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Abstract

Research suggests psychopathy is associated with structural brain alterations that may contribute to the affective and
interpersonal deficits frequently observed in individuals with high psychopathic traits. However, the regional alterations
related to different components of psychopathy are still unclear. We used voxel-based morphometry to characterize the
structural correlates of psychopathy in a sample of 35 healthy adults assessed with the Triarchic Psychopathy Measure.
Furthermore, we examined the regional grey matter alterations associated with the components described by the triarchic
model. Our results showed that, after accounting for variation in total intracranial volume, age and IQ, overall psychopathy
was negatively associated with grey matter volume in the left putamen and amygdala. Additional regression analysis with
anatomical regions of interests revealed total triPM score was also associated with increased lateral orbitofrontal cortex
(OFC) and caudate volume. Boldness was positively associated with volume in the right insula. Meanness was positively
associated with lateral OFC and striatum volume, and negatively associated with amygdala volume. Finally, disinhibition
was negatively associated with amygdala volume. Results highlight the contribution of both subcortical and cortical brain
alterations for subclinical psychopathy and are discussed in light of prior research and theoretical accounts about the
neurobiological bases of psychopathic traits.
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Introduction

Psychopathy has been described as the conjunction of interper-
sonal dominance, low anxiety, callous-unemotional traits and
externalizing behavioral tendencies (Cooke and Michie, 2001;
Frick and White, 2008; Patrick et al., 2009). According to the triar-
chic model (Patrick et al., 2009), these characteristics may be
best captured by three phenotypic components, boldness,
meanness and disinhibition, which may result from impair-
ments in core emotional and executive processes, reflecting
atypical development of their underlying neural systems. A
number of studies have reported associations between overall
psychopathy and structural brain abnormalities (Blair, 2010;

Koenigs et al., 2011), but little is known regarding the alterations
that may underlie different subcomponents of psychopathy;
despite clear evidence that these subcomponents are often
associated with distinct patterns of neural functioning (Carre
et al., 2013; Decety et al., 2013). A fuller understanding of the neu-
ral bases of distinct dimensions of psychopathy could help to
clarify their developmental origins, and assess their relevance
for the manifestation of the psychopathic phenotype.
Therefore, in the present study, we have characterized for the
first time the regional grey matter alterations associated with
distinct components of the psychopathic personality in healthy
adults.
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Prior research has focused primarily on the structural bases
of psychopathy in antisocial adults drawn from forensic (e.g.
Bertsch et al., 2013) and clinical populations (e.g. de Oliveira-
Souza et al., 2008), or in youths with conduct disorder (e.g.
Wallace et al., 2013). Such research has identified alterations as
a function of psychopathic traits in subcortical structures,
including the amygdala (Yang et al., 2009; Yang et al., 2010;
Boccardi et al., 2011; Ermer et al., 2012; Pardini et al., 2014), para-
hippocampal gyrus (Cope et al., 2012; Ermer et al., 2012; Ermer
et al., 2013) and hippocampus (Cope et al., 2012; Ermer et al.,
2012). These findings are consistent with the hypothesis that
psychopathy is associated with a basic failure in emotional re-
activity and associative learning, driven by dysfunctional affect-
ive-motivational systems reliant on the amygdala and
interconnected structures (Patrick, 1994; Blair, 2013; Marsh,
2013).

Striatal alterations have also been reported and may be
related to reward processing and decision-making impairments
in individuals with elevated psychopathic traits (Blair, 2013).
Previous findings suggested increased volume (Glenn et al.,
2010), and atypical morphology (Boccardi et al., 2013) in the stri-
atum of incarcerated psychopathic adults. However, in a com-
munity sample of adolescents with conduct disorder, striatal
volume was shown to be reduced (Wallace et al., 2013).

At the cortical level, grey matter volume (GMV) reductions
(de Oliveira-Souza et al., 2008; Yang et al., 2010; Ermer et al., 2012)
and malformations (Yang et al., 2009) have been observed in the
orbital and ventromedial prefrontal cortices of adults with
psychopathy. These findings are congruent with the impair-
ments shown by this population in processes subserved by
these regions, such as reinforcement learning and response re-
versal (Mitchell et al., 2002; Blair, 2004; Budhani et al., 2006).
However, positive associations between orbitofrontal cortex
(OFC) volume and psychopathic traits have also been reported,
primarily in pediatric samples (De Brito et al., 2009; Fairchild
et al., 2013), and in a community substance abuse sample (Cope
et al., 2012). Mixed results have also been described in the anter-
ior cingulate cortex (ACC), which has been alternately shown to
be augmented (De Brito et al., 2009; Cope et al., 2012), or not
altered (Glenn et al., 2010) in individuals with psychopathic
traits. Previous studies have documented volume reductions in
the insula as well (de Oliveira-Souza et al., 2008; Cope et al.,
2012), which could be linked to empathic deficits in adults
(Decety et al., 2013), and youths (Lockwood et al., 2013; Marsh
et al., 2013) with high psychopathic tendencies. Finally, volume
reductions have been demonstrated in cortical regions for
which relevance for the behavioral profiles of psychopathy is
less clear, including the anterior temporal cortex (de Oliveira-
Souza et al., 2008), temporal pole (Yang et al., 2009; Ermer et al.,
2012, 2013; Gregory et al., 2012;) and superior temporal sulcus
(de Oliveira-Souza et al., 2008; Muller et al., 2008; Yang et al.,
2009).

