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Amygdala Subnuclei Connectivity in Response to
Violence Reveals Unique Influences of Individual
Differences in Psychopathic Traits in a
Nonforensic Sample
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Abstract: Atypical amygdala function and connectivity have reliably been associated with psychopa-
thy. However, the amygdala is not a unitary structure. To examine how psychopathic traits in a non-
forensic sample are linked to amygdala response to violence, this study used probabilistic tractography
to classify amygdala subnuclei based on anatomical projections to and from amygdala subnuclei in a
group of 43 male participants. The segmentation identified the basolateral complex (BLA; lateral, basal,
and accessory basal subnuclei) and the central subnucleus (CE), which were used as seeds in a func-
tional connectivity analysis to identify differences in neuronal coupling specific to observed violence.
While a full amygdala seed showed significant connectivity only to right middle occipital gyrus, sub-
nuclei seeds revealed unique connectivity patterns. BLA showed enhanced coupling with anterior cin-
gulate and prefrontal regions, while CE showed increased connectivity with the brainstem, but
reduced connectivity with superior parietal and precentral gyrus. Further, psychopathic personality
factors were related to specific patterns of connectivity. Fearless Dominance scores on the psychopathic
personality inventory predicted increased coupling between the BLA seed and sensory integration cor-
tices, and increased connectivity between the CE seed and posterior insula. Conversely, Self-Centered
Impulsivity scores were negatively correlated with coupling between BLA and ventrolateral prefrontal
cortex, and Coldheartedness scores predicted increased functional connectivity between BLA and
dorsal anterior cingulate cortex. Taken together, these findings demonstrate how subnuclei segmenta-
tions reveal important functional connectivity differences that are otherwise inaccessible. Such an
approach yields a better understanding of amygdala dysfunction in psychopathy. Hum Brain Mapp
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INTRODUCTION

Psychopathy is a personality disorder exemplified by
high levels of callousness, grandiosity, manipulation, impul-
sivity, criminal versatility, and other antisocial and affective
characteristics. Psychopathy can be assessed with different
measures. For institutionalized and forensic populations,
the most widely measure is Hare’s Psychopathy Checklist-
Revised (PCL-R), a well-validated psychological assessment
tool [Hare, 2003]. While the PCL-R is often considered as
the gold standard, the Psychopathy Personality Inventory-
Revised (PPI-R) [Lilienfeld and Widows, 2005] is a compre-
hensive index of personality traits which does not assume
particular links to criminal or antisocial behavior. This latter
measure is, therefore, more appropriate for assessing varia-
tion in the personality traits associated with psychopathy,
which are distributed along a continuum that extends into
the general population [Patrick et al., 2009; Skeem et al.,
2011]. These traits cluster into three high-level factors [Ben-
ning et al., 2005], each of which can differentially influence
behavior, cognition, and neural processing [Almeida et al.,
2014; Sadeh and Verona, 2008].

In particular, amygdala dysfunction and its connectivity
have been argued to underlie many of these effects
[Anderson and Kiehl, 2012; Birbaumer et al., 2005; Blair,
2007], yet there are conflicting accounts of the exact nature
of the relationship between psychopathy and amygdala
functioning. While some studies report reduced functional
connectivity between the amygdala and orbitofrontal
(OEC) or ventromedial prefrontal (vmPFC) regions [Decety
et al., 2013a; Motzkin et al., 2011], or reduced activity eli-
cited by emotionally salient stimuli [Decety et al., 2014;
Kiehl et al., 2001], others report enhanced amygdala activ-
ity, but only for specific classes of stimuli [Carré et al.,
2013; Decety et al., 2013b].

One possible explanation for these divergent findings is
that most previous studies have examined the amygdala as
a unitary structure. However, the amygdaloid complex is
comprised of multiple nuclei that have unique cytoarchitec-
tonics, histochemistry, and hodology [Sah et al., 2003]. These
nuclei are commonly grouped into the basolateral amygdala
(BLA; lateral, basal, and accessory basal nuclei) and central
amygdala (CE; central and medial nuclei). CE is the primary
amygdala output nucleus [Price and Amaral, 1981] and proj-
ects to many cortical and subcortical regions that are impor-
tant for the stress response, including the brainstem and
hypothalamus. One of the primary functions of CE is to
coordinate physiology and behavior in response to threaten-
ing cues. BLA is the primary initiator and recipient of neo-
cortical projections [Freese and Amaral, 2009], and is
reciprocally connected to frontal regions such as OFC,
vmPFC, and anterior cingulate cortex (ACC) [Onglr and
Price, 2000; St Onge et al., 2012]. In addition to fear condi-
tioning [Fanselow and LeDoux, 1999], BLA has also been
implicated in decision-making tasks that require updating
representations of subjective stimulus-value associations
[Balleine and Killcross, 2006; Baxter and Murray, 2002].

