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Abstract This chapter reviews the existing literature on physiological correlates
of psychopathy, antisocial personality disorder, and persistent violence/aggression.
Coverage is provided of findings from studies utilizing peripheral, electrocortical,
and neuroimaging measures. The review begins with a discussion of how psy-
chopathy and antisocial personality are defined, and how these conditions relate
to one another and to violent behavior. A case is made that the relationships
psychopathy and ASPD show with violent and aggressive behavior, and similari-
ties and differences in associations of each with physiological measures of various
types can be understood in terms of symptomatic features these conditions have
in common versus features that distinguish them. Following this, an overview is
provided of major lines of evidence emerging from psychophysiological and
neuroimaging studies conducted to date on these conditions. The final section of the
chapter summarizes what has been learned from these existing studies and discusses
implications and directions for future research.
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1 Introduction

This chapter reviews what is known about physiological correlates of psychopathy,
antisocial personality disorder (ASPD), and aggression/violence based on findings
from studies employing peripheral, electrocortical, and neuroimaging measures. A
key theme of the review is that the relationships psychopathy and ASPD show with
violence and aggression can be understood in terms of diagnostic features these
conditions share and those that distinguish them. In turn, divergences in observed
physiological correlates of psychopathy as compared to antisocial personality and
aggression can be understood in terms of common and distinctive features.

The chapter is organized into three sections. The first discusses conceptions of
psychopathy and antisocial personality and their relations with one another and with
violent behavior. The second section provides an overview of major lines of evi-
dence emerging from psychophysiological and neuroimaging investigations of
these conditions that have been published to date. The third section summarizes
existing findings and discusses implications and directions for future research.

2 Phenotype Descriptions and Interrelations

2.1 Psychopathy and ASPD: Conceptions, Measures,
and Distinguishable Facets

Historic conceptions of psychopathy have emphasized reckless, unrestrained
behavior in conjunction with distinct affective—interpersonal symptoms including
shallow affect, lack of close relationships, and an appearance of psychological
stability (“a convincing mask of sanity”; Cleckley 1941/1976; see also Hare 1980,
2003; Lykken 1957). By contrast, the diagnosis of antisocial personality disorder
(ASPD) in the third and fourth editions of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-III and IV; American Psychiatric Association (APA) 1980,
2000) focused predominantly on impulsive—antisocial tendencies—beginning in
childhood, and continuing on into adulthood—with limited representation of
affective—interpersonal features aside from deceptiveness and lack of remorse. The
DSM-IV conception of ASPD was maintained without revision in the main diag-
nostic codes part (Section II) of the latest, fifth edition of the DSM (APA 2013).
However, DSM-5 also contains a new dimensional system for characterizing per-
sonality pathology (in Section III, “Emerging Measures and Models”) that includes
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alternative trait-based definitions of certain personality disorders, including ASPD.
This trait-based definition provides more balanced coverage of affective—interper-
sonal and impulsive—antisocial features (Strickland et al. 2013; Anderson et al. in
press), and includes a trait-based specifier for designating a classically low-anxious,
socially efficacious (i.e., “primary psychopathic”’; Karpman 1941; Skeem et al.
2007) variant of ASPD.

Alternative conceptions of psychopathy are embodied in differing contemporary
assessment instruments. The dominant inventory used with adults in clinical and
forensic settings is the interview-based Psychopathy Checklist-Revised (PCL-R;
Hare 2003). Adaptations have been developed for children and adolescents,
including an interview-based youth version (PCL-YV; Forth et al. 2003) and the
child-oriented Antisocial Process Screening Device (APSD; Frick and Hare 2001)
and Child Psychopathy Scale (CPS; Lynam 1997), which rely on informant ratings.
Various self-report instruments also exist for assessing psychopathy. Some are
patterned after the PCL-R, including Hare’s Self-Report Psychopathy Scale (SRP;
Williams et al. 2007), the Levenson Self-Report Psychopathy Scale (LSRP;
Levenson et al. 1995), and the Youth Psychopathic Traits Inventory (YPI;
Andershed et al. 2002). Others have been developed separately from the PCL-R. The
most widely used of these in recent years has been the Psychopathic Personality
Inventory (PPInv; Lilienfeld and Andrews 1996; Lilienfeld and Widows 2005).1

Subdimensions of psychopathy: A shift has occurred over the past several years
from the idea of psychopathy as a unitary entity to a view of psychopathy as
multifaceted—that is, as composed of distinguishable symptomatic subdimensions,
or factors. The PCL-R, for example, contains distinct affective—interpersonal and
impulsive—antisocial factors (labeled “1” and “2”, respectively) even though its
items were selected to index psychopathy as a unitary construct (Hare 1980). While
intercorrelated, these factors show differing relationships with various criterion
variables (Hare 2003; Patrick and Bernat 2009). PCL-R Factor 1 shows selective
associations with narcissism, instrumental aggression, and adaptive qualities such
as lack of anxiety or depression, whereas Factor 2 shows preferential positive
relations with reactive aggression, substance use problems, and suicidal behavior.
Factor 2 also accounts for the moderate-level relationship between the PCL-R and
ASPD diagnoses or symptoms; controlling for overlap with Factor 1, scores on
PCL-R Factor 2 are unrelated to ASPD (Verona et al. 2001).

Factor analyses of the PCL-R’s main childhood counterpart, the APSD, have
also revealed distinct callous—unemotional (CU) and impulsive/conduct problems
(I/CP) subdimensions. Children who score high on both appear average or above
average in intellect and show reduced reactivity to stressors, failure to learn from
punishment, and high levels of both reactive and proactive aggression, whereas
those high on the I/CP factor alone tend to be below average in intellect and show
heightened stress reactivity and emotional liability along with increased reactive

' PPInv is used here in place of the more standard abbreviation PPI to avoid confusion with the
psychophysiological phenomenon of prepulse inhibition, also abbreviated PPI.
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(but not instrumental) aggression (Frick and Marsee 2006; Frick and White 2008).
These findings served as the impetus for inclusion of a “low prosocial emotions”
specifier for the diagnosis of conduct disorder in DSM-5—allowing for designation
of a callous—unemotional (i.e., “psychopathic”) variant of this child behavior
disorder.

Distinct subdimensions are also evident in all contemporary self-report inven-
tories for psychopathy. Like the PCL-R itself, inventories patterned after it have
correlated factors (e.g., Andershed et al. 2002; Levenson et al. 1995; Williams et al.
2007). By contrast, the PPInv—which was developed to index basic trait disposi-
tions associated with psychopathy without specific requirements for convergence—
has two higher-order factors that are largely uncorrelated. These factors, labeled
fearless dominance and impulsive antisociality by Benning (2005a), show differ-
ential relations with criterion variables in domains of self-report, interview based
assessment, and physiology (for a review, see Patrick and Bernat 2009). Notably,
the PPInv contains one subscale, Coldheartedness, which fails to load appreciably
on either of these factors—instead emerging as a separate subdimension in struc-
tural analyses (Benning et al. 2003). As discussed further below, this subscale
appears to index callous—unemotionality or meanness more exclusively than the
other subscales of the PPInv.

Subdimensions of ASPD: The childhood criteria for ASPD in Section II of DSM-
5 mirror those for conduct disorder (CD) and include aggressive and destructive
behaviors along with theft/deceptiveness and non-aggressive rule-breaking acts.
Factor analyses of the CD diagnostic criteria (e.g., Frick et al., 1991; Tackett et al.
2003) have shown that the aggressive and rule-breaking symptoms define separate,
albeit correlated factors. Follow-up twin studies have demonstrated differing
sources of genetic and environmental influence for these factors (Tackett et al.
2005; Kendler et al. (2013), with the proportion of symptom variance attributable to
genes higher for the aggressive than the rule-breaking factor (see review by Burt
2009). Evidence for two distinct factors underlying the adult symptoms of ASPD—
a disinhibition factor encompassing tendencies toward impulsivity, irresponsibility,
and deceitfulness and an aggressive-disregard factor reflecting irritability/aggres-
siveness, reckless behavior, and lack of concern for self or others—has also been
reported Kendler et al. (2012). Paralleling findings for the subdimensions of CD,
these adult ASPD factors appear to reflect differing sources of genetic influence.

