1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Psychiatr Res. Author manuscript; available in PMC 2022 January 01.

-, HHS Public Access
«

Published in final edited form as:
J Psychiatr Res. 2021 January ; 132: 84-96. doi:10.1016/j.jpsychires.2020.10.003.

Gray Matter Asymmetry in the Orbitofrontal Cortex in Relation to
Psychopathic Traits in Adolescents

Bess Yin- Hung Lam&1, Yonglin Huang®®, Yu Gaob¢
aDepartment of Rehabilitation Sciences, The Hong Kong Polytechnic University

bBrooklyn College, The City University of New York

¢The Graduate Center, City University of New York

Abstract

Background: Structural abnormalities in the orbitofrontal cortex (OFC) of incarcerated
psychopaths have been well documented. However, the neural correlates of psychopathic traits in
younger and nonclinical samples remain poorly understood.

Aim: The present study aimed to examine the structural brain asymmetry in the OFC in relation to
dimensions of psychopathic traits in adolescents from the community.

Method: In 29 youths from the community, childhood psychopathic traits including narcissism,
impulsivity, and callous- unemotional traits were assessed when they were 7- to 10 years old
(Time 1), and their gray matter (GM) volumes were measured using structural Magnetic
Resonance Imaging when they were 10- to 14 years old (Time 2).

Results: After controlling for age, sex, 1Q, pubertal stage, and whole-brain volumes, callous-
unemotional traits were associated with right-left asymmetry in the medial OFC (mOFC), that is,
smaller right mOFC GM as compared to the left. Impulsivity was associated with left-right
asymmetry in the mOFC, that is, smaller left mOFC than the right. Narcissism was not associated
with any GM asymmetry measure. No significant association was found for the lateral OFC,
amygdala, caudate and putamen.

Conclusion: The present findings provide further support that dimensions of psychopathic traits
may have distinct neurobiological correlates.
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Introduction

Prior literature has shown that psychopathic traits are among the most significant risk factors
for antisocial behaviors (Hoppenbrouwers et al., 2016). Specifically, half of the crimes in the
U.S. were committed by adults who had shown psychopathic traits during adolescence
(Loeber & Farrington, 2000). These criminal behaviors incur enormous psychological and
financial burden for individuals’ families and society (e.g., Brodaty & Low, 2003). In
addition, these psychopathic traits and antisocial behaviors are associated with a wide range
of functioning deficits during adolescence and adulthood, including poor academic
performance, reckless behaviors, neurocognitive impairments, and dysfunctional
interpersonal relationship, as well as mental health problems in adulthood (Asscher et al.,
2011; Benbenishty et al., 2016; Blair et al., 2006; Salekin, 2006; Viding et al., 2005; Wertz
et al., 2018). Hence, it is essential to understand the etiology of these problematic traits and
behaviors at early ages.

Psychopathy is a multi-faceted personality construct that is comprised of callous, antisocial,
narcissistic, and impulsive features (Frick et al., 2003; Hare, 1991). In particular, callous-
unemotional traits have been incorporated into the Diagnostic and Statistical Manual of
Mental Disorders, the fifth edition (DSM-5; APA, 2013) and are being considered for the
International Classification of Diseases, the 11th Revision (ICD-11; WHO, 2016). A number
of assessment tools have been developed to assess psychopathic traits in adolescents and
adults (e.g., Frick et al., 2014). Among them, the Inventory of Callous-Unemational Traits
(ICU) and the Antisocial Process Screening Device (APSD) are two of the most widely used
ones in adolescent samples (Frick & Hare, 2001; Frick et al., 2014). The factor structure of
the ICU has been validated in adolescents and juvenile offenders in different countries
including Germany and the United States (Essau et al., 2006; Kimonis et al., 2008), and
recently two meta-analyses have demonstrated the reliabilities of this tool (Deng et al., 2019;
Ray & Frick, 2018). Similarly, the psychometric properties of the APSD (Frick & Hare,
2001) that assesses narcissism, impulsivity, and callous-unemotional traits have been well
established in young populations (Munoz & Frick, 2007). Collectively, these results indicate
that the ICU and APSD vyield good reliability and validity in youth samples. In terms of the
relationship between clinical measures of psychopathy and narcissism, narcissism and
impulsivity are suggested to bear some resemblance to the interpersonal component of
clinical psychopathy. However, the relationship for narcissism in a large sample of youth
was not significant (Fink et al., 2012). Most of the prior studies focusing on the neural
correlates in youth (Blair, 2003; White et al., 2012) have treated psychopathy as a
unidimensional construct. Therefore, investigation of the neural correlates for the sub-
dimensions of psychopathy is warranted. The present study aimed to investigate the
multifaceted construct of psychopathy in adolescents: callous, narcissistic and impulsive
features (Frick et al., 2003; Hare, 1991). Although the validated components of clinical
measures of psychopathy in adults and in adolescents are more generally known as the
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interpersonal, affective, lifestyle, and antisocial components or facets, the present study
aimed to examine three psychopathic traits including callous-unemotional traits, impulsivity
and narcissism that are the three components that emerged in factor analyses of APSD
present in non-clinical individuals.

