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Abstract

Antisocial Behavior (AB) has a tremendous societal cost, motivating investigation of the
mechanisms that cause individuals to engage and persist in AB. Recent theories of AB emphasize
the role of reward-related neural processes in the etiology of severe and chronic forms of AB,
including antisocial personality disorder and psychopathy. However, no systematic reviews have
evaluated the hypothesis that reward-related neural dysfunction is an etiologic factor in AB in
adult samples. Moreover, it is unclear whether AB is linked to a hyper- or hyposensitive reward
system and whether AB is related to neural sensitivity to losses. Thus, the current systematic
review examined whether AB (including antisocial personality disorder) and psychopathic traits
are related to neural reactivity during reward processing, loss processing, or both. Our review
identified seven task-based functional MRI or functional connectivity studies that examined
associations between neural response to reward and loss, and dimensional and categorical
measures of adult AB and/or psychopathy. Across studies, there was evidence that AB is
associated with variability in neural functioning during both reward and loss processing. In
particular, impulsive-antisocial traits appeared to be specifically associated with hypersensitivity in
the ventral striatum during the anticipation, but not the receipt, of rewards.
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Antisocial behavior (AB), including physical, verbal, and sexual aggression, risk-taking
behaviors, and theft, confers a tremendous cost to victims, families, and society
(McCaollister, French, & Fang, 2010). AB is associated with trait impulsivity, emotion
reactivity, and is a core defining feature of the diagnosis of antisocial personality disorder
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(APD) in the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric
Association, 2013). Psychopathy is a related personality disorder that captures individuals
who engage in AB and have extreme personality traits, including callousness,
manipulativeness, irresponsibility, and shallow affect (Hare, 2003). Consistent with the
theoretical structure of psychopathy as measuring both AB and personality traits, the most
commonly used measure of psychopathy, the Psychopathy Checklist—-Revised has two
factors: Factor 1 assesses affective-interpersonal personality features (e.g., shallow affect,
lack of remorse and empathy, grandiosity, and lying), and Factor 2 assesses impulsive-
antisocial behaviors (e.g., lack of long-term goals, criminality, and history of serious AB;
Hare, 2003). Although most individuals who meet criteria for psychopathy also meet criteria
for APD, those with APD often display high levels of AB (captured by Factor 2), but do not
have Factor 1 personality traits associated with psychopathy (Hare, 2003). Thus, a large
group of individuals engage in serious AB with many of these individuals meeting criteria
for APD, whereas a much smaller group of individuals engage in AB and also show signs of
serious personality dysfunction and meet criteria for psychopathy.

Theories emphasize the role of affective, reward, and impulsivity deficits in the etiology of
AB and psychopathy (Blair, 2015). A long history of behavioral research has established that
altered reward-related behavior is critical to the emergence and persistence of AB and
related emotional and personality features (Newman & Kosson, 1986). In recent years,
neuroimaging techniques (e.g., functional magnetic imaging; fMRI) have enabled
researchers to probe the neural mechanisms underlying AB and psychopathy. Consistent
with behavioral studies, neuroimaging studies that have examined reward-related neural
circuitry have linked AB to dysfunction in frontostriatal reward circuitry, and deficits in
reward-related frontostriatal function are now central to etiological theories of chronic AB,
as well as psychopathy (Blair, 2015). However, this literature has not been systematically
reviewed. The primary goal of this article was to systematically review studies that had
examined whether differences in neural response to reward and loss were related to AB and
psychopathic personality traits.

Disrupted Behavioral Responsivity to Reward and Loss in AB

A long history of behavioral research has examined how AB is related to differences in
reward-related behavior. Although AB likely arises from the complex interaction of deficits
in disinhibition, socioemotional processing, and reward-dominant behavior, much of the
persistence of AB may be linked to deficits in responding to and then learning from reward
and loss. For example, those engaging in chronic AB often persist in illegal or risky
behaviors despite the potential for severe punishment (e.g., incarceration), which implies
that the systems responsible for reward valuation, loss processing, and learning may be
disrupted in those who engage and persist in AB (Newman & Kosson, 1986). Early research
on AB drew on Gray’s behavioral activation system (BAS; approach to reward) and
behavioral inhibition system (BIS; inhibiting behaviors that result in aversive outcomes;
Gray, 1970). For example, Quay (1993) suggested that AB develops from an overactive
BAS, leading to reward-dominant behavior (Quay, 1993). In contrast, others suggested that
AB emerged from an underactive BAS, with reward seeking being a way to “normalize” an
underactive system (Cloninger, 1987). These two positions leave open the question of
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whether individuals high on AB have over- or underactive initial responses to rewards. Key
theories have also hypothesized that AB emerges from a weak BIS (i.e., insensitivity to
punishment; Fowles, 1980; Lykken, 1995), and more recent research suggests that AB arises
from both an overactive BAS and an underactive BIS (Hoppenbrouwers, Neumann, Lewis,
& Johansson, 2015). This research emphasizes the importance of reward systems in the
etiology of AB, the need to examine both reward and loss in AB, and the need to examine
whether these reward systems are over-versus underactive.

