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Abstract
Psychopathy is a personality disorder accompanied by abnormalities in emotional processing and attention. Recent theoretical
applications of network-based models of cognition have been used to explain the diverse range of abnormalities apparent in
psychopathy. Still, the physiological basis for these abnormalities is not well understood. A significant body of work has
examined psychopathy-related abnormalities in simple attention-based tasks, but these studies have largely been performed
using electrocortical measures, such as event-related potentials (ERPs), and they often have been carried out among individuals
with low levels of psychopathic traits. In this study, we examined neural activity during an auditory oddball task using functional
magnetic resonance imaging (fMRI) during a simple auditory target detection (oddball) task among 168 incarcerated adult males,
with psychopathic traits assessed via the Hare Psychopathy Checklist-Revised (PCL-R). Event-related contrasts demonstrated
that the largest psychopathy-related effects were apparent between the frequent standard stimulus condition and a task-off,
implicit baseline. Negative correlations with interpersonal-affective dimensions (Factor 1) of the PCL-R were apparent in regions
comprising default mode and salience networks. These findings support models of psychopathy describing impaired integration
across functional networks. They additionally corroborate reports which have implicated failures of efficient transition between
default mode and task-positive networks. Finally, they demonstrate a neurophysiological basis for abnormal mobilization of
attention and reduced engagement with stimuli that have little motivational significance among those with high psychopathic
traits.
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Psychopathy is a multifaceted disorder characterized by a
combination of personality traits, behavioral patterns, and
cognitive features (Cleckley, 1941; Hare, 2003). These in-
clude chronic antisocial behavior, lack of empathy, and an
unscrupulous, manipulative interpersonal style. Psychopathy

is further characterized by deficits in affective processing
(Blair, 2005; Kiehl, 2006) and abnormalities in attention that
hinder flexible distribution of cognitive resources (Newman,
1998). These distinctive features of psychopathy set this dis-
order apart from antisocial behavior per se (Blair, Peschardt,
Budhani, Mitchell, & Pine, 2006; Frick & White, 2008) and
remain a prominent focus of related translational research.

Neural dysfunction associated with psychopathy has been
observed in paralimbic brain regions responsible for salience
detection, emotional processing, and the integration of this
information into higher-order processing (Anderson &
Kiehl, 2012). As such, well-established models of psychopa-
thy have tended to focus on deficits in emotional processing;
however, these deficits have not fully accounted for the
neurocognitive abnormalities recognized in this disorder.
Recent evidence suggests that abnormalities in selective atten-
tion among psychopaths interfere with their adaptive redistri-
bution of attention, hindering adaptation to new and potential-
ly relevant environmental cues once a primary focus of atten-
tion has been established (Baskin-Sommers, Curtin, &
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Newman, 2011; Baskin-Sommers, Curtin, Li, & Newman,
2012). Newman’s Response Modulation Theory suggests that
this deficit is sufficient to impede processing of contextual
emotional information under circumstances where emotional
information competes with some other primary focus of atten-
tion (Newman, Curtin, Bertsch, & Baskin-Sommers, 2010;
Baskin-Sommers, Curtin, & Newman, 2013). Evidence for
this attention-based model of psychopathy is compelling;
however, due to limited neuroimaging work addressing atten-
tion in psychopathy, there remains much to be learned about
the specific neurocognitive properties that support these limi-
tations. A recent theoretical approach, the Impaired
Integration model, appeals to general information processing
abnormalities dependent on large-scale intrinsic network func-
tion (Hamilton, Hiatt Racer, & Newman, 2015). This model
suggests specific impairments in interactions between discrete
networks that dominate different forms of information pro-
cessing, including the default mode network and salience net-
work, which overlap with regions implicated in paralimbic
dysfunction, including medial prefrontal cortex, amygdala,
anterior cingulate, posterior cingulate, and insula. Still, rela-
tively little work has demonstrated physiological evidence for
these specific deficits, especially during basic cognitive tasks
in the absence of high affective content.

Neurocognitive features of attention can be examined using
oddball, target-detection tasks (Herrmann & Knight, 2001).
Oddball tasks involve discrimination of rare target stimuli
among a background of more frequent nontarget (standard)
stimuli. These tasks sometimes include infrequent novel, non-
target distractors intended to elicit evaluation of changing
stimulus features but which also require response-inhibition.
Oddball tasks are commonly employed when examining
attention-related neurocognitive features of psychiatric disor-
ders, and most often these studies have relied on event-related
potentials (ERPs) derived from electroencephalographic
techniques.

A number of electrocortical abnormalities have commonly
been associated with psychopathy during simple target detec-
tion tasks, largely reserved to neural responses for target and
novel stimuli (see Gao & Raine, 2009 for review). Our re-
search team recently exposed a previously unreported
psychopathy-related abnormality during engagement with fre-
quent standard stimuli in an oddball task. Specifically, psy-
chopathic traits were associated with reduced amplitude in the
late, positive slow-wave component elicited by frequent, non-
target (standard) stimuli (Anderson, Steele, Maurer, Bernat, &
Kiehl, 2015). This late slow-wave component is generally
associated with sustained evaluative processing following re-
sponse selection (García-Larrea & Cézanne-Bert, 1998),
which may be limited among psychopaths. Because this effect
accompanied a nontarget stimulus, we suggested that this may
be a novel marker for basic attention-related abnormalities, as
psychopathy is characterized by diminished engagement with

stimuli that are not of immediate motivational significance
(Newman, 1998).

ERP measures are endowed with high precision in the time
domain; however, they are severely limited in their capacity to
address spatial patterns revealing functional anatomy and
network-related brain activity (see Grech et al., 2008 for
further discussion). Supplementing ERP studies with other
domains of physiological recordings, including event-related
fMRI, is a helpful way to understand more about the nature of
some ERP signals. For example, the widely studied P3 ERP
component (associated with target detection) results from the
summed activity of neurons in widely distributed brain re-
gions, which are not individually necessary for successful tar-
get detection or generation of the potential itself (Polich &
Squire, 1993). Intracranial recordings and functional neuroim-
aging have demonstrated at least 38 differentiable brain areas
that contribute to the generation of the P3 and target detection
(Halgren, Marinkovic, & Chauvel, 1998; Kiehl et al., 2005).
Neurophysiological evidence suggests that P3 coincides with
widespread, phasic noradrenergic neuromodulation
(Nieuwenhuis et al., 2005). Its amplitude and latency change
within-subjects under varying circumstances, such as task
complexity, memory load, and even biological states (Polich,
1987; Polich & Kok, 1995). As such, the P3 (and other ERP
components) are not unitary traits but rather a measure
representing several overlapping cognitive mechanisms
(Pfefferbaum, Ford, & Kraemer, 1990). Event-related fMRI
measures can thus provide helpful information about brain
regions and networks involved in ERP effects (see also
Calhoun, Adali, Pearlson, & Kiehl, 2006).