A number of factors may account for remaining discrepan-
cies in the literature, starting with differences between the
populations being studied (for instance, differences in brain
maturation are likely to explain some incongruent findings be-
tween adult and youth samples). In adult populations, a poten-
tially relevant aspect is the way psychopathy has typically been
assessed. Studies of adults have relied on forensic samples as-
sessed for overall psychopathy with Psychopathy Checklist
(PCL)-based instruments (e.g. Yang et al., 2005; de Oliveira-Souza
et al., 2008; Ermer et al., 2012). PCL-based instruments assess
psychopathy as a unitary construct, despite emerging evidence
indicating this syndrome may be better represented as a

constellation of lower order personality dimensions than as a
one-dimensional clinical taxon (Lilienfeld, 1998; Marcus et al.,
2004; Skeem et al., 2011). Although previous studies have at-
tempted to characterize the structural alterations associated
with PCL factors (e.g. Cope et al., 2012), PCL items were selected
based on their internal consistency with one another and its
higher-order factors are inter-related (Hare, 1980; Hare et al.,
1990). Conversely, self-report instruments developed in light of
more recent dimensional accounts of psychopathy (Lilienfeld
and Widows, 2005; Patrick, 2010) cover the full spectrum of
traits that characterize the psychopathic personality, irrespect-
ive of their correlation with each other, therefore assessing
traits that are not captured by the PCL (e.g. positive adjustment
features). It has been suggested that distinct psychopathic per-
sonality traits may result from specific neural deficits and de-
velopmental pathways (Patrick et al., 2009), consistent with
previous demonstrations of dissociable neural functioning pat-
terns as a function of those traits (e.g. Sadeh et al., 2013).
Therefore, characterizing the structural alterations related to
subcomponents of the psychopathic personality could enable a
clearer picture of its neural bases, and perhaps help to clarify
some of the previous contradictory findings.

The goal of the present study was 2-fold. First, we aimed to
investigate whether structural alterations previously linked to
overall psychopathy in forensic and clinical samples also pre-
dicted psychopathic traits in healthy adults from a community
sample. In line with prior research and leading neurocognitive
models of psychopathy (e.g. Blair, 2013), we expected to find
structural alterations in five key structures: amygdala, OFC,
ACC, insula and striatum. More precisely, we hypothesized
overall psychopathy would be associated with GMV reduction
in the amygdala, OFC and insula and GMV increase in the stri-
atum and ACC.

Second, in addition to overall psychopathy, we sought to
characterize the volumetric alterations associated with its sub-
components, as operationalized by the triarchic model (Patrick
et al., 2009). Boldness entails traits of dominance, reduced stress
and anxiety, emotional stability and venturesomeness, being
often regarded as the ‘adaptive’ component of psychopathy
(Drislane et al., 2013). It has been suggested that these features
represent the phenotypic manifestation of low dispositional
fear, which results from an underactive defensive system
(Patrick and Bernat, 2009). We therefore hypothesized that bold-
ness would be associated with volume alterations in structures
implicated in defensive processes, namely the amygdala, insula
and OFC.

Meanness is associated with callousness, manipulativeness
and cruelty (Sellbom and Phillips, 2013). Like boldness, it is
believed to arise from low dispositional fear (Patrick et al., 2009).
However, boldness-related traits may reflect more directly a low
fear genotype, while meanness results from the combination of
low fear with negative development experiences and inad-
equate socialization, leading to impaired capacity for affiliation
and empathy and to deviant patterns of interpersonal function-
ing (Patrick et al., 2009, 2012). Given its supposedly shared etiolo-
gical basis with boldness, we predicted meanness would also be
associated with structural alterations in the amygdala, insula
and OFC. In addition, we expected meanness to correlate with
GMV in the ACC, which, together with the anterior insula, has
been previously implicated in empathy (Singer et al., 2004; Gu
et al., 2010) and shown atypical activity as a function of callous-
ness (e.g. Lockwood et al., 2013; Marsh et al., 2013).

Finally, disinhibition encompasses a general propensity to
externalizing and impulse control problems and is associated
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with traits such as impulsivity, irresponsibility and hostility. It
has been suggested that these traits reflect dysfunctional anter-
ior brain systems implicated in affect regulation and behavioral
control, which include the ACC and the prefrontal cortex
(Patrick et al., 2012). Hence, we expected disinhibition to corres-
pond to GMV alterations in the ACC and OFC. Following sugges-
tions that striatal dysfunction may also contribute to the
computational impairments associated with externalizing fea-
tures of psychopathy (Blair, 2013), we hypothesized that disin-
hibition would also be associated with structural alterations in
the striatum.