Neuroimaging literature in recent years has implicated a set of brain regions in psychopathy
(e.g., Anderson & Kiehl, 2012), broadly supporting the development of two neurobiological
theories of psychopathy proposed by Blair (2006) and Kiehl (2006). Specifically, Blair’s
model (2006, 2007) has mainly emphasized the role of the amygdala and the ventromedial
prefrontal cortex (vmPFC)/OFC in psychopathy, while Kiehl’s model (2006) has primarily
focused on the paralimbic system suggesting that all the paralimbic regions (e.g., insula) are
dysfunctional in psychopathic individuals. There is one limitation of Kiehl’s hypothesis
because of its lack of specificity in the paralimbic regions in relation to psychopathy.
Because of this limitation in the paralimbic hypothesis and the fact that the anomalous
activations in these regions vary from study to study, it is important to study which specific
regions in the paralimbic system are implicated in psychopathy. Supporting Blair’s model,
structural and functional abnormalities in the orbitofrontal cortex (OFC), a part of the
prefrontal cortex that is responsible for generating flexible and adaptive behavior such as
planning and executive control, have been documented in incarcerated psychopaths (e.g.,
Bertsch et al., 2013; Espinoza et al., 2018; Gregory et al., 2012; Koenigs, 2012; Korponay et
al., 2017; Yang & Raine, 2009), although a few studies have failed to identify the OFC
abnormalities in psychopathy (e.g., Poeppl et al., 2017). In contrast, the neuropsychological
literature fails to support the idea of dysfunction in a number of regions implicated by the
paralimibic hypothesis (e.g., Christianson et al., 1996). In a meta-analysis, Yang and Raine
(2009) found reduced prefrontal structure and function (specifically in the right OFC,
dorsolateral frontal, and anterior cingulate cortex) in antisocial, violent, and psychopathic
individuals. Although there were no differences between the effects for antisocial samples
described as psychopathy samples than for samples described as non-psychopathy samples,
the OFC appears to be implicated in those with antisocial and psychopathic traits. Similarly,
another review study also supported the association between psychopathy and structural and
functional abnormalities in vmPFC/OFC and the anterior cingulate cortex (Koenigs, 2012).
In addition, Knutson et al. (2001, 2003) found that the brain activities in the striatum and the
vmPFC/OFC are implicated in reward anticipation and outcomes, respectively. Accordingly,
structural and/or functional abnormalities in the OFC and striatum may contribute to poor
decision-making and atypical reward processing seen in psychopathic individuals. Although
prior studies found abnormalities in a number of brain regions other than the OFC, the
findings were not consistent while the OFC has been consistently found to be associated
with psychopathy across studies (e.g., Anderson & Kiehl, 2012; Bertsch et al., 2013; Ermer
etal., 2012; Ermer et al., 2013; Yang & Raine, 2009). Since there have been more consistent
findings regarding this brain region when compared to the others (e.g., caudate and
putamen) across studies (e.g., Anderson & Kiehl, 2012; Bertsch et al., 2013; Ermer et al.,
2012; Ermer et al., 2013; Yang & Raine, 2009), the present study took an exploratory
approach and the OFC was chosen as the specific region of interest (ROI) among all other
brain regions.
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More importantly, although the OFC abnormality has been found to be associated with
psychopathy, limited studies have examined the abnormalities in the OFC subregions (e.g.,
Raine et al., 2004). In terms of the anatomical structure of the OFC, the lateral part is more
closely related to multiple sensory modalities while the medial part has a close relationship
with the limbic structures (Carmichael & Price, 1995a,b). In addition, the damage to the
medial OFC (mOFC) has been associated with increased risk-taking behavior that is highly
correlated with the impulsive traits of psychopathy (Clark et al., 2008). Similarly, \eit et al.
(2010) observed increased brain activation in the dorsal and vmPFC that was associated with
impulsivity and antisocial behavior in psychopaths when watching their opponents being
punished. Along the same line, functional Magnetic Resonance Imaging (fMRI) studies
(McClure et al., 2004; 2007) have shown that the IOFC is involved in the choice of delay
rewards while the mOFC is responsible for the choice of immediate rewards. This suggests
that the mOFC is more related to the impulsive traits of psychopathy while the IOFC is not.
Additionally, the mOFC is involved in instrumental learning and moral reasoning, concepts
that are highly related to social conduct and callous emotionality and narcissism, whereas
the IOFC is involved in suppression and inhibition of a response previously associated with
rewards which is not related to psychopathy conceptually (Elliot et al., 2000). Taken
together, the medial but not the lateral part of the OFC may be associated with psychopathic
traits.

Some studies have also suggested asymmetry of the OFC in relation to psychopathy,
although the findings are mixed. For example, significant GM loss in the PFC which
includes the OFC, particularly in the left hemisphere, has been linked to psychopathy
(Mller et al., 2008). In contrast, Yang and Raine’s (2009) meta-analysis which reviewed 43
structural and functional imaging studies has suggested reduced volume in the overall and
right OFC, right anterior cingulate cortex, and left dorsolateral PFC in antisocial, violent,
and psychopathic individuals. In addition, Tranel et al. (2002) found that individuals with
lesions to the right OFC had deficits in social conduct, decision-making and emotional
processing, all having been associated with callous-unemotional traits. Potenza et al. (2003)
reported decreased left vmPFC/OFC activity in pathological gamblers with impulsivity
problems and Jollant et al. (2010) found that suicide attempters who often had high
impulsivity had reduced activation during risky decision-making in the left OFC.
Furthermore, Nenadic et al. (2015) found reduced GM in the right prefrontal and bilateral
medial prefrontal/ anterior cingulate cortices in patients with narcissistic personality
disorder. Taken together, evidence has suggested that abnormalities in the right OFC are
related to higher levels of callous-unemotional traits and narcissism (Nenadic et al., 2015;
Tranel et al., 2002), whereas deficits in the left OFC are related to more impulsivity
problems (Potenza et al., 2003).

Nonetheless, the neural correlates of antisocial behavior and psychopathy in younger and
nonclinical samples remain poorly understood. A few studies in adolescents have suggested
that psychopathic traits in youth are associated with dysfunction in the vmPFC/OFC and
other brain regions including the amygdala and striatum, generally consistent with findings
in adults (Blair, 2003; Herpers et al., 2014). Along the same line, White et al. (2012) found
that youth with higher psychopathic traits exhibit reduced activation in the right amygdala in
response to fearful faces when compared to those with lower levels of psychopathic traits.
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Moreover, it has been found that adolescents with either Oppositional Defiant Disorder
(ODD) or Conduct Disorder (CD) and high psychopathic traits have reduced amygdala-
prefrontal functional connectivity (Finger et al., 2008, 2012; Marsh et al., 2011), broadly
consistent with prior findings that linked psychopathic traits to the PFC and limbic structures
(Carmichael & Price, 1995a). Taken together, similar neurobiological abnormalities in the
OFC and the amygdala have been found in youth and adults with psychopathic traits. Yet,
the possibility of some discrepant findings in youth versus adults signifies the importance to
examine structural brain volumes in youth. Differences between youth and adults might have
implications for the development of psychopathy.