To date, only one study has investigated an oddball para-
digm in relation to psychopathy using fMRI. Juárez and col-
leagues used Independent Component Analysis (ICA) of
fMRI data to define networks of functionally related neural
activity among inmates evaluated for psychopathy (Juárez,
Kiehl, & Calhoun, 2013). ICA is a technique that identifies
unique sources of variance in complex, noisy systems,
incluiding fMRI data (Calhoun, Kiehl, & Pearlson, 2008).
Juárez et al. found that psychopathic traits were positively
correlated with an ICA-derived component spatially consis-
tent with the default mode network. The default mode network
(DMN) refers to a network of brain regions highly active
during resting-state, task-free, introspective processes includ-
ing medial prefrontal cortex, posterior cingulate/precuneus,
and temporoparietal junction (Greicius, Krasnow, Reiss, &
Menon, 2003; Raichle et al., 2001). The power of DMN ac-
tivity decreases during target detection in balance with dis-
crete task-positive networks that are brought online (Cocchi,
Zalesky, Fornito, & Mattingley, 2013). In another investiga-
tion, individuals diagnosed with psychopathy demonstrated
failures to deactivate appropriately DMN during a simple
Go/No-Go task (Freeman et al., 2015). These findings may
suggest failures in the systematic coupling and decoupling of
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networks that promote effective signal processing and basic
elements of cognition (see also Philippi et al., 2015; Pujol
et al., 2011, Sheng, Gheytanchi, & Aziz-Zadeh, 2010).
Further, they may represent functional anatomical correlates
of ERP abnormalities during sustained slow-wave activity
previously reported. In neurotypical individuals, dynamic
shifts between DMN-dominant states and several other dis-
crete cognitive networks (e.g., executive control, salience net-
work) provides a physiological basis for natural shifts of at-
tention (Fox et al., 2005). This is a compelling context from
which to evaluate attention-based models of psychopathy.

Some level of interpretation is left ambiguous by ICA anal-
ysis, because this data-driven approach does not assume an a
priori structure to the data and thus does not allow for the
direct comparison of traditional univariate contrast elements
defined by task conditions (e.g., neural activity that is greater
during the target condition than during the standard condi-
tion). Examining these univariate contrasts can reveal
condition-bound specificity and directionality of effects that
are not obvious in alternative multivariate, data-driven ap-
proaches. Furthermore, contrast-based GLM analyses have
important implications for the interpretation of extant and fu-
ture traditional fMRI studies of psychopathy, especially if ab-
normalities are revealed in conditions often used as a baseline
for examining task-based effects in functional imaging.

The purpose of this study was to examine psychopathy-
related abnormalities in hemodynamic response during an au-
ditory oddball task. Using a contrast-based general linear
model (GLM) approach for fMRI analyses, we were able to
examine activity related to many specific event-related effects
previously reported in ERP literature. Based on our recent
work examining ERP effects with an identical task among
incarcerated individuals (Anderson et al., 2015), we anticipat-
ed psychopathy-related hemodynamic differences during the
frequent standard stimulus. Because individual ERP compo-
nents do not easily translate to the prolonged temporal dynam-
ics of BOLD response, detailed directional functional-
anatomical relationships could not justifiably be expected
and were not specified, a priori. Based on accumulating liter-
ature revealing unique correlates of emotional/interpersonal
elements and lifestyle/behavioral elements of psychopathy,
we expected factor and facet scores on the PCL-R to reveal
more specific directional and more stable effects than those
associations with PCL-R total scores. Factors and facets of the
PCL-R are associated with dimensional traits that have often
revealed discrete (sometimes opposing) relationships with
physiological measures (see for example Anderson et al.,
2015; Juárez et al., 2013; Maurer et al., 2015; Philippi et al.,
2015; Steele et al., 2016;Wolf et al., 2015), however, there has
been limited prior work extending these findings to basic cog-
nitive tasks using neuroimaging techniques. To our knowl-
edge, this is the first report to examine relationships between
psychopathic traits and specific functional-anatomical

dynamics during an oddball target detection task using
event-related GLM analysis of fMRI.

Method

Participants

Volunteers were recruited via advertisements and word-of-
mouth at two medium-security state correctional facilities in
New Mexico. Participants were compensated with an hourly
wage commensurate with the rate of pay for labor at their
respective correctional facilities. Volunteers provided their
written, informed consent, and all procedures were approved
by the University of New Mexico Health Science Center
Institutional Review Board. Adult male inmates (n = 222)
completed an auditory oddball fMRI protocol as well as clin-
ical interviews. Due to the co-occurrence of many potentially
confounding variables common among incarcerated individ-
uals, great care must be taken in the selection/exclusion of
participants. Participants were excluded if they met DSM-
IV-TR diagnostic criteria for schizophrenia, bipolar, current
major depression, anxiety disorder (e.g., panic, PTSD), or
attention deficit disorder (n = 12). An additional eight partic-
ipants were excluded for a history of serious and/or repeated
head injury resulting in prolonged loss of consciousness. We
also excluded three participants with estimated IQs below 70.
Behavioral performance was carefully monitored during the
task; due to the ease of the task, poor performance often can be
attributed to fatigue and subsequent lapses of attention during
the scan session. Participants (n = 26) were removed for poor
behavioral performance on the task including low number of
hits (<15) or high number of false alarms (>10). Finally, five
participants were excluded due to excessive movement and/or
uncorrectable loss of whole brain coverage during scanning
procedures.

The final sample for the present analyses included 168
adult male inmates. Ages ranged from 19 to 66 years (M =
37.1, SD = 11.2). Ethnicity and race were self-reported: 87
(51.7%) white/Caucasian, 19 (11.3%) American Indian/
Alaska native, 18 (10.7%) black/African American, 40
(23.8%) other/multiple, and 4 (2.3%) chose not to provide this
information; 59 self-identified as Hispanic/Latino and 109 as
non-Hispanic.

Assessments

Psychopathy was assessed using the Psychopathy Checklist-
Revised (PCL-R; Hare, 2003). This is an expert-administered
rating scale consisting of a semi-structured interview and an
extensive file review to provide collateral information for
scoring participants on 20 items. Each item is rated on a
three-point scale: 0 indicated no evidence, 1 indicated some
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evidence, and 2 indicated pervasive evidence in many do-
mains of an individual’s life. Of a maximum of 40 points, a
score of 30 or higher is the recommended cutoff for a diagno-
sis of psychopathy. These scores also provide dimensional
assessments of psychopathic traits (Hare & Neumann,
2005). These traits are divided into two major factors. Factor
1 indicates interpersonal (facet 1) and affective (facet 2) traits,
such as grandiosity and a lack of empathy and remorse. Factor
2 indicates lifestyle (facet 3) and antisocial (facet 4) traits,
including impulsiveness and long-range developmental pat-
terns of behavioral problems. PCL-R total scores in the current
sample ranged from 7 to 37.9 (M = 21.3, SD = 6.6).

Psychometric properties of the PCL-R have been compre-
hensively vetted in prior literature (Hare, 2003; Hare &
Neumann, 2006). For this study, all interviews were conduct-
ed by staff who have undergone extensive training and super-
vision. All interviews were videotaped, and a portion of these
are double-rated to ensure consistency and avoid rater drift.
Interrater reliability for our trained staff is 0.96 (Intraclass
Coefficient).