In support of some of these theories, behavioral research suggests that individuals engaging
in chronic and severe AB may be hypersensitive to rewards and insensitive to losses. Adults
engaging in severe AB continue pursuing rewards even as contingencies change and result in
loss, as exemplified in research using response reversal tasks (Budhani, Richell, & Blair,
2006) and passive avoidance tasks (Newman & Kosson, 1986). More broadly, those high on
externalizing psychopathology (including AB, impulsivity, and substance use) are
hypersensitive to motivationally salient information, such as rewards, threat, and drug cues
(Baskin-Sommers & Newman, 2013). Together, behavioral research supports the notion that
both AB and broader forms of externalizing psychopathology are characterized by
hypersensitivity to reward cues. Notably, however, behavioral research is limited in the
extent to which it can measure individual differences in immediate reward response and thus
cannot identify distinct phases of reward processing, including the anticipation versus
receipt of reward. Extensive work with both human and nonhuman animal models suggests
that the anticipation and consumption of rewards have dissociable frontostriatal circuits
(Berridge & Robinson, 2003; Buckholtz et al., 2010). This line of research has greatly aided
our understanding of the development and maintenance of substance use disorders
(Robinson & Berridge, 2001), which are highly prevalent among individuals engaging in
AB. Together, this prior research highlights the need to separately examine neural responses
during anticipating versus receiving rewards in those with AB. Understanding these neural
mechanisms can elucidate specific deficits in AB and, by extension, may identify targets for
intervention (e.g., focus on motivational processes vs. consequences of behavior or
pharmacological treatments that target mesolimbic hyper/hyporeactivity).

Brain Regions Implicated in Reward Response in AB

The most widely studied anatomical structure involved in reward processing is the ventral
striatum (VS), which contains the nucleus accumbens and is involved in the valuation,
anticipation, and consumption of rewards (Haber & Knutson, 2010; Knutson, Westdorp,
Kaiser, & Hommer, 2000; Richards, Plate, & Ernst, 2013). Although the VS has been a
primary target for fMRI studies of reward processing in AB and psychopathy using a region
of interest approach, the VS receives input from other structures in the mesocorticolimbic
dopamine circuit, including the midbrain, anterior cingulate (ACC), amygdala, insula,
midbrain, and prefrontal cortex (PFC), and projects to the PFC via the thalamus (Haber &
Knutson, 2010; Richards et al., 2013). Areas of the PFC involved in reward processing
include the orbitofrontal cortex (OFC) and dorsolateral PFC, which are involved in reward
representation, executive control, and decision-making (Haber & Knutson, 2010; O’Doherty,
2007; Ongiir & Price, 2000). A recent meta-analysis found that the anticipation of both
rewards and losses recruits the striatum, insula, and thalamus, whereas the OFC was
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uniquely recruited during reward consumption (Oldham et al., 2018). Although frontostriatal
circuitry is likely important to the etiology of AB, particularly to the reward-related
behavioral deficits, no systematic work has reviewed the existing literature on this topic in
adults to examine the extent to which neural differences are specific to the VS or are more
broadly distributed across frontostriatal circuitry (or even more broadly in the brain).

Is AB Associated With Neural Hyper- or Hyposensitivity to Reward?

Much of the research examining neural mechanisms of reward processing in AB has been
conducted on adolescent samples and has been reviewed elsewhere (Blair, 2015; Byrd,
Loeber, & Pardini, 2014). These reviews highlight the complexity of associations between
AB and neural response to reward, with some studies reporting frontostriatal
hypersensitivity but others reporting frontostriatal Ayposensitivity among individuals high on
AB (Blair, 2015; Byrd et al., 2014). These divergent findings may be due to considerable
methodological heterogeneity in the type of reward and/or loss investigated, suggesting that
a more fine-grained approach is needed. Complex reinforcement behaviors (e.g., risky
decision-making and delay discounting) comprise several processes not limited to risk/
reward valuation, regulation, anticipation, and consumption (Ernst, Romeo, & Andersen,
2009), making it difficult to distill the source of dysfunction. Identifying links between
personality and basic reward-related processes is a key step before examining more complex
forms of reward processing. Another factor limiting conclusions is that the frontostriatal
circuit undergoes rapid change during adolescence (Ernst et al., 2009), meaning that
adolescent findings may not generalize to adults. A focus on adults is important because
brain and behavior (particularly impulsivity and risk-taking) are more stable during
adulthood (Steinberg, 2005), and studying AB in adulthood can identify individuals with the
most severe and chronic AB trajectories (Hyde et al., 2016).

Subtypes of AB: Do AB and Psychopathy Differ on Neural Response to

Reward/Loss?