These functional distinctions are relevant to psychopa-
thy personality research because a recently proposed
model argues that the various attentional and affective
components of psychopathy can be explained by focal
amygdala dysfunction. Specifically, the differential amyg-
dala activation model (DAAM) [Moul et al., 2012] argues
that psychopathy is characterized by chronic BLA hypoac-
tivation and normal or intact CE functioning. Partial ana-
tomical support for this model comes from a recent study
showing that psychopathy (scores of 21-40 on the PCL-R)
is associated with increased CE volume and decreased
BLA volume [Boccardi et al., 2011]. Moreover, selective
disruption of BLA in nonhuman animals produces behav-
ioral changes that are similar to those observed in individ-
uals with increased psychopathic personality traits. For
instance, individuals with high scores on psychopathic
traits show more impulsive response styles across a range
of tasks, and exhibit reduced error-related negativity
(ERN) amplitude, a component associated with error mon-
itoring [Heritage and Benning, 2013]. In rodents, impulsiv-
ity is often measured with a delay discounting task, where
the animal can choose between a small immediate reward
and a larger reward for which the animal must wait.
When BLA is experimentally lesioned, rats exhibit more
impulsive response styles, preferring the smaller reward
option after shorter delay latencies [Winstanley et al.,
2004]. Similarly, just as criminal psychopaths perseverate
on a gambling task, even in the face of increased punish-
ment [Newman et al., 1987], disrupting medial prefrontal-
BLA circuitry decreases rats’ sensitivity to negative feed-
back [St Onge et al., 2012]. Finally, the “low-fear” model
of psychopathy posits that psychopathy is characterized as
a specific deficit in the experience and comprehension of
fear, likely from abnormal processing in OFC, amygdala,
and paralimbic areas [Birbaumer et al., 2005; Kiehl et al.,
2001]. In rats, BLA lesions disrupt fear-potentiated startle
(FPS) for both auditory and visual conditioned stimuli
[Campeau and Davis, 1995], and deficient FPS has been
repeatedly related to psychopathy [Baskin-Sommers et al.,
2011; Larson et al., 2013].

Importantly, as discussed above, psychopathic personal-
ity traits can be clustered into three high-level factors
[Benning et al., 2005]. These factors independently relate
to neural and behavioral differences seen in psychopathy.
For instance, higher scores on Fearless Dominance are
associated with increased attention to motivationally
salient stimuli, at the expense of attention to less relevant
information [Sadeh and Verona, 2008]. Conversely, impul-
sive responding and decreased sensitivity to negative feed-
back are specifically related to Self-Centered Impulsivity.
Moreover, scores on Self-Centered Impulsivity, but not
Fearless Dominance, predict reduced amplitudes in the
ERN [Heritage and Benning, 2013]. However, only scores
on Fearless Dominance correlate with reduced amplitudes
in the feedback-related negativity [Schulreich et al., 2013].
These event-related potential (ERP) components are closely
related, both in terms of their function and proposed
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neural generators, so the differential impact of Fearless
Dominance and Self-Centered Impulsivity scores suggests
that these factors are capable of characterizing fine-grained
distinctions.

Coldheartedness, the third high-level factor, has not
been studied as extensively. One functional neuroimaging
study found Coldheartedness scores negatively correlated
with amygdala response to social stimuli [Han et al,
2012]. A recent ERP study used different spatial frequen-
cies to distinguish between cortical and subcortical visual
pathways in healthy adults [Almeida et al., 2014]. Fearless
Dominance scores predicted reduced N170 amplitudes to
faces at low spatial frequencies which are dependent on
the tectopulvinar pathway (which includes the amygdala).
However, Coldheartedness scores were related to the geni-
culostriate pathway (which does not include the amyg-
dala). Coldheartedness scores have also been related to
increased suppression of motor evoked potentials when
viewing physical pain [Fecteau et al., 2008], as well as
decreased preferred interpersonal distance [Vieira and
Marsh, 2014].

Thus, one important question that has been largely
unaddressed is how dysfunction in a single neural struc-
ture (BLA), as proposed by DAAM, could underlie both
fearlessness and impulsivity in psychopathy. One appeal-
ing hypothesis, and the one under investigation in this
article, is that different factors of psychopathy are associ-
ated with unique patterns of activity within cortical and
subcortical networks which overlap in the amygdala. To
that end, this study sought to examine how variation in
specific psychopathic personality traits in a nonforensic
sample is associated with variation in neural coupling
based in either BLA or CE in the right amygdala. These
regions were identified on an individual-participant basis
using tractography-based segmentation [Saygin et al.,
2011], and these masks were used in a functional connec-
tivity analysis. The right amygdala was selected for two
reasons. First, previous work suggests that the right as
compared to left BLA and CE are more widely connected
to cortical targets [Roy et al., 2009]. Second, two meta-
analyses of functional neuroimaging studies have reported
differences in temporal dynamics and habituation rates,
specifically a shorter duration responses in the right amyg-
dala to emotional-laden stimuli [Sergerie et al., 2008].