To test these predictions, two complementary approaches
were used: first, we performed voxel-wise multiple regression
analyses to identify regions in which GMV was predicted by
overall psychopathy, and by each triarchic component; second,
we examined the differential contributions of GMV within pre-
defined anatomical regions to overall psychopathy and to each
subcomponent. To our knowledge, this is the first study to both
investigate structural brain alterations as a function of psychop-
athy in a sample of healthy adults recruited from the commu-
nity, and to characterize the neuroanatomical bases of the
psychopathy components described by the triarchic model.

Materials and methods
Participants

Thirty-five participants (all right-handed; 18–24 years old; 20 fe-
males) were recruited from the Georgetown University commu-
nity through advertisements developed for psychopathy
research (Widom, 1977), which have been shown to result in
oversampling of high psychopathy scorers in previous studies
(e.g. Marsh and Cardinale, 2014; Sellbom et al., 2014). All partici-
pants reported not having any prior neurological or psychiatric
diagnoses, history of brain injuries or substance abuse, which
constituted exclusion criteria. In addition, all participants re-
ported not taking any psychotropic medication at the time of
screening. Average IQ was assessed using the Kaufman Brief
Intelligence Test (K-BIT; Kaufman, 1990) (Table 1) and socio-
demographic information was collected.

The study was approved by the Institutional Review Board at
Georgetown University. Participants provided informed written
consent in accordance with the Declaration of Helsinki and
were compensated for their time.

Psychopathy measures

Psychopathy was assessed with the Triarchic Psychopathy
Measure (TriPM; Patrick, 2010), a self-report instrument based
on the triarchic model (Patrick et al., 2009). The TriPM assesses
psychopathic traits in a dimensional manner, consistent with
the idea that psychopathy, like other personality disorders, can
be more reliably investigated continuously than categorically

(Marcus et al., 2004). It includes 58 items, scored in a 4-point
scale (0¼ true; 1¼ somewhat true; 2¼ somewhat false; 3¼ false),
and provides subscale scores for boldness (e.g. ‘I’m a born
leader’), meanness (e.g. ‘It doesn’t bother me to see someone
else in pain’) and disinhibition (e.g. ‘I often act on immediate
needs’). Kolmogorov–Smirnov tests revealed no significant devi-
ations from normality for boldness, meanness and total score
distributions (P values¼ 0.17, 0.20 and 0.20, respectively).
Disinhibition scores did not follow a normal distribution
(P¼ 0.02), but were symmetrically distributed (skewness¼ 0.64;
descriptive statistics provided in Table 1). The TriPM has been
reported to have good construct validity and to be able to suc-
cessfully tap the core traits of psychopathy (Sellbom and
Phillips, 2013; Stanley et al., 2013; Hall et al., 2014). Although this
instrument has been previously used in studies investigating
the neural correlates of psychopathic traits (Vieira et al., 2014), it
is still a relatively new measure of psychopathy. Therefore, we
also screened participants using another self-report instrument,
the Psychopathic Personality Inventory—Revised (PPI-R;
Lilienfeld and Widows, 2005), to provide confirmatory validation
for the TriPM.

Magnetic Resonance Imaging (MRI) acquisition and
preprocessing

Participants were scanned at Georgetown University’s Center
for Functional and Molecular Imaging (CFMI), on a 3.0 T MRI sys-
tem (Siemens Magnetom Trio, Erlangen, Germany), fitted with a
circularly polarized 12-channel head coil. Head movements
were minimized through padding. A high-resolution T1-
weighted structural scan (MPRAGE) was acquired (repetition
time¼ 1900 ms, echo time¼ 2.52 ms, inversion time¼ 900 ms,
flip angle¼ 9�, slice thickness¼ 1.0 mm, matrix size¼ 176�
256 mm), yielding 176 sagittal slices with an in-plane resolution
of 1� 1 mm. Total scan time was� 4 min.

Preprocessing and analyses of anatomical data were per-
formed using Statistical Parametric Mapping software (SPM8;
Wellcome Department of Cognitive Neurology, London, UK;
http://www.fil.ion.ucl.ac.uk/spm). T1 images were visually in-
spected and manually realigned as needed to ensure proper
spatial normalization. Following realignment, segmentation,
bias correction and spatial normalization were performed in
one integrated step (Ashburner and Friston, 2005). Visual in-
spection of grey matter (GM), white matter (WM) and cerebro-
spinal fluid (CSF) distributions confirmed there were no
deviations from normality, which could compromise the seg-
mentation process. After being spatially normalized and seg-
mented into GM, WM and CSF, images were registered using
DARTEL to increase the accuracy of inter-subject alignment
(Ashburner, 2007). Images were then normalized to Montreal
Neurological Institute (MNI) space, modulated to compensate
for the effect of spatial normalization, resliced to
1.5� 1.5� 1.5 mm, and smoothed using a 10-mm full-width at
half-maximum (FWHM) Gaussian kernel following previous
similar analyses (Cope et al., 2012; Ermer et al., 2012). Absolute
masking with a 0.2 threshold (Ashburner, 2010) was performed
prior to statistical analysis to exclude unstable voxels.