Although individuals high on psychopathy share some features with individuals high on AB
only, neural functioning appears to differ among individuals with AB and psychopathy. For
example, dimensional measures of AB versus psychopathy have been linked to divergent
patterns of neural activation in response to socioemotional stimuli (Hyde et al., 2016). In
addition, research suggests that targeting neurobehavioral deficits that are unique to those
with broader forms of externalizing psychopathology versus psychopathy may be an
effective treatment strategy (Baskin-Sommers, Curtin, & Newman, 2015). Structural
imaging also suggests that affective-interpersonal versus impulsive-antisocial features of
psychopathy are linked to divergent patterns of striatal volume, with the impulsive-antisocial
features being linked to greater volume in the VS (Glenn, Raine, Yaralian, & Yang, 2010).
Functional neuroimaging research found that impulsive-antisocial, but not affective-
interpersonal, features of psychopathy were linked to greater VS response to reward cues
and dopamine release in the nucleus accumbens (Buckholtz et al., 2010). Thus, in reviewing
the reward-related neural correlates of AB and psychopathic personality traits in adults, it is
critical to systematically assess the extent to which these neural correlates are specific to
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broader AB versus psychopathy (vs. the affective-interpersonal vs. impulsive-antisocial
components of psychopathy).

Present Review

Method

The primary goal of this systematic review was to examine the extent to which AB and
psychopathy are associated with monetary reward- and loss-related neural activity, whether
the findings imply a hyper- versus hyposensitive neural reward system, and the extent to
which results are specific to AB with or without psychopathic traits. As prior studies have
found differences in response to rewards versus losses and anticipation versus consumption
of reward/loss, we examined whether these outcomes and phases affected findings. Finally,
because reward is a complex construct that features a host of multidimensional processes,
we focused on fMRI studies that isolated responses to specific monetary rewards and losses
in simple tasks such as the monetary incentive delay (MID) task (Knutson et al., 2000). By
examining studies using similar fMRI tasks, we aimed to provide clearer conclusions.
However, as a follow-up analysis, we also considered studies that examined broader, more
complex reward processes or recruited samples that had various comorbidities to help draw
conclusions about the specificity of any reward or loss processing deficits.

Study Selection

Online searches were performed in the databases Medline (PubMed), EMBASE, PsycINFO,
and Web of Science on November 13th, 2016. We used search terms relating to AB and
psychopathic personality traits, focusing on a wide range of terms to capture similar
constructs across domains, including criminology (e.g., crime and violence) and psychiatry
(e.g., APD, psychopathy, and aggression). Thus, the search was sensitive to studies that
assessed the clinical diagnosis of adult APD and psychopathy, as well as continuous
measures of AB and psychopathic traits. We combined these terms with those assessing
functional neuroimaging and reward and loss processing (see Table S1 in the online
supplemental materials for search terms used).

Exclusion Criteria

Due to our focus on neural response to simple monetary reward and loss, we excluded
studies that investigated other forms of reward and loss processing, as those typically
included processes like learning and decision-making, and studies in which participants did
not receive concrete rewards or punishments (e.g., neural response to punishing others).
Because of our focus on reward processing and AB specifically, we excluded studies that
had recruited subjects based on drug or alcohol abuse to reduce the possibility that substance
use could be driving associations (and given that substance use disorders are common and
are often present in individuals who are not engaged in serious AB; American Psychiatric
Association, 2013). We also excluded studies that had recruited participants based on a
clinical disorder other than APD or psychopathy, including pathological gambling, attention
deficit hyperactivity disorder, pedophilia, and other personality disorders. Finally, because
we were interested in neural mechanisms of reward processing in adult AB, we excluded
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studies with a mean sample age of [H11021]18 years. Consistent with published
recommendations for systematic review protocols, we focused on a narrow set of criteria that
would enable us to address a specific research question (Moher et al., 2015, p. 3). This
approach meant that our results were focused on links between basic reward and loss
processing and AB and psychopathy without a myriad of confounds in sampling and task
design.

Retrieved Studies

The flow of studies through the review screening is summarized in Figure S1 in the online
supplemental materials. We identified 699 publications, of which 237 were duplicate
articles. After removing duplicates, we screened 462 reports, 446 of which were excluded
based on their title or abstract. The full texts of the remaining 16 reports were screened in
detail; nine were excluded (Table S2 in the online supplemental materials). Seven
publications met our inclusion criteria (Table 1). We focus our presentation of the results on
the findings from these seven studies (Table 2). However, because of the low number of
identified studies, we broadened our study pool to confirm findings in studies that had
assessed AB/psychopathy in samples recruited for psychopathologies that are often
comorbid with AB (e.g., substance abuse, attention deficit hyperactivity disorder, and cluster
B personality disorders), and in studies that assessed other components of reward and loss
processing, including reward learning and social reward processing (i.e., rewarding and
punishing others). Applying these expanded criteria, we included nine additional studies
(Tables S3 & S4 in the online supplemental materials), which we reference in the Results
and Discussion in relation to the findings of the seven studies that met our original stringent
criteria.

Sample, Methodological, and Analytic Features of Included Studies

Sample.—Of the seven included studies, three investigated relationships using community
or undergraduate samples (Bjork, Chen, & Hommer, 2012; Buckholtz et al., 2010; Carré,
Hyde, Neumann, Viding, & Hariri, 2013). Four studies examined forensic samples,
including two that compared incarcerated offenders with healthy controls (Geurts, von
Borries, Volman, Bulten, & Cools, 2016; V6lIm et al., 2010), one that compared
psychopathic and nonpsychopathic inmates (Pujara, Motzkin, Newman, Kiehl, & Koenigs,
2014), and one that compared psychopathic and nonpsychopathic inmates with a third,
healthy control group (Gregory et al., 2015). All studies of community/undergraduate
samples, but none of the studies of forensic samples, included women.