Rather than a resting-state scan, this study used video
clips of interpersonal interactions with the presence or
absence of violence. Interpersonal violence/harm was cho-
sen because violence is a universally salient stimulus, and
viewing other individuals being hurt is reliably associated
with recruitment of several well-defined cortical regions,
including dorsal ACC (dACC) and anterior insula cortex
(AIC) [Decety et al., 2013a, b; Lamm et al., 2011]. However,
in addition to perception of harm and physical pain, the
dACC has also been implicated in nociception, conflict-
monitoring [Botvinick et al., 2004], and is the putative neu-
ral generator of the ERN [Allman et al., 2001]. Thus, a
more recent conception, and parsimonious interpretation,

argues that rather than serving as a dedicated pain percep-
tion network, these regions are part of a more general sali-
ence network that integrates information to coordinate
widespread cortical and subcortical activity to support the
rapid deployment of attentional resources toward motiva-
tionally relevant stimuli [Decety, 2011; Decety et al., 2013a,
b; Fox et al., 2013; Harsay et al., 2012; Shackman et al,,
2011]. Finally, and especially relevant for this study,
dACC (as well as AIC) shows extensive reciprocal connec-
tions with BLA [Shackman et al., 2011].

Fearless Dominance, because it has been linked to
enhanced attention to salient stimuli [Sadeh and Verona,
2008], was expected to relate to increased coupling
between BLA and regions involved in sensory processing
and selective attention. Because Self-Centered Impulsivity
indexes impulsivity, it was expected to predict connectiv-
ity with ventrolateral prefrontal (e.g., VIPFC) areas that
work with the amygdala to regulate emotion [Wager et al.,
2008]. Finally, Coldheartedness scores (i.e., decreased con-
cern for others) was expected to be related to decreased
coupling between CE and regions of the salience network.

MATERIALS AND METHODS
Participants

Forty-three healthy adult males (mean age =25 years,
range = 18-35 years) from the Chicago metropolitan area
participated in the study, which was approved by the
Institutional Review Board at the University of Chicago.
Participants responded to flyers designed to attract a range
of individuals, ranging from those who liked to those who
disliked Mixed Martial Arts (MMA). All individuals who
responded were included, provided they were male and
between the ages of 18 and 35 years of age. All partici-
pants had normal or corrected to normal vision.

The sample was restricted to males because the majority
of consumers of violent sports are males, and also to avoid
the influence of hormonal fluctuations. Prior to participa-
tion, participants answered a survey about MMA. These
questions assessed how often participants watched (1-
Never; 5-More than 4 h/week) or participated in (1-Never;
5-More than 2 times/week) MMA, as well as how pleasur-
able (1-Extremely unpleasurable; 5-Most pleasurable) they
found watching MMA. Pleasurability ratings were similar
to those obtained from another study of 51 healthy adults
who were not recruited based on MMA viewing prefer-
ence [Smith et al., 2014].

Personality Assessment

Participants completed the Psychopathic Personality
Inventory-Revised (PPI-R). This instrument was developed
to assess psychopathy in nonpsychiatric and nonforensic
samples [Lilienfeld and Widows, 2005]. Subscores from
the PPI-R cluster into three high-level factors [Benning
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et al., 2005; Patrick et al., 2009; Skeem et al., 2011], which
have been shown to differentially influence behavior,
attention, and neural processing [Almeida et al., 2014;
Carré et al., 2013; Sadeh and Verona, 2008; Schulreich
et al., 2013]. Fearless Dominance includes social influence,
fearlessness, and stress immunity. Self-Centered Impulsiv-
ity is comprised of Machiavellian egocentricity, rebellious
nonconformity, blame externalization, and carefree non-
planfulness. Finally, Coldheartedness (i.e., callousness,
unsentimentality, and lack of sympathy) stands alone as a
third factor because it does not load on either of the first
two factors [Benning et al., 2003]. Scores for Fearless Dom-
inance, Self-Centered Impulsivity, and Coldheartedness
were calculated and used as covariates at the whole-brain
level and in the effective connectivity analysis.

Stimuli

Twenty video clips (10 s each) of MMA and Capoeira
were used. MMA is a full contact combat sport that incor-
porates aspects of boxing, kick boxing, wrestling, and
other martial arts. Athletes win “fights” by knocking their
opponent unconscious, forcing their opponent to “give
up,” or being awarded the most points by a panel of
judges. Clips for MMA were extracted from a five round
fight that was previously used in a study of autonomic
arousal in response to perceiving harm in others [Smith
et al., 2014]. The Brazilian dance form Capoeira was
included as a control condition because it involves similar
movements (e.g., kicking and hand strikes) between pairs
of individuals, but without the intent or execution of
injury or contact.

