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The Potential Role of the Striatum in Antisocial
Behavior and Psychopathy

Andrea L. Glenn and Yaling Yang

In this review, we examine the functions of the striatum and the evidence that this brain region may be compromised in antisocial
individuals. The striatum is involved in the processing of reward-related information and is thus important in reward-based learning. We
review evidence from a growing number of brain imaging studies that have identified differences in the structure or functioning of the
striatum either in antisocial groups or in relation to personality traits that are associated with antisocial behavior such as impulsivity and
novelty seeking. Evidence from structural imaging studies suggests that the volume of the striatum is increased in antisocial populations,
although evidence of localization to specific subregions is inconsistent. Functional imaging studies, which similarly tend to find increased
functioning in the striatum, suggest that the striatum is not necessarily hypersensitive to the receipt of reward in antisocial individuals but
instead may not be appropriately processing the absence of a reward, resulting in continuous responding to a stimulus that is no longer
rewarding. This may impair the ability of individuals to flexibly respond to the environment, thus contributing to impulsivity and antisocial

behavior. We conclude by discussing genetic and environmental factors that may affect the development of the striatum.
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tures appear to be consistent: impulsivity, novelty seeking,

reward seeking, and poor decision making. Many studies
examining the neural correlates of antisocial behavior have focused
on the prefrontal cortex because of its demonstrated importance
for inhibition, behavioral control, and decision making. However,
the striatum may be equally important in vulnerability to these
symptoms because of its involvement in reward processing, learn-
ing, and altering behavior.

In this review, we discuss studies examining the striatum in
antisocial groups or in relation to individual differences in person-
ality traits observed in antisocial individuals, such as increased ap-
proach-related behavior, reward sensitivity, or impulsivity (1). Anti-
social is a heterogeneous category that includes violent offenders,
incarcerated and nonincarcerated adults with antisocial personality
disorder, youth with conduct disorder, and youth and adults with
psychopathic traits. Psychopathy is a more specific classification
of antisocial individuals, describing those who exhibit interper-
sonal and affective features such as manipulativeness, superfi-
cial charm, deceitfulness, emotional shallowness, and a lack of
guilt, remorse and empathy (2) in addition to traits that may be
more common to antisocial individuals in general, such asimpul-
sivity, sensation seeking, and disinhibition. A central question is
whether deficits in the striatum are related to the former and/or
latter features of psychopathy.

The striatum is a region that is affected by substance abuse and
dependence (3), which is common in antisocial individuals. Al-
though several studies we review control for substance abuse/
dependence, it is important to keep in mind that many do not.
Future studies, particularly in youth populations, may be able to
elucidate whether striatum abnormalities are a risk factor for, versus
aresult of, substance abuse and antisocial behavior.

Q cross many subtypes of antisocial individuals, several fea-
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Functional Neuroanatomy of the Striatum

The striatum has two major parts, the caudate nucleus and the
putamen, which are separated by a white matter tract. Adjacent to
the putamen is the globus pallidus; the putamen and globus palli-
dus combined are referred to as the lenticular nucleus. Collectively
the caudate, putamen, and globus pallidus are referred to as the
corpus striatum (Figure 1). The most significant functional differen-
tiation is the distinction between the dorsal and ventral striatum.
The ventral striatum (VS) consists primarily of the nucleus accum-
bens, located ventral to the caudate and putamen, and the olfac-
tory tubercle. The putamen and the head of the caudate are re-
ferred to as the dorsal striatum.

Numerous cognitive, emotional, and motor functions rely on the
integrity of the striatum. The dorsal striatum is hypothesized to be
associated with two general categories of functions (4). The first is
stimulus-response habit formation, based on reinforcement con-
tingencies in a given situation. The dorsal striatum is thus involved
in procedural learning, reference memory, egocentric orientation,
and rule-based learning. The second category of functions involve
selecting different behavioral responses in the presence of chang-
ing task requirements, which may include motor planning and
control, error correction in responding, strategy selection, and set
switching (4), which requires monitoring of cues in the environ-
ment and altering behavioral responding when contingencies
change (5). The dorsal striatum, as well as the VS, is also thought to
facilitate appetitive or reward-dependent behaviors (6). Both re-
gions are critically involved in reinforcement learning (7) and are
active during the anticipation of reward (8). Activity in the VS in-
creases in response to the receipt of rewarding stimuli and is
thought to play a role in signaling errors in the prediction of reward
(9). In addition, it has also been found to be activated more broadly
by salient aversive, novel, and intense stimuli (10,11).

