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Abstract

The Two-Process theory of psychopathy posits distinct etiological mechanisms contribute to the
disorder: 1) a weakness in defensive (fear) reactivity related to affective-interpersonal features,
and 2) impaired cognitive-executive functioning, marked by reductions in brain responses such as
P3, related to impulsive-antisocial features. The current study examined relations between
psychopathy factors and electrocortical response to emotional and neutral pictures in male
offenders (N=139) assessed using the Psychopathy Checklist-Revised (PCL-R). Impulsive-
antisocial features of the PCL-R (Factor 2) were associated with reduced amplitude of earlier P3
brain response to pictures regardless of valence, whereas the affective-interpersonal dimension
(Factor 1) was associated specifically with reductions in late positive potential response to
aversive pictures. Findings provide further support for the Two-Process theory and add to a
growing body of evidence linking the impulsive-antisocial facet of psychopathy to the broader
construct of externalizing proneness. Findings are discussed in terms of current initiatives directed
at incorporating neuroscientific concepts into psychopathology classification.
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Psychopathy is a multifaceted condition characterized by distinctive features in the domains
of affective-interpersonal functioning (low fear/anxiety, deficient empathy, exploitativeness)
and impulsive-antisocial traits/behaviors (lack of restraint, irresponsibility, aggression,
persistent rule- and/or law-breaking). The Two-Process (Patrick & Bernat, 2009; or Dual-
Pathway [Fowles & Dindo, 2009]) theory of psychopathy posits that separate neural
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mechanisms contribute differentially to the affective-interpersonal and impulsive-antisocial
components of the condition, with deficits in defensive (fear) reactivity contributing more to
the former and impaired cognitive-executive functioning contributing more to the latter (and
to externalizing forms of psychopathology more broadly).

Prior research has provided support for this theoretic model, as the two components of
psychopathy exhibit diverging associations with external variables across multiple domains,
in a manner consistent with the theory (for reviews see Patrick, 2007; Patrick & Bernat,
2009; Skeem, Polaschek, Patrick, & Lilienfeld, 2011). Evidence for the Two-Process model
has also emerged from psychophysiological studies, which have demonstrated selective
negative associations for the affective-interpersonal component of psychopathy with
reactivity to aversive emotional stimuli (e.g., Benning, Patrick, & lacono, 2005;
Vaidyanathan, Hall, Patrick, & Bernat, 2011), and reductions in brain response within
cognitive processing tasks preferentially associated with the impulsive-antisocial component
(e.g., Carlson, Thai, & McLarnon, 2009; Venables & Patrick, 2014). The current study
extended this existing work by examining associations of the two factors of psychopathy as
measured by the PCL-R with event-related potential (ERP) responses to emotional and
neutral pictures in an incarcerated male offender sample.

Psychopathy and Deficits in Emotional Response to Aversive Stimuli

Prominent theorists have asserted that psychopathy is associated with deficient
responsiveness to aversive or threatening stimuli (e.g., Fowles, 1980; Hare, 1965; Lykken,
1995). Contemporary support for this has been found for the affective-interpersonal
component of psychopathy in particular—in terms of reduced skin conductance response
(SCR) for aversive as compared to neutral pictures (Benning, Patrick, & lacono, 2005), and
reduced SCR during anticipation of an impending noise stressor (Dindo & Fowles, 2011; see
also Patrick, 1994). The affective-interpersonal component is also associated with reduced
potentiation of the startle blink reflex to abrupt noise probes occurring during viewing of
aversive relative to neutral pictures (Patrick, Bradley, & Lang, 1993); this finding has been
replicated across multiple laboratories and populations (e.g., Pastor, Molto, Vila, & Lang,
2003; Sutton, Vitale, & Newman, 2002; for a review, see Patrick & Bernat, 2009). Results
along these lines are consistent with the notion that psychopathy, and its distinct affective-
interpersonal features in particular, is associated with reduced reactivity of the brain's
defensive (fear) system.

A more limited body of research has also investigated aversive response deficits in
psychopathy using event-related potential (ERP) measures recorded in lab picture-viewing
tasks. One key index of affective processing in this type of task is the late positive potential
(LPP), a sustained low-frequency, positive-voltage ERP component with a parietal scalp
distribution that typically begins 250-400 ms following picture onset, and persists for several
seconds afterward. The LPP is reliably enhanced for emotional or motivationally-relevant
stimuli as compared to neutral scenes, and in the context of emotional picture-viewing is
thought to reflect the preferential elaborative processing of affective information (for a
review, see Schupp, Flaisch, Stockburger, & Junghdfer, 2006). In a recent study of offenders
assessed using a screening version of Hare's Psychopathy Checklist—Revised (PCL-R;
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Hare, 2003), Sadeh and Verona (2012) found that scores on the affective-interpersonal
component of psychopathy were associated with reduced amplitude of LPP response to
aversive versus neutral scenes, whereas the impulsive-antisocial component of psychopathy
was unrelated to LPP amplitude. However, the picture-viewing paradigm employed in this
study did not include pleasant scenes, raising the possibility that the observed LPP deficits
might reflect a more generalized affective response deficit (Cleckley, 1941/1976; Verona,
Patrick, Curtin, Bradley, & Lang, 2004) as opposed to a selective deficit in negative
emotional response, as posited by the Two-Process model.