Diagnoses for other psychiatric disorders were based on
criteria from the Structured Clinical Interview for DSM-IV-
TRAxis I disorders – Patient Edition (SCID I-P; First, Spitzer,
Gibbon, & Williams, 2002). All administers are extensively
trained and vetted during supervised and videotaped sessions.
Trained staff demonstrate high diagnostic accuracy and inter-
rater reliability (Ventura, Liberman, Green, Shaner, & Mintz,
1998). SCID diagnoses were primarily used for exclusionary
purposes as noted above. Participants were not excluded for
substance dependence, because substance misuse is highly
comorbid with psychopathy and occurs at high rates among
incarcerated individuals in general.

As discussed in more detail below, two statistical modeling
procedures are applied to compare the effects of psychopathy
scores alone and separate models that include several covari-
ates. Covariates include the number of substance dependen-
cies each participant met SCID I-P criteria for to model vari-
ation due to lifetime substance use. This method of accounting
for substance use in incarcerated samples has been used in
several previous publications (Cope et al., 2014; Ermer,
Cope, Nyalakanti, Calhoun, & Kiehl, 2012). The number of
identified substance dependence diagnoses ranged from 0 to 6
(M = 1.4, SD = 1.5). IQ estimates were calculated using the
vocabulary and matrix reasoning subtests of the Wechsler
Adult Intelligence Scale III (WAIS-III; Wechsler, 1997). IQ
estimates ranged from 72 to 148 (M = 98.8, SD = 13.9).

Oddball task description

Participants performed an auditory oddball task while under-
going fMRI data collection. The task was programmed and
implemen ted v ia Presen ta t ion so f twa re v.16 .3
(NeuroBehavioral Systems, www.neurobs.com). Task

parameters are identical to prior work utilizing this task in
healthy controls (Kiehl et al., 2005). Stimuli were presented
over two experimental runs with 244 stimuli, delivered
through MR-compatible, 30 dB sound-attenuating head-
phones. Auditory stimuli consisted of frequent standard low-
pitched (1,000 Hz) tones (80%), infrequent target high-
pitched (1,500 Hz) tones (10%), and infrequent nontarget,
novel stimuli (10%), which were computer-generated sounds
(static, bells, beeps, varied in tone). Each stimulus was pre-
sented for 200 ms in pseudorandom order with an interstimu-
lus interval ranging from 500–2,100 ms. Target and novel
stimuli were always preceded by at least three standard stimuli
(range 3-5). Intervals between target and novel stimuli ranged
from 8-12 seconds. Participants were instructed to respond
quickly and accurately to high-pitched, target tones by press-
ing a single button on an MRI-compatible response box with
their right index finger. They were instructed not to respond to
any of the other stimuli. Before beginning the task, each par-
ticipant performed a practice session of ten trials to ensure
their understanding of the task. Reaction times were computed
on trials for which the participant responded correctly within
1,500 ms post-stimulus. Omission errors included any missed
target tones or any response with a latency of greater than
1,500 ms following the onset of the target stimulus. Errors
of commission were defined as responses following the fre-
quent standard or novel stimuli within 1,500 ms of stimulus
onset.

MRI data collection and processing

fMRI data were acquired onsite at the prison facilities, using a
mobile Siemens Avanto 1.5 Tesla MR scanner equipped with
advanced SQ gradient engine (max slew rate, 200 T/m/s; 346
T/m/s vector summation, rise time 200 μs) and a 12-element
head coil. Conventional spin-echo T1 weighted sagittal
localizers were acquired for use in prescribing the functional
image volumes. The echoplanar image gradient-echo pulse
sequence (TR 2000 ms, TE 39 ms, FA 75°, FOV 24 × 24
cm, 64 × 64 matrix, 3.8 × 3.8 mm in plane resolution, 4-mm
slice thickness, 27 slices) effectively covers the entire brain in
2 seconds. Head motion was limited using padding and re-
straint. Functional images were reconstructed offline at 16-bit
resolution and manually reoriented to the anterior
commissure/posterior commissure line. MRI data were proc-
essed using SPM software. Motion correction was achieved
using the ArtRepair Toolbox (Mazaika et al., 2007), effective-
ly detecting and removing severe motion-related artifacts.
Images were motion-corrected using INRIalign, an algorithm
unbiased by local signal changes (Freire & Mangin, 2001;
Freire et al., 2002). Six realignment parameters (3 translations
and 3 rotations) were entered as covariates in the statistical
models in order to remove additional variance due to move-
ment. Functional images were spatially normalized to the
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Montreal Neurological Institute (MNI) template using a trans-
formation with both linear and nonlinear components (Friston
et al., 1995). Normalized data were smoothed (12 mm
FWHM) and a high pass filter (cutoff: 1/128 s) removed low
frequency noise (e.g., respiratory artifact, scanner drift).

Event-related responses to target, novel, and standard stim-
uli were modeled using a synthetic hemodynamic response
function composed of two gamma functions. The first gamma
function modeled hemodynamic response using a peak laten-
cy of 6 s. A term proportional to the derivative of this gamma
function was included to allow for small variations in peak
latency. The second gamma function and associated derivative
was used to model the small overshoot of the hemodynamic
response on recovery (Calhoun, Stevens, Pearlson, & Kiehl,
2004).

For each participant, images representing the hemodynam-
ic response for contrasts of interest were computed. Contrasts
include (1) target stimuli relative to the frequent standard stim-
uli, (2) novel stimuli relative to the frequent standard stimuli,
and (3) standard stimuli relative to an implicit/residual base-
line (calculated as the variance in the time series not otherwise
explicitly modeled). One-sample t-tests in SPM were used to
detect main effects for each contrast. Multiple regression anal-
yses were used to evaluate the unique contribution of psy-
chopathy scores to variation in hemodynamic response for
each contrast. Separate models were used to examine the ef-
fect of PCL-R total score, PCL-R Factor 1, and Factor 2 scores
and the four PCL-R facet scores in their own models.
Additional models examined the effects of PCL-R scores
when including covariates accounting for effects for age, sub-
stance dependence, and the other respective factors and facets
to evaluate more precisely the unique variance attributable to
each individual factor/facet.

Choosing a baseline Modeling event-related hemodynamic
response in fMRI using the general linear model is intrinsical-
ly contrast-driven. That is, BOLD signal ultimately represents
net differences in hemodynamics between two conditions, and
these conditions need to be carefully considered when
interpreting results. The comparison condition for any given
contrast is often regarded only as a baseline and rarely plays a
major role in interpreting the effect vis-à-vis the primary con-
dition of interest (e.g., targets). However, different baselines
have the potential to eliminate or even reverse the direction of
some BOLD effects (Stark & Squire, 2001).

For target detection tasks, the use of an implicit baseline
(time otherwise un-modeled in the task) or alternatively the
frequent standard condition as a baseline typically yield very
similar results (Kim, 2013). Our work with healthy samples
using an identical task to the present one has also demonstrat-
ed similar findings (Kiehl et al., 2005; Stevens, Laurens,
Liddle, & Kiehl, 2006). In this work, we report analyses using
the frequent standard condition for isolating cognitive activity

related to target detection and evaluation of unexpected, novel
events, factoring out the influence of primary auditory pro-
cessing; however, we also examined this activity using the
implicit baseline (cf. Kiehl et al., 2005). Because this work
is predicated by suggestions that baseline activity during fre-
quent standard stimuli may be affected in psychopathy
(Anderson et al., 2015), the direct comparison of the frequent
standard condition and the implicit baseline is very important.
We model the frequent standard condition against the implicit
baseline to directly demonstrate these differences.