Measurement approach.—Two studies examined associations using a case-control
approach (e.g., APD/psychopathy vs. healthy controls; Geurts et al., 2016; Véllm et al.,
2010). Three studies examined associations dimensionally (Bjork et al., 2012; Buckholtz et
al., 2010; Carré et al., 2013), and two studies adopted both dimensional and case-control
approaches (Gregory et al., 2015; Pujara et al., 2014).
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Type and measure of AB.—Four studies assessed whether different facets of
psychopathy (e.g., impulsive-antisocial vs. affective-interpersonal traits) were related to
neural reactivity during reward processing (Bjork et al., 2012; Buckholtz et al., 2010; Carré
etal., 2013; Geurts et al., 2016). Within studies of forensic samples, two used the Structured
Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition
Axis Il personality disorders (SCID-II) and the Psychopathy Checklist-Revised (PCL-R) to
identify offenders with APD with and without co-occurring psychopathy (Gregory et al.,
2015; Pujara et al., 2014), one study assessed psychopathy via the PCL-R but did not
measure APD (Geurts et al., 2016), and one study assessed APD via the SCID-II but did not
measure psychopathy (V6llm et al., 2010). Four studies used the PCL-R (Hare, 2003) or a
self-report that resulted in comparisons between affective-interpersonal and antisocial-
lifestyle facets, and three studies used the Psychopathic Personality Inventory (Lilienfeld,
Widows, & Staff, 2005), which resulted in comparisons between fearless-dominance and
impulsive-antisocial subtypes of psychopathic traits. Thus, most studies distinguished
between Factor 1 and Factor 2 of psychopathy (Hare, 2003).

Type of reward/loss.—All but one of the seven studies (Gregory et al., 2015) used a
monetary reward task. Five studies investigated reward processing only (Bjork et al., 2012;
Buckholtz et al., 2010; Carré et al., 2013; Geurts et al., 2016; Vollm et al., 2010), and two
studies investigated both reward and loss processing (Gregory et al., 2015; Pujara et al.,
2014). In terms of the specific phase of reward and/or loss processing, two studies
investigated reward anticipation only (Bjork et al., 2012; Geurts et al., 2016), two
investigated reward and loss consumption only (Gregory et al., 2015; Pujara et al., 2014),
one investigated reward anticipation and consumption (Buckholtz et al., 2010), and two
investigated reward response using a blocked design that did not separate anticipation and
consumption (Carré et al., 2013; Voéllm et al., 2010).

Findings From fMRI Studies of Reward/Loss Processing in AB

First, we present the results of studies that reported findings in the VS either using a region
of interest (ROI) and/or whole-brain analysis. Second, we discuss studies that reported
findings in other regions using a whole brain approach. Within these groupings, we separate
results based on type (i.e., reward vs. loss), and when possible, phase (i.e., anticipation vs.
consumption of reward/loss). To examine the generalizability of the results to more complex
forms of reward processing and broader definitions of AB, we also discuss findings from the
nine studies in our expanded sample (Tables S3 & S4 in the online supplemental materials)
at the end of each subsection.

Ventral Striatal Associations Between Reward and AB: ROI and Whole-Brain

Anticipation of reward.—Four studies reported links between AB and psychopathy and
VS activity during reward processing. First, Bjork and colleagues (2012) found that
psychopathic traits were related to greater VS activity in a sample of healthy controls during
a modified MID task. In supplemental analyses, the impulsive-antisociality, but not fearless-
dominance, factor of psychopathy was linked to greater VS activity. Second, using a MID
task in a community sample, Buckholtz and colleagues (2010) found that the impulsive-
antisociality, but not the fearless-dominance, factor of psychopathy was linked to greater VS
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activity during reward anticipation. This effect remained significant when controlling for
general impulsivity. Third, Geurts and colleagues (2016) found that during reward
anticipation, psychopathic inmates and noninmates high on impulsive-antisociality had
increased VS reactivity compared with noninmates low on impulsive-antisociality. Finally,
Carré and colleagues (2013) investigated a sample of undergraduates and used the Self-
Report of Psychopathy to break apart the antisocial-lifestyle factor into two correlated
facets. They found that the lifestyle facet of psychopathy was negatively correlated with VS
activity to reward (no separation of reward phases), whereas the antisocial facet of
psychopathy was positively correlated with VS activity. When controlling for self-reported
impulsivity, the negative VS association with the lifestyle facet of psychopathy remained,
but the positive association with the antisocial facet became a trend. Together, these four
studies suggest that greater VS reactivity during reward anticipation may be specific to those
high on general forms of AB but not those with the affective-interpersonal psychopathic
traits, with two studies contradicting each other on whether trait impulsivity may (Carré et
al., 2013) or may not (Buckholtz et al., 2010) explain these associations.

Consumption of reward.—Of the three studies that isolated reward consumption, none
found significant associations between psychopathy and/or APD and VS reactivity
(Buckholtz et al., 2010; Gregory et al., 2015; Pujara et al., 2014).