Another recent study by Anderson and Stanford (2012), involving community participants,
included pleasant as well as aversive images and reported that individuals with elevated
psychopathic tendencies as indexed by total scores on the self-report based Psychopathic
Personality Inventory (PPI; Lilienfeld & Andrews, 1996; Lilienfeld & Widows, 2005)
exhibited reduced LPP response to affective pictures as a whole. However, analyses were
not presented separately for pleasant and aversive pictures conditions in this study; rather,
the two affective picture conditions were combined. Additionally, analyses in this study
focused on extreme groups (high vs. low) in terms of overall PPI total scores; thus, the
separate contributions of affective-interpersonal versus impulsive-antisocial components of
psychopathy to affective modulation of LPP amplitude were not examined.

In light of these gaps in the existing literature, one key aim of the present study was to test
the hypothesis of a specific reduction in LPP response to aversive emotional stimuli, as
opposed to a deficit in response to affective stimuli more broadly, for the affective-
interpersonal component of psychopathy in particular.

Psychopathy and Brain Response Deficits in Cognitive Processing Tasks

The P3 (or P300) ERP component occurs in response to task-relevant or otherwise salient
stimuli in a range of experimental contexts, and is hypothesized to reflect multiple cognitive
processes including attention and updating of working memory arising from multiple
coordinated sources within the brain (Polich, 2007). Several studies have investigated
relations between psychopathy and amplitude of P3 response by comparing groups of
offenders classified as psychopathic or non-psychopathic according to overall scores on
Hare's (2003) Psychopathy Checklist-Revised (PCL-R; for reviews, see Gao & Raine, 2009;
Patrick, Venables, & Skeem 2012). Results from these studies generally indicate (see Jutali,
Hare, & Connolly, 1987 and Raine & Venables, 1987, for notable exceptions) that P3
amplitude is reduced in psychopathic offenders when compared to those classified as
nonpsychopathic in the oddball experimental paradigm (Kiehl, Bates, Laurens, Hare, &
Liddle, 2006; Kiehl, Hare, Liddle, & McDonald, 1999) and the Go/No-Go task (involving
equally probable events, in contrast with the oddball paradigm; Kiehl, Smith, Hare, &
Liddle, 2000).

While the foregoing studies have relied exclusively on PCL-R total scores and conceptions
of psychopathy as a unitary clinical entity, other more recent studies have examined
associations for the two factors of psychopathy separately. One such study by Carlson and
colleagues (2009) examined P3 response in relation to factors of psychopathy indexed by the

J Abnorm Psychol. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Venables et al.

Page 4

PPI in a mixed gender undergraduate sample. Consistent with the Two-Process theory, these
authors reported a negative relationship between amplitude of P3 response to target stimuli
in a visual oddball task and scores on the Self-Centered Impulsivity (or Impulsive
Antisociality; Benning, Patrick, Salekin, & Leistico, 2005) factor of the PPI, with no such
relationship evident for the Fearless Dominance factor of the PPI (reflecting interpersonal
dominance, emotional resilience, and venturesomeness). Extending this work to incarcerated
male offenders, Venables and Patrick (2014) reported a parallel negative relationship of
scores on the impulsive-antisocial factor of the PCL-R in response to both target and
incidental novel stimuli in a 3-stimulus visual oddball task. Notably, when examining the
lower-order facets of the PCL-R (Hare & Nuemann, 2006), P3 reductions were most evident
for the Antisocial facet of Factor 2 as opposed the Impulsive-Irresponsible features. Also,
consistent with findings from Carlson et al., P3 amplitude in this study was unrelated to
scores on the PCL-R affective-interpersonal factor.

The results of these two recent studies are consistent with findings from studies of
community samples that have reported reliable reductions in P3 amplitude in participants
exhibiting high levels of disinhibitory (or externalizing; Krueger et al., 2002, 2007)
problems and traits (e.g., Costa et al., 2000; lacono, Carlson, Malone, & McGue, 2002;
Venables, Patrick, Hall, & Bernat, 2011). Based on these findings, lacono and colleagues
(2003) hypothesized that P3 amplitude reduction indexes the genetically transmitted
vulnerability toward a spectrum of disinhibitory problems including impulsive-irresponsible
behavior, aggression, other antisocial deviance, and substance abuse/dependence. Follow-up
studies documenting a robust relationship between the factor in common among problems of
these types (Patrick, Bernat, Malone, lacono, Krueger, & McGue, 2006), attributable mostly
to genetic influence (Hicks et al., 2007; Yancey, Venables, Hicks & Patrick, 2013), provide
compelling support for this perspective.

The finding that reduced P3 in psychopathy appears to be attributable mainly to the
impulsive-antisocial features of the disorder coincides in turn with evidence for deficits in
cognitive-executive function in antisocial-externalizing individuals (Blair, 2005; Ishikawa &
Raine, 2003; Kiehl, 2006; Morgan & Lilienfeld, 2000). This reported evidence of cognitive-
executive deficits served as part of the foundation for the Two-Process theory (Patrick &
Bernat, 2009), which posits deficits of this type as a neurobiological mechanism
contributing preferentially to the impulsive-antisocial features of psychopathy. One aim of
the current study was to expand upon the aforementioned research and evaluate whether P3
amplitude elicited in a picture-viewing paradigm would evidence effects seen in cognitive
processing tasks (i.e., preferential relations with psychopathy factor 2).