Regions of interest Regions of interest (ROIs) were identified
from previously published work examining whole-brain ef-
fects from an identical auditory oddball task in 100 healthy
controls (Kiehl et al., 2005; see also Kiehl & Liddle, 2001).
These studies identify 38 ROIs for response to Targets
(Targets greater than Standards), 33 ROIs for response to
Novels (Novels greater than Standards), and 3 ROIs for re-
sponse to Standards (greater than the residual baseline).
Coordinates for these ROIs are identified and labelled in our
results tables (Tables 2, 3 and 4). Main effects (disregarding
psychopathy) were examined to verify significant hemody-
namic change in these ROIs for the present sample. ROIs for
analysis were created using Wake Forest University PickAtlas
(Maldjian, Laurienti, Kraft, & Burdette, 2003) and categorized
with the automated anatomical labeling (AAL) atlas (Tzourio-
Mazoyer et al., 2002). Each ROI was then examined for asso-
ciations between hemodynamic response and PCL-R scores.
For the contrasts of interest, activity in each ROI was defined
as the peak signal in an 8-mm sphere surrounding the center
coordinates in MNI space, controlling for multiple compari-
sons by applying a correction for False Discovery Rate (FDR)
(Genovese, Lazar, & Nichols, 2002). PCL-R total, factor, and
facet scores were examined in separate models, each alone in
the model. Then, for comparison, additional models exam-
ined the effects of PCL-R scores when including covariates
accounting for effects for age, substance dependence, and
the other respective factors and facets to evaluate more pre-
cisely the unique variance attributable to each individual
factor/facet.

Whole brain effectsAbnormal hemodynamic effects related to
psychopathy may not be limited to the most prominent brain
areas identified among in neurotypical individuals for each
contrast. We followed ROI analyses with an examination of
hemodynamic effects correlated with PCL-R scores across the
entire brain. Significant effects in these analyses represent
unique event-specific hemodynamic effects related to psy-
chopathy in contrast to incremental variation in ROIs identi-
fied via neural activity among healthy controls. For these anal-
yses, we apply more stringent FDR adjustments for anticipat-
ed false discoveries across the expanded search area of the
entire brain.
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Results

Behavioral performance

As noted, the target detection task is designed tomaintain high
behavioral performance in a wide variety of clinical samples.
On average, participants missed only one target across both
runs (>98% correct responses). Participants averaged less than
two false alarms to novel distractors and less than 1 false alarm
for frequent standard stimuli. Response accuracy was not sig-
nificantly associated with PCL-R scores or other subject var-
iables (age, substance dependence, IQ). Reaction times for
target stimuli (M = 500.4; SD = 78.5) showed modest but
significant correlations with PCL-R total and Factor 1 scores,
such that higher scorers had faster response times to targets
(Table 1).

Main effects: targets, novels, standards

All ROIs previously identified for targets (38 regions) and
novel stimuli (33 regions) showed significant activation across
all subjects with t-values ranging from 5.89 to 27.25 (Tables 2
and 3; Figure 1). For the standard > baseline condition, ROIs
corresponding to left and right superior temporal gyrus (sur-
rounding primary auditory cortex) were highly active (t-values
of 15.03 and 18.55 respectively; Table 4; Figure 1). There was
no significant main effect for the anterior cingulate ROI as
identified in Kiehl et al. (2005) in the standard > baseline
condition in healthy control participants. Notably, however,
the anterior cingulate region exhibits a significant interaction
with PCL-R (discussed further below), whichmay account for
lack of replication in main effects.

Psychopathy-related effects

Target stimuli Examining ROIs for targets > standards, there
were no significant correlations with PCL-R total score when
it was entered by itself into the regression equation or when
accounting for covariates of age and substance dependence.
Individual factors and facets of the PCL-R demonstrated
sparse significant correlations, mostly positive associations
(Table 5); however, none of these effects survived thresholds
applying corrections for multiple tests (38 ROIs, p < 0.0013).

When using an implicit baseline (instead of the standard stim-
ulus), the sparse psychopathy-related effects for targets >
baseline were only somewhat diminished, but still no
psychopathy-related effects survived corrections for multiple
comparisons. When performing whole-brain analyses, no sig-
nificant associations between PCL-R scores and BOLD signal
for this contrast survived FDR correction.

Novel stimuli Examining ROIs for novels > standards, several
trends are apparent for PCL-R total, factor, and facet scores
(Table 6); however, few survive conservative corrections for
multiple comparisons (33 ROIs; p < 0.0015). Effects surviv-
ing this threshold exclusively include a positive association
between PCL-R facet 4 scores and BOLD signal in the medial
frontal gyrus and dorsal anterior cingulate, only when control-
ling for substance dependence, age, and the combined effects
of other facet scores. When using an implicit baseline (instead
of the standard stimulus), effects for novels > baseline
remained largely the same. No psychopathy-related effects
survived corrections for multiple comparisons. When
searching the whole brain, no additional associations were
discovered that survive FDR correction.

Standard vs. Baseline Examining ROIs for standards >
baseline, significant associations with PCL-R total, factor,
and facet scores were apparent (Table 7), many surviving cor-
rections for multiple comparisons (3 ROIs; p < 0.017). Alone
in the model, PCL-R facet 3 scores were negatively correlated
with BOLD signal in the ACC. Factor 1 scores were negative-
ly correlated with activation in bilateral superior temporal gy-
rus. When controlling for covariates of age, substance depen-
dence, and the effects of other factors, opposing associations
are evident for Factor 1/Facet 2 (negative) and Factor 2/Facet
4 (positive) in the superior temporal gyrus. A similar trend of
opposing directional effects is evident in the ACC.
Importantly, only negative associations between Factor and
Facet scores of the PCL-R survive corrections for multiple
tests.

Examining whole brain associations reveal widespread
negative correlations between PCL-R scores and hemody-
namic response for Standards vs. Baseline that survive global
FDR-correction across the entire brain. These associations
were strongest with PCL-R Factor 1 scores (Figure 2).