Expanded sample.—One out of the six studies that investigated reward processing found
links between AB and VS response to reward. Cohn and colleagues (2015) found that

individuals with persistent disruptive behavior disorders, versus controls and those who had
desisted, had reduced VS response during the consumption, but not anticipation of rewards.

Ventral Striatal Associations Between Loss and AB: ROl and Whole-Brain

Loss processing.—Only two studies investigated neural response to loss processing.
Gregory and colleagues (2015) found no links between APD or psychopathy and loss-related
VS activity. In contrast, Pujara and colleagues (2014) found that compared with controls,
psychopaths had reduced VS reactivity to loss receipt compared with neutral trials (Pujara et
al., 2014). Thus, though there was some suggestion that those high on psychopathy have
reduced VS reactivity during the receipt of loss, the literature is not well-developed enough
to inform a conclusion.

Expanded sample.—Six of the nine studies identified with our expanded criteria
investigated loss processing (broadly defined). However, none of these identified studies
reported associations between AB or psychopathic traits and VS response to loss.

Other Whole-Brain Associations Between Reward Reactivity and AB

Reward anticipation and consumption: Prefrontal cortex.—Three studies
examined correlates of reward in regions outside of the VS and reported that APD or
psychopathy were related to PFC reactivity to reward (Bjork et al., 2012; Geurts et al., 2016;
Vollm et al., 2010). First, compared with controls, inmates with APD had increased right
OFC activity to reward (V6llm et al., 2010). However, the main effects of the blocked task
indicated that the task did not activate hypothesized reward-related brain regions, including
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the ventral and medial PFC, ACC, amygdala, striatum, and midbrain. Second, during the
anticipation of passively received rewards, Bjork and colleagues (2012) found that
psychopathic traits among a community sample were positively associated with anterior
medial PFC reactivity. Finally, in the only study to investigate functional connectivity (i.e.,
correlated brain activity between brain regions), Geurts and colleagues (2016) reported that
psychopathic inmates had increased functional connectivity between the VS and the
dorsomedial PFC compared with noninmates. These findings suggest that APD and
psychopathic traits may be linked to greater medial PFC and OFC reactivity to reward.

Reward anticipation and consumption: Other brain regions.—Voéllm and
colleagues (2010) reported that compared with controls, inmates with APD had increased
pregenual ACC reactivity during reward anticipation. Bjork and colleagues (2012) reported
that impulsive-antisocial traits were linked to increased dorsal ACC reactivity during reward
anticipation. Although the activation reported in these two studies does not show anatomical
overlap, the findings suggest that individuals with APD or impulsive-antisocial psychopathic
traits have greater reactivity in the ACC broadly during reward anticipation. Finally, Gregory
and colleagues (2015) reported that those with APD and psychopathy had reduced reactivity
to reward in regions of the temporal lobe (right superior temporal gyrus and anterior middle
temporal gyrus) compared with individuals with APD without psychopathy and healthy
controls.

Expanded sample.—With regard to impulsive, emotionally reactive forms of AB, studies
reported decreased medial prefrontal cortex (mPFC) or OFC reactivity to rewards in
individuals with intermittent explosive disorder (Gan et al., 2016), individuals with high AB
and alcohol use (Oberlin et al., 2012), and patients with APD and/or borderline personality
disorder (Vollm et al., 2007). In a study of risky decision-making in high and low
emotionally reactive APD, inmates with emotionally reactive APD had increased cerebellum
and occipital gyrus activity when anticipating risky, uncertain rewards, whereas inmates with
APD and Factor 1 psychopathic traits had decreased ACC activity (Prehn et al., 2013). Two
studies reported that Callous-Unemotional traits were associated with decreased mPFC
(\Veroude et al., 2016) and amygdala (Cohn et al., 2015) reactivity to reward.

Other Whole-Brain Associations Between Loss Reactivity and AB

Loss anticipation and consumption: Prefrontal cortex.—Two of the identified
studies investigated neural response to loss. However, neither of these studies reported
associations between AB and prefrontal activity.

Loss anticipation and consumption: Other brain regions.—In the only study to
report whole-brain findings for loss processing, Gregory and colleagues (2015) found that
inmates with APD and psychopathy had greater anterior insula, posterior cingulate, and
precuneus activity to punished reversal errors versus inmates with APD without
psychopathy. Psychopathy scores were also positively correlated with posterior cingulate
activity to punished reversal errors.
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Expanded sample.—Two studies in the expanded sample reported associations between
AB and neural response to loss, including increased amygdala reactivity in those with
persistent disruptive behavior disorders (Cohn et al., 2015) and greater mPFC and ACC and
less lateral PFC reactivity in patients with APD and/or borderline personality disorder
(\Vollm et al., 2007). In contrast, two studies reported associations between psychopathic
traits and loss, including decreased ACC response in those with APD and Factor 1
psychopathic traits (Prehn et al., 2013) and reduced OFC/ACC reactivity when accepting of
unfair monetary offers (Vieira et al., 2014).