Current Study Aims and Hypotheses

With the foregoing background review in mind, the current study sought to evaluate, for the
first time, associations of separable components of ERP response to affective and neutral
picture stimuli, consisting of P3 and LPP, with distinct factors of PCL-R psychopathy and
their constituent facets (Hare & Neumann, 2006) in an offender sample. In line with the
Two-Process theory, we hypothesized that (1) participants high in impulsive-antisocial
features of psychopathy as indexed by PCL-R Factor 2 would show reduced overall P3
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response amplitude (i.e., across picture stimuli, regardless of content) relative to participants
low in such features, and (2) participants high in affective-interpersonal features of
psychopathy would show reduced emotional modulation of the LPP response—for aversive
scenes in particular (relative to neutral)—relative to those low in features of this type.

Participants were 166 adjudicated adult male offenders from a court-ordered residential
substance abuse treatment facility in Florida. Participants were randomly recruited from
individuals who indicated interest via a sign-up sheet and who met the following inclusion
criteria: no current major mental disorder (i.e., schizophrenia, Bipolar 1) as determined from
items on a screening questionnaire and information contained in program file records;
competency in English; and no visual or hearing impairments. Of the 166 who participated
in testing, a total of 27 were excluded from analysis due to factors including technical
problems with electroencephalogram (EEG) recording (n=18), excessive artifact in the EEG
recordings (n=8; described further below), and incomplete interview data (n=1), resulting in
a final sample of 139 for analyses (M age = 29.6, SD = 9.4; M years of education 11.3, D =
2.05). The racial/ethnic composition of the analysis sample was: Caucasian, 66.9%; African
American, 15.8%; Hispanic, 13.7%; mixed race, 2.9%; other, .7%. Most study participants
(92.1%) were currently incarcerated due to non-violent criminal offense(s) such as drug
possession or selling, theft, fraud/forgery, and parole/probation violation,) with the
remainder (9.4%) instead or additionally charged with at least one violent offense (e.g.,
robbery, assault, weapon-related, sexual); 84.9% had prior non-violent charges/convictions
and 38.1% had prior violent charges/convictions.

Study procedures were approved by the Institutional Review Boards of Florida State
University and the University of South Florida, were additionally approved by the
residential treatment facility where data were collected. Study participants provided
informed written consent prior to participation. Data reported in this manuscript were
collected as part of a larger three-session assessment protocol. Participants received a
payment of $10 for each session of testing, deposited into their institutional account.

Psychopathy Assessment: Psychopathy Checklist-Revised

The Psychopathy Checklist-Revised (PCL-R; Hare, 2003) was developed to assess for
psychopathy in forensic settings. Its 20 items are scored on the basis of data from a semi-
structured interview along with information derived from collateral sources (i.e.,
institutional file records). PCL-R interviews, accompanying file review, and ratings were
completed by individuals with either a bachelor's or doctoral degree in psychology who
underwent specialized training for administering and rating the PCL-R under the supervision
of the senior investigator (Christopher J. Patrick). The items of the PCL-R are viewed as
having a hierarchical organization (Hare & Neumann, 2006), in which items comprising its
affective-interpersonal (Factor 1) and impulsive-antisocial deviance (Factor 2) components
can be further subdivided into facets reflecting social guile and manipulativeness
(Interpersonal facet), callous-unemotionality (Affective facet), disinhibitory tendencies
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(Impulsive-Irresponsible facet), and chronic law-breaking (Antisocial facet). Scores for the
two higher-order factors (Factor 1 M = 7.6, SD = 3.9; Factor 2 M = 10.3, SD = 3.6) and four
lower order PCL-R facets (Interpersonal M = 3.6, SD = 2.7; Affective M =4.0, SD = 2.2;
Impulsive-Irresponsible M = 6.5, SD = 2.4; Antisocial M = 3.8, D = 2.0) were computed for
each participant and utilized in analyses.

Experiment Stimuli and Design

Participants viewed a series of 90 pictures consisting of 30 pleasant, 30 neutral, and 30
unpleasant scenes from the International Affective Picture System (IAPS; Lang et al., 2008).
1 Each picture was presented for 3.5 s followed by an intertrial interval of 4 s. Pleasant
pictures included action (e.g., skydiving, river rafting), erotic (e.g., opposite-sex nude
individuals, intimate couples), and nurturant scenes (e.g., babies, small animals). Unpleasant
pictures included scenes of physical injury (e.g., mutilated bodies, serious wounds) and
direct threat scenes (e.g. pointed guns, looming attackers, and threatening animals). Neutral
pictures consisted of scenes of inactive people, neutral human faces, household objects, and
kitchen utensils.2

During 81 of the 90 picture stimuli, noise probes (50 ms, 105 dB, 10 s rise time) were
presented 1.5, 2.35, or 3.2 s after picture onset to elicit the startle blink reflex. For 6 of the
remaining 9 unprobed pictures, probes were delivered either 1, 1.5, or 2s following picture
offset. Preceding the main 90-picture test set, four initial pictures (IAPS #s 7508, 7110,
9252, 7233) were presented, with intervening noise probes in three instances, to provide
familiarity with task stimuli and habituate initial large startle responses (Patrick et al., 1993);
data for these trials were excluded from analyses. The main picture set was presented in
eight different orders across participants. Within and between orders, pictures and noise
probes were counterbalanced such that valence categories (pleasant, neutral, unpleasant)
were represented equally across orders at each serial position, with the following constraints:
no more than two pictures of a particular valence occurred consecutively within any
stimulus order; pictures of the same content category never appeared consecutively or across
orders; pictures were rotated so as to serve in both probed and unprobed trials across
participants.