Since psychopathy is a multifaceted construct, are there specific neural correlates associated
with different psychopathic dimensions in youth? Fan et al. (2011) investigated the
psychological and neural correlates of narcissism in adults, and found that individuals with
high narcissistic traits had lower deactivation in the insula during an empathy task. As for
the impulsivity dimension of psychopathy, Brown et al. (2006) found that impulsivity was
negatively associated with activity of the dorsal amygdala and ventral PFC in adults. To the
best of the authors’ knowledge, very few brain imaging studies have investigated differential
neural correlates of the dimensions of psychopathic traits in youth. Herpers and colleagues
(2014) examined 75 peer-reviewed papers and reported a reduced response of the amygdala
and a weaker functional connectivity between the amygdala and the vmPFC/OFC in
adolescents with callous-unemotional traits. In addition, De Brito et al. (2009) found
increased GM concentration in the OFC and anterior cingulate cortex in boys with callous-
unemotional conduct problems when compared with healthy boys. Taken together, previous
studies examining the neural correlates of psychopathic traits in youths are scarce and most
of them suffer from two limitations: 1) psychopathic traits were treated as a unidimensional
construct; and 2) the specific subregion and the right-left asymmetries of the OFC were not
examined.

Taking all these findings together, the dimensions of psychopathic traits may be potentially
associated with structural abnormalities in different parts of the OFC. More importantly,
prior studies have largely focused on adults and whether the same neural correlates apply to
adolescents whose neuropsychological functioning is drastically changing over time
warrants investigation. To address the issues above, the present study examined structural
brain abnormalities in relation to the dimensions of psychopathic traits in a group of
adolescents from the community. Based on prior literature, this study took an exploratory
approach to investigate the OFC as the region of interest (ROI). A ROI analysis is often
performed when there is a priori hypothesis and it has a number of advantages over whole-
brain analysis including the increase of statistical power (Brette et al., 2002; Saxe et al.,
2006). Also, ROI analysis has been used in numerous neuroimaging studies previously (e.g.,
Lam et al., 2015; Wolf et al., 2015). Therefore, the ROI analysis would be performed to test
the aims and hypotheses of the present study. It was hypothesized that the dimensions of
psychopathic traits would be differentially associated with structural abnormalities in
specific parts of the OFC (lateral vs. medial parts). Based on prior findings (e.g., Nenadic et
al., 2015; Potenza et al., 2003; Tranel et al., 2002), it was hypothesized that callous-
unemotional and narcissistic traits would be associated with right-left asymmetries in the
mOFC (smaller GM volumes in the right as compared to the left mOFC), and that
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impulsivity would be associated with left-right asymmetries in the mOFC (smaller GM
volumes in the left as compared to the right mOFC). In contrast, it was hypothesized that the
GM volumes asymmetries in the IOFC would not be associated with any psychopathic traits.
Finally, the structural abnormalities in other brain regions that were previously found to be
implicated in psychopathy, including the amygdala and striatum (caudate and putamen),
were also examined. Also, a number of brain regions including lingual and postcentral
region that are not related to psychopathy were chosen as the comparison regions in the
present study. However, no specific hypothesis was formed due to lack of consistent and less
well-established evidence when compared to the OFC. Although brain changes over time
and there might be variances that affect the brain- psychopathic traits associations during
adolescence, the present study attempted to adjust different variances that might affect these
associations by controlling for age, 1Q, pubertal stage, sex and whole-brain volumes which
are some common covariates included in adolescent brain studies (e.g., Huang et al., 2019).
Moreover, instead of the brain changes over time during adolescence, the present study
aimed to investigate the relationship between the psychopathic traits at the baseline and
subsequent structural abnormalities in specific parts of the OFC and other brain regions of
interest.

Material and methods

Participants

Twenty-nine 10-to 14-year-old participants living in Brooklyn, New York, were recruited as
part of a larger ongoing longitudinal investigation on the development of behavioral
problems in children and adolescents. The original cohort (T1) consisted of 340 children
(49.1% male; mean age = 9.05, SD = 0.60, range = 7.51 - 10.75 years) living in the study
area. The study was promoted publicly to all children in the community and the participants
who met the inclusion criteria joined the study on a voluntary basis. Recruitment for the
follow-up assessment (T2) was open to the entire sample, but only 32 participants were
available to participate in this study and 3 of them were excluded after a quality check for
motion and dropout artifacts. This subsample (n= 29) did not significantly differ from the
larger cohort in terms of sex, age, 1Q, or the psychopathic traits of interest (e.g., callous-
unemotionality, narcissism, and impulsivity) (os > 0.05). Children diagnosed with
psychiatric disorder, intellectual disability, or a pervasive developmental disorder as well as
those with orthodontia, head gear or foreign objects that could potentially cause distortion or
artifacts on the brain imaging data were excluded. Demographic information, behavioral
problems, and psychopathic traits were assessed when the families visited the laboratory at
Brooklyn College. There was variability in the sample with respect to psychopathy for
original cohort and follow-up subsample (Table 1) and the percentage who can be
categorized as high level of psychopathy was about 3% in the present study. The prevalence
was similar to previous study with 9415 students (Perenc & Radochonski, 2014). More
details of the full cohort can be found in Zhang and Gao (2015) and Zhang et al. (2017).
Regarding the full cohort, there were three time points (T1= baseline, T2= 2- year follow-up,
and T3= 4-year follow-up). The 4-year follow-up was relabelled as T2 for this study to avoid
confusion because brain scans were only collected at the 4-year follow-up. Two-year follow-
up data (labelled as T2 in Zhang et al. (2017)) was not the focus of this manuscript and
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hence it was not included in the present study. That is, T2 (4-year follow-up) in the present
study is equivalent to T3 in the full cohort (Zhang et al., 2017).