Table 1. Zero-order correlations between PCL-R scores, assessment variables, and behavioral performance

Age IQ Subst. Dep. Hit RT # Hits #Novel FA #Standard FA

PCL-R Total −0.127 −0.005 0.245** −0.165* 0.010 −0.047 −0.005
PCL-R Factor 1 0.018 −0.002 0.143 −0.172* 0.053 −0.057 0.011

PCL-R Factor 2 −0.294** −0.012 0.338** −0.093 −0.071 −0.029 0.018

*p ≤ 0.05; **p ≤ 0.001. Subst. Dep. = Substance Dependence as defined in methods. Hit RT = Reaction time for hits. #Hits = Number of target hits.
#Novel FA = number of false alarms on novel stimuli. #Standard FA = number of false alarms on frequent standard stimuli
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Controlling for age, substance dependence, and Factor 2
scores, 30 significant clusters were identified across the whole

brain including frontal, parietal, temporal, limbic, occipital,
subcortical, and cerebellar regions. Peak t-values within

Table 2. Target Stimuli Main Effects in ROIs

MNI coordinates t-value (peak)

Frontal lobes x y z

1. L. superior middle frontal gyrus -36 44 24 14.83

2. R. superior middle frontal gyrus 24 52 24 17.14

3. L. middle frontal gyrus -40 40 24 14.67

4. L. inferior frontal gyrus -56 0 16 17.79

5. L. inferior frontal gyrus -56 24 12 6.50

6. R. inferior frontal gyrus 52 8 16 21.12

7. Medial frontal gyrus 0 0 48 25.14

8. Anterior cingulate gyrus 0 12 40 25.21

9. L. insula -48 12 -12 20.23

10. R. insula 44 16 -16 20.91

11. L. precentral gyrus -36 -16 64 24.18

12. L. precentral gyrus -36 -32 64 24.04

13. R. precentral gyrus 28 -4 60 14.33

Parietal lobes

14. L. postcentral gyrus -56 -24 12 26.72

15. L. postcentral gyrus -32 -36 64 22.56

16. R. postcentral gyrus 60 -28 16 22.73

17. L. superior parietal lobule -36 -40 64 22.47

18. R. superior parietal lobule 24 -52 64 10.03

19. L. inferior parietal/supramarginal gyrus -60 -36 24 24.82

20. R. inferior parietal/supramarginal gyrus 56 -36 20 22.80

21. Posterior cingulate gyrus 0 -48 28 6.91

22. Precuneus 0 -36 44 12.09

Temporal lobes

23. L. superior temporal gyrus -48 -32 -8 17.48

24. L. middle temporal gyrus -60 -60 4 14.85

25. R. middle temporal gyrus 60 -28 -16 17.39

26. L. inferior temporal gyrus -56 -8 -8 21.32

27. R. inferior temporal gyrus 60 -56 0 15.99

28. L. amygdala/parahippocampal gyrus -24 0 -12 17.68

29. R. amygdala/parahippocampal gyrus 24 4 -12 18.50

Occipital lobe

30. L. lingual gyrus/cuneus -8 -68 -4 20.50

31. R. lingual gyrus/cuneus 16 -68 4 13.66

Deep gray

32. L. thalamus/caudate -16 -20 8 19.48

33. R. thalamus/caudate 8 -16 4 18.80

34. L. putamen/globus pallidus -32 -4 -12 20.46

35. R. putamen/globus pallidus 32 8 4 23.06

36. Brainstem 0 -24 -24 18.68

Cerebellum

37. L. cerebellum -28 -60 -32 21.70

38. R. cerebellum 20 -52 -32 27.25

Threshold for p < 0.05 corrected for FDR is t = 1.69; p < 0.01 t = 2.38; p < 0.001 t = 3.18
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clusters ranged from 2.3 to 5.17, and 25 of the 30 regions
survive FDR-corrected whole-brain thresholds at p < 0.005
(Table 8). Examining facets, these effects are apparently stron-
gest for Facet 2, especially in anterior temporal, insula, and
lateral prefrontal areas; however, facet-level effects do not
survive in models that covary other facets, presumably due
to strong correlations between facets. Correlations with

Factor 1 are represented as these effects are the most stable
with respect to covariates.

Supplementary analysis Some prior studies have indicated
potential ethnic/racial differences in the manifestation of psy-
chopathic traits as well as occasional failures replicating neu-
rophysiological effects among non-European Americans (see
Sullivan & Kosson, 2006 for review). Approximately half of
the current sample did not identify as Caucasian. We exam-
ined these group differences in psychopathy scores as well as
hemodynamic effects. There were minor differences in PCL-R
Factor 2 scores and Facet 4 scores. Caucasians scored slightly
lower on Factor 2 (mean = 11.72, SD = 3.76) than minorities
(mean = 12.96, SD = 3.87), t = 2.10; p = 0.038, and slightly
lower on Facet 4 scores (mean = 6.33, SD = 2.39)] than mi-
norities (mean = 7.11, SD = 2.45), t = 2.03; p = 0.044. In the
three primary contrasts germane to this study, there were no
significant differences between groups in activations across
the brain after applying corrections for false discovery rate
(FDR). Examining average beta values (in 8-mm spheres)
for contrasts demonstrating associations with psychopathic
traits (Tables 5, 6, 7 and 8), t-tests revealed no group differ-
ences which survived corrections for multiple comparisons.
The evidence from these analyses suggests overall stability
of these effects across Caucasian and minority groups in our
sample.

Discussion

This study was designed to examine differences in fMRI
BOLD response attributable to psychopathic traits during an
auditory oddball task. As expected, individual factors and
facets of the PCL-R revealed distinct relationships with
BOLD signal in regions associated with target detection and
novel stimuli. Furthermore, the largest, most stable
psychopathy-related effects were apparent when examining
the frequent standard condition against an implicit baseline
(Anderson et al., 2015). Specifically, Factor 1 scores on the
PCL-R were associated with widespread, reduced BOLD sig-
nal in brain areas comprising DMN and salience network/
paralimbic regions including anterior temporal cortex, medial
prefrontal cortex, dorsal anterior cingulate, temporoparietal
junction, and posterior cingulate cortex. These effects are con-
sistent with prior work implicating circuits involved in emo-
tional processing and salience detection, as well as recent re-
ports that demonstrate abnormalities in dynamic shifts be-
tween default mode and task-positive networks among those
with psychopathic traits (Freeman et al., 2015). Close exami-
nation of these effects with consideration of their contrast
elements have potentially revelatory implications for models
of attention and basic stimulus processing in psychopathy.
These effects may demonstrate a physiological mechanism

Table 3. Novel stimuli main effects in ROIs

MNI coordinates t-value (peak)