Clarifying relations among differing psychopathy measures and ASPD: The
Triarchic model. The Triarchic model of psychopathy (Patrick et al. 2009) was
advanced as a framework for integrating alternative conceptions, organizing find-
ings pertaining to psychopathy subdimensions, and guiding research on neuro-
biological correlates and etiologic influences. The model characterizes psychopathy
as encompassing three distinct but intersecting symptomatic (phenotypic) con-
structs: disinhibition, boldness, and meanness. Disinhibition entails impulsiveness,
weak restraint, hostility and mistrust, and difficulties in regulating emotion;
meanness entails deficient empathy, lack of affiliative capacity, contempt toward
others, predatory exploitativeness, and empowerment through cruelty or destruc-
tiveness; and boldness encompasses tendencies toward confidence and social
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assertiveness, emotional resiliency, and venturesomeness. The Triarchic model
provides a frame of reference for relating subdimensions of psychopathy to those of
ASPD. In addition, the constructs of the model have biobehavioral referents and
show replicable associations with physiological variables and thus can be helpful
for relating psychopathy and ASPD to neurobiology (cf. Patrick et al. 2012).

The Triarchic Psychopathy Measure (TriPM; Patrick 2010) was developed to
index the three constructs of this model. Its disinhibition and meanness subscales
index disinhibitory externalizing and callous aggression factors of the externalizing
psychopathology spectrum (Krueger et al. 2007); the TriPM’s Boldness scale
indexes fearless—dominant tendencies associated with the common factor among
scale measures of fear and fearlessness (Kramer et al. 2012). The TriPM has been
used as a referent to evaluate coverage of the Triarchic model facets in differing
psychopathy inventories. The PPInv provides balanced coverage of boldness,
meanness, and disinhibition as indexed by the TriPM (Drislane et al. 2014a;
Sellbom and Phillips 2013). Subscales that demarcate the PPInv’s fearless domi-
nance factor relate very strongly to TriPM Boldness, scales demarcating PPInv
impulsive antisociality relate very strongly to TriPM Disinhibition (particularly
carefree non-planfulness and blame externalization/alienation), and moderately to
meanness (mainly due to Machiavellianism Egocentricity), and the PPInv Cold-
heartedness scale relates specifically to TriPM Meanness. By contrast, other psy-
chopathy inventories index meanness and disinhibition either more so than boldness
(e.g., SRP, YPI) or to the exclusion of boldness (e.g., LSRP; Drislane et al. 2014a;
Sellbom and Phillips 2013; Hall et al. 2014).

The TriPM has also been used to clarify similarities and differences between
PCL-R psychopathy and ASPD in terms of the Triarchic model (Venables et al.
2014; Wall et al. in press). This work shows that (a) overall scores on the PCL-R
contain variance associated with all three Triarchic model constructs, whereas
ASPD indexes the meanness and disinhibition constructs only; (b) PCL-R Factor 1
is associated with boldness and meanness but not disinhibition; and (c) Factor 2 is
associated with disinhibition and meanness but not boldness. These findings serve
to clarify the relationship between PCL-R psychopathy and ASPD: The two overlap
in terms of Factor 2, which includes common elements of disinhibition and
meanness, but differ in elements of boldness and meanness that are represented
exclusively in PCL-R Factor 1 (cf. Patrick et al. 2007).

2.2 ASPD and Psychopathy: Associations with Aggression
and Violence

Disorders such as ASPD and substance abuse/dependence co-occur at high rates
(Krueger 1999) and show relationships in common with disinhibitory personality
traits (i.e., impulsivity, sensation seeking, nonconformity; Krueger et al. 2002). The
variance in common among disorders within this externalizing spectrum has been
shown to reflect a highly heritable liability factor (Krueger et al. 2002; Young et al.
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2000), labeled externalizing proneness (Krueger et al. 2002, 2007), or disinhibition
(Patrick et al. 2009, 2013a). By contrast, the variance specific to each disorder
appears to be attributable more to non-shared environmental influences. From this
perspective, aggressive behavior associated with ASPD in part reflects high levels
of externalizing liability, shaped toward violent criminal expression by adverse
physical and social experiences encountered by individuals across time.

However, research directed at modeling externalizing problems and traits more
comprehensively (Krueger et al. 2007) demonstrates factors distinct from the
general disinhibitory-externalizing factor, reflecting callous—aggressive tendencies
and proneness to abuse various substances. The finding of distinct disinhibitory and
callous—aggression factors coincides with aforementioned evidence for distinct
etiologic influences contributing to aggressive versus rule-breaking subdimensions
of CD and adult ASPD, and with evidence for separable callous—unemotional and
impulsive—disruptive subdimensions to child psychopathy (Frick and Marsee
2006). Other above-noted work that has directly evaluated relations between PCL-R
psychopathy and ASPD from the perspective of the Triarchic model (Venables et al.
2014; Wall et al. in press; see also Patrick et al. 2005, 2007; Venables and Patrick
2012) shows that PCL-R Factor 2 reflects externalizing proneness (disinhibition)
and elements of callous—aggression (meanness) in common with ASPD, whereas
PCL-R Factor 1 reflects boldness and other elements of callous—aggression separate
from ASPD.

Considering these findings, a key question is whether documented predictive
relations for PCL-R psychopathy with violent offending and criminal recidivism are
accounted for by the features it shares in common with ASPD, or by tendencies that
distinguish it from ASPD. As reviewed by Kennealy et al. (2010), the answer
appears to be that PCL-R psychopathy is predictive of violent behavior largely as a
function of features encompassed by Factor 2 (i.e., disinhibition and affiliated
aspects of meanness). Using a meta-analytic, regression-based approach in which
scores on the two PCL-R factors were evaluated as concurrent predictors, these
authors found that the antisocial deviance features associated with PCL-R Factor 2
were substantially predictive of violence (effect size d = 0.40), whereas the affec-
tive—interpersonal features associated with Factor 1 were only mildly predictive
(d = 0.11). Further analyses were undertaken to examine whether affective—
interpersonal (Factor 1) features might interact with impulsive—antisocial (Factor 2)
features to predict elevated risk for violence in a non-additive fashion (cf. Hare and
Neumann 2009). Results indicated that these two components of PCL-R psy-
chopathy did not contribute interactively to violence prediction.

Similarities and distinctions between psychopathy and ASPD, and relations of
each with violent behavior, are important to consider in reviewing the literature on
physiological correlates of these conditions. In particular, it can be expected that
physiological correlates will be more similar among impulsive violence, ASPD, and
Factor 2 of psychopathy than between impulsive violence or ASPD and Factor 1 of
psychopathy or psychopathy as a whole.
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3 Physiological Correlates of Psychopathy, Antisocial
Personality, and Aggression

3.1 Peripheral Measures: Cardiovascular, Electrodermal,
and Startle Blink Responses

Studies of children and adolescents exhibiting antisocial behavior have yielded
consistent evidence of lower resting levels of autonomic activity—most notably
heart rate (HR), but also to some extent skin conductance (SC)—in comparison
with control youth (Lorber 2004; Ortiz and Raine 2004). The finding of low resting
HR in particular is especially robust among children with aggressive behavioral
tendencies (Scarpa and Raine 1997). Findings for autonomic reactivity to noxious
or threatening stimuli have been more mixed, but as a whole the available evidence
points to enhanced HR and SC response to stressors in children exhibiting
aggressive conduct problems specifically (Lorber 2004). This is particularly the
case for children exhibiting reactive aggression; proactively aggressive children if
anything tend to show attenuated reactivity to stressors compared with control
children (Hubbard et al. 2002).