Physiological Data Recording and Reduction Procedures

During the experiment, participants viewed the picture stimuli on a 21” computer monitor
(situated approximately 1 m away, at eye level) while seated in a comfortable recliner. Data
collection was performed using two IBM compatible computers, one equipped with E-Prime
presentation software (MEL software, Inc) for stimulus delivery and the other with
Neuroscan Acquire software for physiological data acquisition. ERP activity was recorded

1The 90 affective pictures, listed by their IAPS identification numbers, were as follows: pleasant: 1440, 1463, 1721, 1722, 1750,
2071, 2150, 2160, 2311, 2340, 2530, 4180, 4210, 4232, 4250, 4607, 4652, 4659, 4664, 4670, 5470, 5621, 8030, 8050, 8080, 8170,
8180, 8185, 8370, 8400; neutral: 2210, 2214, 2215, 2372, 2393, 2495, 2499, 2870, 2890, 5731, 7000, 7002, 7009, 7010, 7020, 7034,
7038, 7041, 7050, 7090, 7100, 7130, 7180, 7233, 7490, 7491, 7500, 7510, 7595, 9070; and unpleasant: 1220, 1525, 3010, 3053, 3060,
3064, 3069, 3071, 3080, 3102, 3130, 3180, 3280, 3350, 3400, 3500, 3530, 3550, 6210, 6241, 6242, 6250, 6300, 6313, 6350, 3670,
6510, 6530, 6370, 6510, 6530, 6830, 9040.

Mean valence and arousal normative ratings (Lang et al., 2008) for each valence category were as follows: pleasant: valence (mean =
7.43, SD = 1.50); arousal (mean = 5.92, SD = 2.01); neutral: valence (mean = 5.06, SD = 1.16); arousal (mean = 2.96, SD = 1.90); and
unpleasant: valence (mean = 2.65, SD = 1.56); arousal (mean = 6.13, SD = 2.22).

J Abnorm Psychol. Author manuscript; available in PMC 2016 May 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Venables et al.

Page 7

from 128 scalp sites positioned according to the NSL system, using sintered Ag-AgCl
electrodes embedded within an elastic head cap (Neuroscan Quik-Cap). Electrodes were
positioned above and below the left eye to monitor vertical electrooculogram (VEOG)
activity, and adjacent to the outer canthi of the left and right eyes to monitor horizontal
electrooculogram (HEOG) activity. All electrode impedances were kept below 10 KOhms.

EEG signal activity was recorded using an on-line reference sensor placed at the vertex of
the scalp and applying an analog band pass filter of .05-200 Hz prior to digitization at
1000Hz. Data were then arithmetically re-referenced off-line to the average of left and right
mastoid electrodes for subsequent processing and analysis. Data epochs from -1000 ms to
2000 ms were extracted from the continuous EEG recordings using Neuroscan EDIT
software (version 4.5, Neuroscan Inc.), and corrected for eye movements using the
algorithm developed by Semlitsch, Anderer, Schuster, and Presslich (1986), as implemented
within the EDIT software. The epoched and eye-blink corrected EEG data were then
imported to Matlab (Mathworks, Inc.) for subsequent data processing, including resampling
to 128 Hz using the Matlab resample command, which applies a low pass anti-aliasing filter
before downsampling.

Trials in which activity exceeded 100 pV either during the pre- (-1000 ms to 0) or
poststimulus (0 to 2000 ms) intervals were excluded from further processing. Approximately
8% of trials across all participants were removed due to excessive artifact. Visual inspection
of each participant's average waveforms was subsequently undertaken to evaluate the
effectiveness of the aforementioned criteria. Electrodes deemed to contain excessive artifact
were replaced by their nearest neighboring sites. Participants were excluded if more than
25% of trials were rejected due to excessive artifact after replacement (n = 8; 4.8% of total
sample). Using the grand average across participants as a referent for window selection and
considering prior published research (Foti, Hajcak, & Dien, 2009), P3 amplitude was
quantified as the maximum voltage within a window of 250 ms to 500 ms post-stimulus, and
LPP amplitude was calculated as the mean voltage activity occurring between 500 ms to
1500 ms, each relative to a —102 to -8 ms baseline. Prior investigations of P3 (cf. lacono et
al, 2003; Patrick et al, 2006; Yancey et al., 2013) and LPP response (cf. Hajcak & Olvet,
2008) have focused on activity at the midline parietal (Pz) recording site specifically, at
which both P3 and LPP occur with maximal amplitude. Following these precedents,
analyses for these ERP components were conducted on data for Neuroscan Quik-Cap NSL
electrode site 66, which corresponds to electrode site Pz in standard 10-20 nomenclature.