Task

To avoid contamination of neural activity with motor
planning or anticipation, participants passively viewed
stimuli. Before scanning, participants were shown samples
of each stimulus type. Stimuli were presented using E-
Prime 2.0 (Psychology Software Tools, Inc., Pittsburgh,
PA) on a back-projection Avotec projection system (Avotec
Inc., Stuart, FL). During scanning, a 1 s cue slide appeared
with text informing participants of which clip they would
see next. Clips were interspersed with a 10 s interblock
interval, and stimulus order was pseudorandom, with no
stimulus type repeating more than twice in a row. Struc-
tural scans were conducted last.

Scanning Parameters

Functional volumes were collected using a Philips
Achieva 3T scanner with a T2*-weighted EPI sequence
(TR/TE: 2000/25ms; FOV 240 X 240 X 127.5 mm; matrix:
80 X 80 X 32 mm; flip angle 80°; in plane resolution: 3 X
3 mm). Whole brain coverage was achieved using 32 3.5-
mm-thick slices with a 0.5 mm gap. A Philips provided Z-
Shim sequence was used to recovered signal in orbitofron-

tal regions. Next, T1-weighted anatomical scans were col-
lected (FOV: 250 X 250 X 180 mm; matrix: 240 X 240 X
300). Finally, diffusion-weighted images were collected
with single shot echo planar imaging (70 slices, no skip
gap, voxel size 0.88 X 0.88 X 2 mm, matrix size 112 X 112,
b-value 1,000 along 32 directions) on the same scanner
using an 8-channel SENSE head coil.

Image Processing

First, FreeSurfer’s automated routines [Fischl, 2004; Fischl
et al., 2002] were used to parcellate and segment cortical
and subcortical regions in individual subjects’ native space.
These resulting classifications were visually inspected and
errors were corrected if necessary. Concurrently, diffusion-
weighted images were skull-stripped [Smith, 2002], and the
FMRIB Diffusion Toolbox [Behrens et al., 2003, 2007] was
used to correct for eddy currents, fit diffusion tensors to
each voxel, and estimate diffusion directions within each
voxel (BEDPOSTX). Structural segmentations were then
coregistered to diffusion images. Preprocessing of func-
tional magnetic resonance imaging (fMRI) data was per-
formed using FMRIB Software Library FSL’s FMRI Expert
Analysis Tool with default settings (highpass cutoff filter-
= 100s; motion correction; smoothing with FWHM = 8mm).
MMA and CAPO blocks were modeled separately in a gen-
eral linear model and convolved with a gamma function
that mimics the hemodynamic response.

Subnuclei Classification

Each voxel within the right amygdala was taken as a
seed for probabilistic tractography and connectivity was
calculated for each target mask using 25,000 streamline
samples avoiding a mask of the combined ventricles
(PROBTRACKX). Path estimates were then normalized by
their maximum, thresholded at 0.1, and binarized, render-
ing each amygdala voxel either 0 or 1 for each of the ana-
tomical targets. Subnuclei were then classified using
Boolean expressions as belonging to lateral (LA), basal and
accessory basal (BA), or central (CE) subnuclei complexes.
After this initial classification, three-dimensional smooth-
ing was applied to each subnuclei, and only voxels that
with six contiguous neighbors belonging to the same
nuclei, we included in the mask. Finally, LA and BA were
combined into a single mask for the basolateral complex
(BLA). Segmentations from a representative single subject
are shown in Figure 1.

Functional Connectivity

For each participant, the MMA>CAPO contrast was used
to isolate violence-specific neural activity and constituted
the psychological regressor in a psychophysiological inter-
action. Detailed results of this contrast are present else-
where [Porges and Decety, 2013]. Separate physiological
regressors were constructed by extracting the mean time-
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MMA > CAPO

CAPO > MMA

Figure I.

Regions show sensitivity to violence. Rendered whole-brain results
(P<0.001) for MMA compared to Capoiera (CAPO). Video clips
of MMA were associated with greater hemodynamic response in
anterior insula, caudate, brainstem, and dorsal attention network.
Posterior occipital cortex showed greater activity for the CAPO
videos. For more details, see Porges and Decety [2013]. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

course from within 3 mm radius spheres centered at the
peak voxels within each participant’s BLA and CE masks.
For comparison, another connectivity analysis was also
conducted using each participant’s anatomically defined
right amygdala as a seed. The resulting first-level psycho-
physiological interactions were then averaged to create
group-level maps of regions showing significant func-
tional connectivity seeded in BLA, CE, or full right
amygdala.