Other studies focusing on parasympathetic versus sympathetic mediation of
cardiovascular activity have yielded evidence of weaker vagal-parasympathetic
regulation in children and adolescents with aggressive conduct problems—reflected
in enhanced HR variability under circumstances involving stressors or challenges
(Beauchaine et al. 2001; Mezzacappa et al. 1997). It has been hypothesized that this
lack of vagal control combines with chronic underarousal and weak inhibitory
capacity (reflected in lower resting HR and reduced spontaneous SC responses,
respectively) to lower the threshold for impulsive aggressive behavior (Beauchaine
et al. 2001). Other research has identified weak vagal control as a variable asso-
ciated with the development of both internalizing (emotional dysregulation) and
externalizing problems in at-risk children (e.g., El-Sheikh et al. 2001). Taken
together, these findings are consistent with the idea that aggression in children
entails difficulties regulating anger and other emotional reactions—with consequent
enhancement of defensive reactivity under conditions of threat.

In studies of adults, one prominent focus has been on autonomic (particularly
cardiac) reactivity differences in individuals high on aggression-related traits such
as hostility, anger expression, and Type A personality. A meta-analysis of relations
between trait hostility and cardiovascular reactivity by Suls and Wan (1993)
reported that although effects in studies of this kind were generally small, positive
results were especially evident in studies that examined relations between dispo-
sitional hostility (particularly when defined by overt expressions of anger such as
verbal and physical aggression) and cardiac (particularly blood pressure) reactivity
in situations involving interpersonal stress or provocation as opposed to physical
stressors. Studies published since this meta-analysis have not yielded positive
findings in all cases (see, e.g., Gallo et al. 2000), but significant effects when
obtained have generally been in the direction of heightened autonomic reactivity for
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high trait-aggressive individuals during interpersonal stress (e.g., Smith and Gallo
1999; Peters et al. 2003).

Studies comparing autonomic reactivity in adults with and without a history of
violent behavior have yielded less consistent results. For example, physiological
studies of men who have assaulted their romantic partners have not revealed
consistent differences in relation to non-assaultive men. Gottman et al. (1995)
suggested a possible explanation for this in terms of two distinct subgroups of male
batterers: one exhibiting decreases in HR activity during a marital interaction (Type
1) and the other exhibiting increases in HR (Type 2). Type 1 batterers scored higher
on antisocial traits and were more hostile and contemptuous toward their spouses
and more assaultive toward other people in general, whereas Type 2 batterers
scored higher in social dependency. However, this pattern of results has not been
replicated in subsequent studies (Babcock et al. 2004; Meehan et al. 2001).

Most published studies examining autonomic response have focused on
detecting simple reactivity differences between aggressive and non-aggressive
individuals. Only a few studies have sought to assess underlying psychological
processes contributing to such differences. One of these was a study by Verona
et al. (2002) that examined the mediating role of negative emotional activation in
enhancing punitive behavior among aggression-prone individuals. These investi-
gators used increased magnitude of reflexive startle responding to index unpleasant
activation associated with threat versus absence of threat in a laboratory aggression
paradigm. Individuals high on traits of anxiousness, alienation, and aggressiveness
showed enhanced unpleasant activation during shock-threat periods (as evidenced
by heightened startle reactivity to unwarned noise probes), and in conjunction with
this, enhanced aggressive behavior (i.e., delivery of stronger shocks to a putative
co-participant). This was interpreted as supporting the perspective that negative
emotional activation operates to prime aggressive behavior (Berkowitz’s 1990).
Subsequent work (e.g., Verona and Curtin 2006) has shown this facilitative effect of
negative emotion on aggression to be stronger in men than women, in line with
prior research findings (cf. Hokanson 1970).

In sum, research to date has generally revealed lower baseline levels of auto-
nomic arousal, but increased autonomic reactivity to stressful events, in aggressive
children and adolescents. Findings for adults have been less consistent, but in
general have indicated enhanced autonomic reactivity to stressors (interpersonal
stressors in particular) in hostile—aggressive individuals. Notably, the general
finding that aggression-prone individuals show enhanced autonomic reactivity to
stressful events fits with the hypothesis that violent behavior entails a breakdown in
normal affective regulatory capacity (Davidson et al. 2000).

In contrast, markedly different results are evident in the psychophysiological
literature on adult psychopathy. Most of these studies have relied on diagnoses
based on Cleckley’s criteria or Hare’s PCL-R. Adult psychopathic offenders, rel-
ative to non-psychopathic offenders, show reduced electrodermal response to
aversive cues and during anticipation of stressful events (Arnett 1997; Hare 1978;
Lorber 2004). However, psychopathy is not consistently associated with differential
HR reactivity to aversive or stressful stimuli (Lorber 2004), or with differential
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baseline levels of either HR or electrodermal arousal (Arnett 1997; Hare 1978; but
see Hansen et al. 2007). These contrasting results are noteworthy because higher
levels of PCL-R psychopathy in offender samples are reliably associated with
increased violence and violent recidivism (Porter and Woodworth 2006). However,
as discussed earlier, it is the impulsive—antisocial (Factor 2) component of the PCL-
R that is most predictive of violent offending. This factor reflects disinhibitory—
externalizing tendencies along with elements of callous aggression (meanness), and
a subset of offenders who score very high on the PCL-R exhibit personality profiles
and behavioral tendencies characteristic of extreme externalizing individuals (i.e.,
high negative affectivity along with low behavioral restraint; Hicks et al. 2004). The
other, affective—interpersonal factor of the PCL-R reflects boldness along with
elements of meanness that cohere more with boldness than with disinhibition
(Patrick et al. 2009; Venables et al. 2014; Wall et al. in press), and another subset of
individuals who score as psychopathic on the PCL-R shows personality profiles
characteristic of high fearless dominance or boldness (i.e., low anxiety, high social
potency, low harm avoidance; Hicks et al. 2004). This factor of the PCL-R tends to
be associated more with instrumental/proactive aggression than impulsive/reactive
aggression, both in adult offenders (Porter and Woodworth 2006) and clinic-
referred youth (Frick and Marsee 2006).

While at odds with results for impulsive—aggressive individuals, the finding of
reduced autonomic (in particular electrodermal) reactivity to stressors in psycho-
pathic individuals is consistent with theories that have emphasized insensitivity to
punishment or diminished fear capacity in psychopathy (e.g., Lykken 1995)—
especially in relation to its affective—interpersonal features (Patrick 1994; Patrick
and Bernat 2009). Direct evidence for reduced electrodermal reactivity to stress in
relation to affective—interpersonal features in offenders was provided by Patrick
(1995), who reported opposing correlations (positive and negative, respectively) for
scores on PCL-R Factors 1 and 2 with amplitude of skin conductance response
during anticipation of aversive noise. In more recent work with non-offenders,
Dindo and Fowles (2011) reported reduced electrodermal activation during stressor
anticipation as a function of high scores on PPInv fearless dominance (akin to
boldness), but not PPInv impulsive antisociality, which reflects disinhibition to a
substantial degree along with lesser representation of meanness. Additionally,
evidence for a selective association of PPInv fearless dominance with electrodermal
reactivity to aversive picture stimuli was reported by Benning et al. (2005b).