Discussion

A long history of theories has emphasized the importance of reward processing in the
etiology of AB and psychopathy (Blair, 2015; Byrd et al., 2014; Fowles, 1980; Newman &
Kosson, 1986; Quay, 1993). This systematic review represents a key step that advances our
understanding of the relationships between AB, psychopathy, and reward- and loss-related
neural functioning. We found that AB and the impulsive-antisocial components of
psychopathy were linked to greater VS and PFC reactivity during reward anticipation.
However, given the small number of studies, a clear implication from this review is the need
for more studies to explore the specific patterns of reward-related functioning that might be
differentially associated with AB versus psychopathy. Indeed, the small number of studies
and the small sample sizes within many of these studies is not only an issue for interpreting
individual findings, but for our review as a whole. Keeping these limitations in mind, we
outline the main findings from the review and focus on specific gaps in the literature that can
be addressed in future work.

Is AB Associated With Neural Differences During Reward Processing in the VS?

We reviewed seven studies that investigated neural mechanisms of reward processing in AB
and psychopathic traits. Together, these studies provide evidence that AB and psychopathy
are related to differences in neural reactivity during reward processing. The most consistent
finding (four of seven studies) was a positive association between AB, impulsive-antisocial
psychopathic traits, and VS reactivity (or VS-PFC functional connectivity) during reward
processing (Bjork et al., 2012; Buckholtz et al., 2010; Carré et al., 2013; Geurts et al., 2016).
Moreover, these findings were mostly for the V'S response to the anticipation, rather than
receipt, of reward and were most consistently related to APD in forensic samples or the
antisocial facet of psychopathy in healthy/community samples. However, only three studies
investigated reward consumption, and only one investigated both reward anticipation and
consumption, highlighting the importance of replication before strong conclusions can be
drawn.

Nevertheless, animal and human research suggests that the anticipation (i.e., “wanting”) of
rewards is distinct from the consumption (i.e., “liking”) of rewards. An imbalance between
wanting and liking of rewards may drive other externalizing behaviors (i.e., substance use)
by driving reward motivation despite lack of enjoyment when consuming the reward
(Robinson & Berridge, 2001). Applying this perspective to the current findings, individuals
high on impulsive-antisocial traits may seek risky rewards due to greater anticipatory
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“wanting” of rewards, rather than experiencing excessive pleasure (i.e., “liking™) upon
receiving rewards. Behavioral research in youth and adults suggests that individuals
engaging in AB show heightened risk-taking and continue to pursue rewards despite the
possibility of punishment (Budhani et al., 2006; Byrd et al., 2014), supporting the notion of
an imbalance between motivational and consummatory responses to reward in chronic AB,
which may impede appropriate behavior change.

At the same time, these findings were not replicated in three studies in our expanded sample
that had investigated reward anticipation (see Table S4 in the online supplemental materials).
Thus, the link between impulsive-antisocial psychopathic traits and reward anticipation may
be specific to tasks that tap simple, isolated types of reward, including the MID task, as
opposed to tasks that probe risky decision-making or social reward and punishment.
Alternatively, given that three of the four core studies that reported this association were
studies of healthy controls, it may be that relatively healthy individuals with impulsive-
antisocial traits differ from individuals with more severe forms of AB (including APD) in
their neural response to reward. The comparison with the broader set of studies also
highlighted differences in how AB was measured or conceptualized, as these studies
included intermittent explosive disorder (Gan et al., 2016) and APD co-occurring with
borderline personality disorder (V6lIm et al., 2007), as opposed to a “pure” AB phenotype
within incarcerated samples (Gregory et al., 2015). In sum, impulsive-antisocial
psychopathic traits were somewhat consistently linked to greater VS response during reward
anticipation, though this finding was largely confined to healthy or community samples and
to simple monetary reward tasks rather than more complex forms of reward processing.

Is AB Associated With Neural Differences During Reward Processing in the PFC?

Beyond VS reactivity, several studies found that APD or self-reported impulsive-antisocial
traits were related to greater OFC and medial PFC reactivity, and VS-dorsomedial PFC
connectivity during reward processing (Bjork et al., 2012; Geurts et al., 2016; V6llm et al.,
2010). As many studies did not conduct whole-brain or PFC ROI analyses, it is difficult to
know how consistent these findings are across samples (of the three studies that examined
the whole brain, two reported findings in the PFC). Increased mPFC reactivity has been
linked to heightened emotional arousal and expected value signaling to reward cues (Marsh,
Blair, Vythilingam, Busis, & Blair, 2007; O’Doherty, 2007). Together, these findings could
imply broad reward-related frontostriatal hyperactivity in those high on AB. At the same
time, this conclusion was not supported by the studies from the expanded sample. In fact,
four (of seven) of these studies found that reduced PFC reactivity during reward processing
was related to AB. As before, these differences may have arisen from considerable sample
and task differences, underscoring the need for studies to examine neural reactivity during
paradigms that separate reward/loss anticipation from receipt in samples that allow for the
isolation of specific components of AB.