Statistical analysis

Variance in brain structure explained by psychopathy
We performed voxel-wise multiple regression analyses to deter-
mine how variation in overall psychopathy and unique variance
associated with each component explained GMV, quantified

Table 1. Sample characterization: age, IQ and psychopathy scores

Range M (SD)

Age 18–24 21.06 (1.80)
IQ 94–132 112.43 (12.02)
TriPM total 23–120 71.31 (25.42)

Boldness 20–55 39.83 (9.49)
Meanness 1–51 15.71 (11.02)
Disinhibition 0–37 15.77 (10.58)
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through voxel-based morphometry (VBM). Because age and IQ
showed significant correlations with some TriPM components
(Table 2), these variables were included as covariates in all ana-
lyses. Likewise, we accounted for individual variation in brain
size by including total intracranial volume (TIV) as a covariate
in every regression (Ashburner, 2010; Wallace et al., 2013; Marsh
et al., 2014).

To identify regions in which GMV was correlated with over-
all psychopathy, we conducted a regression with TriPM total
score as predictor. The pattern of structural alterations obtained
with the TriPM was confirmed by performing an additional re-
gression using the total PPI-R score as predictor of whole-brain
GMV. To investigate the neural correlates of each psychopathy
component, we performed a regression with boldness, mean-
ness and disinhibition as predictors of whole-brain GMV.

A cluster-size threshold was used to control for multiple
comparisons. This procedure balances Type I and Type II errors
and increases the power of the analysis (Ward, 2000; Huettel
et al., 2008; Ermer et al., 2012). A Monte Carlo simulation imple-
mented in AlphaSim (Ward, 2000) determined that an extent
threshold of 341 contiguous voxels at P< 0.001 uncorrected
yielded a Familywise error (FWE) corrected threshold of P< 0.05.
For additional exploratory analysis, we set the threshold at
P< 0.005 uncorrected, with the same extent threshold.

Variance in psychopathy explained by brain structure
We conducted additional multiple regression analyses to ad-
dress the inverse question: how unique variance of GMV in spe-
cific cortical and subcortical structures accounted for variation
in overall psychopathy and its subcomponents. Identification of
regions of interest (ROI) was based on the literature (e.g. De
Brito et al., 2009), and targeted five bilateral structures: left and
right amygdala, left and right striatum, left and right insula, left
and right ACC, and left and right OFC (lateral and medial). These
structures were previously associated with psychopathic traits
in both adult and youth samples and feature in dominant theor-
etical models of psychopathy (Patrick, 1994; Kiehl, 2006; Blair,
2013).

We used the FreeSurfer image analysis suite (http://surfer.
nmr.mgh.harvard.edu/) to extract volume estimations (mm3) of
each region and of total grey matter (TGM). Proportional ROI vol-
umes [(ROI/TGM)� 100] were then entered in separate multiple
regression models, predicting total TriPM score, boldness,
meanness and disinhibition, respectively. Multicollinearity was
avoided by estimating separate models for each hemisphere,
given that the volume of most ROIs was strongly correlated
with that of its bilateral counterpart. In each regression, ROIs
were included as predictors using a forward selection method,
following Cope et al. (2012). This procedure selects and retains
the predictor with the highest correlation with the dependent
variable, provided that it increases the predictive power of the
model above and beyond the intercept alone. Predictors that im-
prove the model are sequentially added, until no predictors

significantly alter its predictive power (Field, 2009). Age and IQ
were not significantly correlated with GMV of any ROI and thus
were not included in the regressions. Regression analyses were
conducted in IBM SPSS 20 (IBM Corp., Armonk, NY).

Results
Variance in brain structure explained by total
psychopathy score

Controlling for TIV, age and IQ, total TriPM score was negatively
associated with GMV volume in a cluster including the left stri-
atum, specifically in the putamen (xyz¼�30, �2, �8), which ex-
tended to the left amygdala when the threshold was set at
P< 0.005 (Table 3; Figure 1). Results with total PPI-R score over-
lapped with those obtained with the TriPM in this cluster
(Table 3; Figure 1A), consistent with the strong correlation
observed between the two measures (r¼ 0.93, P< 0.001).
However, this overlap was only apparent at an exploratory
threshold, as PPI-R scores were not significantly associated with
regional GMV at P< 0.001.