Complementing these findings for electrodermal reactivity deficits is another
body of literature demonstrating a lack of startle reflex potentiation during viewing
of aversive picture stimuli in offenders rated high on PCL-R Factor 1 (Patrick et al.
1993; Vaidyanathan et al. 2011; Vanman et al. 2003; see also Patrick 1994) or
community participants scoring high on PPInv fearless dominance (Benning et al.
2005Db). This deficit in startle potentiation is not seen for individuals scoring high on
PCL-R Factor 2 or PPInv impulsive antisociality alone. The absence of startle
potentiation during aversive cuing provides strong evidence for deficient fear
because startle potentiation is directly indicative of defensive motivational priming
(Lang et al. 1990) and as such covaries with individual differences in dispositional
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fear (Kramer et al. 2012; Vaidyanathan et al. 2009). Extending this literature on
startle modulation during picture viewing, Newman and colleagues have tested for
psychopathy-related differences in startle reactivity to noise probes during exposure
to shock threat versus safety cues, under conditions of concurrent distraction or no
distraction (Baskin-Sommers et al. 2011; Dvorak-Bertsch et al. 2009; Newman
et al. 2010). Findings from these shock threat studies indicate that deficits in startle
potentiation for offenders high on the PCL-R or non-offenders high on PPInv
fearless dominance occur mainly under conditions of concurrent distraction. This
result has been interpreted as indicating that reduced reactivity to fear cues in
individuals with affective—interpersonal features of psychopathy reflects “idiosyn-
crasies in attention that limit their processing of peripheral information” (Newman
et al. 2010, p. 66). However, the finding can be also interpreted as evidence for
deficient fear reactivity, insofar as threat cues normally exert an automatic “pull” on
attentional resources (Bradley 2009; LeDoux 1995).

Regardless of interpretation, these findings for electrodermal reactivity and
startle modulation indicate that individuals exhibiting core-affective features of
psychopathy need to be considered separately from other types of violent offenders
in attempting to understand physiological processes in aggressive behavior. A
similar conclusion has emerged in the literature on antisocial behavior in youth,
where it has been shown that children or adolescents who exhibit callous—
unemotional tendencies in conjunction with conduct problems show distinctly
different behavioral responses to laboratory stressors and (as discussed further
below) differential brain reactivity to fear-relevant cues.

3.2 Electrocortical Measures: EEG and ERP

Early investigations of brain differences in violent criminal offenders focused on
abnormalities in electroencephalographic (EEG) activity. A relatively consistent
finding in these early studies was enhanced cortical slow-wave activity, particularly
in the delta (<4 Hz) frequency range (cf. Volavka 1990). While much of this early
literature suffered from notable methodological weaknesses, subsequent research
using improved designs and procedures has successfully replicated this finding,
with some work demonstrating prediction of antisocial behavior later in life (i.e.,
official criminal convictions) from increased slow-wave EEG activity in adoles-
cence (Raine et al. 1990). Theoretical interpretations of the association between
slow-wave EEG and violent offending have focused on cortical immaturity
resulting in impaired inhibitory control (Volavka 1990), and cortical underarousal
that predisposes toward compensatory stimulation seeking (Raine et al. 1990).
Associations with aggression have also been reported for various components of
the cortical event-related potential (ERP)—reflecting average changes in voltage at
scalp recording sites across time following the presentation of a stimulus or the
emission of a response. The most consistent finding has been reduced amplitude of
the P300 response component in oddball tasks where participants respond to



Physiological Correlates of Psychopathy, Antisocial Personality Disorder ... 207

intermittent target stimuli interspersed with more frequently occurring nontargets.
Diminished P300 has been reported especially among individuals exhibiting
aggression of the impulsive variety (e.g., Barratt et al. 1997; Branchey et al. 1988;
Gerstle et al. 1998). In view of theoretic models that interpret P300 response as
reflecting brain activity associated with post-perceptual processing of salient stimuli
within a task (Donchin and Coles 1988; Polich 2007), reduced P300 amplitude in
impulsively aggressive individuals implies some impairment in higher cogni-
tive—elaborative processing of stimulus events.

Reduced P300 response has also been reported in individuals with ASPD (Bauer
et al. 1994) and other impulse control disorders—most notably alcohol dependence
(cf. Polich et al. 1994), but also drug dependence, nicotine dependence, child
conduct disorder, and attention-deficit hyperactivity disorder (Iacono et al. 2002).
Given aforementioned evidence for a common liability factor underlying these
various conditions (Krueger et al. 2002), Patrick et al. (2006) tested the hypothesis
that reduced P300 amplitude reflects this shared liability factor and found clear
supportive evidence. Subsequent research has corroborated this finding and dem-
onstrated that the association between externalizing proneness (disinhibition) and
reduced P300 reflects common genetic influences (Hicks et al. 2007; Yancey et al.
2013).

In contrast with findings from studies of impulsive aggressive individuals, Stan-
ford et al. (2003) reported no difference in P300 amplitude to auditory target stimuli
in psychiatric outpatients characterized as “premeditated aggressors” compared with
controls. Similarly, Barratt et al. (1997) found no evidence of a relationship between
premeditated aggression and P300. Results from these studies indicate that the
association between reduced P300 and aggression may be specific to individuals who
manifest aggression of an impulsive nature. Studies examining the relationship
between psychopathy and P300 amplitude have yielded mixed results, with some
showing a negative association, others a positive association, and still others no
association (Gao and Raine 2009). As noted earlier, these inconsistent findings could
reflect the fact that a diagnosis of psychopathy includes affective—interpersonal
features in addition to impulsive—antisocial symptoms; the affective—interpersonal
features, which tend to be associated more with proactive rather than impulsive
aggression (Porter and Woodworth 2006), may moderate the relationship between
psychopathy and P300 response in some samples. In support of this, Venables and
Patrick (2014) examined effects for the two PCL-R factors separately and found the
relationship with P300 amplitude to be specific to PCL-R Factor 2. Parallel results
were reported by Carlson et al. (2009) for the two factors of the PPInv: Reduced P300
amplitude was associated significantly with scores on the Impulsive Antisocial
factor, whereas no relationship was evident for the Fearless Dominance factor.

Although P300 response amplitude is the most widely studied ERP correlate of
antisocial-externalizing conditions, some other brain potential correlates have been
reported in the literature. One is the error-related negativity (ERN), a negative-
polarity response occurring approximately 50 ms after the commission of errors in
speeded performance tasks, believed to reflect early “endogenous” error processing
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associated with the neural signaling function of the anterior cingulate cortex.
Reduced ERN has been reported for individuals high in impulsive—antisocial ten-
dencies (Dikman and Allen 2000; Pailing and Segalowitz 2004) and in relation to
externalizing proneness or disinhibition (Hall et al. 2007; Patrick et al. 2013b).

However, as with P300, findings for ERN and psychopathy have been mixed.
Munro et al. (2007) examined relations between psychopathy as indexed by overall
scores on the SRP (Williams et al. 2007) in two variants of a “flanker” task (Eriksen
and Eriksen 1974): one involving discrimination of letter strings and the other
discrimination of fearful versus angry faces. Task performance and ERN amplitude
in the letter discrimination version of the task were comparable between high and
low psychopathic participants, but high-psychopathy participants were less accurate
and exhibited reduced ERN amplitude in the emotional face flanker task. In a
subsequent study, Brazil et al. (2009) reported relatively intact amplitude of the
ERN within a letter discrimination flanker task in high-PCL-R psychopathy
forensic patients as compared to controls. However, a reduction in the psychopathic
group was evident for amplitude of the post-error positivity (Pe), an ERP compo-
nent considered similar to P3 and thought to reflect later evaluative stages of
performance monitoring. The psychopathic group also evidenced decreased
behavioral recognition of errors (i.e., reduced ability to signal via a button press
when they noticed an error had occurred). A subsequent study by von Borries et al.
(2010) reported reduced amplitude of ERN response along with increased error
rates and impaired learning of task contingencies in psychopathic forensic patients
during a probabilistic learning task that included feedback (either a monetary gain
or loss) regarding performance accuracy on each trial.