Functional Imaging Findings in Antisocial Populations

Three early studies used single photon emission computed to-
mography to examine brain activity in antisocial individuals. Tii-
honen et al. (12) found that violent, but not nonviolent, patients
with alcoholism had increased dopamine transporter densities in
the striatum relative to control subjects. Amen et al. (13) found that
psychiatric patients who demonstrated aggression had increased
perfusion in the basal ganglia compared with nonaggressive pa-
tients. However, Soderstrom et al. (14) found reduced perfusion in
the head of the caudate in violent offenders scoring higher on
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Figure 1. Coronal (top), axial (bottom left), and sagittal (bottom right) slices of the striatum illustrating the caudate (head and body), putamen, nucleus

accumbens, and globus pallidus.

interpersonal and affective features of psychopathy but not with
those scoring higher on impulsive and antisocial features.

Later studies, using functional magnetic resonance imaging
(fMRI), have examined the functioning of the striatum using a num-
ber of different tasks and populations. These studies have identified
altered functioning primarily in two subregions of the striatum: the
caudate, which is part of the dorsal striatum, and the ventral stria-
tum/nucleus accumbens.

Caudate

The caudate is a region that isimportant in being able to flexibly
respond to the environment. It is activated in response to reward
but not nonreward. This differential signaling by the caudate may
be necessary for individuals to shift their behavioral response pat-
tern. Based on the studies reviewed below, we suggest that in
antisocial individuals, the caudate may not exhibit this differential
response to reward and nonreward.

Vollmetal. (15) examined brain activity in individuals with either
antisocial personality disorder or borderline personality disorder
compared with control subjects. Reward processing was examined
by implementing a task in which participants’ correct behavioral
responses were rewarded during some portions of the task but not
others. Compared with control subjects, individuals with personal-
ity disorders (PD) had less activity in the caudate during rewarded
trials compared with nonrewarded trials. Interestingly, this finding
could be interpreted in two different ways. One possibility is that
the participants with PD demonstrate less activity in the caudate
during rewarded trials than control subjects. However, an alterna-
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tive possibility is that PD participants demonstrate activity in the
caudate during both the rewarded and the nonrewarded portions
of the trial. This would result in PD participants showing less of a
difference between rewarded and nonrewarded trials. In other
words, control participants may show a greater difference in cau-
date activity between reward and nonrewarded trials.

We raise this as an alternative explanation because of findings
from two subsequent studies. Gatzke-Kopp et al. (16) examined
activity in the striatum during a similar task involving rewarded and
nonrewarded blocks in youth with externalizing disorders com-
pared to control subjects. Control subjects exhibited appropriate
differential activity in the caudate; during rewarding trials, the cau-
date was activated, but during nonrewarding trials it was not. In
contrast, youth with externalizing disorders exhibited activity in the
caudate during both rewarding and nonrewarding trials (Figure 2).
This suggests that individuals with externalizing psychopathology
may not be oversensitive to reward but instead may have deficits in
processing the omission of reward, which may make it difficult to
shift their behavior when environmental contingencies change.

This idea is further supported in a study by Finger et al. (17),
which examined brain activity in youth with psychopathic traits
during a probabilistic reversal task. In this task, participants selected
one of two stimuli and received either positive or negative feed-
back. Half-way through the session (i.e,, after associations are
formed), the reinforcement contingency was reversed (i.e., the
good stimulus becomes bad and the bad stimulus becomes good).
The authors compared the trials in which participants failed to
appropriately reverse a response following the change in con-
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Figure 2. Results from study by Gatzke-Kopp et al. (16). Control subjects
showed differential responding in the caudate during rewarding and non-
rewarding trials. In contrast, youth with externalizing disorders demon-
strated activity in the caudate during both rewarded and nonrewarding
trials. (Reprinted with permission from Gatzke-Kopp et al. [16].)

tingency versus the rewarded correct responses. Children with
psychopathic traits had increased activity in the caudate during
the punished errors, whereas healthy children showed de-
creased activity. This could suggest that children with psycho-
pathic traits continue to find previously rewarded responses to
be rewarding, even after the feedback has changed from rein-
forcement to punishment (17).