Finally, PPI-R factor scores were entered as covariates of
interest at the second level to determine how individual
differences in psychopathic personality traits predicted
changes in functional connectivity between individuals.
Images were thresholded at P <0.001 with a cluster extend
threshold of 50 contiguous voxels.

RESULTS

Descriptive statistics and Pearson correlations for PPI-R
factor scores and MMA questions are shown in Table I.
PPI-R total scores (M =307.82, SD = 35.03, range 240-408)
were unimodally distributed and comparable to other
community samples [Almeida et al., 2014; Vieira and
Marsh, 2014]. No participants had inconsistent responding
scores over 40 so all were used. Self-Centered Impulsivity
scores were positively correlated with watching MMA
(r=0.37, P=0.014). Watching MMA was also positively
correlated with liking MMA (r=0.53, P <0.001) and par-
ticipating in MMA (r=0.41, P =0.006). There was also a
trend toward a positive relationship between Fearless
Dominance scores and participation in MMA (r=0.30,
P =0.051). There were no other significant correlations
between these independent variables (all Ps > 0.3).

The results of the MMA>CAPO contrast are reported in
depth elsewhere [Porges and Decety, 2013] and are shown
in Figure 1 for reference. PPI-R factor scores significantly
predicted activity in several cortical and subcortical
regions (Table II). Fearless Dominance scores were related
to reduced activity in the right superior temporal cortex,
overlapping with the right temporoparietal junction (rTPJ).
Similarly, Coldheartedness was negatively related to activ-
ity in bilateral occipital cortex and cerebellum, as well as
left middle frontal gyrus. Conversely, scores on Self-
Centered Impulsivity were related to significantly greater
activity bilateral caudate.

Significant whole-brain clusters from the functional con-
nectivity analysis are listed in Table III. In response to
viewing MMA, the right BLA showed enhanced coupling
with the dorsal anterior cingulate cortex, vmPFC, and to
left prefrontal regions, including dorsolateral prefrontal

TABLE I. Means, standard deviations, and bivariate correlations amongst dispositions and MMA familiarity ratings

Fearless Dominance Self-Centered Impulsivity Coldheartedness Watch Like Do

Fearless dominance —

Self-centered antisociality 0.11 —

Coldheartedness 0.02 0.19 —

Watch —0.07 0.37% 0.11 —

Like 0.04 -0.12 0.21 0.53** —

Do 0.30 0.15 0.21 0.41** 0.28 —
Mean 130.07 143.23 33.58 2.14 3.44 1.88
SD 16.42 23.76 9.66 1.23 114 1.35
Min-Max 97-208 92-164 18-48 1-5 1-5 1-5

P <0.05; ** P<0.01
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TABLE Il. Significant whole-brain clusters for each factor score from the Psychopathic Personality
Inventory-Revised

MNI coordinates

Covariate Brain region x y z Cluster size T Cohen’s d
Fearless Dominance
R Superior Temporal 66 —46 22 178 —4.33 -1.35
Brainstem 0 —40 —35 130 5.04 1.57
Self-Centered Impulsivity
L Caudate -12 22 0 93 3.00 0.94
R Caudate 20 26 0 64 3.87 121
Coldheartedness
L Middle Occipital —38 —94 2 271 —4.37 —1.36
R Middle Occipital 24 —94 6 206 —3.94 -1.23
Cerebellum 10 =70 —40 195 —4.32 -1.35
L Middle Frontal -32 18 38 60 —4.25 —1.33
P <0.001.

R, Right; L, left.

cortex (Fig. 2E). Right CE showed increased coupling with
the brainstem and reduced connectivity bilaterally with
postcentral gyri and left superior parietal lobule (Fig. 2E).
The whole right amygdala seed showed enhanced connec-
tivity to left middle occipital (x = —46, y = =77, z=37).

Fearless Dominance scores from the PPI-R were posi-
tively related to increased functional connectivity between
BLA and regions in bilateral occipital, fusiform, temporal,
and parietal cortex (Fig. 3). Fearless Dominance scores also
predicted increased connectivity between CE and left pos-
terior insula and cerebellum. Fearless Dominance was not
significantly related to connectivity seeded with the full
right amygdala. Higher scores on Self-Center Antisociality
predicted decreased coupling between BLA and left infe-
rior frontal gyrus, while high Coldheartedness scores were
related to reduce connectivity between CE and the left
dorsal anterior cingulate cortex.

DISCUSSION

This study was designed to investigate the influence of
psychopathic personality traits on the neuronal coupling
of BLA and CE, respectively. While observing video clips
depicting violence, as compared to the nonviolent control
condition, effective coupling increased between BLA and
frontal regions involved in salience processing, socioemo-
tional reasoning, and attentional control. Conversely, func-
tional connectivity decreased between CE areas important
for somatosensory representations and visual processing.
Importantly, there was strong convergence between the
observed functional connectivity and previously estab-
lished anatomical connectivity based in BLA and CE, yet
these connectivity patterns were absent when the full
amygdala was used as a seed, revealing the important
insights offered by subnuclei-specific investigations.