Data Analyses

Primary statistical analyses consisted of repeated measures ANOVAs evaluating effects of
picture valence category (pleasant, neutral, aversive) and continuous PCL-R psychopathy
scores on either P3 or LPP amplitude as the continuous dependent measure.3 Repeated-
measures ANOVA statistics were Greenhouse-Geisser adjusted were applicable, and
reported p values represent the adjusted statistic. Partial eta square (npz) values are also

3We tested for possible effects of demographic variables (age, race/ethnicity, education level) in supplemental analyses and did not
find evidence that these variables accounted for associations between psychopathy scores and brain response. A detailed account of
these supplemental analyses is available from the authors upon request.
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reported as an index of effect size. Significant effects involving the picture valence factor
were decomposed through use of orthogonal arousal (quadratic pleasant/aversive vs. neutral)
and valence (linear pleasant vs. aversive) contrasts.

One-way repeated-measures ANOVAs were first conducted to evaluate effects of picture
valence on ERP responses (P3, LPP) in the participant sample as a whole. This was followed
by repeated measures ANOVAs in which scores on either PCL-R Factor 1 or Factor 2 were
included as a continuous between-subjects variable along with picture valence as a discrete
within-subject variable, in predicting either P3 or LPP amplitude. Significant effects for the
two PCL-R factors were further evaluated by examining effects for constituent facets of
each (i.e., Factor 1—Affective, Interpersonal; Factor 2—Impulsive-Irresponsible,
Antisocial) in separate correlational analyses (in cases of significant main effects for one
PCL-R factor or the other) or repeated-measures ANOVAS (in the case of significant
Psychopathy Score x Valence interactions).

Overall valence and arousal effects on P3 and Late Positive Potential amplitude

In the initial repeated-measures AVOVAs examining effects of picture valence (aversive,
neutral, pleasant) on ERP score variables across all participants, there was (as expected
based on prior work) a significant main effect of picture valence on P3 amplitude, F(2,138)
=81.59, p<.001, npz = .372. Decompoasition of this effect through contrasts revealed a
highly robust quadratic-arousal effect, F(1,138) = 144.43, p < .001, npz =511, reflecting
augmented P3 response to aversive (M = 9.76, SD = 5.2) and pleasant scenes (M = 9.33, SD
=5.1) relative to neutral (M = 6.49, SD = 4.6). The linear-valence contrast was not
significant, F(1,138) = 2.68, p > .10, indicating comparable P3 response to pleasant as
compared to aversive scenes. Also in line with expectation based on prior work, a significant
main effect of picture valence was likewise evident for the LPP, F(2,138) = 94.43, p<.001,
npz = .406, with both quadratic-arousal and linear-valence contrasts significant in this case,
Fs(1,138) = 172.54 and 19.75, ps< .001, npzs = .556 and .125—indicating augmented LPP
response for both aversive (M = 4.56, SD = 4.1) and pleasant (M = 3.16, SD = 3.8) scenes
relative to neutral (M = 0.56, SD = 3.4), and enhanced response for aversive as compared to
pleasant scenes.

Associations of P3 amplitude with PCL-R psychopathy factors and facets

Consistent with our a priori hypothesis for the impulsive-antisocial component of
psychopathy, the repeated-measures AVOVA for P3 amplitude in which scores on PCL-R
Factor 2 were included as a continuous between-subjects factor along with the discrete
picture valence factor yielded a significant main effect for Factor 2, F(1,137) =6.18,p=.
014, npz = .043— reflecting reduced P3 amplitude as a function of increasing levels of PCL-
R Factor 2 (r =-.21, p = .014)—but no Factor 2 x Valence interaction, F(2,137) =1.42, p> .
25. Consistent with the hypothesis that P3 amplitude would be selectively related to
disinhibitory features of PCL-R psychopathy, there was no main effect of Factor 1, and no
Factor 1 x Valence interaction (Fs <=2, ps > .14). To illustrate the main effect for Factor 2,
Figure 1 depicts waveform plots (collapsed across valence categories) for participants
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scoring high versus low on this factor of the PCL-R (upper and lower quartile, respectively).
As evident in the figure, participants scoring high in Factor 2 exhibited markedly reduced P3
amplitude.

In the follow-up correlational analyses evaluating effects for constituent facets of PCL-R
Factor 2, P3 amplitude (collapsed across valence categories) showed a significant negative
association with scores on the Antisocial facet (r = —.22, p = .009), as compared to only a
modest association with the Impulsive-Irresponsible facet (r = -.13, p > .12). These results
indicate that the inverse association between P3 amplitude and Factor 2 of the PCL-R was
attributable more to elevations on the Antisocial facet, than to the Impulsive-Irresponsible
facet.