Finally, one study found similar effects in individuals with an
increased tendency for approach-related behavior (18), a trait that
is observed in antisocial individuals (1). These individuals demon-
strated increased activity in the caudate during a set-switching task
in which participants were instructed to attend to either the color or
the shape of figures on a screen. During the trials in which partici-
pants were required to make the cognitive shift from color to shape,
or vice versa, participants scoring higher on approach-related be-
havior had more activity in the caudate. This may similarly suggest
that the caudate continues to respond despite cues indicating that
a particular response is no longer correct.

This failure to distinguish between reward and nonreward, or
other indicators of changes in contingencies, may mean that the
caudate is unable to send signals indicating that contingencies
have changed. This may contribute to the deficits observed in anti-
social individuals, such as perseveration in responding, even after
theresponseis nolonger rewarded (19).In a real-world context, this
may have several implications for antisocial behavior. Youth may
persist in the use of aggression or manipulation despite the fact
that these behaviors are no longer rewarded. Continued activity in
the caudate during nonrewarded events may also contribute to
impulsive, risk-taking behaviors and increase risk for substance
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abuse and gambling. Additional research examining striatum activ-
ity during tasks in which reward contingencies change will be help-
ful in clarifying whether altered caudate functioning is in fact a risk
factor for antisocial behavior and related tendencies for risk taking
and substance abuse.

It should be noted that not all studies have observed this pattern
of increased activity in the caudate during nonrewarded events.
Finger et al. (20) examined brain activity in youth with psychopathic
traits during a passive avoidance task. In this task, participants had
to learn to respond to stimuli that were followed by reward while
refraining from responding to stimuli followed by punishment. Par-
ticularly during the early learning phase (block 1), youth with psy-
chopathic traits demonstrated reduced activity in the caudate. No
differences were observed in later learning phases. Thus, findings
regarding the caudate are somewhat mixed, with three studies
reporting increased activity in antisocial groups (16,17) or in rela-
tion to approach-related tendencies (18), one study reporting re-
duced activity (20), and one study requiring further evaluation (15).

Ventral Striatum

Only a few studies of antisocial individuals have identified the VS
asaregion that functions differently. However, activity in the VS has
been repeatedly associated with individual differences in traits
such as reward sensitivity and impulsivity, which are common in
antisocial groups. For example, studies have examined the relation-
ship between the striatum and the tendency for approach-related
behavior. Gray (21) defined a behavioral activation system (BAS)
that underlies individual differences in positive incentive motiva-
tion and impulsivity. BAS is described as a system in the brain that s
triggered by signals of reward or the relief of punishment and that
facilitates approach-related behavior. BAS has been equated with
trait reward sensitivity and is sometimes referred to as Gray's impul-
sivity (22).

Antisocial behavior and psychopathic traits have been asso-
ciated with BAS functioning, as measured by two personality
questionnaires: the BIS (behavioral inhibition system)/BAS
Scales (23) and the Sensitivity to Reward scale of the Sensitivity
to Punishment and Sensitivity to Reward Questionnaire (24).
Scores on these measures are positively correlated with the
interpersonal and affective features of psychopathy and
strongly correlated with the impulsive and antisocial features of
psychopathy in an offender population (1).

Higher scores on these same measures of BAS have been asso-
ciated with increased activity in the VS while viewing pictures of
appetizing foods (25), anticipating (26,27; but see [28]) and receiv-
ing (28) monetary rewards, and receiving positive feedback (29).
Although some caveats exist (e.g., in the study by Hahn et al. [27],
the relationship between BAS and VS activity was present only in
those with a specific polymorphism of the dopamine transporter
gene), these findings suggest that higher BAS scores are associated
with increased activity in the VS during reward processing. One
study also examined the randomness of neural dynamics, mea-
sured by examining the fluctuations of the time series in fMRI data,
during the resting state (i.e., when participants are not engaged in a
task). They found that the randomness in the time-series data in the
VS was increased in individuals with high BAS scores (22). This
randomness may reflect the degree of organization and coordina-
tion of neurons (30), indicating that individuals with higher BAS
scores show less coordinated neural firing (22), although this inter-
pretation is speculative (for an introduction to randomness in fMRI
resting-state data, see reference 30).

