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Abstract

Psychopaths commit a disproportionate amount of violent crime, and this places a substantial

economic and emotional burden on society. Elucidation of the neural correlates of psychopathy

may lead to improved management and treatment of the condition. Although some methodological

issues remain, the neuroimaging literature is generally converging on a set of brain regions and

circuits that are consistently implicated in the condition: the orbitofrontal cortex, amygdala, and

the anterior and posterior cingulate and adjacent (para)limbic structures. We discuss these findings

in the context of extant theories of psychopathy and highlight the potential legal and policy

implications of this body of work.

Psychopathy: the personality disorder

Psychopathy is a construct characterized by symptoms of emotional detachment and a

propensity for disinhibited, impulsive behavior combined with a general callousness and

lack of insight for the impact such behavior has on others [1]. Psychopathy is among the

most important psychological constructs in legal settings, having strong predictive utility for

recidivism (the tendency to re-offend), institutional adjustment and treatment outcomes

[2,3]. Indeed, within 1 year of release, psychopaths are approximately three times more

likely to recidivate than non-psychopaths, and four times more likely to violently recidivate

[4]. Furthermore, this pattern is alarmingly stable and persistent. Juveniles with identifiable

psychopathic traits demonstrate similar recidivism rates [5], and traditional therapeutic

intervention strategies with adult psychopaths have often proven to be ineffective or even

counterproductive [6–8].

The symptoms of psychopathy, defined by 200 years of clinical and forensic work, are well

established. Psychometric analyses of these symptoms suggest theoretically relevant

subcomponents representing features such as affective deficits and impulsive antisocial

tendencies (Box 1). Forensic research indicates that the impulsive facets of psychopathy are

particularly important in predicting criminal activity [3], and clinicians maintain that the

affective deficits are fundamental to the construct, distinguishing psychopathy from other

etiological paths to criminality [9]. An understanding of the nature of psychopathy has

become an increasingly urgent need among a diverse set of researchers owing to the mental

health, social, legal and philosophical implications stemming from research suggesting that

psychopathy has a neural basis [10,11] with strong genetic heritability [12].
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Box 1

(Sub)types of psychopathy

There is a long history of dividing the symptoms of psychopathy into subtypes or

classifying different types of psychopaths. Some of the more prominent divisions are

described below.

Primary versus secondary psychopathy

Karpman suggested that primary psychopathy is the consequence of an intrinsic

idiopathic deficit and that secondary psychopathy is the result of indirect factors (i.e.

trauma exposure) [84,85]. The distinction has evolved somewhat and it is often suggested

that primary psychopaths are characterized by lower anxiety and poverty of emotional

expression, and tend to commit crimes that are fundamentally instrumental in nature;

conversely, secondary psychopaths are more anxious, show more emotional volatility,

and commit more impulsive, reactionary crimes [86]. The symptoms are more or less the

same for primary versus secondary psychopathy, with the groups only differing in

anxiety.

Successful and unsuccessful

Criminal activity, although a common correlate of psychopathy, is not a necessary

component for its definition [1,9]. The putative ‘successful’ (or adaptive or non-criminal)

psychopath, while possessing the core personality traits associated with psychopathy,

either refrains from traditional criminal activity or possesses resources that allows

him/her to avoid conviction [87]. It is unclear whether these subtypes are primarily

distinguished by fundamental differences in the brain (or genetics) or by protective

environmental factors such as socioeconomic status, IQ, education and parenting. It is

also unclear whether ‘successful’ is a useful term [88], because psychopathic traits, at

least at the clinical level, are associated with impairment in multiple domains of life,

including interpersonal problems at home, work and school and with extended family,

and general impairments in moral sensibility. Investigations that make use of this

characterization often rely on self-reported criminal convictions as a distinguishing

factor; however, this would not account for the full range of impairments associated with

psychopathy, nor would it account for patterns of antisocial deviance not resulting in

criminal conviction.

Measuring psychopathy and its subfactors

Several tools have been used to operationalize psychopathy in experimental settings, but

Hare’s Psychopathy Checklist-Revised (PCL-R) [16,17] is the most widely validated and

most popular. The PCL-R was developed for use in forensic settings, comprises 20 items

(Table 1), each scored on a two-point scale, and has a recommended cutoff score of 30

(out of 40) for designation of psychopathy in forensic or clinical settings. Unfortunately,

neuroimaging studies often use different group cutoffs, raising concerns about

comparability across samples.