Notably, studies of ERN response in psychopathy have not systematically
evaluated effects for distinguishable factors or facets known to exhibit differential
relations with measures of various types—including physiological response mea-
sures (e.g., aversive startle potentiation, P300). The more consistent finding of
reduced ERN as well as P300 in relation to impulsive—externalizing tendencies,
together with evidence for a selective association of P300 with Factor 2 of psy-
chopathy (whether assessed via the PCL-R or the PPInv), suggests that more
consistent evidence of reduced ERN is likely to be found in relation to this
symptomatic component of psychopathy. To the extent this component of psy-
chopathy is more related to impulsive—aggressive tendencies, it would be expected
that reductions in ERN (indicative of impairments in online monitoring of behavior
and recognition of incorrect or inappropriate responses) would also be associated
with proclivities toward angry/reactive aggression. A study by Kramer et al. (2011)
found no difference in ERN between groups scoring high versus low (upper/low
quartile) on an aggression questionnaire, but the participants were college students
rather than offenders or clinic patients, and the questionnaire measure focused on
aggression of various types rather than angry/reactive aggression specifically.
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3.3 Neuroimaging Studies of Psychopathy, ASPD,
and Aggressive Behavior

Different neuroimaging methods have been used in studies of psychopathy, ASPD,
and aggression. Many recent studies have used magnetic resonance imaging (MRI),
which quantifies variations in the alignment of endogenous subatomic particles
within a magnetic field to index anatomic details of the brain (structural MRI) or
variations in blood flow and blood oxygenation (i.e., hemodynamic, or blood-
oxygen-level-dependent [BOLD] response) associated with neuronal activity in
specific brain regions (functional MRI, or fMRI). Computerized tomography (CT),
a structural imaging method that measures regional density of neural tissue using
X-ray beams passed through the brain, was used in some older studies of indi-
viduals identified as violent or antisocial. Other functional imaging techniques that
have been used in studies of psychopathic and antisocial-aggressive individuals are
single-photon emission computerized tomography (SPECT) and positron emission
tomography (PET). Both rely on the injection of radioactive tracer isotopes into the
blood in small amounts, with particles emitted by the isotope from brain regions of
interest (photons in the case of SPECT, positrons in the case of PET) used to index
either neuronal activity or neurotransmitter function in those regions.

Structural imaging studies: Two older studies by Tonkonogy (1991) and Wong
et al. (1994) that tested for brain anatomic differences in psychiatric patients with
violent behavior using CT reported evidence for abnormalities in temporal lobe
regions. A third study by Blake et al. (1995) found evidence of abnormalities in
frontal as well as temporal brain regions in a sample of 31 homicide offenders.
More recent studies have used structural MRI to investigate neuroanatomic dif-
ferences associated with impulsive—aggressive behavior and ASPD. Tiihonen et al.
(2008) reported gray matter volume reductions in bilateral regions of frontal cortex
(frontopolar, orbitofrontal) in persistently violent offenders. Two other studies—
one involving temporal lobe epilepsy patients with aggressive—assaultive behavior
(Woermann et al. 2000) and the other female patients diagnosed with borderline
personality disorder (van Elst et al. 2003)—reported evidence of reduced gray
matter volume in regions of prefrontal cortex, and the latter of these also reported
volume reductions in anterior cingulate cortex (ACC), hippocampus, and amygdala.
However, another study by Dolan et al. (2002) that compared impulsive—aggressive
patients with controls reported a significant reduction in temporal but not frontal
lobe volume, and two other studies that examined subcortical structures (Laakso
et al. 2000; van Elst et al. 2000) found no difference between violent and nonviolent
patient groups in hippocampal or amygdala volume. Studies reporting reduced gray
matter volume in prefrontal regions in individuals diagnosed with ASPD include
Raine et al. (2000), Laakso et al. (2002), and Narayan et al. (2007). The latter two
of these studies focused on ASPD individuals exhibiting salient violent behavior.

Evidence for neuroanatomic abnormalities in individuals scoring high in psy-
chopathy as defined by the PCL-R has emerged from more recent studies utilizing
structural MRI. Reported findings include reduced volume of gray matter in frontal
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and temporal regions of cortex (Miiller et al. 2008a; Yang et al. 2005), reduced
volume bilaterally of the amygdala (Yang et al. 2009) and posterior hippocampus
(particularly in relation to scores on PCL-R Factor 1; Laakso et al. 2001), other
hippocampal abnormalities in the form of left/right volume asymmetry (Raine et al.
2004) or deviations in shape (Boccardi et al. 2010), increased volume of white
matter in the corpus callosum (Raine et al. 2003), and increased volume of the
striatum—with enhanced size of the lenticular nucleus in particular predicted by
overall PCL-R scores, and increases in caudate body and caudate head volumes
associated, respectively, with scores on PCL-R Factors 1 and 2 (Glenn et al. 2010a).
In addition, a study by Craig et al. (2009) that used the MRI-based method of
diffusion tensor imaging reported evidence for reduced structural integrity of the
uncinate fasciculus, a neural pathway connecting the ortbitofrontal cortex and the
amygdala, in a sample of nine forensic patients scoring high (>25) on the PCL-R
compared with a non-forensic control group. Notably, the one study to date that
tested specifically for differences in the ACC and its dorsal and ventral subregions
(Glenn et al. 2010b) found no associations with PCL-R psychopathy, either in
comparisons of high- versus low-PCL-R total score groups or in correlational
analyses utilizing continuous PCL-R total and factor scores.

In sum, the foregoing structural MRI studies of psychopathic individuals have
yielded evidence for reduced volume of limbic structures (hippocampus, amygdala)
and impaired structural connectivity between amygdala and orbitofrontal cortex,
along with isolated indications of increased volume of corpus callosum and striatal
structures and mixed evidence for volume reductions in prefrontal and temporal
brain regions. Thus, some overlap is evident in findings for psychopathic and
violent/antisocial samples (i.e., volume reductions in frontal and temporal regions),
along with some divergence (i.e., subcortical-limbic volume reductions mainly in
psychopathic samples). The question of how psychopathic participants compare
neuroanatomically with violent—antisocial individuals was directly addressed in a
recent structural MRI study by Gregory et al. (2012), who tested for gray matter
volume differences in predefined brain regions across the following groups: (1)
violent offenders meeting diagnostic criteria for both ASPD and PCL-R psychop-
athy (n = 17), (2) violent offenders meeting criteria for ASPD but not PCL-R
psychopathy (n = 27), and (3) healthy non-offenders from the community at large
(n = 22). The psychopathic/ASPD offender group showed significant gray matter
reductions bilaterally in anterior rostral prefrontal cortex and temporal poles relative
to both violent offenders with ASPD (group 2) and healthy controls, along with
reductions in bilateral insula compared to violent/ASPD-only offenders.

These findings help to clarify the nature of brain structural anomalies in psy-
chopathic offenders, while also raising questions about the pervasiveness of brain
differences in individuals exhibiting violent behavior or ASPD per se. For psy-
chopathic offenders, reduced volumes were evident in brain structures important for
emotional processing as related to aversive learning, moral reasoning, and social
interchange. While consistent with the notion of psychopathy as entailing deficits in
affective sensitivity and social relatedness that give rise to behavioral deviance, this
study did not report group comparisons for anterior brain regions involved more in
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cognitive control than affective processing (e.g., dorsal-lateral regions of prefrontal
cortex), and thus, it remains unclear whether frontal anomalies in this psychopathic
offender group were limited to affective processing regions. The fact that no dif-
ferences were found between violent/ASPD-only offenders and healthy controls
could also reflect the choice of brain regions for analyses. It may be the case that
regions important for cognitive control and performance monitoring would have
shown up as anomalous in this offender subgroup. However, it is important to bear
in mind that cognitive and affective impairments can reflect deviations in brain
function not necessarily reflected in structural-anatomic anomalies.