In addition to greater PFC reactivity, impulsive-antisocial traits and APD were associated, in
at least one study, with increased neural reactivity to rewards in frontal regions broadly
associated with emotional salience and reward-based decision-making, including the
pregenual (V6llm et al., 2010) and dorsal (Bjork et al., 2012) ACC. Furthermore, during
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risky decision-making, individuals with APD and psychopathy had reduced ACC activity
(Prehn et al., 2013), suggesting that ACC response may differentiate those high on APD
versus those high on APD and psychopathy. The dorsal ACC is linked to multiple functions
related to error monitoring, attention, action selection, and reward anticipation (Botvinick,
Cohen, & Carter, 2004; Knutson et al., 2000), whereas the pregenual ACC is linked to
emotional learning and reward preference (Ongiir & Price, 2000). Together these results
suggest that APD and impulsive-antisocial traits may be linked to greater reward sensitivity
within brain regions that support error monitoring, attention, and reward preference.
Relatedly, the results of the current review suggest that Factor 1 psychopathy is largely
unrelated to frontostriatal functioning during reward processing. Thus, dysfunction in
reward-related neural circuits may be a mechanism that contributes to AB more broadly,
rather than one that is specific to psychopathy.

Is AB Associated With Neural Differences in Loss Processing?

Both studies that investigated neural responses during loss processing reported significant
associations (Gregory et al., 2015; Pujara et al., 2014). These studies found that psychopathy
was linked to greater reactivity in several regions, including the posterior cingulate,
precuneus, and insula during error-related loss receipt (Gregory et al., 2015), and decreased
VS reactivity during loss anticipation (Pujara et al., 2014). It is challenging to interpret these
findings given that each was unique to only one study. Nevertheless, it is noteworthy that
increased reactivity in the posterior cingulate and precuneus, key nodes of the default mode
network, have also been linked to higher AB during tasks probing affective processing
(Raine & Yang, 2006) and behavior modification in the context of reward (Pearson,
Heilbronner, Barack, Hayden, & Platt, 2011). Within the broader pool of studies, APD and
borderline personality disorder were associated with increased medial PFC and ACC
reactivity and reduced lateral PFC reactivity to punishment (V6llm et al., 2007). However,
psychopathy was related to reduced reactivity in limbic and frontocortical circuitry when
receiving unfair monetary offers or losing money during social tasks such as ultimatum or
dictator games (Osumi et al., 2012; Prehn et al., 2013; Vieira et al., 2014). Together, findings
from across the full, expanded pool of 16 studies suggest that individuals with more reactive
forms of AB (e.g., Factor 2 psychopathy, comorbid borderline personality disorder, and
APD) show greater neural responsivity to punishing outcomes, whereas those with
interpersonal-affective deficits (e.g., Factor 1 psychopathy) show reduced reactivity to
punishment, particularly punishment with a social component. These findings generally
support behavioral research that suggests that individuals high on impulsive, antisocial traits
are emotionally hyperreactive to salient information (greater BAS), whereas individuals high
on affective psychopathic traits are less reactive to negative stimuli (lower BIS; Baskin-
Sommers & Newman, 2013; Hoppenbrouwers et al., 2015).

Future Directions

Although our review helps to shed some light on the neural correlates of AB during reward
and loss processing, the relatively small literature and heterogeneity between studies
highlight several important limitations of the current literature and future directions.
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Task design.—Overall, we found that AB and psychopathy were linked to dysfunction in
reward and loss processing. However, the small number of included studies makes it
challenging to draw strong conclusions, especially given significant methodological
heterogeneity across studies. For example, no studies in the core sample, and only one study
in the expanded sample, investigated links between AB and/or psychopathy and neural
reactivity while separating both phase and valence within a single design. Behavioral
research suggests that investigating reward and loss in a single design can help to elucidate
complex relationships. For example, among youth, psychopathic traits were related to
deficits during a response reversal task, which were driven by a failure to shift away from
reward-dominant responses following punishment rather than by a reduced tendency to learn
contingencies or to continue to respond to rewarded stimuli (Budhani & Blair, 2005). In
addition, few studies investigated associations between AB or psychopathy and loss
processing, emphasizing this area as a critical target for future research. As such, future
research is needed to investigate how specific phases of reward and loss processing are
linked to dysfunction in AB versus psychopathy, which could help identify specific
biomarkers of AB and externalizing behavior versus psychopathy and inform individualized
treatments based on these biomarkers (for a discussion of this type of approach see, Brazil,
van Dongen, Maes, Mars, & Baskin-Sommers, 2016).

Expanding our inclusion criteria to include nine additional studies that had examined
broader forms of reward and loss processing did not help to inform clearer conclusions.
Indeed, these broader studies further highlighted the difficulty inherent in classifying or
developing task conditions as “rewarding”. For example, studies within our expanded pool
used tasks that required participants to give electric shocks or rewards to in-group and out-
group members (Molenberghs et al., 2014) and that explored neural responsivity to unfair
monetary offers in social ultimatum or dictator games (Osumi et al., 2012; Vieira et al.,
2014). It is unlikely that these tasks are comparable with those focused on simple monetary
loss within nonsocial contexts (i.e., Is punishing others with an electric shock rewarding or
punishing? Are unfair offers truly “punishing” in the same way as directly losing money?).
Nevertheless, results from the expanded pool of studies highlight the complexity of reward
and loss processing and suggest that AB may be associated with dysfunction across multiple
kinds of reward, learning, and social processes.