Several other tools have been developed for use in non-incarcerated samples, such as

Hare’s Self-Report Psychopathy Scale [89], Levenson’s Self-Report Psychopathy Scale
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[90] and the Psychopathic Personality Inventory [91], each of which has particular

strengths and weaknesses [92]. The psychopathic deviate scale of the Minnesota

Multiphasic Personality Inventory (MMPI) [93] has also been used; however, it does not

correlate well with PCL-R scores [89]. Owing in part to the modest correlations between

expert rater devices such as the PCL-R and these self-report measures, considerable

debate exists regarding whether these devices measure the same construct. Thus, readers

of this literature should pay careful attention to the assessment procedure used.

Nevertheless, factor analyses of these measures typically support at least two underlying

subcomponents of psychopathy, most commonly corresponding to affective deficits and

impulsive/antisocial traits [94,95]. More complex, alternative solutions have been

suggested [17,96]; even so, each of these alternative solutions has components that

distinguish impulsive and antisocial behavior from emotional deficits. It is important to

recognize that a DSM-IV diagnosis of antisocial personality disorder (ASPD) is most

strongly related to the impulsive/antisocial factor of the PCL-R, and ASPD has been

highly criticized as being synonymous with criminality, all but ignoring the affective

traits that most consider central to the construct of psychopathy [15]. Thus, ASPD and

psychopathy as assessed by the PCL-R are not the same constructs and have little

overlap. It is crucial that readers of the literature consider the assessment procedure for

psychopathy when reviewing and interpreting results.

Psychopathy is considered a personality disorder. It had been specifically included in the

Diagnostic and Statistical Manual of Mental Disorders [13] until it was conceptually

consolidated in version three and subsequent editions with antisocial personality disorder

(ASPD) [14]; however, the ASPD designation, which the framers of the DSM-IV hoped

would capture the essential components of psychopathy, has been criticized for its over-

emphasis on behavioral outcomes (such as criminality) and under-emphasis of the core

personality features such as affective deficits [15]. Thus, psychopathy and ASPD are not the

same condition. The most widely used and validated instrument for the assessment of

psychopathy in clinical, research and forensic contexts is Hare’s Psychopathy Checklist-

Revised (PCL-R) [16,17]. The Hare PCL-R comprises the complete set of traits classically

associated with psychopathy that contribute to considerable disturbances in character,

behavior and maladaptive social functioning, which are remarkably stable [18]. Thus,

psychopathy is consistent with the widely accepted mental illness definition of a personality

disorder, especially when recognized in its full clinical manifestation.

An alternative view asserts that psychopathic traits may be characterized as conferring a

competitive advantage in some circumstances [19]. For instance, an individual who is

cunning and manipulative and maintains a general disregard for the wellbeing of others

might do very well for him/herself in a variety of contexts ranging from basic competition

for resources to politics and business. Indeed, executive boardrooms are reportedly rife with

these characteristics [20]. Research focusing on such traits outside the traditional criminal or

forensic context has sometimes referred to this brand of psychopath as adaptive, subclinical,

non-criminal or successful [21]. Speculative notions about the value of such traits for

survival and/or reproductive advantages are intuitively plausible. For example, during

stressful times in our evolutionary history, a physiological make-up that is relatively

Anderson and Kiehl Page 3

Trends Cogn Sci. Author manuscript; available in PMC 2014 May 27.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



immune to stress and anxiety may prevent the development of post-traumatic stress disorder.

Likewise, a biology that craves novelty and a changing environment might have encouraged

migration and a wider search for resources.

History and literature have provided us with examples seemingly consistent with

psychopathy across cultures, yet the full clinical manifestation of psychopathy occurs in less

than 1% of the general population [17]. Selective promotion of these traits may be limited

because those recognized for these traits have consistently been ostracized, shunned and

punished within social systems that rely on cooperation to thrive [19], a stigma pervasive

across cultures [22]. The discussion of what should appropriately be called a mental health

disorder is a familiar one among other psychiatric designations that probably occur on a

continuum. It is important to recognize that, similar to other psychiatric conditions,

moderate expressions of these traits may be advantageous in certain contexts; however, in its

full clinical manifestation, psychopathy represents a maladaptive condition promoting

severe functional deficits including impaired passive avoidance learning [23] and aversive

conditioning [24], combined with the significant consequences of impulsive risk-taking and

probable disadvantages for social integration. A great deal of variation exists in subclinical

manifestations of psychopathic traits, so careful consideration should be given to research in

which subjects do not meet full criteria for the disorder. Without explicit consideration of

this variability, subtle differences in experimental outcomes are likely to contribute to

inconsistencies and confusion. Despite some variability in such methodological issues, a

general consistency has begun to emerge in the outcomes of neuroimaging investigations of

psychopathy. Recent reports indicate dysfunction in limbic or paralimbic brain regions

associated with the integration of emotional information into higher-order cognitive

processes. The current review highlights the most recent of this literature and applies this to

existing models of psychopathy.