At T2, the participants were 10 to 14 years old (55% male; mean age = 12.8, SD = 0.84).
The ethnic breakdown of these 29 participants was as follows: 58.6% Black, 24.1%
Hispanic, 10.3% Caucasian, and 6.9% mixed-race/other. Youth participants with any history
of drug use, psychiatric disorders, intellectual disabilities, or developmental disorders, and
metal/foreign objects in the body were excluded from the follow-up. More details of the
participant profile for the baseline cohort (T1) and follow-up cohort (T2) are listed in Table
1. These participants were invited to the Mount Sinai Icahn School of Medicine
Translational and Molecular Imaging Institute in Upper Manhattan for a 90-minute
assessment that included a 60-minute brain scan and questionnaires.

At both T1 and T2, families were financially compensated with monetary reward for their
participation. All procedures were approved by the university Institutional Review Board,
and both parental informed written consent and child/adolescent informed written consent
were obtained. The details of the assessment tools used in the present study are described
below.

Psychopathic Traits (Time 1)

Inventory of Callous-Unemotional Traits (ICU).: The parent filled out the 24-item
Inventory of Callous Unemotional traits (ICU; Frick, 2004), a questionnaire developed to
provide a more comprehensive assessment of CU traits, composited of the callous, uncaring,
and unemotional subscales. It consists of a four-point rating scale ranging from 0 (not at all
true) to 3 (definitely true). A total CU score for each participant was computed by the
summation of the scores from the items in all three subscales. The reliability and validity
information in the original cohort can be found in Gao and Zhang (2016). Internal
consistency of the caregiver-report CU scores for our sample was high (a = 0.89).

Antisocial Personality Screening Device (APSD).: The parent also filled out the APSD
(Frick & Hare, 2001; Vitacco et al., 2003) to assess the narcissism (7 items) and impulsivity
(5 items) dimensions of the psychopathic traits. It is a three-point rating scale ranging from 0
(not at all true) to 2 (definitely true). Impulsivity (e.g., “acts without thinking™) and
narcissism (e.g., “thinks he or she is more important than others”) subscales of the APSD
were used in the current study. The reliability of the subscales was acceptable (Gao &
Zhang, 2016). The CU subscale of the APSD was not administered to the participants in the
current study because it showed poor reliability in adolescent samples due to the limited
number of items used to assess this dimension of psychopathy (Pardini et al. 2003; Poythress
et al. 2006). Instead, we used the ICU (see above) to measure the affective features of
psychopathy in the present study.

Intelligence (IQ; Time 1)—The intelligence quotient (1Q) of the participants was
measured using four subtests of the fourth edition of the Wechsler Intelligence Scale for
Children (WISC-1V; Wechsler, 2003) at T1. Estimates of 1Q scores were created by
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prorating four subscales of the WISC-IV (Mocabulary, Digit Span, Coding, and Matrix
Reasoning) and a full-scale 1Q score was calculated for each participant.

Pubertal Status (Time 2)—The Self-Rating Scale for Pubertal Development (Carskadon
& Acebo, 1993) was administered to measure the pubertal status of the participants at T2. Its
rating is based on a four-point scale: 1 (has not yet begun), 2 (has barely begun), 3
(definitely underway), 4 (seems complete), or unknown (I don’t know). It contains three
identical questions for both boys and girls regarding growth in height, body hair growth, and
skin changes. Girls were asked to answer two additional questions about breast growth and
menstruation (and a third question about age of menstruation, if applicable), while boys
were asked to answer two additional questions regarding deepening of the voice and facial
hair growth. Based on guidelines from Crockett (1988, unpublished), a score of pubertal
development status (1= pre-pubertal, 2 = early pubertal, 3 = mid pubertal, 4 = late pubertal,
and 5 = post pubertal) was computed for each participant by summating all sex-relevant
items and obtaining an average. Then, the score was recoded into puberty category scores
based on the following guidelines: for males, it included body hair growth, voice change,
and facial hair growth (prepubertal = 3, early pubertal = 4 or 5, midpubertal = 6, 7, or 8, late
pubertal = 9-11, and postpubertal = 12). For females, the computation included body hair
growth, breast development, and menarche (prepubertal = 2 and no menarche, early pubertal
= 3 and no menarche, midpubertal = >3 and no menarche, postpubertal = 8 and menarche).
The reliability (student version= 0.67 to 0.70) and validity of this scale has been established
(Carskadon & Acebo, 1993).

Magnetic Resonance Imaging Acquisition (Time 2)—A 3T Siemens Magnetom
Skyra Neuro Suite MRI scanner with a 32-channel phase array coil was used for brain image
acquisition. The participant was guided by the technician into the scanner and instructed to
remain still throughout data collection. Foam padding was used to reduce head motion. A
high-resolution T1-weighted anatomical volume of the whole brain was acquired with a
magnetization-prepared rapid gradient-echo (MPRAGE) sequence with the following
parameters: 176 axial slices of 1.0 mm thick, skip =0 mm, TR = 2400 ms, TE = 1.94 ms,
flip angle = 8°, FOV = 256 mm, matrix size = 256 x 256, voxel size = 1.0 x 1.0 x 1.0 mm3,

Brain Preprocessing and Statistical Analysis

A quality check for motion and dropout artifacts was conducted before the structural MRI
data were preprocessed. The original sample size for this study (T2) was 32 and we excluded
3 participants due to their excessive head motion during the MRI scanning based on this
metric (> 8 mm in translation or > 5° in rotation). Structural MRI data including volumetric
segmentation were preprocessed using FreeSurfer software (FreeSurfer 4.0.5, http://
surfer.nmr.mgh.harvard.edu). The following preprocessing steps were conducted to estimate
the GM in cortical and subcortical areas: motion correction, non-parametric non-uniform
intensity correction, transformation of the original volume to the MNI305 atlas using the
MINC program mritotal, intensity normalization, skull stripping, automatic subcortical
segmentation, GCA atlas registration, removal of neck region, EM registration with the
skull, CA labeling (labeling of subcortical structures using the GCA model), white matter
segmentation, and cutting of the mid- brain from the cerebrum, and the hemispheres from
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each other. No manual corrections of the automaged outputs from FreeSurfer were
performed.