Data analysis approach.—The review also highlights the need to move beyond VS
region of interest investigations and to instead investigate associations across the whole
brain. Findings from included studies that adopted whole-brain analytic approaches
suggested that AB may be related to dysfunction in several limbic and cortical regions
during reward and loss processing. However, given the small number of studies, these
findings need to be replicated.

Sample.—Studies in the review differed significantly in both type of AB (measures of
behaviors such as AB vs. measures of traits such as psychopathic vs. components of the
psychopathy construct such as impulsive-antisociality) and severity of AB (community vs.
forensic). This sample heterogeneity highlights several areas to be addressed in future
research. First, three of the four studies that reported positive associations between
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impulsive-antisocial psychopathic traits and reward sensitivity were in community samples,
and one was in both incarcerated and community samples, suggesting that the findings were
consistent across a range of severity. However, it is also possible that in healthy samples,
impulsive-antisocial psychopathic traits may tap trait impulsivity rather than AB specifically.
Similarly, our expanded study pool included individuals with a range of externalizing
disorders, which share some phenotypic overlap with severe AB (e.g., impulsivity and
emotion dysregulation), but may also exhibit some unique neural correlates (Rubia et al.,
2009). Two studies did control for self-reported impulsivity, with one reporting that links
between reward and psychopathic traits remained significant, whereas the other reported that
some associations weakened to a trend. Thus, there is some evidence supporting the notion
that AB may have unique patterns of neural response to reward beyond trait-level
impulsivity. Finally, a limitation of our review is our narrow definition of AB as a dimension
of severe AB, APD, and psychopathic traits. There may be important subtypes within the
larger construct of AB, including proactive and reactive aggression, violent and nonviolent
AB, aggression versus rule breaking, and AB in the context of substance use, and these
subgroups have largely gone uninvestigated in neuroimaging studies. Future research should
probe whether relationships between AB and reward processing are unique to AB, or are
shared across a range of externalizing psychopathologies, or whether they may be specific to
certain AB phenotypes.

Second, due to challenges associated with recruiting and conducting neuroimaging research
among individuals with severe AB, who are often incarcerated or in forensic settings, sample
sizes of included studies tended to be small (e.g., range [H11005] 12-25). Thus, many
studies included in the review may have been underpowered to detect effects (i.e., Type Il
errors) and/or may have reported effects that will not replicate (i.e., Type | error; Button et
al., 2013). At the same time, three studies examined healthy control samples with a larger
range of sample sizes (range [H11005] 24-171). Such samples are easier to recruit, but
findings may not be generalizable to those engaging in more severe AB. In our review,
several of the relationships between psychopathic traits and neural activation were found in
studies of these traits in healthy controls. This is a major limitation, as it is unclear whether
these relationships are linear across trait severity or whether these relationships differ in
healthy and clinical groups. This limitation highlights the importance of future studies
testing associations between AB and neural response to reward using dimensional measures
and samples that include a wide range of AB from very low to those with extensive arrest
records and diagnoses of APD.

Replicability.—Consistent with this point, as is well-documented in behavioral and
neuroimaging research, psychology and clinical neuroscience are facing a replicability crisis
(Abram & DeYoung, 2017; Button et al., 2013; Eklund, Nichols, & Knutsson, 2016; Tackett
etal., 2017). The typically small sample sizes, low power, large number of exploratory
analyses over many voxels, and significant sample heterogeneity that plagues the majority of
the neuroimaging research in psychopathy/AB, and clinical science more broadly, limits the
ability to draw conclusions (Abram & DeYoung, 2017). Our review is dependent on the
studies conducted. As these studies suffer from small samples, their findings may capitalize
on chance findings, and aggregating many small findings may only magnify this problem.
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That is, without replicable studies in a review, the review itself may suffer from the same
weakness of the studies within (particularly given our small study sample size of 7). Thus,
our findings should be seen as preliminary and help guide future research with larger
samples.

Finally, even with /arge samples, our understanding of true neural mechanisms of
psychopathology may be impacted by using unrepresentative samples (e.g., racial,
socioeconomic, and cultural bias in sampling; Falk et al., 2013). For example, one of our
studies examined undergraduates, and several studies used exclusively male samples, which
are unlikely to generalize to the general population, female samples, and samples at higher
risk of AB. These limitations in the field of clinical neuroscience highlight the importance of
encouraging large-scale collaboration and replication efforts, representative sampling
methods, making data publicly available in order to address the issue of replicability in our
field (Tackett et al., 2017).

This systematic review explored the relationship between AB and neural reactivity during
reward and loss processing in adults. Findings suggest that AB and psychopathic traits are
linked to neural dysfunction during both reward and loss processing. In the studies that
separated the factors of psychopathy, it appeared that Factor 2 (i.e., impulsive-antisocial)
psychopathy and APD were both related to /ncreased reactivity in the VS during reward
anticipation. This greater VS response appeared to be specific to the anticipation, rather than
consumption, of rewards. Finally, AB and psychopathy were related to reactivity in regions
beyond the VS during reward and loss processing, including the cingulate and PFC,
highlighting the need for future studies to adopt both whole-brain and ROl approaches to
study neural dysfunction in AB. The results of this review are consistent with the theory in
the field (Blair, 2015), emphasizing that reward-related neural differences are related broadly
to AB, rather than specifically to psychopathy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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