
ments in recognizing facial expressions and body postures of fear and
sadness in youth with elevated CU traits (Blair et al., 2005; Dadds et al.,
2006; Leist and Dadds, 2009; Muiioz, 2009; Sylvers et al., 2011). Cor-
responding fMRI studies have shown CU traits to be negatively asso-
ciated with amygdala activity when presented with fearful facial ex-
pressions (Jones et al., 2009; Marsh et al., 2008, 2013; Sebastian et al.,
2012; Viding et al., 2012; White et al., 2012). While the relationship
between gray matter structure and function has not been precisely
defined, the overlap between significant regional effects in structural
and functional investigations lends credence to their interdependence.
The consonance between extant fMRI research, related structural gray
matter studies and our findings here augment this compelling inter-
pretation.

Characteristic deficits in empathy and emotional processing are
widely thought to originate from amygdala dysfunction. The amygdala
is a key node in the paralimbic network, and plays a central role in
emotional processing—most notably in signaling the affective salience
of stimuli (Cunningham and Brosch, 2012; Hamann et al., 2002). When
it comes to empathic processes specifically, the amygdala lies at the
center of a network of brain areas, including the mOFC, aINS, and ACC,
which is believed to be critically involved in generating an aversive
response to seeing other people in distress (Decety, 2010). It is thought
that, through these aversive responses, individuals are conditioned to
regard other people's suffering as something to avoid. Dysfunction
within this system, therefore, may prevent someone from developing
emotional empathy in this way (Blair, 2013). The negative relationship
between Callousness and GMV in all of these paralimbic regions — the
amygdala, aINS, mOFC, and ACC - is consistent with the claim that
elevated CU traits, specifically elevated callous traits, may be rooted in
dysfunction within these structures.

Several studies have found CU traits to be associated with
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abnormalities in processing punishment cues. Specifically, youth with
elevated CU traits tend to disproportionately focus on the potential
rewards of a particular behavior, rather than the possibility or magni-
tude of negative consequences. As a result, they tend to continue re-
sponding to previously rewarded cues even when contingencies change
and the response results in escalating punishments (Centifanti and
Modecki, 2013; Fanti et al., 2016; Finger et al., 2008; Finger et al.,
2011; Schwenck et al., 2017). This kind of decision-making deficit is
thought to result from dysfunction in the integrated functioning of the
amygdala, vSTR, and mOFC (Schoenbaum and Roesch, 2005). The
negative relationship between Callousness and GMV in the amygdala,
vSTR, and mOFC might be reflective of this decision-making deficit.
Moreover, this reward dominant decision-making style might be di-
rectly linked to the callous and antisocial behaviors exhibited by youth
with elevated CU traits. An individual may be more willing to engage in
antisocial behaviors because they are focused on obtaining some per-
sonal reward while ignoring the potential harm that action might inflict
on themselves or others.

Examining the structural correlates of the ICU construct as a com-
posite of interrelated traits, rather than simply as a singular total score,
revealed significant discriminable effects amongst the ICU factors. The
factors demonstrated unique relationships with paralimbic gray matter
structure in our sample, and this is important for a number of reasons.
First of all, in a few areas, the ICU factors had opposing relationships to
gray matter structure with each other. For instance, while Callousness
was negatively correlated to GMV in the right mOFC, Uncaring was
positively correlated to GMV in this same area. This is important for
future research into the structural correlates of CU traits, as these
factor-level findings may cancel each other out when combined into the
ICU total score. Secondly, of the ICU factors, and even compared to ICU
total score, it was the Callousness factor which had the most wide-
spread effects and whose findings were most consistent with extant
neuroimaging and behavioral research in CU traits and adult psycho-
pathy. There is some evidence to suggest that the Callousness subscale
discriminates best at high clinical levels of CU traits (Ray et al., 2016).
If significant structural alterations primarily occur at high levels of CU
traits, this may partially account for why the Callousness factor had the
most reliable structural correlates. Additionally, a recent meta-analysis
found that the Callousness factor was more internally consistent and
showed stronger associations with measures of psychopathy in detained
samples (Cardinale and Marsh, 2017). The Callousness factor was also
strongly correlated with behavioral outcomes, along with the ICU total
score and Uncaring factor. This raises the possibility that callous traits
lie at the core of the affective deficits and behavioral abnormalities
commonly found in youth with conduct problems and elevated CU
traits.