Upon completion of all preprocessing, analyses of the primary ROI (IOFC and mOFC) were
conducted using SPSS 24 (Chicago, IL, USA). In order to examine their relationships with
different dimensions of psychopathic traits, Pearson correlation and hierarchical linear
regression analyses were performed. Significance was set based on a two-tailed alpha level
of .05 with Bonferroni correction for the regression analyses. Specifically, the Bonferroni
correction rejects the null hypothesis for each p<= a/number of multiple comparisons,
thereby controlling the family-wise error rate (FWER) at a<= 0.05. For example, the null
hypothesis would be rejected for each p<= 0.05/2= 0.025 for each primary ROI while it
would be rejected for each p<=0.05/10= 0.005 for each comparison brain region (non-
ROI). In the linear regressions, age, sex, 1Q, puberty score, and whole- brain volumes were
entered in the first step with three dimensions of psychopathic traits (callous- unemotional,
narcissism, and impulsivity) entered simultaneously in the second step. The IOFC gray
matter (GM) asymmetry (right - left IOFC GM) and the mOFC GM asymmetry (right - left
mOFC GM) were treated as the dependent variables in each set of regression models.
Similar regression models were also performed with amygdala GM asymmetry (right - left
amygdala GM), caudate GM asymmetry (right - left caudate GM), putamen (right - left
putamen GM) and the GM asymmetry in the comparison brain regions as the dependent
variables. Since psychopathic traits were assessed at Time 1 and structural MRI data were
collected at Time 2, psychopathic traits were entered as independent variables and GM
asymmetry measures were entered as dependent variables in the regression analyses to test
the association between the two in the present study. In addition, more rationales are
described below (see “Hierarchical Linear Regression™). To examine the “pure” relationship
between each dimension of psychopathic traits and dependent variables (Figures 1-3),
residualized measures of these major variables were computed using regression analysis in
order to assess the correlates of “pure” callous-unemotional independent of the other two
psychopathic traits (narcissism and impulsivity); of “pure” narcissism independent of the
other two psychopathic traits; and of “pure” impulsivity independent of the other two
psychopathic traits. For instance, in order to compute “pure” callous-unemotional traits and
residualized mOFC GM asymmetry, the covariates (e.g., IQ and whole-brain volumes), raw
narcissism and raw impulsivity scores were treated as the independent variables to predict
raw callous-unemotional traits (dependent variable) in one linear regression model; while the
same set of independent variables would be used to predict raw mOFC GM asymmetry in a
separate regression model. The residualized estimates would be computed and recorded
accordingly. The correlates of the rest of the “pure” variables were computed using the same
method. This method was adopted from a previous study by Raine et al. (2011).

Pearson Correlations

Pearson correlations among all variables are listed in Table 2. 1Q and pubertal status were
not significantly correlated with any of the major variables (raw or pure psychopathic traits
and the GM volumes in the OFC) (ps> 0.05), suggesting that these covariates did not
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contribute to psychopathy and the OFC GM asymmetry in this study. However, age
measured at T2 was correlated positively with the raw impulsivity score (r = 0.42, p=0.02).
The correlations among three psychopathic dimensions were moderate (r = 0.36- 0.45, ps <
0.05). In terms of the pure psychopathic dimensions, significant correlations were found for
the mMOFC GM asymmetry but not for the IOFC GM asymmetry. Specifically, pure
impulsivity (r = 0.51, p=0.01) and pure callous-unemotional traits (r = -0.41, p=0.03)
were significantly correlated with the mOFC GM asymmetry, respectively. Furthermore,
correlational analyses regarding the overall subregional volumes in the right, left and overall
mOFC and IOFC were also performed. Only left mOFC was found to have marginal
significant association with pure callous-unemotional traits (r= 0.36, p= 0.06) and pure
impulsivity (r=—0.33, p=0.08). The correlations between right and overall mOFC, IOFC
(left, right and overall) and all three pure psychopathic traits were not significant (ps> 0.05).

Hierarchical Linear Regression—Hierarchical linear regression analyses were
performed to test the independent contributions of covariates (Age, sex, 1Q, puberty score,
and whole-brain volumes; Step 1) and three dimensions of psychopathic traits (callous-
unemotional, narcissism, impulsivity; Step 2) to the primary ROI neural correlates (IOFC
and mOFC asymmetry). The covariates were entered in Step 1 so that the unique
contributions and variances of the three dimensions of psychopathic traits after controlling
for the covariates could be examined (Step 2). All three dimensions of psychopathic traits
were entered in the same level of the regression model (Step 2) in order to examine the
relationship between each pure psychopathic trait (e.g., pure impulsivity after controlling the
variance associated with the other two psychopathic traits) and the ROI neural correlates.
Stepwise regression analyses were not performed because this study intended to examine the
predictive value of each dimension of psychopathic traits on the ROl neural correlates. Most
importantly, all three dimensions of psychopathic traits were entered simultaneously in the
same level of the regression model to address the suppressor effects and increase the
predictive power. This method was adopted from previous studies to test the association
between psychopathic traits and brain correlates (Caldwell et al., 2019; Cohn et al., 2016;
DeBellis et al., 2001; Gao et al., 2018; Hicks & Patrick, 2006; Leutgeb et al., 2015;
Korponay et al., 2017; Korponay et al., 2017; Wolf et al., 2015). For instance, DeBellis et al.
(2001) and Gao et al. (2018) treated the demographic and psychopathic traits as the
independent variables (1) and the brain correlates as the dependent variables (DV) in the
regression models respectively. In addition, Korponay et al. (2017) investigated the
functional connectivity and volumes in psychopathy in a sample of adult male prison
inmates. By treating psychopathy as the IV and prefrontal volumes and functional
connectivity as the DV, it was found that impulsivity trait was associated with more
functional connectivity and larger prefrontal subregion, particularly in the medial
orbitofrontal cortex and dorsolateral prefrontal cortex. It was suggested that the positive
association could potentially be due to the aberrant neurodevelopment. In addition, similar
statistical approach to investigate the relationship between brain correlates (DV) and
psychopathy (IV) in incarcerated criminal offenders was adopted in the diffusion tensor
imaging study by Wolf et al. (2015). It was found that psychopathy was associated with
reduced rational anisotropy in the right uncinate fasiculus which indicated a neural marker
for psychopathic symptomatology. In summary, although it might be a natural option to treat
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brain correlates as IV and psychopathic traits as DV for studies that test the causal
relationship between the two, the present study aimed to test the association instead of a
causal relationship. In addition, this analytical method was adopted from previous studies
that shared similar aims of the present study and there was a temporal difference between
the assessments of psychopathic traits (Time 1) and brain correlates (Time 2) in the present
study. Therefore, psychopathic traits and brain correlates were treated as IV and DV
respectively in the present study. The hierarchical linear regression results for the OFC,
amygdala, putamen and caudate are shown in Table 3 and the results for those randomly
selected regions for which no prior results indicate an association with psychopathy are
reported in Table 4.