Neurobiological models of psychopathy

Determination of the physiological correlates of psychopathy has been a concern of

empirical research since at least the 1950s, when it was recognized that psychopaths fail to

show appropriate autonomic responses to aversive stimuli [25]. Over the years, many

models of psychopathy have been suggested, which we summarize below.

A common thread among models of psychopathy has emphasized abnormalities in the

integration of emotional response into behavior, essentially recognizing aversive situations

and acting to avoid them. This is a prominent feature of Lykken’s low fear hypothesis [26],

which suggests that psychopaths (specifically primary psychopaths; Box 1) have a subdued

fear response, something that ordinarily promotes avoidance of dangerous or embarrassing

situations in healthy individuals. Likewise, using Gray’s two-factor reinforcement sensitivity

theory [27], Fowles suggested that psychopaths have a weak behavioral inhibition system,

leaving a relatively unconstrained behavioral activation system to run amok, promoting

impulsive behavior [28]. Damasio’s somatic marker hypothesis [29] has also been invoked

to suggest that psychopaths are inadequate in their ability to utilize somatic emotional cues

for the purposes of anticipating punishment.
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Modern neuroimaging investigations have contributed to the development of two prominent

neurobiological theories of psychopathy put forth by Blair [10] and Kiehl [11]. These

models share a number of attributes but also have some important differences. Both theories

implicate components of the limbic system, a network of brain regions supporting the

utilization of emotional information in behavioral regulation. Blair’s model has primarily

emphasized dysfunction in the amygdala leading to the development of psychopathy. The

amygdala is integral in forming associations between environmental cues and affective

states and the activation of basic threat circuits. More recently, Blair emphasized the role of

both the amygdala and the ventromedial prefrontal cortex in ongoing monitoring of behavior

against established reinforcement expectancies [30]. This expansion of the model accounts

for distinguishable forms of antisocial deviance observed in psychopathy.

Kiehl’s paralimbic dysfunction model [11], relative to Blair’s model, describes more widely

distributed abnormalities throughout the brains of psychopaths. This model is grounded in

the study of cytoarchitectonics [31,32], which has identified closely related regions of the

brain based on similarities in neuronal type, structure and density. The anterior superior

temporal gyrus (temporal pole), anterior cingulate, posterior cingulate, orbitofrontal cortex,

insula and parahippocampal regions are intimately connected to primary limbic regions

including the amygdala, septal region and substantia innominata. The paralimbic system

refers to primary limbic structures and this extended network of brain regions that provide a

transition from subcortical structures to higher neocortical regions (Figure 1). Kiehl’s model

accounts for evidence that psychopaths present with abnormalities in areas beyond primary

limbic structures such as the anterior and posterior cingulate cortex, the temporal pole,

insula and parahippocampal gyrus [11,33].

A third model deserves attention here, although it may be better described as a cognitive

model of psychopathy. Newman’s response modulation hypothesis suggests that apparent

deficits in the processing of emotional information by psychopaths may be attributable to

problems in switching attention to stimuli with emotional salience or peripheral stimuli in

general [34]. While the attention of healthy individuals is occupied automatically and

involuntarily by stimuli that are relevant to species safety and survival, some evidence

suggests that psychopaths have deficiencies in this allocation of attention, which adversely

impacts the integration of this information into ongoing behavioral modification. Primary

support for this notion comes in the form of diminished performance in passive avoidance

learning tasks [35], diminished interference in a primary task due to peripherally presented

distractors [36] and abnormal modification of startle reflexes in psychopaths [37]. If their

capacity to attend to emotional information is compromised, this may help to explain a

fundamental reason behind the apparent failure of psychopaths to integrate emotional

information into higher cognitive function. Future neuroimaging research in this area is

much needed because functional anatomical units supporting different modes of attention

are poorly understood.

Recent neuroimaging and psychopathy

Escalating attention to psychopathy has been accompanied by a meteoric rise in

neuroimaging research on this topic, partly because of rapidly improving technology and
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methodological advances. This trend reveals a pressing need for frequent review and

synthesis of this information, along with careful consideration of methodological variation.