Associations of Late Positive Potential amplitude with PCL-R psychopathy factors and

facets

For the LPP response variable, a significant Factor 1 x Valence interaction was evident,
F(2,137) =5.93, p=.003, npz =.041, with no accompanying main effect for either Factor 1
or Factor 2, Fs >1.21, ps > .27, and no evidence of a Factor 2 x Valence interaction, F = 2.5,
p > .08. Consistent with our hypothesis for the affective-interpersonal component of
psychopathy, decompaosition of the Factor 1 x Valence interaction revealed a significant
effect for the linear-valence contrast, F(1,137) = 6.26, p = .014, npz =.044, reflecting lesser
augmentation of LPP for aversive versus pleasant pictures with increasing levels of PCL-R
Factor 1. A somewhat less robust significant effect was also evident for the quadratic-
arousal contrast, F(1,137) =5.59, p=.019, npz =.0309, reflecting lesser augmentation of
LPP for pleasant and aversive scenes conjointly as compared to neutral scenes. Figure 2
depicts waveform plots for participants scoring high versus low on Factor 1 of the PCL-R
(upper vs. lower quartile) and Figure 3 depicts mean LPP amplitudes by picture valence for
each subgroup. It can be seen from the line plot in particular that participants scoring high
on Factor 1, relative to those scoring low, exhibited reduced LPP amplitude for aversive
scenes in particular.

Follow-up repeated measures ANOVAs for the two facets of PCL-R Factor 1 revealed
significant interaction effects for each: Affective Facet x Valence F(2,137) = 4.33, p = .014,
npz =.031; Interpersonal Facet x Valence F(2,137) = 4.80, p = .009, npz =.034. For the
Affective facet, only the linear-valence contrast was significant, F(1,137) = 6.01, p = .015,
npz =.042 (F for quadratic contrast = 2.61, p > .11); for the Interpersonal facet, a trend-level
linear valence contrast was also evident, F(1,137) = 3.64, p = .058, npz =.026, along with a
significant quadratic-valence contrast, F(1,137) = 6.02, p = .015, T]p2 =.042. These findings
clarify results for Factor 1 scores as a whole by showing that both of its facets contributed to
the finding of blunted LPP for aversive versus pleasant scenes, albeit with the Affective
facet contributing somewhat more, whereas the finding of attenuated LPP for affective
scenes as a whole relative to neutral was attributable mainly to the Interpersonal facet.

Discussion

Hypotheses for the current study were generated from the Two-Process theory of
psychopathy (Fowles & Dindo, 2009; Patrick & Bernat, 2009), which posits deficient
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reactivity to aversive stimuli is primarily related to the affective-interpersonal (Factor 1)
features of psychopathy and cognitive-executive processing deficits in relation to the
impulsive-antisocial (Factor 2) features. As such, this study sought to expand upon a
growing body of evidence linking P3 amplitude reductions in psychopathy specifically to
the impulsive-antisocial features (Carlson et al., 2009; Venables & Patrick, 2014), and in
turn, corroborate prior work tying this component of psychopathy to the broader
psychopathology construct of externalizing proneness (Patrick, Hicks, Krueger, & Lang,
2005; Venables & Patrick, 2012; see also Patrick et al., 2013).

In line with study hypotheses, reduced amplitude of P3 response to picture stimuli in general
(regardless of valence) was evident in the current offender sample as a function of higher
scores on Factor 2 of the PCL-R. By contrast, P3 amplitude was unrelated to scores on
Factor 1. Further, analyses focusing on narrower symptomatic facets of PCL-R Factor 2
revealed that P3 amplitude reduction was more evident in relation to the Antisocial facet
than the Impulsive-Irresponsible facet. This latter finding is consistent with recent work by
Venables and Patrick (2014), employing a separate male prisoner sample, that showed
reduced amplitude of P3 response to target and novel stimuli in an oddball task to be
associated with scores on the Antisocial facet of Factor 2 in particular.

In contrast with the foregoing results for P3, deficits in emotional processing as indexed by
amplitude of the later LPP component of brain response were related to scores on Factor 1
of the PCL-R but not Factor 2. More specifically, and consistent with hypothesis, we found
evidence for a selective deficit in modulation of LPP response to aversive as compared to
neutral picture stimuli in relation to this factor of the PCL-R; modulation of LPP response to
pleasant versus neutral pictures was unrelated to scores on Factor 1. Further, analyses
focusing on the narrower Affective and Interpersonal facets of PCL-R Factor 1 indicated
contributions of each to this deficit in reactivity to aversive picture stimuli.

Implications for Understanding Neural Mechanisms Underlying Cognitive and Affective
Deficits in Psychopathy

Results from the present study indicate that P3 amplitude reductions in criminal
psychopathy are selectively related to impulsive-antisocial features of the disorder and
largely unrelated to affective-interpersonal features. This core finding is consistent with the
Two-Process theory of psychopathy (Fowles & Dindo, 2009; Patrick & Bernat, 2009),
which posits that impairments in neural indicators of cognitive function such as P3
amplitude should be related to the features of psychopathy that overlap most with
externalizing tendencies. An interesting result emerging from analyses in which the
Impulsive-Irresponsible and Antisocial Behavior facets of Factor 2 were examined
separately as predictors of P3 response was that the Antisocial facet accounted for the
general reduction in P3 response to affective and neutral stimuli. This result indicates that,
within the current offender sample, a history of antisocial behaviors reflecting criminality
and violence/aggression was predictive of brain deficits as reflected by reduced P3
amplitude. In turn, this finding coincides with theory and research pointing to a role for
dysfunction in cognitive-executive systems in the salient affective and behavioral control
problems exhibited by antisocial-aggressive individuals (e.g., Blair, 2005; Davidson,
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Putnam, & Larson, 2000; Ishikawa & Raine, 2003; Kiehl, 2006). Consistent with these
perspectives, findings from the current study provide further evidence linking reduced P3
response in criminal psychopathy to the nomological network of externalizing
psychopathology, which includes P3 amplitude as an endophenotypic indicator (Gottesman
& Gould, 2003) of the heritable propensity toward disinhibitory problems and traits (lacono
et al., 2003; Hicks et al., 2007; Yancey et al., 2013).