After controlling for age, sex, 1Q, pubertal stages, and whole brain volumes, the model with
three dimensions of psychopathic traits measured at T1 showed marginally significant
association with mOFC GM asymmetry at T2 (£g 19= 2.23, p= 0.07). After controlling for
covariates (accounted for 14.6% of the variance), the three dimensions of psychopathic traits
still accounted for 33.8% of the variance in the mOFC GM asymmetry. Callous-unemotional
traits (8= -0.50, = -2.51, p= 0.02; see Figure 1) and impulsivity (5= 0.70, = 3.08 , =
0.01; see Figure 2) were marginally significantly and significantly associated with mOFC
GM asymmetry, while the effect of narcissism was not significant (8= —0.02, = -0.11, p=
0.91; see Figure 3). Age, sex, 1Q, puberty score, and whole-brain volumes were not
associated with mOFC GM asymmetry (ps> 0.05) (Table 3).

It is noted that there were moderate correlations between age and the callousness-
unemotional, narcissism, and impulsivity scores (ss = .28 - .45) (Table 2). Although the other
correlations were not significant in this sample, these moderate correlations suggested that
some variance in psychopathic traits was removed in assessing the relationships being
studied. Therefore, age was removed from the regression analyses. In the regression model
with other covariates (except age), callous-unemotional traits (8= -0.52, t=-2.54, p= 0.02)
and impulsivity (8= 0.64, = 2.75, p= 0.01) were still significantly and significantly
associated with mOFC GM asymmetry, while the effect of narcissism was not significant (8
=-0.09, £=-0.40, p= 0.70). Similar findings are found with or without age being included
as one of the covariates.

The regression model with the covariates and three dimensions of psychopathic traits
measured at T1 were not significantly associated with IOFC GM asymmetry (/g 19= 0.50, p=
0.84). After controlling for the variance accounted for by the covariates (16.2 %), three
dimensions of psychopathic traits only accounted for 1.2% of the variance in the IOFC GM
asymmetry. None of the variables were associated with the IOFC GM asymmetry (ps > 0.05)
(see Table 3). Because of the aforementioned reason, age was removed from the regression
analyses. In the regression model with other covariates (except age), callous-unemotional
traits (8=0.07, ¢=0.27, p= 0.79), narcissism (8= 0.09, ¢= 0.34, p= 0.74) and impulsivity
(B=-0.11, t=-0.41, p= 0.69) were not significantly associated with mOFC GM
asymmetry. Similar findings are found with or without age being included as one of the
covariates. Finally, none of the psychopathic traits significantly were associated with
asymmetry measures in the amygdala, caudate, and putamen as well as in the comparison
brain regions (ps > .05) except for lingual. Specifically, lingual GM asymmetry was
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significantly related to impulsivity (8= 0.51, ¢=2.07, p= 0.05) but not the other two
psychopathic traits (Table 4). However, after Bonferroni correction, this association was also
not significant (p> 0.005).

Discussion

Although abnormalities in the PFC, in particular the OFC, have been consistently implicated
in psychopathy (e.g., Koenigs, 2012; Yang & Raine, 2009), previous studies have largely
focused on adults, and research on the specificity and asymmetry is lacking. The present
study examined differential relationships between structural brain correlates in the
subregions of the OFC and the three dimensions of psychopathic traits (narcissism,
impulsivity and callous- unemotional traits) during adolescence. Consistent with the
hypotheses, psychopathic traits at T1 were significantly associated with T2 GM asymmetry
in the mOFC. Specifically, it was found that callous-unemotional traits were associated with
right- left asymmetry in the mOFC (smaller right mOFC as compared to the left), while the
impulsivity was linked to left- right asymmetry in the mOFC (smaller left mOFC when
compared to the right). Broadly consistent with prior findings in adults, these results support
the notion of the lateralization of the OFC functions (Tranel et al., 2002) and that various
dimensions of psychopathic traits are differentially associated with specific parts of the
OFC. The present findings help us better delineate the relationship between the brain
correlates (particularly in the OFC) and different aspects of psychopathy in adolescence. In
addition, the present findings can set up the foundation to understand the relationship
between the two.