Recent reviews indicate that the most common structural and functional abnormalities

observed in the brains of psychopaths are distributed in frontal and temporal cortical regions

[38–40]. Particularly relevant are core limbic structures of the medial temporal lobe, such as

the hippocampus and amygdala, along with specific portions of the frontal lobe including

the ventromedial/orbitofrontal and frontopolar regions. Other functional units that are

commonly implicated in psychopathy are the superior temporal cortex, cingulate cortex,

striatum and insula. The most recent data generally support these previous findings.

Furthermore, recent research has begun to identify with greater specificity the subtypes and

facets of psychopathy distinctly related to these neural abnormalities. Here we address the

most recent data attributing differences in psychopaths to three broad functional units: the

amygdala, prefrontal cortex and extended paralimbic structures. We discuss these findings in

the context of available models of psychopathy and conclude that both Blair’s and Kiehl’s

models continue to be supported, yet there remains a need for greater clarity in accounting

for specific features of psychopathy (Box 1), which may be addressed through careful

attention to certain methodological details outlined below (Box 2).

Box 2

Methodological concerns

Inherent in the rapid growth of both neuroimaging and psychopathy research is a great

deal of variability in methodological practices, which can drastically influence outcomes

and adversely affect coherence between studies. We summarize below a list of

methodological issues that require attention. For a more detailed review, see Koenigs et

al.[97].

Assessment tools

Several measures have been developed to assess psychopathy, ranging from structured

interviews designed to be carried out in forensic settings by trained experts to self-report

measures designed to be implemented in normal-range community samples. Debate

persists over the consistency of the construct across measures. Readers of the literature

must pay attention to the psychopathy assessment procedure used because the different

measures may not agree.

Cutoffs

Some assessment tools have recommended cutoffs for designating psychopathy; for

instance, the PCL-R recommends a cutoff of 30 for incarcerated samples. These

thresholds are often not adhered to in attempts to increase the number of purported

psychopaths in a particular sample. This raises concerns regarding computation of effect

sizes and comparisons across studies.

Factors and subtypes

The construct of psychopathy may be divided into several relevant subcomponents

including, but not limited to, comparisons of successful and unsuccessful psychopaths,
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primary and secondary psychopaths, and factor elements such as affective traits and

antisociality. Careful attention should be given to the precise comparisons being used in

reports of a given effect.

Supression effects

Factor 1 (affective) and factor 2 (impulsive/antisocial) elements of psychopathy are

correlated with one another; however, evidence suggests that these factors may have

opposing effects on some physiological outcomes. Failure to account for these

components separately may, in some cases, dilute valuable effects of interest.

Categorical and dimensional analysis

Psychopathy may be viewed as existing on a continuum, that is, some individuals are

more psychopathic than others. Historically, most investigations of psychopathy have

been carried out in a categorical fashion; however, there has been an increasing trend to

implement continuous analyses. Our preference is to report both continuous and grouped

analyses.

Comorbidity and other intervening variables

Psychopathy very often occurs together with substance abuse, and care should be taken to

control for this as a mediating factor, particularly in physiological outcomes. Other

common subject variables that may need to be controlled for are intelligence, level of

education, socioeconomic status, gender, and age.

multiple comparisons

Neuroimaging investigations are particularly prone to type I errors if care is not taken to

control for the large number of multiple comparisons inherent in this field. This has

become an important standard in empirical reporting of these data, but one that has not

always been adhered to.

Redundant samples

Neuroimaging provides rich data sets that often allow for investigation and reporting of

several distinct hypotheses using the same subjects; however, investigators do not always

make it clear that a given report utilizes the same subjects as a previous report. This can

artificially reinforce effects investigated across multiple studies, particularly in large-

scale reviews and in meta-analyses.

Small sample size

Neuroimaging investigations require considerable resources and thus reports have often

been published for very small sample sizes. Generalization of effects is virtually

impossible for very small sample sizes because the idiosyncratic characteristics of small

groups are less likely to average out across a larger number of subjects. The

consequences of this are often apparent in their lack of replicability.
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Amygdala

The amygdala is located in the medial temporal lobe and has an important role in the

acquisition of stimulus reinforcement learning and the recognition of emotionally salient

information, such as the detection of threat cues [41] and salient auditory or visual stimuli

[42]. Because of its integral role in threat detection, the amygdala was thought to be

dysfunctional in psychopaths even before recent support from neuroimaging research [43].