4.1. Conclusions

Beyond findings related to any specific brain region, the substantial
and widespread reduction in paralimbic gray matter associated with
elevated callous traits lends strong support to the supposition that the
paralimbic system might be involved in the expression of these traits.
Future research into CU traits may substantially benefit from expanding
their focus and investigating the role of this network as a whole.
Moreover, it may be beneficial to examine the role of the ICU factors in
addition to the ICU total score with particular focus on the role of
callous traits. Finally, treatment focused on youth with elevated CU
traits may benefit from understanding the role of paralimbic system
dysfunction in this population, and that callous traits specifically ap-
pear to play a central role in the behavioral manifestations of this
disorder.

4.2. Limitations and future directions

While our findings are highly relevant to the study of CU traits,
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there are many important questions in this field which our results do
not answer on their own.

First, while our results show that elevated CU traits are associated
with differences in brain structure amongst youth with conduct pro-
blems, they cannot be used to conclude which factors, environmental or
genetic, might cause this difference. Additional research, employing
much more detailed environmental and genetic information, would be
necessary to address these questions.

Second, identifying the neurobiological basis for elevated CU traits
does not speak to the treatment prognosis of this population. The
treatment challenge posed by youth with elevated CU traits has already
been documented and the moderate success of a few select treatment
programs suggests that important behavioral manifestations of CU traits
can be altered (for review see Hawes et al., 2014). A future study ex-
amining what, if any, structural changes occur in youth who are suc-
cessfully treated by these programs would considerably advance our
understanding both of CU traits and the treatment programs which are
effective at addressing them.

Third, while our results do suggest that elevated CU traits in anti-
social youth are associated with gray matter structure in several para-
limbic regions, the cross-sectional design of our study limits what we
can conclude about the developmental trajectory of callous-unemo-
tional traits and these brain structures. During childhood and adoles-
cence, gray matter structure changes in heterogeneous ways depending
on the brain region examined and the developmental progress of the
individual. It is possible, for instance, that youth with elevated CU traits
simply experience a delayed development of core paralimbic structures,
and that they will catch up to their neurotypical counterparts with or
without intervention. In other words, we cannot make conclusions
about future brain development or how long any of the observed re-
lationships between neural structure and CU traits will last.

Fourth, our sample was composed of incarcerated youth who pre-
dominantly identified as Non-White. As such, our results might be less
applicable to predominantly White or community samples. However,
considering that ethnic minorities are over-represented in incarcerated
settings, these results may be particularly applicable to this population.

Fifth, gray matter volume is a function of both cortical thickness and
surface area, which are increasingly viewed as separable en-
dophenotypes (Panizzon et al., 2009; Winkler et al., 2010). Existing
structural studies of antisocial populations have commonly focused on
gray matter volume overall and our VBM volume measure is commonly
used. Future studies, however, might benefit from examining cortical
thickness and gyrification as well as volume.

Finally, developmental MRI studies have found that, while early
childhood is characterized by gray matter increases across the brain
(Gilmore et al., 2012; Knickmeyer et al., 2008), older children and
adolescents show cortical gray matter decreases in most regions, in-
creasing white matter volumes and heterogeneous changes in sub-
cortical structures (Brain Development Cooperative Group, 2012;
Vijayakumar et al., 2016). Neurotypical brain development seeks to
achieve efficient processing in developing networks, and this may re-
quire increases or decreases in gray matter volume and density de-
pending on the region. Unlike in adult samples, where decreases in
GMYV in a given region may be indicative of reduced function (Bassett
et al., 2008), increases or decreases in GMV might be indicative of
abnormal brain development in our adolescent sample (Paus, 2005).
These issues may help to explain why previous studies' findings have
diverged. Disentangling these issues to formulate directional hy-
potheses about the gray matter structure of adolescents will require
further study.
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