Variance in total psychopathy score explained by brain
structure

Regression analyses showed that volume within the left lateral
OFC and left striatum predicted 24% of the variance in total
TriPM score, with increased volume in these structures being
associated with higher TriPM scores (lateral OFC: b¼ 0.51,
P¼ 0.005; striatum: 0.35, P¼ 0.05). Results concerning the stri-
atum seemed inconsistent with the whole-brain analysis, in
which GMV in the left striatum (particularly putamen) was
negatively associated with total TriPM. However, follow-up cor-
relation analyses using TriPM scores and GMV within striatal
structures (i.e. caudate, putamen and globus pallidus) showed
that TriPM was only significantly correlated with GMV increase
in the left caudate (r¼ 0.35, P¼ 0.04; Figure 2A). Also, although
not statistically significant, the correlation coefficient between
TriPM and left putamen volume was in the direction predicted
by the whole-brain analysis (r¼ –0.11; Figure 2A).

Variance in brain structure explained by boldness,
meanness and disinhibition

To investigate volumetric alterations associated with each triar-
chic component, we performed a whole-brain multiple regres-
sion analysis with boldness, meanness and disinhibition as
predictors, while controlling for age, IQ and TIV. Contrary to our
predictions, results showed Boldness was only positively associ-
ated with GMV in the right pons (xyz¼ 9, �29, �41, t¼ 4.77, 481
voxels). Meanness and Disinhibition were not significantly
associated with GMV in any brain regions.

Variance in boldness, meanness and disinhibition
explained by brain structure

Regression analysis results showed that right insula volume ex-
plained 11% of the variance of boldness scores, with increased
GMV in this region being associated with higher boldness scores
(b¼ 0.34, P¼ 0.049).

Volume in the left lateral OFC, striatum and amygdala vol-
ume explained 35% of the variance of meanness, such that
higher scores in this subscale were associated with increased
lateral OFC and striatum volumes (lateral OFC: b¼ 0.49, P< 0.01;

Table 2. Correlation coefficients (df¼ 33) between TriPM scores, PPI-
R, age and IQ

TriPM total Boldness Meanness Disinhibition

Age �0.31 �0.16 �0.36* �0.23
IQ �0.16 �0.09 0.14 �0.44**
PPI-R total 0.93*** 0.75*** 0.77*** 0.76***

*, P<0.05; **, P<0.01; ***, P<0.001.
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striatum; b¼ 0.36, P¼ 0.03) and reduced amygdala volume
(b¼�0.30, P¼ 0.04: Figures 2, 3, and 4C).

Finally, left amygdala volume predicted 14% of the variance
of disinhibition, with higher scores being associated
with decreased volume in that structure (b¼�0.37, P¼ 0.027;
Figures 4D).

Discussion

In recent years, research has identified a set of brain regions
that may be altered in individuals with heightened psycho-
pathic tendencies, but limited evidence yet exists concerning
the structural abnormalities that underlie specific components
of psychopathy. Using a dimensional approach, we demon-
strated that self-reported psychopathic traits in healthy individ-
uals predict GMV variation in structures previously associated
with psychopathy in institutionalized and clinical samples.
Furthermore, we characterized the structural correlates of the
boldness, meanness and disinhibition components of psychop-
athy. Two analytic strategies were used: one aimed to deter-
mine how psychopathy and the unique variance associated
with each component explained variation of GMV across the
whole brain; the other investigated how the unique variance of
GMV in predefined anatomical regions explained total psychop-
athy and its subcomponents.

Structural alterations associated with total psychopathy

We expected overall psychopathy to predict GMV variation in
five key structures—amygdala, OFC, ACC, insula and striatum.
Our predictions were partially confirmed, with results showing
volumetric alterations as a function of total psychopathy in the
striatum and lateral OFC. Specifically, whole-brain and ROI ana-
lyses showed TriPM score was associated with grey volume re-
duction in the left putamen and volume increase in the left
caudate, respectively. These findings are in agreement with pre-
vious reports of greater caudate volumes in individuals scoring
high in the PCL-R (Glenn et al., 2010; Cope et al., 2012). They are
also consistent with the findings reported by Wallace et al.
(2013) and Fairchild et al. (2013) of reduced putamen volumes in
youths with conduct disorder. Existing literature about struc-
tural striatal alterations in psychopathy is still scarce and
mixed. For example, contrary to our results, Glenn et al. also
found increased volume in the lenticular nuclei (putamen/

globus pallidus) as a function of psychopathy, whereas
Boccardi et al. (2013) reported atypical morphology in the caudate
and putamen of PCL-R-assessed psychopaths, but no volumetric
alterations (notably, this study did not control for age or IQ in
their analysis, which has been shown to affect caudate measure-
ments before—see Wallace et al. 2013). The present study thus
adds a new finding to the picture, suggesting subclinical psych-
opathy may be associated with GMV alterations in some striatal
structures, specifically reduced putamen and augmented caud-
ate. These abnormalities may be linked to reward processing and
decision-making impairments in individuals with elevated psy-
chopathic traits (Blair, 2013) and are congruent with reports of al-
terations in striatal function in community samples varying in
psychopathy (e.g. Bjork et al., 2012; Carre et al., 2013).