Frontal lobes x y z

1. L. middle/inferior frontal gyrus -52 12 32 12.37

2. R. middle/inferior frontal gyrus 48 16 28 16.44

3. L. inferior frontal gyrus/insula -44 20 -12 11.72

4. R. inferior frontal gyrus/insula 48 24 -8 16.57

5. Medial frontal gyrus 0 24 36 12.80

6. L. anterior cingulate gyrus 0 16 32 9.58

7. R. anterior cingulate gyrus 4 28 32 11.90

8. L. insula -48 -8 -4 23.19

9. R. precentral gyrus 48 16 28 16.44

Parietal lobes

10. L. postcentral gyrus -64 -28 12 22.82

11. R. postcentral gyrus 56 -24 12 25.07

12. L. postcentral gyrus -60 -44 28 15.04

13. L. superior parietal lobule 48 -44 44 8.55

14. R. posterior cingulate gyrus 4 -36 24 9.46

15. L. inferior parietal lobule -40 -52 44 8.14

16. R. inferior parietal lobule 36 -64 44 8.88

Temporal lobes

17. L. superior temporal gyrus -64 -32 4 22.57

18. R. superior temporal gyrus 52 12 -16 19.89

19. R. middle temporal gyrus 56 -40 12 23.82

20. R. middle temporal gyrus -56 0 -16 17.19

21. L. inferior temporal gyrus -60 -24 0 24.66

22. R. inferior temporal gyrus 52 -12 -16 25.03

23. L. amygdala -24 0 -20 8.56

24. R. amygdala 28 0 -24 12.03

Occipital lobe

25. L. lingual gyrus/cuneus -4 -76 12 7.72

26. R. lingual gyrus/cuneus 4 -76 24 6.11

Deep Gray

27. L. thalamus/caudate -16 -8 12 9.50

28. R. thalamus/caudate 12 -8 8 11.04

29. Brainstem 0 -28 -36 6.73

Cerebellum

30. L. cerebellum -24 -72 -32 7.24

31. L. cerebellum -20 -72 -28 8.13

32. R. cerebellum 16 -72 -32 6.41

33. R. cerebellum 20 -72 -28 5.89

Threshold for p < 0.05 FDR corrected t = 1.91; p < 0.01 t = 2.59; p <
0.001 t = 3.38
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to explain psychopaths’ fundamental abnormalities in atten-
tion allocation and salience detection, which include dimin-
ished processing of stimuli with little motivational
significance.

Target and novel effects

Elevated Factor 1 scores were modestly associated with faster
response times for targets. This could reasonably be explained
by theoretical perspectives of enhanced approach motivation
and reduced inhibitory modulation (Arnett, Smith, &
Newman, 1997). This observation was not accompanied by
neural effects systematically related to psychopathy, however.
Furthermore, this task was not designed to investigate these
effects, so we will defer any speculation or interpretation.
However, see our prior work examining neural effects of per-
formance monitoring in a go/no-go task designed to elicit
meaningful differences in behavior (Maurer et al., 2015,
2016; Steele et al., 2016).

Examining neural activity associated with Target vs.
Standard and Novel vs. Standard contrasts, main effects
across all subjects demonstrated significant BOLD response
in all regions of interest identified previously from n = 100
healthy controls (Kiehl et al., 2005). Contrary to our expecta-
tions, BOLD response for these contrasts revealed relatively
sparse correlations with psychopathic traits, and these did not
survive strict corrections for multiple comparisons across
ROIs. Correlations with individual factors and facets of the
PCL-R were primarily positive, especially those relating to
PCL-R Factor 1 representing the emotional/interpersonal di-
mensions of psychopathy.

These findings should not be interpreted as directly contra-
dicting well-replicated ERP findings reporting psychopathy-
related electrocortical effects (see also Anderson et al., 2015).
ERP signals result from rapid fluctuations of the brain’s elec-
trical activity, whereas BOLD signal measured in fMRI de-
pends on relatively slower hemodynamic activity. As such, it
is oversimplistic to conflate BOLD signal with any individual
ERP component, particularly ERPs of higher frequency and
lower amplitude. These effects are dependent on modeling-
task contrasts as discussed in Methods.

Close examination of task conditions reveal that these pos-
itive associations are influenced by effects evident in the fre-
quent standard condition, used as a baseline for this contrast.
The increased net difference driven by a relatively diminished
baseline (also systematically related to Factor 1) and the target
activation will present as a positive correlation in this analysis.
The effects presented using the standard-stimulus baseline in
the target and novel conditions are small, however, and do not

Figure 1. Main effects for target, novel, and standard stimuli. Thresholds are set at t ≥ 10 to achieve adequate separation. BOLD effects for target and
novel stimuli use the standard stimulus as a baseline. The standard stimulus is compared against an implicit (mean) baseline of unmodeled activity

Table 4. Standard stimuli main effects in ROIs

MNI coordinates t-value (peak)

x y z

1. L. Superior Temporal Gyrus -44 -36 8 15.03

2. R. Superior Temporal Gyrus 56 -28 4 18.55

3. L. Anterior Cingulate -24 36 0 na

Threshold for p < 0.05 FDR corrected t = 2.91; p < 0.01 t = 3.42; p <
0.001 t = 4.08

572 Cogn Affect Behav Neurosci (2018) 18:564–580



survive statistical corrections for multiple tests at ROIs.
Furthermore, exploratory analyses utilizing an implicit base-
line (in place of the frequent standard condition) did not reveal
any new significant effects related to PCL-R scores and large-
ly diminished effects noted. These findings merit close con-
sideration of dynamics influencing the frequent standard
condition.

Standard vs. Baseline

As expected, main effects for the Standard vs. Baseline con-
trast largely reflect activity in auditory processing areas
around the posterior superior temporal gyrus. Kiehl et al.
(2005) also reported small activations in frontal/cingulate cor-
tex, which were not replicated here. This may be due to the

Table 6. Novel stimuli correlations with PCL-R scores (with and without other covariates) in ROIs

MNI Coordinates PCL-R total Factor 1 Factor 2 Facet 1 Facet 2 Facet 3 Facet 4

PCL-R scores entered alone in model x y z

L. inferior frontal gyrus/insula -44 20 -12 *3.67 (+)

Medial frontal gyrus 0 24 36 **3.79 (+)

R. anterior cingulate gyrus 4 28 32 **4.01 (+)

L. insula -48 -8 -4 *3.22 (+) +2.71 (+) *2.89 (+)

R. middle temporal gyrus -56 0 -16 *3.07 (+) +3.10 (+)

L. lingual gyrus/cuneus -4 -76 12 *2.59 (-)

R. lingual gyrus/cuneus 4 -76 24 *2.69 (-) **3.38 (-)

R. thalamus/caudate 12 -8 8 *2.90 (+) *2.83 (+) *2.95 (+)

R. cerebellum 16 -72 -32 *2.56 (+)

R. cerebellum 20 -72 -28 *2.77 (+) *2.66 (+)

PCL-R scores controlling for SD, age, and other factors/facets

L. inferior frontal gyrus/insula -44 20 -12 *3.42 (+)

Medial frontal gyrus 0 24 36 **4.43 (+)

L. anterior cingulate gyrus 0 16 32 *2.91 (+)

R. anterior cingulate gyrus 4 28 32 **4.46 (+)

R. middle temporal gyrus -56 0 -16 *3.05 (+)

L. lingual gyrus/cuneus -4 -76 12 *2.64 (-)

R. lingual gyrus/cuneus 4 -76 24 **3.24 (-)

R. thalamus/caudate 12 -8 8 *2.52 (+)

T-values provided for significant ROIs; *p < 0.05, **p < 0.01; FDR corrected for ROI volume; (+) indicates positive correlation; (-) indicates negative
correlation

Table 5. Target stimuli correlations with PCL-R scores with and without covariates in ROIs

MNI coordinates PCL-R total Factor 1 Factor 2 Facet 1 Facet 2 Facet 3 Facet 4

PCL-R scores entered alone in model x y z

R. inferior frontal gyrus 52 8 16 *2.96 (-)

L. thalamus/caudate -16 -20 8 *2.69 (+) *3.03 (+)

L. putamen/globus pallidus -32 -4 -12 *3.40 (+) *3.16 (+) *3.04 (+)

Brainstem 0 -24 -24 *3.02 (+) *2.76 (+)

PCL-R scores controlling for SD, age, and other factors/facets

R. insula 44 16 -16 *2.44 (-) **3.17 (-)

R. precentral gyrus 28 -4 60 *2.81 (+) *3.16 (+)

L. putamen/globus pallidus -32 -4 -12 **3.49 (+)

Brainstem 0 -24 -24 *2.69 (+)

t-values provided for significant ROIs; *p < 0.05, **p < 0.01; FDR corrected for ROI volume; (+) indicates positive correlation; (−) indicates negative
correlation

Cogn Affect Behav Neurosci (2018) 18:564–580 573



significant interactions with PCL-R scores in frontal/cingulate
cortex observed.