This hypothesis has been confirmed in several fMRI studies, which have revealed that

psychopathic traits are associated with abnormalities in hemodynamic activity in the

amygdala [33]. In recent investigations, relative to controls, psychopaths demonstrated

lower levels of amygdala activation when viewing pictures depicting moral violations [44]

and fearful faces [45]. With the use of scores for psychopathy measures as continuous

variables, higher levels of psychopathy have been associated with reduced amygdala activity

during aversive conditioning [46], and while viewing pictures of aversive stimuli [47].

Youths with callous/unemotional traits and conduct disorder also show lower amygdala

activity when engaged in passive avoidance learning [48].

In terms of anatomical structure, scores for psychopathy measures have been associated with

gray-matter volume reductions in the amygdala. In a large-scale assessment involving nearly

300 incarcerated subjects, Ermer and colleagues reported reduced volumes in the amygdala,

along with several other regions discussed further below [49]. This effect has also been

demonstrated in those with criminal records compared to those without self-reported

criminal records (but who reported that they engaged in as much criminal behavior as those

with records) [50]. Still others have found this effect more reliably associated with affective/

interpersonal facets of psychopathy than with implusive/behavioral symptoms [51].

Comparing psychopathic criminal offenders to controls, Boccardi et al. examined specific

anatomical nuclei of the amygdaloid complex and found significant reductions in the

basolateral amygdalae of psychopaths [52]. The basolateral nucleus shares reciprocal

connections with the orbitofrontal cortex and is thought to be important for updating

reinforcement value [53,54]. Boccardi et al. also found that central and lateral nuclei were

enlarged in psychopaths compared to controls. The central and lateral nuclei are integral

components of the basic threat circuit and are strongly implicated in fear conditioning

[54,55]. It should be noted that in this particular sample, all the psychopaths also met criteria

for substance abuse, but none of the controls did, leaving open the possibility for substance

use as an intervening factor. In by far the largest sample used to examine these features,

Ermer and colleagues still found reductions in amygdala volumes after controlling for

substance, brain size and age [49].

The amygdala remains a prominent fixture in the investigation of neural underpinnings of

psychopathy. Most contemporary models of psychopathy, including the Kiehl and Blair

models, acknowledge the involvement of the amygdala in the development of psychopathic

traits, and the most recent neuroimaging data continue to support existing models. What

remain to be shown are the reasons why the amygdala may fail to show appropriate

activation in psychopaths. It could be a physical deficiency in the ability of the amygdala to

encode certain forms of salient information, but it remains possible that it is a failure in other
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networks governing automated attention to salient information that are impaired. Further

investigations into these possibilities should be pursued.

Prefrontal cortex

Areas of the prefrontal cortex are important for monitoring ongoing behavior, estimating

consequences and incorporating emotional learning into decision-making [56,57]. Like the

amygdala, the prefrontal cortex has featured prominently in theories of psychopathy. Before

recent neuroimaging evidence emerged, the prefrontal cortex was implicated in psychopathy

because of indications that damage here is capable of instigating patterns of poor moral

judgment and impulsivity similar to those observed in psychopathy [58]. Recent evidence

suggests that damage to the ventromedial portion of the prefrontal cortex is also associated

with specific types of utilitarian moral judgments (e.g. sacrificing one life to save two) [59],

which exemplifies the type of non-empathic rationality that characterizes decision-making

by psychopaths.

The orbitofrontal/ventromedial prefrontal cortex remains the most common prefrontal region

implicated in recent neuroimaging investigations of psychopathy. Reductions in

orbitofrontal gray matter have been consistently observed in comparing psychopaths to non-

psychopaths [52,60,61], along with reductions in the most anterior frontopolar regions of the

prefrontal cortex [60,61]. It has also been reported that cortical thickness in the orbitofrontal

region of psychopaths is inversely related to response perseveration, a classic behavioral

correlate of psychopathy [62]. The orbitofrontal cortex of those with high psychopathic traits

and criminal convictions shows reduced gray-matter volume and thickness compared to

those without self-reported criminal convictions [50].

Functional imaging studies examining the orbitofrontal cortex are consistent with structural

findings. Using a prisoner’s dilemma task, which involves complex decisions about social

cooperation, psychopaths evince lower orbito-frontal activity when choosing to cooperate

and lower dorsolateral prefrontal activity when choosing to defect than do non-psychopaths

[46]. Reduced orbitofrontal activity has also been observed in adolescents with callous-

unemotional traits and conduct disorder during reinforcement stages of a passive avoidance

learning task [48]. In an emotional Simon paradigm, which depends on the integration of

emotional information into ongoing behavioral outcomes, adult criminal psychopaths

demonstrated no prefrontal cortical activation in scenarios of emotional integration [63].