Together, evidence suggests that alterations in the VS may con-
tribute to the individual differences in BAS that are observed in
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antisocial individuals. Similar to antisocial individuals, those with a
more active BAS have been found to have better appetitive learn-
ing but impaired processing of aversive cues when responding to
reward (5,31). A more active BAS may predispose to perseverating
in dominant, appetitive responses and to ignoring secondary cues.
This may contribute to the impaired learning, self-regulation, and
decision making observed in antisocial individuals.

Two studies have found associations between VS activity and
psychopathic traits. Using positron emission tomography, Buck-
holtzetal. (32) found that the impulsive-antisocial traits of psychop-
athy were associated with dopamine release in the nucleus accum-
bens (the primary subregion of the VS) in response to the
administration of amphetamine. In a follow-up using fMRI, impul-
sive-antisocial traits were also associated with increased activity in
the VS during the anticipation of a monetary reward but not during
the receipt of the monetary reward (32).

Kiehl et al. (33) found reduced functioning in the VS in psycho-
pathic offenders during an affective memory task. Notably, this task
involved negatively valenced stimuli, in contrast to the reward-related
stimuli used in the previously discussed studies. One hypothesis that
could be tested in future studies is whether abnormalities in the stria-
tum in antisocial groups may be different, depending on the context
(e.g., positive vs. negative stimuli).

Finally, Decety et al. (34) found that youth with conduct disorder
showed increased activity in the VS when viewing images of others
in pain (caused accidentally) compared with images of no pain.
Although it may be tempting to speculate thatincreased VS activity
indicates that youth with conduct disorder find the pain of others to
be rewarding, the striatum is also activated by salient aversive,
novel, and intense stimuli (10,11), so increased functioning does
not necessarily signify that the stimuli were rewarding.

In summary, although five studies have observed an association
between increased VS activity and BAS (25-29), only two studies
have observed these increases in individuals with antisocial traits
(32,34), and one study found reduced activity (33). Additional stud-
ies are needed to clarify how the VS may contribute to individual
differences in reward processing and also whether the direction of
VS deficits in antisocial individuals may depend on the particular
type of stimuli being processed.

Structural Imaging Findings in Antisocial Populations

An advantage of structuralimaging studies is that itis not always
clear from fMRI studies whether altered functioning in a particular
brain region is due to abnormalities within the region or due to
altered input from other regions. By examining the structure, we
can gain more information about whether a particular region is
altered. However, structural findings may also be more difficult to
interpret. Although the assumption is that increased volume re-
flects superior functioning (e.g., greater hippocampal volumes are
observed in taxi drivers [35]), this may not always be the case.

Four structural imaging studies have found increased volumes
in the striatum in antisocial groups, although increases were ob-
served in different subregions. Barkataki et al. (36) reported in-
creased volume in the putamen of individuals with antisocial per-
sonality disorder compared with controls. Schiffer et al. (37) found
that violent offenders had larger volumes in the nucleus accum-
bens and the caudate head than nonoffenders. In youth, Ducharme
et al. (38) found that bilateral caudate and putamen volumes were
positively correlated with scores on the aggression subscale of the
Child Behavior Checklist in healthy youth aged 6-18 years. This
subscale is thought to measure impulsive forms of aggression.

Two studies have examined the volume of the striatum in rela-
tion to psychopathic traits specifically. Schiffer et al. (37) found that
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volumes of the nucleus accumbens and caudate were positively
correlated with total psychopathy scores on the Psychopathy
Checklist-Screening Version (39). The authors also examined the
volume of these regions in relation to the four facets of psychopa-
thy and found that the volume of the caudate head was correlated
with affective and antisocial features. The volume of the nucleus
accumbens was correlated with all features except the lifestyle
features. The relationships with interpersonal and affective features
remained significant, even after controlling for individual differ-
ences in impulsivity.