Results for the LPP component in the current study indicate impairment in sustained neural
processing of aversive stimulus events among individuals high in core affective-
interpersonal (Factor 1) features of psychopathy. That this impairment was evident for
aversive but not pleasurable picture stimuli suggests a more focal (Lykken, 1995; Patrick,
1994) as opposed to global weakness in affective capacity (Cleckley, 1941/1976)—
consistent with the Two-Process theory, which posits a weakness in sensitivity of the brain's
defensive system as a distinct etiological substrate for the affective-interpersonal symptoms
of psychopathy. Our findings are also consistent with theory and research indicating that
dispositional fearlessness, associated with reduced responsiveness to aversive or threatening
stimuli (Benning et al., 2005; Dvorak-Bertsch, Curtin, Rubinstein, & Newman, 2009; Dindo
& Fowles, 2011; Vaidyanathan, Bernat, & Patrick, 2009), is a hallmark element of
psychopathy that distinguishes it from the more prevalent DSM diagnosis of antisocial
personality disorder (Drislane, Vaidyanathan, & Patrick, 2013; Patrick, 1994; Vaidyanathan
etal., 2011; see also Venables, Hall, & Patrick, 2014). From these perspectives, individuals
exhibiting the affective-interpersonal features of psychopathy would exhibit reduced levels
of fear reactivity, which may be advantageous in certain situations (e.g., firefighters entering
burning buildings) but potentially harmful in others (e.g., dangerous thrill seeking).

Taken together, our findings also suggest that individuals scoring high on the impulsive-
antisocial component of psychopathy (i.e., high externalizers; Patrick et al., 2005) exhibit
diminished cognitive-elaborative processing of stimuli (i.e., reduced sustained attention and
memorial processing) as indexed by amplitude of the P3 brain potential response (cf. Polich,
2007). As such, the impulsive-antisocial features appear to be associated with impaired
cognitive-elaborative processing following initial perceptual registration of picture stimuli,
whether neutral or affective. Conversely, individuals high on the affective-interpersonal
dimension of psychopathy exhibited selective reductions in sustained neural processing of
aversive visual images—as evidenced by reduced LPP amplitude, which is hypothesized to
index motivationally-driven engagement with affectively-arousing stimuli, associated with
activation of defensive/withdrawal and appetitive/approach systems of the brain (Lang,
Bradley, & Cuthbert, 1997; Ferrari, Codispoti, Cardinale, & Bradley, 2008). From this
perspective, our current findings are consistent with the Two-Process theory of psychopathy
and suggest that amplitude of the LPP in response to aversive stimuli is reflective of neural
deficits in reactivity to aversive or threatening stimuli that are specific to the affective-
interpersonal features of psychopathy.

Connecting Psychopathy Research to Broader Psychopathology-Neuroscience Initiatives

The Two-Process perspective on the etiology of psychopathy provides a point of contact
with current initiatives directed at reconceptualizing mental disorder conditions in
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neurobiological terms. In particular, the National Institute of Mental Health's Research
Domain Criterion (RDoC) initiative (Cuthbert & Kozak, 2013; Insel et al. 2010)
incorporation of neuroscientific concepts and methods into psychopathology classification
through a focus on transdiagnostic “process” constructs that can be studied across multiple
levels of analysis (i.e., from genetic-cellular through neural circuitry and physiology to
observable behavior). The RDoC research initiative calls for shift in the focus of research
from traditional categorical diagnoses, which represent complex, multi-determined clinical
phenotypes, toward more basic symptom dimensions and systems-oriented (e.g., cognitive,
emotional, arousal, regulatory) constructs for understanding them. In line with this
perspective, the Two-Process theory suggests that antisocial-psychopathic behavior in some
individuals reflects high dispositional externalizing proneness involving generalized
cognitive-elaborative processing deficits (e.g., as evidenced by reduced P3 amplitude to task
stimuli), whereas behavior of this type in other individuals reflects low dispositional fear
entailing reduced sensitivity to aversive cues or events (e.g., as evidenced by reduced
affective modulation of the LPP to unpleasant visual images).

From this perspective, the current study serves to link findings on P3 response amplitude in
criminal psychopathy to the construct-network (Patrick et al., 2013) of externalizing
psychopathology (Krueger et al., 2002, 2007; Venables & Patrick, 2012; Patrick et al.,
2013), which includes known referents across multiple levels as described in the RDoC
framework (Beauchaine & McNulty, 2013; Dick, 2007; Krueger et al., 2002; Hicks et al.,
2007; Young et al., 2009). In particular, current findings for the P3 response component
corroborate (cf. Carlson et al., 2009; Venables & Patrick, 2014) a neurophysiological link
between the impulsive-antisocial factor of psychopathy and the dispositional liability to
externalizing proneness that has been termed “disinhibition” (Patrick, Kramer, Krueger, &
Markon, 2013; Yancey et al., 2013). This dispositional liability can be considered the
counterpart, in trait terms, of the construct of “response inhibition” within the Cognitive
Systems domain of the RDoC framework (Nelson, Strickland, Krueger, & Patrick, 2014;
Venables et al., 2014; see also Young et al., 2009). Viewed in this way, studies of the
neurobiology of impulsive-antisocial tendencies in psychopathy can contribute to a
systematic, multi-level analysis of the role of inhibitory control deficits in a much broader
range of clinical problems.