Similarly, contrary to controls, medial prefrontal areas in psychopaths were inactive when

retaliating against an opponent during a competitive reinforcement task; however,

psychopaths demonstrated relatively increased activity in this region when observing an

opponent being punished, but this was specifically associated with impulsivity and antisocial

behavior on Hare’s measure [64]. Reduced activity in the medial prefrontal cortex has also

been observed while psychopaths were engaged in moral reasoning [65] and viewing

pictures depicting moral violations [44,47]. Furthermore, complex relationships between

specific facets of psychopathy and activation patterns in the orbitofrontal cortex and

amygdala while viewing pictures of facial affect have been suggested [45].

Not all tasks induce reduced prefrontal activity in psychopaths; for instance, it has been

reported that healthy individuals engage the mirror neuron system (supramarginal and
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superior frontal gyrus) while attributing emotional states to others, whereas psychopaths

conversely engage the orbitofrontal and medial frontal cortex and the temporoparietal

junction [66]. This may indicate that structures commonly labeled as dysfunctional in

psychopaths are not necessarily inoperative, but may simply be utilized differently,

processing information under abnormal contexts. This also highlights the importance of

attending to task requirements in the evaluation of functional imaging reports, because

ostensible abnormalities are only interpretable with regard to the cognitive function a

particular task is accessing.

In sum, the most recent data support longstanding claims that psychopaths present with

irregular structural features of the prefrontal cortex accompanied by atypical functional

activity in prefrontal regions during various tasks, often marked by hypofunctioning in the

ventromedial/orbitofrontal cortex. Again here, contemporary models of psychopathy

including Blair’s and Kiehl’s generally acknowledge these abnormalities, implicating these

regions in the apparent deficits in updating reinforcement values, appraising emotional states

for behavioral regulation and engaging in moral evaluations by psychopaths. A recent meta-

analysis by Yang and Raine [67] emphasizes a specific link between the antisocial facets of

psychopathy and prefrontal abnormalities, and the most recent research continues to report

rather complex relationships in this regard. In the future, more rigorous attention to these

elements may help to specify such relationships with greater clarity.

Extended paralimbic and additional structures

The amygdala and areas of the prefrontal cortex have well-understood relationships with

emotional learning and the estimation of rewards and consequences, but several other brain

regions with subtler supportive roles in these processes have also been shown to be

abnormal in psychopaths [11]. The parahippocampal gyrus, temporal pole, insula and

cingulate cortex (both anterior and posterior) have been emphasized by Kiehl as particularly

relevant to psychopathy, in addition to the amygdala and orbitofrontal cortex. The most

recent data have continued to support the indication of dysfunction beyond primary limbic

structures in psychopaths, which may suggest impairments carried up in a hierarchical

fashion from primary limbic regions or broader cognitive impairments in general.

Contemporary techniques for whole-brain structural analysis have revealed abnormalities in

many of these key regions. For instance, Boccardi and colleagues used cortical distance

mapping and radial distance mapping to measure precise regions of interest in psychopaths

[52]. In addition to differences in the orbitofrontal cortex and amygdala, they found volume

reductions in the anterior cingulate, parahippocampal gyrus and superior frontal gyrus, along

with smaller volumes in the primary visual cortex and precuneus, which plays a role in

episodic memory and self-referential experiences [68]. In related work, this group found that

abnormal morphological features of the hippocampus were correlated with psychopathy

[69]. Others have reported relative tissue reductions in the temporal pole [70]. In a large-

scale assessment involving nearly 300 incarcerated subjects, Ermer and colleagues reported

that associations between psychopathy and decreased gray matter in the amygdala,

orbitofrontal cortex, posterior cingulate, parahippocampal region and the temporal pole [49],

all components of the paralimbic system. This study importantly quantified and controlled
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for moderating variables including substance abuse, age and relative brain size, and included

over 40 individuals who scored in the clinical range of psychopathy (PCL-R score ≥30 out

of 40), and thus stands as a good example of the methodological rigor needed to advance the

field. It represents a significant leap forward in our understanding of the neural systems

underlying the full manifestation of psychopathy and highlights the need to control for

potentially moderating or confounding variables.