Broadly, our findings are consistent with prior findings that suggest that different structural
correlates in the brain are associated with different psychopathic and antisocial traits
(Bertsch et al., 2013; Gregory et al., 2012; Lam et al., 2017). For instance, reduced GM in
the PFC and temporal poles were found in individuals with antisocial personality disorder
and psychopathy when compared to controls (Gregory et al., 2012) and significant reduction
in the midline cortical areas (e.g., dorsomedial prefrontal cortex, posterior cingulate/
precuneus) were found in antisocial offenders with high psychopathic traits (Bertsch et al.,
2013). In addition to the findings pertaining to the left-right asymmetry in the mOFC, it was
also found that left mOFC had marginal significant association with pure callous-
unemotional traits (r= 0.36) and pure impulsivity (r=-0.33) while the associations between
right mOFC and all three pure psychopathic traits were not significant. These findings
suggest that the left and right mOFC are differentially associated with callous-unemotional
traits and impulsivity respectively. Although the association between reduced/ increased
gray matter volume in the left mOFC and psychopathic traits is not equivalent to the
relationship between left-right asymmetry in the mOFC and psychopathic traits, the
significant correlational findings pertaining to the left mOFC are consistent with the
asymmetry findings yielded from the regression analyses in the present study. Moreover, the
overall mOFC or IOFC effect was not significant on all three psychopathic traits in the
present study which is not consistent with previous finding in adults (Yang & Raine, 2009).
The possible reason for the discrepant findings might be because different age groups were
studied. Specifically, structural brain findings in youth in the present study might be
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different from the adult findings in previous studies (e.g., Yang & Raine, 2009) which
signifies the importance of studying the structural brain volumes in youth.

Furthermore, the significant findings in the OFC but not other brain regions of interest (e.g.,
caudate and putamen) support Blair’s model (2006, 2007) of psychopathy which has focused
on the role of the OFC in psychopathy. Although impulsivity trait was found to be positively
related to lingual GM asymmetry unexpectedly (it became not significant after Bonferroni
correction), there is a lack of previous findings regarding lingual and psychopathy that can
provide sufficient theoretical basis for this significant relationship. For instance, Deeley et al.
(2006) found greater increased activation in right lingual and fusiform cortices when
processing happy faces versus neutral faces in the control group than the psychopathy group.
However, this finding about lingual was task-specific (functional brain correlates) and the
structural volumes were not compared between the two groups. In terms of the
neuroanatomical functions, lingual gyrus is involved in ideational fluency (Jauk et al., 2015)
and visual imagery (Zhang et al., 2014). In summary, there is a lack of theoretical basis from
previous literature to understand how lingual GM is related to psychopathy. A more recent
study found that lower inhibition was associated with larger GM in the lingual gyrus, which
in turn was associated with higher divergent thinking (Zhang et al., 2016). It was suggested
that the significant relationship between inhibition and lingual GM might be because
inhibition function would activate a greater number of concepts in working memory and
concept activation (Dietrich, 2004; Radel et al., 2015). This previous finding (Zhang et al.,
2016) was consistent with the positive relationship between impulsivity and lingual GM
asymmetry found in the present study. However, this exploratory finding in a homogeneous
group (healthy male adults) in Zhang et al.’s study (2016) has to be further investigated in
future studies.

Consistent with our hypothesis, psychopathic traits were found to be associated with
structural correlates in the medial but not the lateral parts of the OFC. Specifically, the
mOFC GM volumes were associated with the callous-unemotional traits and impulsivity in
adolescents. This structural finding in the mOFC is in line with the functional brain imaging
studies showing that the mOFC is more involved in instrumental learning and moral
reasoning as well as the choice for immediate rewards (Elliot et al., 2000; Knutson et al.,
2001; 2003; McClure et al., 2004;2007). The deficits in these functions are often found in
psychopathic individuals who have impulsive and callous- unemotional characteristics
(Blair, 1995). In contrast, the IOFC is more involved in reward processing (Elliot et al.,
2000), and psychopathic individuals do not consistently show salient reward processing
deficits (Buckholtz et al., 2010). Although a recent finding shows that both subregions are
associated with instrumental learning and reward processing, they are associated with
different aspects of learning and reward processing (Noonan et al., 2017).

The three dimensions of psychopathic traits altogether explained a significant amount of
variances (33.8 %) in the mOFC asymmetry even after controlling for the covariates
including age, sex, 1Q, puberty status, and whole-brain volumes. More specifically, we
found that higher levels of callous-unemotional traits were associated with smaller right as
compared to left mOFC. This might be due to the right-sided prefrontal pathology, as
suggested by Tranel et al. (2002), who found impairments in social conduct, decision-
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making, and emotional processing in individuals with lesions to their right but not the left
OFC. In contrast, higher levels of impulsivity were found to be associated with smaller left
as compared to right mOFC. This finding is in line with prior studies that showed decreased
activation in the left vmPFC in pathological gamblers with impulsivity problems (Potenza et
al., 2003).

Inconsistent with prior findings (e.g., Nenadic et al., 2015), narcissism was not significantly
related to the mOFC asymmetry or any other ROIs. This inconsistency may be partly due to
the differences in sample characteristics. Specifically, Nenadic et al. (2015) investigated
clinical adult patients with narcissistic personality disorder while the present study examined
non-clinical adolescents with high or low psychopathy-related narcissistic traits. The
variability in the degree and nature of narcissism between the two samples might have
affected the results in relation to the mOFC GM volumes. In addition, the non- significant
findings for narcissism in the present study are consistent with previous findings (Fink et al.,
2012). Specifically, it has been argued that the narcissism factor bears some resemblance to
the interpersonal component of clinical psychopathy, however, this relationship in a large
sample of youth was not significant (Fink et al., 2012). Since three psychopathic traits that
were examined in the present study are the three components emerged in factor analyses of
the Antisocial Processes Screening Device (APSD) while the clinical measures of
psychopathy validated in adults and in adolescents are more generally known as the
interpersonal, affective, lifestyle, and antisocial components or facets, the non-significant
findings in narcissism in non-clinical individuals are inconsistent with previous findings
with clinical psychopathic measures. Furthermore, the discrepant findings in youth versus
adults also highlight the importance of studying the relationship between psychopathic traits
and structural brain volumes in youth. Besides, there is a paucity of research into narcissistic
traits or narcissistic personality disorder. In addition to the prefrontal cortex, the insula and
premotor cortex were also found to be associated with narcissism (Fan et al., 2011; Schulze
et al., 2013), although these findings could not be replicated in the study by Nenadic et al.
(2015).