The Standard vs. Baseline contrast revealed the largest and
most stable effects for BOLD activity systematically related to
PCL-R scores. This aligns with the size and stability of
psychopathy-related effects we recently reported in the
large-amplitude slow-wave component elicited by frequent
standard stimuli when measured with ERP analyses
(Anderson et al., 2015). In the current study, modest associa-
tions were present in all ROIs for this contrast, demonstrating
significant interactions with PCL-R scores in these regions.
Notably, Factor 1 (Facets 1 & 2) and Factor 2 (Facets 3 & 4)
exhibit effects in opposite directions, when accounted for in-
dividually. Divergent or unique effects specific to traits corre-
sponding to individual factors and facets of psychopathy have
been an increasingly common observation in reports that ex-
amine these traits separately (Anderson et al., 2015; Anderson
& Stanford, 2012; Carlson & Thái, 2010; Carlson, Thái, &
McLarnon, 2009; Juárez et al., 2013; Maurer et al., 2015;
Philippi et al., 2015; Pasion, Fernandes, Pereira, & Barbosa,
2017; Steele et al., 2016; Venables & Patrick, 2014; Wolf
et al., 2015).

Beyond ROIs established for main effects, widespread neg-
ative associations that survive whole-brain statistical correc-
tions were observed for PCL-R Factor 1 in areas that include
bilateral anterior temporal cortex, medial prefrontal, amygda-
la, hippocampal, insula, dorsal anterior cingulate,
temporoparietal junction, and posterior cingulate regions. All
these regions have been previously implicated in the patho-
physiology underlying psychopathy. These areas correspond,
in part, to paralimbic regions, long implicated in psychopathy
(Kiehl, 2006)—or in terms of network models of attention,
they include the salience network, as well as regions compris-
ing the DMN.

A close consideration of the task contrasts is important for
understanding these effects. Negative correlations in the
Standard vs. Baseline contrast demonstrates a net reduction
in difference between the standard stimulus and the implicit

baseline, systematically related to PCL-R Factor 1. Main ef-
fects for the standard condition are primarily dominated by
auditory activation (Figure 1) and the implicit baseline condi-
tion is comprised of activity in DMN. A relatively persistent
default mode and relatively reduced activity in the salience
network, which serves to divert processing resources from
DMN (Goulden et al., 2014), would combine to produce the
smaller net differences, systematically related to Factor 1
(Figure 2). These effects further support network-based anal-
yses that have demonstrated higher power of DMN among
psychopaths (Juárez et al., 2013; Freeman et al., 2015) and
altered connectivity involving parts of DMN and salience net-
work (Philippi et al., 2015).

Consequences of impaired default mode, salience
network function

Dysfunction in limbic and paralimbic brain areas is commonly
associated with psychopathy (Kiehl, 2006; Anderson&Kiehl,
2012). These regions are usually studied in the context of
affect-laden paradigms (Kiehl et al., 2001), and they play an
important role in the integration of emotionally salient infor-
mation into behavioral adaptations (Birbaumer et al., 2005)
and higher-order cognitive processes (Blair, 2007). Dysfunc-
tion in this context is mostly straightforward; certain affective
deficits are paramount among those that characterize psychop-
athy. The fact that these regions are also implicated here in an
elementary component of a basic attention-task, devoid of
strong affective content is quite compelling in the context of
information-processing models of psychopathy. Reduced am-
plitude of slow-wave ERPs elicited by frequent standard
stimuli have previously been reported in patients with
temporoparietal damage (Verleger, Heide, Butt, & Kompf,
1994). The relevance of temporal lobe dysfunction to psy-
chopathy has a prominent standing in extant literature, in-
cluding the paralimbic dysfunction model (Kiehl, 2006). In
terms of network models serving domains of attention and
cognitive function, paralimbic areas overlap significantly

Table 7. Standard stimuli correlations with PCL-R scores (with and without other covariates) in ROIs

MNI Coordinates PCL-R total Factor 1 Factor 2 Facet 1 Facet 2 Facet 3 Facet 4

PCL-R scores entered alone in model x y z

L. superior temporal gyrus -44 -36 8 *2.90 (-) *2.88 (-) *2.59 (-) *2.99 (-)

R. superior temporal gyrus 56 -28 4 **3.67 (-) *3.01 (-) *3.51 (-) *2.92 (+)

L. anterior cingulate -24 36 0 **3.94 (-)

PCL-R scores controlling for SD, age, and other factors/facets

L. superior temporal gyrus -44 -36 8

R. superior temporal gyrus 56 -28 4 **4.59 (-) *2.76 (+) *3.15 (-) *3.34 (+)

L. anterior cingulate -24 36 0 *2.71 (-) *3.22 (+)

t-values provided for significant ROIs; *p < 0.05, **p < 0.01; FDR corrected for ROI volume; (+) indicates positive correlation; (-) indicates negative
correlation
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Figure 2. PCL-R Factor 1 negative correlation with standard (vs. baseline) activation. Model controls for the effects of age, substance dependence, and
PCL-R Factor 2. Effects are significant at threshold of p < .05, corrected for False Discovery Rate (FDR) across the whole brain
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with the salience network and DMN. The dynamic interplay
between these two networks has been the subject of many
recent investigations of normal and disordered cognitive
functions.

The salience network comprises dorsal anterior cingulate
and fronto-anterior insular cortex, supported by dense connec-
tivity to primary limbic structures (Seeley et al., 2007). It has
been demonstrated to regulate dynamic shifts between the
default mode and externally focused attention networks
(Goulden et al., 2014; Menon & Uddin, 2010; Sridharan,
Levitin, & Menon, 2008). In fact, damage to these circuits
reliably predicts deficiencies in appropriate deactivation
DMN and is associated with behavioral consequences such
as failures of inhibition (Bonnelle et al., 2012; Jilka et al.,
2014). The dynamic interplay between default mode and sa-
lience network activation is thus a reasonable platform from
which to examine fundamental attention-based deficits in psy-
chopath that demonstrably scale up to classic behavioral def-
icits in psychopathy including impaired inhibition (Bonnelle
et al., 2012), diminished error processing (Ham, Leff, de
Boissezon, Joffe, & Sharp, 2013), weak affective processing
(Anderson et al., 2017; Fichtenholtz et al., 2004; Lane et al.,
1998), and abnormal patterns of moral judgement (Chiong
et al., 2013).