A number of studies have examined relationships between widespread structural features of

the brain and the individual factor elements of psychopathy. For instance, the primary

affective deficits of psychopathy have been linked to expansive reductions in gray-matter

thickness in the anterior and medial temporal lobe [71], as well as reductions in the superior

temporal regions and the insula [61]. Relatively larger striatum volumes have also been

linked to component factors of psychopathy, because caudate body volume was reportedly

associated with affective facets and caudate head volume was more consistently associated

with impulsivity and stimulation-seeking [72]. The striatum as a whole plays an important

role in reinforcement learning [73], which is a potential neuroanatomical basis for the

increased reward sensitivity observed in psychopaths [23].

Abnormal task-specific functional activation patterns in psychopaths are also commonly

found in widespread regions of the brain, echoing some of these structural findings. While

engaging in moral dilemmas, psychopaths exhibited reduced activation in the hippocampal

formation and posterior cingulate, in addition to the medial prefrontal cortex and amygdala

[65]. Other reports indicate that psychopathic traits are associated with reduced cingulate

cortex activity during defection in the prisoner’s dilemma task [46] and exaggerated activity

in the mesolimbic reward system (ventral striatum) in response to a psychostimulant [74].

Reduced anterior temporal cortex activity was also observed in criminal psychopaths while

they were looking at pictures depicting moral violations [44]. Furthermore, several

investigations examining youths with psychopathic traits revealed abnormal function in the

superior temporal gyrus [48,75–77], superior frontal gyrus [75,77], cingulate [76] and the

parahippocampal gyrus [48,76].

Some neurobiological models of psychopathy, such as Blair’s, have limited the scope of

emphasis to the amygdala and orbitofrontal cortex; however, accumulating evidence

indicates that functional abnormalities also occur in other paralimbic structures and extended

regions that share close connections with the limbic system and that contribute to a broader

range of cognitive functions. Owing to the intimate connections between these structures,

abnormal functional activity in the extended paralimbic network may be partially

attributable to primary dysfunction in core limbic regions. However, considerable evidence

suggests that damage to these regions can produce some symptoms congruent with

psychopathy, such as impairments in affective recognition following lesions of the anterior

cingulate [78], disruptions in social exchange reasoning following lesions to the temporal

pole [79], and abnormal risky decision-making after damage to the insula [80]. As this

evidence accumulates, it seems clear that continued attention should be paid to these

functional units, and future investigations of psychopathy should devise tasks to parse out

the variable activity in these regions. What may be necessary to clarify the roles of these

anatomical components in psychopathy is the development of detailed models of
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connectivity and path models emphasizing the specific influence that these regions exert on

one another.

Concluding remarks

The neuroscience of psychopathy is a field undergoing rapid growth and, like any field in its

nascent stages, is vulnerable to methodological inconsistencies and subsequent interpretive

variation. Particularly relevant are issues surrounding the operationalization of psychopathy,

such as the assessment tools implemented and the cutoffs used to designate psychopathy.

Other issues include variation in control groups, proper statistical control over potentially

confounding variables including substance abuse, and small sample sizes. Although

standards are still being established, we briefly summarize these issues and offer a number

of recommendations in Box 2. Nevertheless, despite these growing pains, notable

consistency is emerging in the field.

The structures most commonly implicated in psychopathy are those that serve functions in

the evaluation of emotional information, including basic processing of threat and reward

contingencies, utilization of this information in the modification of ongoing behavior, and

extension of these contingencies into the realm of higher cognitive processing. Converging

evidence from a number of imaging modalities and across a diverse range of populations

supports the hypothesis that psychopathic traits are associated with abnormalities in the

amygdala and orbitofrontal cortex. In addition, accumulating research supports the

implication of additional brain regions in psychopathy, prominently the anterior cingulate,

posterior cingulate, hippocampus and temporal pole (superior temporal gyrus).

Several neurobiological models of psychopathy agree on the core functional elements

involved, but differ mainly in the scope of their focus. Blair currently favors a model

proposing dysfunction of the amygdala and orbital frontal cortex [30], whereas Kiehl’s

model also includes other closely related paralimbic structures (Figure 1) [11]. As more

neuroimaging evidence accumulates, it seems less likely that deficits in psychopaths are

confined to the amygdala and orbitofrontal cortex. The extant variety in brain regions

implicated also leaves open the possibility of multiple neurodevelopmental pathways

leading to similar behavioral outcomes. A limitation of current models may be that they

primarily rely on personality traits and behavioral styles to operationalize a construct for

which we are trying to describe a specific neurobiological origin, when physical problems in

a number of brain regions – which may occur independently – could potentially manifest as

symptoms consistent with familiar psychopathic traits. Although the Blair and Kiehl models

are both supported by the data reviewed here, these still ultimately describe correlational

relationships between behavior, neural structure and functional activity. Determination of a

causal directional relationship between biology and behavior or personality is more elusive,

but emerging research in determining path models of connectivity and genetic analyses is a

promising enterprise in this regard.