Regarding the affective-interpersonal (Factor 1) component of psychopathy, our finding of
reduced cortical-LPP reactivity to aversive picture stimuli coincides with prior research
demonstrating reductions in aversive startle potentiation (Patrick & Bernat, 2009) and noise-
probe P3 response (Drislane et al., 2013) in relation to this symptomatic component.
Reductions of these kinds have also been reported for individuals low in dispositional fear
(Benning et al., 2005; Patrick, Durbin, & Moser, 2012; Vaidyanathan et al., 2009). The
implication, in line with the Two-Process theory, is that the affective-interpersonal
component of psychopathy reflects a weakness in dispositional defensive (fear) reactivity. In
turn, defensive (fear) reactivity can be considered the counterpart, in dispositional terms, of
the construct of “acute threat” within the Negative Valence Systems domain of RDoC.
Viewed in this way, studies of the neurobiology of core affective-interpersonal tendencies in
psychopathy can contribute to a multi-level analysis of the role of dispositional threat
sensitivity in a broad scope of clinical conditions—including those marked by excessive
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threat sensitivity (e.g., Specific and Social Phobia, Panic Disorder, Avoidant Personality
Disorder; Nelson et al., 2014; Patrick & Bernat, 2010) as well as those entailing deficits in
threat sensitivity.

Limitations and Future Directions

Some limitations of the present study are noteworthy and highlight important directions for
future research. One limitation is that the specific nature of the participant sample—i.e.,
male offenders—may limit the generalizability of the reported findings. However, this
concern is mitigated somewhat by reports of parallel findings in studies that have examined
brain reactivity in relation to scores on the two factors of psychopathy in non-offender
(student) participants (Anderson & Stafford, 2012; Carlson et al., 2009). Results from these
prior studies suggest that the current study effects may well extend to other samples.
Nonetheless, further research is needed evaluate whether the current results replicate in
mixed-gendered community or other offender samples (e.g., female prisoners).

Another limitation concerns the use of the PCL-R to operationalize distinguishable
affective-interpersonal and impulsive-antisocial features of psychopathy. Whereas the Two-
Process theory posits two independent neurobiological processes underlying psychopathy,
scores on the two factors of the PCL-R are moderately correlated (r ~ 5; Hare, 2003). To
further clarify how processes of the model contribute to tendencies considered psychopathic,
it will be important in future work to utilize alternative assessment instruments that
operationalize the affective-interpersonal and impulsive-antisocial components of
psychopathy as more distinctive, less correlated dimensions (e.g., Lilienfeld's PPl—see, e.g.:
Benning, Patrick & lacono, 2005; Carlson et al., 2009). It will also be important to evaluate
how varied phenotypic expressions of psychopathy, as embodied in alternative assessment
instruments (cf. Patrick, Fowles, & Krueger, 2009), are reflective of mechanisms in the
Two-Process theory, which posits distinctive etiological influences contributing to differing
symptomatic features of psychopathy (Patrick & Bernat, 2009; see also: Patrick & Drislane,
in press; Skeem et al., 2011).

A further limitation concerns our exclusive reliance on ERP responses elicited by affective
and neutral picture stimuli to index cognitive and emotional processing deficits in
psychopathy. It will be valuable in future studies to include additional measures representing
different domains/levels of analysis (e.g., genetic, neuroanatomical, self-experiential,
behavioral) in neuroscientific and psychophysiological studies of psychopathy and its
components. Studies of this kind would contribute to a more in-depth “construct-network”
analysis of psychopathy (cf. Patrick et al., 2013), entailing systematic delineation of patterns
of covariation among multiple variables of interest, within- and across alternative domains
of measurement representing differing levels of empirical analysis. More broadly, we
encourage further systematic research on core dispositional liabilities as a basis for
understanding the nature and etiology of psychopathy, and for connecting research on this
important condition to work on other problems of clinical concern as well as work on
healthy adaptive function.
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Figure 1.
Average ERP waveforms at electrode site 66 (Pz), collapsed across pleasant, neutral, and

aversive picture categories. High and Low PCL-R Factor 2 groups consist of study
participants falling within the upper and lower quartiles, respectively, of scores on the
Impulsive-Antisocial factor of the Psychopathy Checklist-Revised (Hare, 2003).
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Figure 2.

Average ERP waveforms at electrode site 66 (Pz), presented separately for pleasant, neutral,
and aversive picture categories. High and Low PCL-R Factor 1 groups consist of study
participants falling within the upper and lower quartiles, respectively, of scores on the
Affective-Interpersonal factor of the Psychopathy Checklist-Revised (Hare, 2003).
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Figure 3.
Mean LPP amplitude (electrode site = 66 [Pz]; time window = 500 — 1,500 ms) elicited

during processing of pleasant, neutral, and aversive pictures. High and Low PCL-R Factor 1
groups = scorers in upper and lower quartiles, respectively.
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