Insofar as these networks work together in harnessing at-
tentional resources for the basic encoding of motivationally
relevant stimuli, the present findings support accumulating
research demonstrating fundamental deficits in basic cogni-
tive systems in psychopathy. A recent extension of a promi-
nent attention-based model of psychopathy, the impaired in-
tegration model, has highlighted deficits in the DMN and
salience network in psychopathy (Hamilton et al., 2015). It
is suggested that disturbances between networks impair rapid
integration and adaptation to fluctuating priorities in the envi-
ronment. Scaling this up to higher-order cognition, these fail-
ures would hypothetically degrade the facile prioritization of
affective information in complex environments with many
competing domains of information. Further, in a long-range
developmental context, these failures could ultimately under-
mine the natural salience of emotionally relevant information.
The present findings add to this literature by demonstrating
hemodynamic patterns consistent with impaired shifts be-
tween networks in an event-related, nonaffective fMRI
paradigm.

Limitations and future directions

This study examines the neuroanatomical correlates of certain
fundamental abnormalities in information processing that
have long been recognized in psychopathy. While a rich liter-
ature precedes this report examining oddball target detection
in psychopathy using ERPs (Gao & Raine, 2009), this is the
first report examining these effects using traditional contrast-
driven event-related fMRI. ERPs and fMRI are each endowed
with inherent strengths and limitations. While fMRI promotes
more specific neuroanatomical precision than ERPs it does
not approach the same temporal specificity. The present study

Table 8. Standard stimuli correlations with PCL-R Factor 1 scores
across the entire brain

BA X Y Z t-value

Frontal Lobes

1. L. Superior frontal gyrus*** 6 -9 3 63 5.17

2. R. Superior frontal gyrus*** 6 15 9 54 4.65

3. L. Superior frontal gyrus** 10 -27 57 -3 3.37

4. R. Inferior frontal gyrus*** 47 39 18 -12 4.54

5. L. Inferior frontal gyrus*** 47 -30 18 -12 4.50

6. R. Precentral gyrus*** 6 48 -18 39 4.16

7. L. Precentral gyrus*** 4 -24 -24 66 3.78

8. L. Precentral gyrus*** 4 -15 -21 69 3.78

Parietal lobes

9. L. Postcentral gyrus*** 2 -42 -27 36 4.48

10. L. Postcentral gyrus*** 32 -54 -18 39 4.37

Temporal lobes

11. R. Transverse temporal gyrus*** 41 51 -21 9 4.84

12. R. Superior temporal gyrus*** 38 45 0 -18 4.20

13. R. Superior temporal gyrus*** 22 51 6 -9 4.07

14. R. Middle temporal gyrus** 37 42 -57 0 3.69

Limbic

15. L. Anterior cingulate*** 24 -6 3 42 4.71

16. L. Insula*** 13 -36 -9 -3 4.17

17. L. Parahippocampal gyrus*** 34 -27 6 -21 4.07

18. R. Parahippocampal gyrus*** 19 33 -54 -9 3.80

Occipital

19. R. Lingual gyrus*** 19 24 -63 0 4.38

20. L. Lingual gyrus* 17 -6 -93 -3 2.30

21. L. Middle occipital** 19 -33 -78 6 3.45

22. L. Middle occipital** 19 -39 -66 3 3.42

Subcortical

23. L. Claustrum*** NA -36 -18 9 3.99

24. L. Caudate head*** NA -6 15 0 3.92

25. R. Brainstem*** NA 3 -30 -15 3.84

Cerebellum

26. L. Culmen*** NA -12 -48 -24 4.63

27. R. Culmen*** NA 6 -27 -24 4.01

28. L. Culmen*** NA -3 -60 -12 4.23

29. R. Lingual*** NA 9 -48 -21 3.93

30. R. Culmen*** NA 3 -30 -33 3.90

***FDR corrected p < 0.005; **FDR corrected p < 0.01; *FDR corrected
p < 0.05

Peak coordinates for clusters are in MNI space, labels from Talairach
Daemon nearest gray matter

Covariates of age, substance dependence, and Factor 2 are included in the
model
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importantly implicates brain regions supporting default mode
and salience network function, and the event-related contrasts
provide valuable task-related specificity for abnormal hemo-
dynamic response. Additional specificity may be gained if
future studies were to implement multi-modal fusion, relating
ERP data directly to fMRI measures (Calhoun et al., 2006).

This study also examined a rather limited segment of the
population, adult male inmates. Inmates have traditionally
been used to study the pathological extremes on dimensions
of psychopathic traits, because the incidence of clinically rel-
evant psychopathic traits among incarcerated males is approx-
imately 20 times higher than among nonincarcerated samples
(Hare, 2003). Still, psychopathic traits are increasingly studied
on a continuum (Hare &Neumann, 2005;Walters, Duncan, &
Mitchell-Perez, 2007), and nonincarcerated samples also have
revealed valuable insights into the etiology and pathophysiol-
ogy of psychopathy (DeMatteo, Helibrun, & Marczyk, 2006;
Gao & Raine, 2010). Furthermore, the incidence and presen-
tation of psychopathy among women is still being clarified,
and the examination of psychopathic traits among juveniles is
rapidly expanding. The extension of the present work to more
diverse samples that include females and juveniles, as well as
nonincarcerated community samples is an important next step.

Finally, these findings speak to rather specific, fundamental
elements of cognitive processing in psychopathy, i.e., net-
works that support the mobilization and flexibility of atten-
tion. The simplicity of this auditory oddball task serves to
demonstrate functional abnormalities in nonaffective contexts,
and the results reveal important guides for future research to
build on. However, the methods that we used to exploit certain
functional properties of the brain inherently limit the general-
ization of these findings without further replication and exten-
sion. It will be important that extensions of this work, exam-
ining more complex cognitive processes serving emotion, in-
hibition, moral processing, etc. consider these effects along
with prevailing differences in the mobilization of attention that
likely cut across these tasks and importantly influence con-
trast-driven, even-related fMRI results.

Summary and conclusions

Certain affective deficits have been recognized as definitive
features of psychopathy since the honing of its modern clinical
description (Cleckley, 1941). Progress in cognitive neurosci-
ence has added a more thorough understanding of these fea-
tures, especially the physiological correlates, cognitive con-
texts, and boundaries that limit affective processing among
psychopaths (Anderson & Kiehl, 2012; Kiehl, 2006).
Emerging evidence suggests that some of these limitations
are precipitated by fundamentally impaired mechanisms of
attention that hinder flexible distribution of cognitive re-
sources (Hamilton et al., 2015). The data presented demon-
strate that these abnormalities are apparent in hemodynamic

neural responses during a simple auditory oddball task.
Psychopathy-related differences are most prominent when
comparing baseline neural activity to the most elementary
task-related events (i.e., the frequent standard stimulus). In
the context of network models of attention, these findings
suggest relatively reduced differences in activation between
DMN and salience network while shifts of attention to task-
relevant, external stimuli should be engaged more readily.
This is hypothetically detrimental to several higher-order pro-
cesses deficient in psychopathy including inhibition (Bonnelle
et al., 2012), error processing (Ham et al., 2013), affective
processing (Fichtenholtz et al., 2004), and moral judgement
(Chiong et al., 2013). As such, this model remains a compel-
ling platform from which to examine the pathophysiology
underlying psychopathy.
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