Functional imaging studies: Three SPECT imaging studies that assessed neu-
ronal activity at rest in aggressive psychiatric patients (Amen et al. 1996; Hirono
et al. 2000) and impulsive violent offenders (Soderstrom et al. 2000) found evi-
dence of reduced blood flow in both the prefrontal cortex and the temporal lobes
(the left temporal lobe, specifically, in two of the three studies). In conjunction with
reductions in these brain regions, Amen et al. (1996) reported evidence of increased
activity in basal ganglia and subcortical (limbic) regions in their aggressive patient
sample. One other SPECT study (Kuruoglu et al. 1996) reported reduced blood
flow in frontal brain regions in alcoholic individuals with comorbid ASPD relative
to non-alcoholic controls. SPECT was also used in some earlier studies to examine
differences in neurotransmitter function in impulsively violent offenders. Studies of
this kind revealed evidence of abnormal dopaminergic neurotransmission in the
striatum and diminished serotonin transporter density in the midbrain (Tiihonen
et al. 1995, 1997).

A number of studies have used PET imaging to test for functional brain
abnormalities in violent individuals compared with controls. The majority have
reported evidence of prefrontal dysfunction. Some of these studies focused on brain
activity at rest (e.g., Volkow and Tancredi 1987), others on activity during tasks
designed to activate the prefrontal cortex (e.g., Raine et al. 1994, 1997). Raine et al.
(1998) subdivided violent participants from the Raine et al. (1997) study, consisting
of 41 convicted murderers, into predatory (proactive) and affective (impulsive)
subgroups based on the nature of their crimes, and found that prefrontal dysfunction
was specific to the affective subgroup. Other studies have used PET imaging to
investigate brain reactivity to drugs that activate the serotonergic system in
aggressive and non-aggressive individuals (e.g., New et al. 2002; Siever et al.
1999). These studies have reported blunted reactivity to serotonin agonists (as
evidenced by lower levels of glucose metabolism) among impulsive—aggressive
patients compared with controls in regions of prefrontal cortex, particularly
orbitofrontal and ventromedial regions. Other brain regions implicated with some
consistency in these and other PET imaging studies include temporal cortex, ACC,
and, to a lesser degree, hippocampus and amygdala.

Findings of abnormal ACC activity in conjunction with prefrontal anomalies are
of interest in view of earlier described work demonstrating reduced ERN in
impulsive—aggressive individuals and a recent study by Aharoni et al. (2013)
reporting significant prediction of post-release recidivism among criminal offenders
from degree of ACC activation in a laboratory inhibitory control task. With regard
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to the amygdala and hippocampus, Raine et al. (1997) found evidence of abnormal
asymmetry (i.e., decreased functioning on the left side and increased functioning on
the right) in both these structures in murderers compared to controls. In a PET study
of serotonin binding potential, Parsey et al. (2002) reported a significant negative
relationship between reported lifetime aggression and binding in brain regions
including the amygdala (but not hippocampus). George et al. (2004), in a study of
domestic abusers with comorbid alcoholism, reported decreased correlations
between glucose activity in the amygdala and glucose activity in various cortical
structures compared with nonviolent controls. The authors postulated that these
decreased associations reflected a lack of cortical input to the amygdala associated
with increased sensitivity to environmental stressors among impulsively violent
individuals.

Some studies of violent individuals have been also conducted using functional
MRI. Raine et al. (2001) examined brain activation during a working memory task
in small groups of community participants with histories of serious violent behavior
and/or early abuse (ns = 4-5) relative to a healthy control group (n = 9). Compared
to controls, violent individuals who had been abused as children showed reduced
right hemisphere activation (particularly in right temporal regions), whereas abused
individuals without violence showed lower left, but higher right activation of the
superior temporal gyrus. In addition, both of these groups showed generally
reduced cortical activation during task processing, particularly in the left hemi-
sphere. The authors interpreted these findings as indicating a unique role of right
hemisphere dysfunction, when combined with exposure to early abuse, in violent
behavior. However, the findings of this study were quite tentative given the small
sample sizes.

Several studies have used SPECT or fMRI to examine brain activation differ-
ences in individuals diagnosed as psychopathic using Hare’s (2003) PCL-R, with a
smaller number focusing on psychopathy as defined by self-report in adult samples
or the informant-rated APSD in younger samples. Of studies that have focused on
PCL-R psychopathy, most have examined brain reactivity in emotional processing
paradigms entailing viewing of affective and neutral visual stimuli, aversive con-
ditioning, anticipation of punishment to oneself or another person, processing of
moral dilemmas entailing more or less emotion provocation, or performance of a
cognitive task following manipulation of mood. Although no two of these PCL-R
studies have used the same experimental task, some have used similar procedures.
Both Intrator et al. (1997) and Kiehl et al. (2001) examined reactivity to emotional
versus neutral words, within discrimination (word vs. nonword) and memory
(encoding, rehearsal, recall) contexts, respectively. Using SPECT, Intrator et al.
found increased bilateral activation for emotional versus neutral words in high-
PCL-R participants within frontal-temporal cortex and adjacent subcortical regions.
Kiehl et al. (2001) reported decreased activation in multiple a priori-defined lim-
bic—subcortical regions, along with (in post hoc analyses) increased activation in
right and left inferior lateral—frontal regions of cortex. Both Schneider et al. (2000)
and Birbaumer et al. (2005) examined brain reactivity to CS+ and CS— stimuli in a
differential aversive condition procedure, using foul odor and painful tactile
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pressure stimuli as USs, respectively. The first of these studies reported increased
activation in amygdala and dorsolateral prefrontal cortex regions to the CS+ versus
the CS— for psychopathic participants during the latter part of acquisition, whereas
the second reported decreased differential activation for high-PCL-R participants in
left amygdala and ventromedial prefrontal cortex regions, as well as in right insula,
rostral anterior cingulate, and secondary somatosensory cortex.

Two other studies by Miiller et al. (2003, 2008b) used emotional and neutral
picture stimuli, but in quite different ways. Miiller et al. (2003) examined reactivity
to pictures as primary stimuli and reported a complex pattern of differences for
psychopathic as compared to non-psychopathic participants (i.e., decreased acti-
vation in some cortical and subcortical brain regions, but increased activation in
others, for both pleasant and unpleasant pictures relative to neutral—with specific
regions of decrease and increase for unpleasant pictures overlapping only partly
with regions of decrease/increase for pleasant pictures). Miiller et al. (2008b) used
unpleasant picture viewing as a mood induction and found that high-PCL-R
offenders, in contrast to low-PCL-R controls, exhibited no impact of this induction
on responding in a subsequent “cognitive” reaction-time task, either behaviorally or
in terms of activity in distinct brain regions (R medial and L inferior frontal gyri,
R superior temporal gyrus) during this task.

Converging results across these differing emotion-processing studies include
increased activation in regions of frontal/prefrontal cortex (Intrator et al. 1997;
Schneider et al. 2000; Kiehl et al. 2001; Miiller et al. 2003), increased activation in
temporal—subcortical regions including the amygdala in some studies (Intrator et al.
1997; Miiller et al. 2003; Schneider et al. 2000) along with decreased amygdala
activation in others (Kiehl et al. 2001; Birbaumer et al. 2005), decreased activation
in anterior cingulate (Kiehl et al. 2001; Miiller et al. 2003; Birbaumer et al. 2005)
and posterior cingulate, hippocampal, and frontal gyrus regions (Kiehl et al. 2001;
Miiller et al. 2003), and decreased activation in inferior frontal and superior tem-
poral gyri (Kiehl et al. 2001; Miiller et al. 2008b). An additional four fMRI studies
of high-PCL participants used emotional processing tasks of other types. Findings
from these studies that converge with results from the six above-mentioned studies
include the following: (1) increased activation in regions of prefrontal cortex
(dorsolateral, evaluated post hoc (Glenn et al. 2009b); dorsal and ventral medial,
selectively in relation to higher PCL-R Factor 2 (Veit et al. 2010), and (2) decreased
activation in anterior cingulate (Veit et al. 2010), posterior cingulate (Glenn et al.
2009a), amygdala (Glenn et al. 2009a; Veit et al. 2010), and right fusiform gyrus
(Deeley et al. 2006; also reported by Miiller et al. 2003). The two studies from
among this overall group that included conditions entailing receipt of physical
punishment (Birbaumer et al. 2005; Veit et al. 2010) also converged in finding
decreased activation of the insula—a region implicated in pain perception.