ROI regression analysis also revealed a positive association
between total TriPM score and GMV in the left lateral OFC. This
finding is consistent with prior research in antisocial adults as-
sessed with the PCL-R (Cope et al., 2012) and in female adoles-
cents with conduct disorder and high callous-unemotional
traits (Fairchild et al., 2013), both recruited from the community.
However, it is at odds with other studies pointing to reduced
OFC volume in psychopathy. For instance, Yang et al. (2010) re-
ported reduced OFC volume in unsuccessful psychopaths. Yet,
not only was this finding not observed in successful psycho-
paths, but the study did not differentiate medial and lateral
OFC. On the other hand, Ermer et al. (2012) reported decreased
volume in the left lateral OFC specifically, using a sample of in-
mates with high PCL-R scores. The OFC has been considered
one of the main neural candidates implicated in the affective
and decision-making impairments observed in psychopathy
(Blair, 2010, 2013), which raises questions about the reason for
these inconsistencies. One possibility is that they are due to
sampling differences across studies. It is noteworthy that our
study, Cope et al., and Fairchild et al. all used participants re-
cruited from the community and reported OFC findings in the
same direction. It is known that institutionalization may be
related to cortical structure (Sheridan et al., 2012). Variables
associated with institutionalization, such as comorbidity, sub-
stance abuse and IQ, may also explain some of the variability in
the results, as they have been differently accounted for in differ-
ent studies. Altogether, these methodological differences may
explain at least partially why results concerning OFC structure
in psychopathy have been inconsistent. Another possibility is
that OFC alterations are specific to certain dimensions of the

Table 3. Clusters in which GMV was associated with TriPM and PPI-R total scores controlling for age, IQ and TIV (MNI coordinates are reported;
P< 0.001, uncorrected, 341 voxel threshold - results presented in bold)

Cluster BA x y z t Voxels BA x y z t Voxels

TriPM total PPI-R total
Positive associations Positive associations
L precentral gyrus* 6 �45 �3 62 4.27 459 R brainstem* 6 �39 �48 3.91 658

R superior frontal gyrus* 8, 31, 6 18 14 50 4.20 355
Negative associations Negative associations
R lingual gyrus* 18 20 �77 �9 4.93 742
L parahippocampal gyrus/

hippocampus*
30 �15 �33 �9 4.64 565

R paracentral lobule/
medial frontal gyrus*

6, 31 11 �26 62 4.40 1014

L striatum/insula 13 �30 �2 �8 4.44 564 L striatum/insula/amygdala* 13 �32 �5 �8 3.42 766
L striatum/insula/amygdala* 13 �30 �2 �8 4.44 1411 L cingulate gyrus* 24, 32 �2 8 41 3.72 1130
L cingulate gyrus* 24 �11 20 21 3.71 664

*Clusters found at an exploratory threshold of P<0.005, uncorrected, 341 voxels.
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psychopathic personality that may not have been assessed in
previous studies. Accordingly, our results suggest OFC alter-
ations may be predominantly associated with meanness-
related traits.

Finally, our whole-brain analysis revealed a trend level nega-
tive association between left amygdala volume and total

psychopathy, which was consistent with our predictions and
with the significant correlation between TriPM and amygdala
volume (Figure 2A). However, this trend was not confirmed by
the ROI regression analysis, which suggested structural amyg-
dala alterations may be more closely associated with specific
components of psychopathy.

Fig. 1. (A) Glass brains depicting clusters in which GMV was negatively associated with total TriPM (left) and total PPI-R (right) after controlling for age, IQ and TIV.

TriPM and PPI-R results overlap in a cluster including the left striatum, mid-posterior insula and amygdala (red circle), in which lower GMV was associated with higher

total psychopathy scores (results displayed at an exploratory threshold of P<0.005 uncorrected, 341 voxel threshold). (B) Negative association between TriPM total

score and GMV in the left striatum (P<0.001, uncorrected, 341 voxel threshold).
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Structural alterations associated with triarchic
components of psychopathy

Boldness is thought to result from a low fear genotype. Briefly,
reduced proneness to stress is a direct consequence of the de-
fensive system’s low responsivity to threat and punishment,

whereas the high social dominance and thrill-seeking features
result from reward seeking motivation unrestrained from fear
and anxiety (Patrick et al., 2009). We had therefore predicted this
component would be associated with alterations within the fear
circuitry, namely in the amygdala, insula and OFC. However,

Fig. 2. Bivariate associations between left caudate and putamen volumes, and total TriPM (A), Boldness (B), Meanness (C) and Disinhibition (D). Proportional ROI vol-

umes calculated as a percentage of TGM are depicted in the y axis. Estimated left caudate and putamen volume varied between 2826 and 5864 mm3, and 4418 and

7560 mm3, respectively.