The limitations of the study include the small sample size may give rise to issues related to
the statistical power and representativeness of the samples. For instance, the probability
value for functional effects of lateral OFC gray matter asymmetry on pure callous-
unemotional traits might become significant with larger samples. However, the current
findings were essential to set up the foundation for future studies with a larger sample size.
Nevertheless, it should be noted that non- significant findings in the present study does not
inspire absolute confidence that there would be no important differences with larger sample
sizes. For instance, it is plausible that the nonsignificant effects for middle temporal lobe
would have proven significant if these effect sizes proved are stable in a larger sample. In
addition, potential differences between the original and follow-up samples may also raise
questions about the representativeness of the Time 2 sample as a possible additional
limitation on the generalizability of findings. Moreover, the current sample only included
adolescents without a history of substance abuse. This might limit the generalizability of the
findings to the community where the psychopathic adolescents might have the substance use
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problems (Smith & Newman, 1990). In addition, although psychopathic traits were assessed
by ages 7-10, the structural MRI brain scan was administered about four years later. Future
longitudinal studies may acquire both psychopathic traits and brain imaging data at two time
points to examine if the asymmetry findings can be found in young individuals with a higher
level of psychopathic traits over the time. Also, only whole-brain volumes instead of left and
right brain volumes were controlled because it is commonly used as the covariate instead of
splitting them up into two in previous asymmetry brain studies (e.g., Liu et al., 2016).
Another reason is to avoid including too many covariates in the regression model that would
result in overfitting problems in the present study. The left and right brain volumes in the
regression analyses in future studies in order to reduce the potential confounding effect of
left and right brain asymmetry. It should also be cautious that the current findings only
support the association between psychopathic traits and laterality in the mOFC, and the
nature of the laterality as well as whether similar result can be found if the position of the IV
and DV is swapped warrants further investigation in future studies. Last but not least, future
studies should investigate an adolescent group with conduct disorder and compare them to a
neurotypical sample.

Conclusion

Despite these limitations, the present findings provide further support to the notion that the
three dimensions of psychopathic traits are associated with differential structural correlates
in the brain (particularly in the OFC). In terms of clinical implication, although the present
study did not confirm the causal relationship between psychopathic traits and the mOFC, the
present findings can set up the foundation to test the relationship between the two in future
studies. Ultimately, the current research study furthers our understanding of the early neural
correlates of psychopathic traits and may potentially aid in the prevention of crime in
adulthood.
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Highlights
. Callous-unemotional traits were associated with right-left asymmetry in the
mOFC
. Impulsivity was associated with left-right asymmetry in the mOFC
. Dimensions of psychopathic traits may have distinct neurobiological
correlates
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Figure 1. Scatterplot for Residualized Callous- unemotional Traits and Residualized Medial OFC
(mOFC) GM Asymmetry.

The scatterplot showed that residualized callous-unemotional traits were negatively
correlated with residualized mOFC GM asymmetry (p< 0.05) and 24.8% of variances of
pure mOFC GM asymmetry were explained by pure callous-unemotional traits.
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Figure 2. Scatterplot for Residualized Impulsivity Trait and Residualized Medial OFC (mOFC)
GM Asymmetry.

The scatterplot showed that residualized impulsivity trait was positively correlated with
residualized mOFC GM asymmetry (p< 0.05) and 33.3% of variances of pure mMOFC GM
asymmetry were explained by pure impulsivity trait.
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Figure 3. Scatterplot for Residualized Narcissism Trait and Residualized Medial OFC (mOFC)
GM Asymmetry.

The scatterplot showed that residualized narcissism trait was not significantly correlated
with residualized mOFC GM asymmetry (p> 0.05) and 0.06% of variances of pure mOFC
GM asymmetry were explained by pure narcissism trait.
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Participant demographic information, psychopathic traits and neural correlates.

Table 1.

Demographics

Baseline T1 Full Cohort
Mean (Range; SD)

Males (%)

a

1Q
Agea

Psychopathic traits?
Callous-unemotional traits
Narcissism trait

Impulsivity trait

Demographics
Males (%)

197

Age (years)b

Whole brain volumes (><1000mm3)b

Puberty scoreb

Psychopathic traits?
Callous- unemotional traits
Narcissism trait

Impulsivity trait

Neural correlatesb
mOFC GM (combined)
Left

Right

IOFC GM (combined)
Left

Right

Amygdala (combined)
Left

Right

Caudate (combined)
Left

Right

Putamen (combined)
Left

Right

163 (47.8%)

104.76 (70-155; 18.01)

9.05 (7.51-10.75; 0.60)

4.29 (0-24; 3.46)

1.87 (0-12; 2.01)

2.60 (0-8; 1.76)
Follow-up T2 Cohort
Mean (SD)

16 (55.2%)

99.52 (22.68)
12.28 (0.84)
1565.13 (139.75)

2.63 (0.72)

3.98 (2.74)
1.76 (1.35)
2.66 (1.78)

10.84 (1.32)
5.30 (0.73)
5.54 (0.72)
17.11 (2.13)
8.60 (1.15)
8.50 (1.04)
3.02 (0.39)
1.50 (0.20)
152 (0.21)
8.16 (1.02)
3.92 (0.50)
4.23 (0.54)
12.41 (1.38)
6.25 (0.78)
6.15 (0.64)

Page 26

Note: Numbers in brackets represent the standard deviation (SD); lateral orbitofrontal cortex-IOFC; medial orbitofrontal cortex-mOFC; gray matter

volumes-GM.
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*
P<0.05

*:

*
P<0.01

Aok

*
P<0.001.

1000 mm3
a . .
Baseline assessment (Time 1).

bFoIIow—up assessment (Time 2).
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