However, some clear opposing findings are also evident across these different
emotion-processing studies, including the following: (1) decreased activation of
frontal/prefrontal cortex in some studies (i.e., ventromedial orbitofrontal cortex in
Birbaumer et al. 2005; post-central gyrus in Deeley et al. (2005); right medial and
left inferior frontal gyri in Miiller et al. (2008b); medial frontal cortex, selectively in
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relation to higher PCL-R Factor 1, in Glenn et al. (2009a) versus increased frontal/
prefrontal activation in others (i.e., bilateral frontal/temporal cortex in Intrator et al.
1997; bilateral inferior lateral frontal cortex in Kiehl et al. 2001; bilateral precentral,
bilateral inferior frontal, and right medial frontal gyri in Miiller et al. 2003; right
dorsolateral prefrontal cortex in Glenn et al. 2009b; dorsal and ventral medial
prefrontal cortex, selectively in relation to PCL-R Factor 2, in Veit et al. 2010); and
(2) decreased activation of the amygdala specifically in some studies (Kiehl et al.
2001; Birbaumer et al. 2005; Glenn et al. 2009a; Veit et al. 2010) versus increased
amygdala activation in others (Miiller et al. 2003; Schneider et al. 2000).

Other fMRI studies have investigated college or community adults varying in
levels of psychopathy as assessed by self-report inventories (PPInv, four studies;
TriPM, one study). All of the PPInv studies examined reactivity in affective pro-
cessing or provocation tasks (i.e., affective picture viewing; affective face dis-
crimination; anticipation of monetary reward; Prisoner’s Dilemma). One study by
Harenski et al. (2009) examined brain reactivity to unpleasant pictures, including
depictions of moral dilemmas, under conditions of simple viewing and instructed
emotion suppression in relation to scores on the PPInv as a whole and its Cold-
heartedness subscale. During simple viewing of moral-violation scenes, participants
with high overall PPInv scores showed decreased activation in medial prefrontal
cortex (Birbaumer et al. 2005; Miiller et al. 2008b; Glenn et al. 2009a), and those
specifically high in PPInv Coldheartedness showed decreased activation of the
amygdala. Additionally, in the instructed suppression condition, high overall PPInv
scorers showed increased activation in specific subdivisions of prefrontal cortex
reported to be hypoactive in a number of PCL-R/emotion-processing studies (In-
trator et al. 1997; Glenn et al. 2009b; Kiehl et al. 2001; Miiller et al. 2003; Veit
et al. 2010).

The other three PPInv studies evaluated effects for the inventory’s distinctive
fearless dominance and impulsive antisociality factors. Two of these studies
(Gordon et al. 2004; Rilling et al. 2007) found higher scores on PPInv fearless
dominance to be associated with differential activation in certain brain regions.
However, no overlap was evident between effects observed by Gordon et al. (i.e.,
decreased activation in right amygdala, medial prefrontal cortex, right inferior
temporal cortex, and increased activation in visual cortex and right dorsolateral
prefrontal cortex) and the single effect reported by Rilling et al. (i.e., decreased
activation in rostral anterior cingulate cortex). Additionally, Gordon et al. (but not
Rilling et al.) reported evidence of increased activation in the right amygdala for
participants classified as high versus low on PPInv impulsive antisociality. The
other study that presented results separately for the two PPInv factors (Buckholtz
et al. 2010) focused primarily on reactivity in the nucleus accumbens and found
effects exclusively for PPInv impulsive antisociality—with higher scorers showing
increased dopamine release in the accumbens both during anticipation of monetary
reward and following administration of a dopamine agonist (amphetamine).

One other fMRI study tested for brain reactivity differences in an economic
decision-making task as a function of overall scores on the TriPM (Vieira et al. in
press). The major finding was that high TriPM scorers exhibited a different pattern
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of brain response when rejecting unfair offers, entailing enhanced activation of
ventromedial prefrontal cortex relative to dorsolateral prefrontal cortex, compared
to low TriPM scorers. The authors’ interpretation was that economic decision
making may be more strongly driven by frustration than perceived fairness in high
psychopathic individuals. These findings are interesting in light of other recent
work by Drislane et al. (2014b) demonstrating distinct subgroups among high
overall scorers on the TriPM—namely, a classically low-neurotic, high-bold
(“primary”) subtype and a high-neurotic, high-disinhibited (“secondary”) subtype.
This work raises intriguing questions about the representation of these distinct
variants in the Vieira et al. study and the contribution of one versus the other to
reported differences in brain activation.

A further set of fMRI studies has focused on psychopathy in children or ado-
lescents as indexed by the APSD (Frick and Hare 2001). Two of these studies used
affective face processing procedures, and two examined brain reactivity in reward/
punishment learning paradigms. The first of the two face processing studies (Marsh
et al. 2008) compared young adolescent participants meeting criteria for psy-
chopathy on both the APSD and the youth version of the PCL-R with two other
age-matched groups: (1) participants who met criteria for attention-deficit hyper-
activity disorder (ADHD) but scored low on APSD callous—unemotional features
and (2) a non-disorder (“healthy comparison’) group. Relative to these comparison
groups, psychopathic participants showed decreased right amygdala activation for
fearful versus neutral faces, along with decreased covariation of activity between
the right amygdala and interconnected structures including ventromedial prefrontal
cortex, anterior and posterior cingulate gyrus, insula, and inferior temporal/fusiform
gyrus. Using a very similar task with younger participants, and employing some-
what different selection criteria for psychopathy (i.e., ASPD ratings in conjunction
with ratings on a separate measure of conduct problems) and a single non-clinical
control group, Jones et al. (2009) replicated Marsh et al.’s finding of decreased
amygdala activation during processing of fearful versus neutral faces and also
reported a concomitant reduction in activity of the anterior cingulate cortex. The
latter of these findings coincides with results from a number of PCL-R/imaging
studies (Kiehl et al. 2001; Miiller et al. 2003; Birbaumer et al. 2005; Veit et al.
2010) and one of four PPInv/imaging studies (Rilling et al. 2007).

The other two studies that focused on psychopathy in young participants used
the same dual-diagnostic criterion (ASPD + PCL:YV) employed by Marsh et al.
(2008), but examined brain reactivity in reward/punishment learning tasks. Finger
et al. (2008) used a probabilistic reversal-learning task and reported increased
activation in relation to punished reversal errors in bilateral medial frontal gyrus and
right caudate regions in high-psychopathy participants as compared to ADHD and
healthy comparison groups. Within the high-psychopathy group, scores on the
callous—unemotional factor of the APSD selectively predicted degree of enhanced
activation for punished errors. Finger et al. (2011) compared brain reactivity during
a passive avoidance learning task in psychopathic (APSD + PCL:YV) youth and
health controls (no ADHD comparison group was included). Relative to controls,
psychopathic youth showed decreased reactivity in right orbitofrontal cortex and
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caudate regions to earlier (as compared to later) occurrences of reinforced outcomes
in the task, along with decreased reactivity in orbitofrontal cortex for correct
rewarded response trials overall. A main effect of group was also evident for
particular brain regions across the task as a whole, reflecting generally decreased
activation for the psychopathic group in regions including the amygdala, caudate,
and insula, and regions characterized by the authors as components of an “attention
network” (i.e., prefrontal and parietal cortex).