These findings suggest that observing interpersonal vio-
lence is associated not only with increased recruitment of
prefrontal and midline structures involved in salience
processing and decision-making [Harsay et al, 2012;
Porges and Decety, 2013; Yoder and Decety, 2014], but
also with enhanced effective connectivity between these
regions and specific subnuclei of the amygdala. The dorsal
anterior cingulate (dAACC) is one of the core nodes of the
salience network [Harsay et al.,, 2012]. One of the only
other studies examining BLA and CE functional connectiv-
ity in humans found that dACC showed increased cou-
pling with CE and decreased coupling with BLA [Roy
et al., 2009]. This is opposite to the pattern of connectivity
found here (Table III; Fig. 2D,E). However, Roy and col-
leagues assessed functional connectivity during resting
state, whereas the current study used video clip stimuli
selected to be inherently salient. As dACC and the salience
network have been shown to modulate activity in the
default network [Chiong et al., 2013], this reversal in neu-
ronal coupling is taken as evidence that participants were
engaged by the task.

The critical role of the amygdala in assigning emotional
significance or value to sensory information was proposed
long ago, starting with lesion studies in nonhuman prima-
tes [Kluver and Bucy, 1939]. Moreover, substantial con-
verging evidence from lesion studies in nonhuman models
and neurological patients as well as functional neuroimag-
ing studies clearly indicate that specific nuclei are impor-
tant for a wide range of functions, including but not
limited to fear conditioning [Ledoux et al., 1990], social
and emotional processing [Adolphs et al., 2002; Phelps
and LeDoux, 2005; Sander et al., 2003], processing stimulus
relevance for the goals and motivations of the perceiver
[Cunningham and Brosch, 2012] and the development of
moral reasoning [Anderson et al., 2006; Decety et al., 2012;
Taber-Thomas et al., 2014].
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TABLE Ill. Whole-brain results for psychophysiological interaction in MMA>CAPO seeded in right BLA and right
CE with and without factor scores on the Psychopathic Personality Inventory-Revised as a covariate.

MNI coordinates

Seed Brain region x Y z Cluster size T Cohen’s d
BLA
R ventromedial Prefrontal 13 53 3 921 4.11 1.27
L Dorsolateral Prefrontal —34 52 17 162 4.35 1.34
L Superior Frontal —-22 38 26 1366 441 1.36
R Dorsal Anterior Cingulate 10 20 45 61 3.93 121
BLA-Fearless Dominance
Paracentral Lobule -2 -30 75 508 4.55 142
R Lingual 22 -80 444 3.98 1.24
L Middle Occipital —36 —83 1 302 3.80 1.19
R Middle Occipital 37 -72 33 212 3.76 1.17
R Fusiform 34 —49 -13 183 3.66 1.14
L Middle Temporal —48 -30 -13 148 3.79 1.18
Supplementary Motor Area 1 -2 75 135 4.16 1.30
R Temporal Pole 50 19 —24 130 3.90 1.22
R Superior Parietal Lobule 17 -56 58 109 3.64 1.14
R Precentral 44 -7 39 103 3.54 1.11
BLA-Self-Centered Impulsivity
L Inferior Frontal Gyrus —41 23 —11 205 —4.00 —1.25
BLA-Coldheartedness
n.s.
CE
R Postcentral 57 —18 38 297 —3.92 —-1.21
L Postcentral -37 —=30 41 980 —4.29 —-1.32
Brainstem -11 -10 —24 51 3.85 1.19
L Superior Parietal Lobule —42 —34 60 71 —3.98 —1.23
CE-Fearless Dominance
L Posterior Insula —34 —-25 21 157 4.01 1.25
L Cerebellum —44 =70 —36 103 3.64 1.14
CE-Self-Centered Impulsivity
n.s.
CE-Coldheartedness
L Dorsal Anterior Cingulate -12 32 27 429 —3.85 —1.20

P <0.001.
BLA, basolateral; CE, central; R, Right; L, left.