Fig. 3. Bivariate associations between left lateral OFC volume and total TriPM (A), Boldness (B), Meanness (C) and Disinhibition (D). Proportional ROI volumes calculated

as a percentage of TGM are depicted in the y axis. Estimated left lateral OFC volume varied between 6126 and 10798 mm3.
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among these structures, our analyses only revealed a positive
association between boldness and right insula volume. The in-
sula has been previously implicated in defensive networks (e.g.
Mobbs et al., 2009; Gramsch et al., 2014), and its connectivity dur-
ing threat responding is modulated by trait anxiety (Wheelock
et al., 2014). More importantly, opposite structural alterations,
i.e. reduced insula volume, have been reported in pathologically
anxious patients (de Wit et al., 2014; Moon et al., 2014), support-
ing the idea that our insula findings may reflect low anxiety fea-
tures captured by the boldness construct. Our whole-brain
analysis also showed an unpredicted positive association be-
tween boldness and GMV in the pons. The pons is mainly
involved in basic homeostatic and motor/sensory processes,
with very few studies having reported alterations as a function
of personality variables (e.g. neuroticism; Indovina et al., 2014);
(alexithymia; Moriguchi et al., 2007). More research is therefore
needed to ascertain the potential contribution of this structure
to the boldness phenotype and rule out the possibility of this re-
sult being spurious.

Our results seem to support the triarchic model’s assump-
tion that boldness-related traits, particularly those associated
with reduced stress and anxiety, may reflect specificities of the
defensive system. It should be noted, however, that no associ-
ations were found between boldness and GMV in other struc-
tures of the defensive circuitry, particularly the amygdala, using
either of the analytic strategies we employed. This finding does
not necessarily call into question the link between boldness and
defensive system responsivity, as other structures implicated in
defensive responses (i.e. insula) were indeed associated with
boldness in our data. Likewise, it is not incongruent with earlier
reports linking psychopathy to reduced sensitivity to threat and
punishment (Birbaumer et al., 2005; Rothemund et al., 2012), on

the one hand, and to amygdala dysfunction (Gordon et al., 2004;
Blair, 2008; Marsh et al., 2008), on the other. However, it may in-
dicate that the traits captured by the boldness construct, albeit
related to affective-motivational processes, may not have
driven previous findings of amygdala aberrations in psychop-
athy. Our data suggest that those findings are perhaps more
specifically linked to meanness and disinhibition.

Meanness is characterized by poor empathy, lack of close at-
tachments, cruelty and exploitativeness. It is believed to result
from the interplay between low dispositional fear and negative
environmental influences that disrupt socialization and com-
promise the capacity for affiliation (Patrick et al., 2009, 2012).
Contrary to boldness, present data suggest meanness may be
associated with structural changes in the amygdala, with
decreased GMV in the amygdala predicting higher scores in this
dimension. This is consistent with previous studies specifically
linking abnormal amygdala activity during socio-affective tasks
to the callousness dimension of psychopathy (Han et al., 2012;
Sebastian et al., 2014), which in the triarchic framework is best
described by the meanness construct. Moreover, this result is in
line with previous demonstrations of dissociable patterns of
neural and behavioral functioning associated with boldness-
and meanness-related traits in socio-affective tasks that bear
on amygdala function. Briefly, it has been demonstrated that
fearless dominance and cold heartedness (PPI-R dimensions
purported to tap the same traits as boldness and meanness, re-
spectively; Drislane et al., 2013) predict inverse alterations in the
amplitude of the N170 to emotional facial expressions, which
could reflect differential modulation of the cortical generators
of this component by the amygdala (Almeida et al., 2014).
Likewise, at the behavioral level, previous work has demon-
strated that interpersonal distance preferences in social

Fig. 4. Bivariate associations between left amygdala volume and total TriPM (A), Boldness (B), Meanness (C) and Disinhibition (D). Proportional ROI volumes calculated

as a percentage of TGM are depicted in the y axis. Estimated left amygdala volume varied between 1346 and 2247 mm3. *The leverage value of this observation was

examined to ensure it was not significantly influencing the slope of the regression (0.03) and follow-up analysis confirmed the meanness�amygdala association re-

mained significant after excluding this subject.
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interactions, which are shown to be regulated by the amygdala
(Kennedy et al., 2009), are associated with cold heartedness but
not with fearless dominance, nor with overall psychopathy
score (Vieira and Marsh, 2014). Taken together with these data,
our results point to a contribution of amygdala structural abnor-
malities to psychopathic traits related to low empathy, reduced
attachment and interpersonal deviancy, in line with previous
suggestions (Blair, 2008; Marsh, 2013).