4 Summary, Implications, and Future Directions

A number of consistent findings have emerged from psychophysiological studies of
aggression and aggressive individuals. One is the finding of low resting HR, which
has been interpreted as reflecting low dispositional arousal associated with ten-
dencies toward impulsive stimulation seeking (Raine 1993, 2002; Ortiz and Raine
2004). However, this interpretation remains speculative, as no research to date has
directly assessed the functional role of low cardiac arousal in the disinhibited
behavior of antisocial-aggressive individuals. Two findings of related interest are
enhanced EEG slow-wave activity in antisocial-aggressive individuals and reduced
P300 brain response in individuals with externalizing problems more broadly.
Reduced P300 response has also been reported specifically in relation to Factor 2 of
psychopathy, whether indexed by the PCL-R (Venables and Patrick 2014) or the
PPInv (Carlson et al. 2009). Enhanced EEG slow wave, like low resting HR, has
been theorized to reflect low dispositional arousal that motivates stimulation
seeking (Eysenck 1967; Zuckerman 1979). Differing explanations have been pro-
posed for the finding of reduced P300 response. One that fits with findings of low
resting HR and enhanced EEG slow wave is that anticipatory and preparatory
activities are reduced in such individuals, resulting in a more stimulus-driven
processing style (Malone et al. 2002; Taylor et al. 1999).

In contrast with these findings, other research has demonstrated enhanced phasic
reactivity to stressful or aversive stimuli in hostile, aggressive, and abusive indi-
viduals—including enhanced cardiac and skin conductance reactivity to stressors,
poor regulation of autonomic activity during anticipation of aversive events, and
reduced cardiac vagal tone. Furthermore, some evidence exists to indicate that this
pattern of heightened reactivity to aversive cues or events, like reduced P300 brain
response, may be generally characteristic of individuals with impulse control
problems, rather than specific to impulsive aggressive individuals (Taylor et al.
1999). Although the finding of enhanced reactivity to phasic stressors might seem
inconsistent with data indicating low resting activation levels, the hypothesis that
externalizing proneness (including proclivities toward impulsive aggression) entails
a reactive, stimulus-driven processing style provides a framework for interpreting
this overall configuration of results. From this perspective, high externalizing
individuals are more reactive to immediate stressors or challenges because they
anticipate and prepare for them less effectively (cf. Davidson et al. 2000).
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These findings for impulsive aggression, and externalizing conditions more
broadly, are clearly at odds with findings for psychopathy as defined by differing
inventories. Adult psychopathic offenders do not show reliable differences in
resting autonomic activity levels or P300 brain response (Raine 1993), but do show
consistent reductions in phasic reactivity to aversive cues, including diminished SC
response (cf. Hare 1978; Arnett 1997) and startle reflex potentiation (cf. Patrick
1994, 2007). The explanation for this divergence in findings almost certainly lies in
the distinction between the affective—interpersonal versus the antisocial deviance
features of psychopathy: It is the latter features that reflect heightened externalizing
tendencies, including aggression and impulsiveness (Patrick 2007; Patrick et al.
2005). However, EEG/ERP and brain imaging studies have only recently begun to
investigate effects for these two components of psychopathy separately. This is a
key issue that should continue to be systematically addressed in future research.

However, it is important to keep in mind when considering findings from studies
of these types that differing instruments for psychopathy index affective—interper-
sonal and impulsive—antisocial components of psychopathy differently. For exam-
ple, whereas the two factors of the PCL-R are correlated and overlap in coverage of
callous—aggressive tendencies (Patrick et al. 2009; Venables and Patrick 2012), the
PPInv’s two factors are uncorrelated, with PPInv fearless dominance indexing
bold—fearless tendencies and PPInv impulsive—antisociality indexing disinhibition
and to a secondary degree callous aggressiveness or meanness—and the PPInv’s
Coldheartedness scale indexing elements of meanness not captured by PPInv
impulsive antisociality (Drislane et al. 2014a; Hall et al. 2014; Sellbom and Phillips
2013). Additionally, child and adult symptoms of ASPD reflect separable aggres-
sive and non-normative/rule-breaking factors (Kendler et al. 2012, 2013; Tackett
et al. 2003, 2005) that differentially reflect meanness versus disinhibition (Venables
and Patrick 2012)—consistent with evidence from research demonstrating separa-
ble callous—unemotional and impulsive/conduct problem factors to child psy-
chopathy. In light of this growing body of evidence, it seems likely that greater
precision can be obtained in identifying reliable physiological correlates of psy-
chopathy and related diagnostic conditions by routinely assessing distinct boldness,
meanness, and disinhibition facets of these conditions in research studies. As an
example of this, considerable progress has been made in indexing robust, replicable
brain correlates of the disinhibition facet of psychopathy that exhibit correlations
with one another, and thus can be combined to form composite brain-based indices
of disinhibition or externalizing proneness (Nelson et al. 2011; Patrick et al. 2012).
Through work of this kind, it will be possible in future brain electrophysiology and
neuroimaging studies to characterize individuals along distinct dimensions of
psychopathy or antisociality through combined use of physiological and clinical or
psychometric measures (Patrick et al. 2013b). Phenotypes operationalized in this
way would be more likely to exhibit consistent, meaningful biological correlates
than phenotypes operationalized exclusively through diagnostic ratings or self-
report (Patrick et al. 2012, 2013b).
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Related to this, it will be important in future research to systematically examine
alternative forms of aggression associated with differing underlying motives (e.g.,
proactive—instrumental versus reactive—impulsive) in relation to these two psy-
chopathy factors in order to clarify relations with neurobiological measures. In
particular, it is the impulsive-reactive subtype that appears to be most related to
externalizing proneness and to impairments in brain systems that govern emotion
regulation. It will also be valuable in future studies to include multiple measures of
physiological response (peripheral-autonomic along with electrocortical; EEG
together with structural or functional neuroimaging) so that findings for different
measures can be directly compared within the same task procedures (cf. Nelson
et al. 2011; Patrick et al. 2012, 2013b).

As a final point, it is important to note that most published psychophysiological
studies of aggressive individuals to date (including neuroimaging studies) have
focused either on differences in brain structure or differences in physiological
activity at rest or in simple stimulus tasks. A pressing need exists for studies aimed
at elucidating differences in online cognitive and affective processing with func-
tional relevance to aggression—including cortical psychophysiology studies that
capitalize on the fine-grained temporal and frequency information afforded by EEG/
ERP, and functional neuroimaging studies that capitalize on the fine-grained spatial
information provided by MRI. Along these lines, key questions for future research
include the following: (1) What are the distinctive functional roles of brain regions
that have been implicated in electrocortical and neuroimaging studies of aggression
and how do these regions interact to achieve regulatory control over emotional
states? Basic cognitive and affective neuroscience research is needed to elucidate
this issue. (2) What specific impairments in the functioning of these brain systems
predispose individuals toward aggressive behavior? To address this question, more
EEG/ERP and functional neuroimaging studies are needed that examine online
processing and brain reactivity within aggression-relevant task procedures, such as
interpersonal provocation paradigms. (3) Do different types of brain dysfunction
underlie impulsive-reactive and callous—proactive manifestations of aggressive
behavior? The work of Raine et al. (1997), Marsh et al. (2008), and others suggests
that these manifestations of aggression may reflect separate neuropathologies. Thus,
an important challenge for future research will be to delineate the nature of pro-
cessing impairments or deviations that underlie impulsive aggression associated
with externalizing conditions compared with more callous—instrumental forms of
aggression associated with psychopathic personality.
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