However, data about subnuclei functioning in humans
has so far been scarce. Some preliminary insights come
from Urbach-Wiethe disease, a genetic disorder that
causes the calcification of the medial temporal lobes. One
study conducted with a group of patients with focal bilat-
eral BLA damage showed that these individuals were
hypervigilant to fearful faces [Terburg et al., 2012]. They
were also worse than controls at ignoring task-irrelevant
threatening body postures during an emotional facial
expression identification task [De Gelder et al., 2014], fur-
ther supporting the importance of BLA for filtering out
potentially threatening, but task-irrelevant, information.
This is similar to the “attentional bottleneck” hypothesis of
psychopathy [Baskin-Sommers et al., 2011], especially with
regards to Fearless Dominance. In this study, we find spe-
cific influences of Fearless Dominance scores on connectiv-
ity between BLA and regions involved in sensory

processing (occipital, fusiform, and temporal pole), as well
as selective attention (superior parietal cortex and SMA;
Table III; Fig. 3). The increased neuronal coupling with
superior parietal cortex is interesting, since Fearless Domi-
nance scores were negatively related to signal in rTP]
(Table II). Given the role of the pSTS/rTP] in processing
mental state information and moral judgment [Decety and
Cacioppo, 2012; Yoder and Decety, 2014; Young and Dun-
gan, 2012; Young and Saxe, 2009], these results suggest
that individuals with high trait Fearless Dominance are
less concerned about the moral implications of violence,
but may still find interpersonal violence especially threat-
ening, salient, or less stressful.

Because Self-Centered Impulsivity scores are related to
impulsivity, it was expected that individuals with high Self-
Centered Impulsivity scores would show reduced connectiv-
ity with prefrontal regions involved in emotion regulation.
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Figure 2.

Subnuclei segmentation and connectivity results. A representa-
tive single subject’s structural MRI is shown with semiauto-
matic parcellations and segmentations (A), right amygdala
mask (B), and central (red; CE) and basolateral complex
(green; BLA) masks (C). D: Connectivity results (P <0.001) on
a midline sagittal slice (MNI x= —5) for regions showing

In support of this hypothesis, Self-Centered Impulsivity
scores were negatively related to neuronal coupling between
BLA and ventrolateral prefrontal cortex (Table III). A previ-
ous study used structural equation modeling and found that
VIPFC was related to two competing circuits for emotional
reappraisal [Wager et al., 2008]. Connectivity from vIPFC to
amygdala was important for decreasing negative affect,
while connectivity to ventral striatum was responsible for
generating positive reappraisals [Wager et al., 2008]. Since
high Self-Centered Impulsivity scores were related to
decreased BLA-VIPFC connectivity, and Self-Centered Impul-
sivity predicted increased recruitment of bilateral caudate for
the whole-brain MMA>CAPO contrast (Table II), these
results suggest that Self-Centered Impulsivity may be related
to a network imbalance that produces affective appraisals
that are positively biased. Given that a recent study showed
that it is specifically descending projections from prefrontal
regions to BLA that produce behavioral disruption [St Onge
et al, 2012], it is likely that this disruption is specifically
related to decreased inhibitory cortical input to BLA.

Finally, scores on Coldheartedness were related to
decreased hemodynamic response in bilateral occipital and

increased connectivity with CE (red) and BLA (green). E: Ren-
dered connectivity results (P<0.001) for regions showing
increased connectivity with BLA (green) and decreased con-
nectivity with CE (red) for MMA > CAPO. [Color figure can
be viewed in the online which is available at
wileyonlinelibrary.com.]

issue,

left middle frontal cortex (Table II). Moreover, Coldheart-
edness predicted decreased connectivity between CE and
left dorsal anterior cingulate cortex (Table III), consistent
with previous work showing Coldheartedness predicted
reduced amygdala response to social stimuli [Han et al.,
2012]. As an important node in the salience network,
dACC is important for orchestrating cortical networks in
response to motivationally relevant stimuli. Thus, reduced
CE-dACC connectivity, along with decreased recruitment
of early sensory areas, could indicate that the reason indi-
viduals with high trait Coldheartedness show disregard
for the well-being of others is because they do not encode
violence as inherently salient.

Taken together, the results of our study largely support
and extend DAAM by linking Fearless Dominance and
Self-Centered Impulsivity to specific patterns of functional
connectivity with right BLA. For instance, specific BLA
dysfunction and Fearless Dominance scores have sepa-
rately been linked to abnormal selective attention [De
Gelder et al., 2014; Sadeh and Verona, 2008]. Here, Fearless
Dominance scores predicted increased functional coupling
between BLA and regions important for selective attention
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Figure 3.

Effects of psychopathic personality traits. A: Whole-brain regions
showing significant positive relationships (P < 0.001) between
fearless dominance score on psychopathic personality inventory-
revised and functional connectivity seeded in BLA (green). B:

and sensory processing, including bilateral occipital areas
and right temporal pole and superior parietal lobule
(Table III). Conversely, BLA dysfunction and Self-Centered
Impulsivity have independently been related to reduced
sensitivity to negative feedback [Heritage and Benning,
2013; St Onge et al., 2012]. This study found negative rela-
tionships between Self-Centered Impulsivity scores and
connectivity between BLA and vIPFC (Table III), a region
known to be important for updating the incentive salience
value of stimuli [St Onge et al., 2012]. Thus, these data are
consistent with the hypothesis that abnormal BLA function-
ing underlies both Fearless Dominance and Self-Centered
Impulsivity, because it is a nexus of separable subcortical-
cortical networks, and provide a potential neurobiological
basis for specific contribution of psychopathic personality
traits to amygdala subnuclei functional connectivity.
Importantly, to assess psychopathic traits, we used the
PPI-R rather than PCL-R, and while total scores on these
metrics are often highly correlated, their respective factor
scores appear to measure related, but not identical aspects
of personality [Malterer et al., 2010]. Moreover, the PCL-R
is conventionally divided (and largely used) into two fac-
tors, rather than three. Thus, we tentatively suggest that
studies utilizing the PCL-R may find that the neural activ-
ity in response to violence is predicted by scores on PCL-R
Factor 1 (interpersonal-affective) is similar to both Fearless
Dominance and Coldheartedness, with increased connec-
tivity between BLA and occipital and parietal areas, as
well as decreased connectivity between CE and dACC.

Fearless dominance scores and percent change in connectivity
within right superior parietal lobule from whole-brain cluster
(circled in yellow in A). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

Conversely, PCL-R Factor 2 (antisociality) might predict
reduced connectivity between BLA and vIPFC. However,
there is some recent evidence that factors scores on PPI-R
and PCL-R are not easily related to each other [Copestake
et al., 2011]. Therefore, the observed patterns of functional
connectivity specifically related to Fearless Dominance and
Self-Centered Impulsivity may not be directly related to
Factor 1 and Factor 2 of the PCL-R. Additionally, the cur-
rent results are expected to be most applicable to the gen-
eral population, and may not necessarily hold in forensic
populations.

One limitation of this study is that it cannot distinguish
between the specific contributions of violence-specific
processing and general affective arousal. In fact, previous
work indicates that viewing MMA can elicit autonomic
arousal, as measured by electrodermal activity [Smith
et al., 2014], suggesting that the perception of harm, even
in the context of a sporting event, is inherently physiologi-
cally arousing. While the CAPO condition is an appropri-
ate control for many aspects of nonviolent information
present in the MMA condition (e.g., two males engaged in
dynamic movements filmed in front of an audience),
future studies could use other nonviolent but arousing
images to further tease apart neuronal responses specific
to violence processing. Similarly, the observed patterns of
connectivity may not generalize to less salient stimuli.

This study is the first to examine the differential func-
tional connectivity between input and output amygdala
subnuclei using tractography-based segmentation [Saygin
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et al., 2011], which classifies amygdala subnuclei based on
the anatomical projections between specific subnuclei and
distinct cortical and subcortical regions [Freese and Ama-
ral, 2009] in an individual’s native space. Previous work
has labeled nuclei using probabilistic atlases on normal-
ized images, and shown that resting state fMRI connectiv-
ity is largely in concert with nonhuman animal studies
[Roy et al., 2009]. However, the tractography-based seg-
mentation approach allows for greater specificity than
defining lateral and medial divisions based on two pri-
mary diffusion directions [Solano-Castiella et al., 2010] and
is less time consuming than approaches using ultrahigh
resolution structural MRI [Entis et al., 2012; Solano-
Castiella et al., 2011]. Future studies could likely improve
on this method using smaller, isotropic voxels for the DTI
acquisition. Also, it is important to note that the psycho-
physiological interaction methodology highlights regions
that show significant coactivity, but cannot indicate the
directionality of information transfer, or the degree of ana-
tomical connectivity between coactive regions. This is
especially true for the BLA seed, since the neocortex, lat-
eral nucleus, and basal nucleus, in general, form a circuit
[Pitkanen and Amaral, 1991, 1998]. Thus, this study does
not offer information about whether specific psychopathic
traits are linked with disruption of ascending sensory
processing, descending cortical regulation, or some combi-
nation of both. However, tractography-based segmentation
provides a powerful tool to use anatomically defined sub-
nuclei masks to identify unique functional connectivity
patterns that would otherwise not be found. Ideally, this
method of subdividing the amygdala and examining its
functional connectivity in response to specific socially rele-
vant stimuli will be used in future neuroimaging studies
with both forensic and community samples, rather than
treating the amygdala as a whole.

CONCLUSION

Overall, this study, by leveraging anatomical amygdala
connectivity, assessed the relationships between specific
psychopathic personality traits and effective amygdala
connectivity, and casts new light on the unique response
of this region to highly salient affective stimuli. These find-
ings indicate how socioemotional processing is impacted
by psychopathy personality, and provide evidence for par-
tially distinct neural networks which overlap in the amyg-
dala and are associated with different aspects of
psychopathic personality. Moreover, the data provide fur-
ther evidence that psychopathic personality traits extend
into the general population and differentially influence
patterns of neural connectivity.
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