Our data showed meanness was also associated with GMV
increase in the lateral OFC and striatum. This is consistent
with prior research showing an association between callous-
unemotional traits and OFC volume in a sample of disordered
youth (Fairchild et al., 2013). It is also in line with reports of
augmented caudate body volume as a function of the affective-
interpersonal factor or the PCL-R (Glenn et al., 2010).
Importantly, these results parallel those for total TriPM score,
suggesting those findings may have been mainly driven by
affective-interpersonal traits. Our data thus support the central-
ity of those features to the psychopathy construct and illustrate
how structural alterations putatively related to core affective
deficits may be found in subclinical samples.

Finally, levels of disinhibition in our sample were related to
grey matter reductions within the amygdala. Disinhibition has
been theorized to reflect a general propensity for impulse con-
trol problems and poor emotional regulation, which probably
result from dysfunctional anterior brain systems (Patrick, 2008;
Patrick et al., 2009). We had therefore predicted alterations
within the OFC, ACC and striatum as a function of disinhibition.
Despite the significant bivariate correlation between disinhib-
ition and left striatum volume (Figure 4D), regression analysis
showed that decreased amygdala volume was the single pre-
dictor of high scores in this component after other ROIs were ac-
counted for. This seems at odds with the proposed etiological
basis of disinhibition-related traits, although it is in agreement
with previous studies demonstrating both structural (Benegal
et al., 2007; Sasayama et al., 2010) and functional amygdala
abnormalities (Deveney et al., 2013; Wilbertz et al., 2013;
Hulvershorn et al., 2014) in populations with high levels of exter-
nalizing traits, and with recent research showing larger amyg-
dala volumes in inhibited individuals (Clauss et al., 2014).

Methodological considerations and limitations

In this study, we combined two analytical strategies to better
characterize the volumetric brain alterations related to psych-
opathy and its subcomponents. These strategies did not always
yield comparable results, which should be interpreted in light of
the specificities of each methodology. Whole-brain analyses are
more spatially sensitive, enabling the study of voxel-wise ef-
fects, but may lack statistical power when more stringent mul-
tiple comparison corrections are used. This may explain why
amygdala volume was shown to contribute to variation in
meanness and disinhibition in the ROI regressions despite no
amygdala voxels being significant in the whole-brain analysis.
Most previous studies that reported alterations in amygdala vol-
ume as a function of psychopathy have relied on more powerful
ROI approaches (Yang et al., 2009, 2010; Pardini et al., 2014). Only
the largest structural imaging study of psychopathy to date
(N¼ 296) has reported an association between psychopathy and
amygdala concentration, but not volume, using a whole-brain
analysis (Ermer et al., 2012).

It is also worth noting that, among the triarchic components,
whole-brain analyses only yielded significant results using a
corrected threshold for boldness. In addition to power

constraints, this may have resulted from the predominance of
low scorers in meanness and disinhibition in our sample, par-
ticularly compared with boldness, for which higher levels were
observed.

One potential limitation of this study was that sex was not
controlled for in the analysis. Although we controlled for TIV,
which accounted for a large proportion of sex-related variability
in GMV (r¼ 0.571, P< 0.001) (Ruigrok et al., 2014), there may be
relevant regional interactions between sex and psychopathic
traits. However, our sample size did not enable meaningful
comparisons between males and females. When sex was
included in the whole-brain analysis, no psychopathy-related
effects were found at a corrected threshold, which may have
resulted from decreasing the degrees of freedom and further
limiting the power of the analysis. In the ROI analyses, however,
the inclusion of sex as a covariate did not alter the direction
or significance of the results. It will be important for future
studies seeking to investigate the potential influence of sex in
psychopathy-related effects to incorporate larger samples of
male and female participants. Our confidence in the present
findings is supported by the inclusion of other important poten-
tial confounds (age and IQ), which have frequently not been
controlled for in previous studies (e.g. Boccardi et al., 2011) and
may have driven prior results.

Conclusions

To our knowledge, this study represents the first attempt to
identify the neuroanatomical correlates of distinct psycho-
pathic traits using the triarchic framework in a sample of
healthy adults from the community. In using a community
sample, we were not only able to avoid confounds frequently
associated with institutionalized samples (e.g. comorbidity,
substance abuse), but also focus specifically on the neural alter-
ations that are associated with psychopathic personality traits
rather than antisocial behavior. Overall, our results support pre-
vious suggestions that affective and behavioral impairments
associated with psychopathic traits result from impairments in
the amygdala, striatum and OFC. Furthermore, our results were
consistent with some of the prior findings obtained in clinical
and criminal samples, further strengthening the idea that
meaningful psychopathy-related effects may be investigated
using dimensional approaches in non-clinical populations
(Drislane et al., 2014). Finally, present findings may contribute to
assess the validity of the triarchic model’s assumptions regard-
ing the etiology of the psychopathy components.

More research is needed to clarify the extent to which spe-
cific sample characteristics may explain remaining discrepan-
cies in the literature about structural brain alterations in
psychopathy (e.g. community vs institutionalized), as well as to
describe the nature of those alterations (e.g. volumetric vs
morphological).
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