With respect to the heritability of psychopathy [12], a promising resource for future

investigations will be neurogenetic analyses that seek out allelic (and perhaps epigenetic)

variations that determine structural and neurochemical abnormalities, which in turn
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contribute to divergent brain activity already reported in neuroimaging studies. This would

certainly provide resources for devising more focused treatment and intervention strategies.

Along these lines, Meyer-Lindenberg and colleagues found evidence that a low-expression

variant polymorphism influencing monoamine oxidase (MAOA-L) was linked to structural

volume reductions in the amygdala, cingulate cortex, insula, hypothalamus and orbitofrontal

cortex [81]. Furthermore, these structural abnormalities were associated with impulsive

reactive aggression, which often characterizes secondary psychopathy and the impulsive/

antisocial facets of the construct. As evidence suggesting that psychopathy is a persistent

neurocognitive disorder strongly influenced by genetic factors accumulates, it has become a

pressing concern in forensic settings to decide whether a designation of psychopathy is a

mitigating factor in determining responsibility and sentencing, and neuroscientists are now

joining the debate [82,83].

In the future, two issues will be instrumental in maintaining the momentum of progress we

are currently witnessing in neuroimaging investigations of psychopathy and in refining this

knowledge to inform practical issues such as treatment, intervention strategies and legal

responsibility. Attention to methodological issues that contribute to variability in the

literature will be paramount, as well as application of current knowledge to more diverse

interdisciplinary fields including neurogenetics and legal ethics. This knowledge will serve

to inform our understanding of antisocial behavior, moral decision-making, and the routine

integration of emotion into rational thought and behavior; therefore, continued progress in

this field is extremely valuable. However, further progress will not be achieved through

simple accumulation of data, but will require persistence accompanied by adaptive strategies

of investigation and a commitment to the most rigorous experimental methods available.
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Figure 1.
A cytoarchitectonic map of the human brain [31]. This map divides regions of the brain

according to similarity in the types and density of neurons. For example, primary visual

(17), auditory (41), and motor (4) regions have similar neuronal organization. Prefrontal and

parietal cortex are also similar in structure. Paralimbic regions include the amygdala (34),

orbital frontal cortex (25, 47), anterior (32, 33, 24) and posterior cingulate (23, 26, 29, 30,

31), temporal pole (38), parahippocampal area (27, 28, 35, 37) and insula (not depicted).
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Table 1

The 20 items listed in the Psychopathy Checklist-Revised (PCL-R) [16,17]a

Item Two-factor model Three-factor model Four-factor model

1 Glibness or superficial charm 1 1 1

2 Grandiose sense of self-worth 1 1 1

3 Need for stimulation 2 3 3

4 Pathological lying 1 1 1

5 Conning or manipulative 1 1 1

6 Lack of remorse or guilt 1 2 2

7 Shallow affect 1 2 2

8 Callous or lack of empathy 1 2 2

9 Parasitic lifestyle 2 3 3

10 Poor behavioral controls 2 – 4

11 Promiscuous sexual behavior – – –

12 Early behavioral problems 2 – 4

13 Lack of realistic long-term goals 2 3 3

14 Impulsivity 2 3 3

15 Irresponsibility 2 3 3

16 Failure to accept responsibility 1 2 2

17 Many marital relationships – – –

18 Juvenile delinquency 2 – 4

19 Revocation of conditional release 2 – 4

20 Criminal versatility – – 4

a
Items corresponding to the early two-factor conceptualization of psychopathy [94,98], the subsequent three-factor model [96] and the current

four-factor model are listed [17]. The two-factor model labels are interpersonal/affective (factor 1) and social deviance (factor 2). The three-factor
model labels are arrogant and deceitful interpersonal style (factor 1), deficient affective experience (factor 2), and impulsive and irresponsible
behavioral style (factor 3). The four-factor model labels are interpersonal (factor 1), affective (factor 2), lifestyle (factor 3) and antisocial (factor 4).
Items with ‘–’ did not load on any factor.
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