Glenn et al. (40) found a 9.6% increase in the volume of the total
striatum (caudate, putamen, globus pallidus) in psychopathic indi-
viduals compared with a control group matched for age, sex, eth-
nicity, and substance dependence. Unlike the study by Schiffer et al.
(37), analyses of the facets of psychopathy revealed that the cau-
date head was associated with lifestyle features but not related to
the other facets. In addition, the caudate body was primarily asso-
ciated with the interpersonal and affective features, and the lentic-
ular nucleus (putamen and globus pallidus) was associated with all
features except the interpersonal features. The nucleus accumbens
was not delineated in this study.

Taken together, analyses of the four facets of psychopathy do
not produce consistent results but do suggest that increased vol-
umes in the striatum are not exclusively related to the impulsive
and antisocial features but may also be associated with the inter-
personal and affective features that are more unique to individuals
with psychopathic traits.

Findings from healthy individuals also support the link between
striatal structure and individual differences in antisocial-related
traits. However, one structural imaging study found that under-
graduate males with higher BAS scores demonstrated reduced,
rather than increased, gray matter volumes in the caudate, puta-
men, and globus pallidus (41). Another study examined individual
differences in novelty seeking and reward dependency in relation
to the strength of white matter tracts connecting the striatum to
cortical and subcortical regions. Novelty seeking, which describes
the trait of looking for and feeling rewarded by new experiences,
was associated with stronger white matter fiber tracts connecting
the VS to both the hippocampus and amygdala (42). Reward depen-
dency, or the tendency to rely on social approval and to continue
previously rewarded behaviors, was associated with stronger fiber
tracts connecting the striatum to several areas of the prefrontal
cortex.

Overall, structural imaging studies parallel findings from func-
tional studies, reporting increased volume of the striatum in antiso-
cial groups. Future studies may benefit from assessing both volume
and functioning within the same study to better understand how
structure and functioning are related. In addition, longitudinal
studies examining differences in the trajectory of striatal growth
across developmental periods will be important for understanding
how relationships between the striatum and antisocial behavior
may change.

Development of Striatum Abnormalities

Animportant question is how differences in the striatum may
develop. In this section we discuss genetic and environmental
factors that may affect the structure and the functioning of the
striatum.

Genetic Factors

The neurotransmitter dopamine plays a central role in the func-
tioning of the striatum, so variants in genes associated with dopa-
mine have been examined as potential contributors to individual
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differences in striatal activity. One gene is the DAT1 gene (SLC6A3),
which codes for the dopamine transporter, which is involved in
regulating synaptic dopamine. Two variants of interest are a 9-re-
peat allele, which is associated with decreased synaptic dopamine
in the striatum, and a 10-repeat allele, which is associated with
increased synaptic dopamine. Dreher et al. (43) found that carriers
of the 9-repeat allele had more activity in the VS and caudate during
reward anticipation than individuals with the 10-repeat allele. Sim-
ilarly, Forbes et al. (29) found that carriers of the 9-repeat allele had
increased reward-related activity in the VS and higher scores on the
Barratt Impulsiveness Scale. Greater reward-related VS activity was
also observed in carriers of two alleles of dopamine receptor genes,
DRD2 (141C Del allele) and DRD4 (7-repeat allele) (29).

The gene coding for catechol-O-methyltransferase (COMT),
which catabolizes dopamine, has also been examined. Two vari-
ants, valine (val) and methionine (met), affect COMT enzyme activ-
ity. Individuals homozygous for the met allele (met/met) have 25-
75% reduction in COMT enzyme activity compared with individuals
homozygous for the val allele (val/val) and therefore have more
baseline synaptic dopamine. Dreher et al. (43) found that met/met
carriers had more activity in the VS than those with the val allele
during reward anticipation (but also see [29]).

Environmental Factors

Evidence suggests that environmental factors from the prenatal
period to adolescence may affect the development of the striatum.
Qiu et al. (44) examined the shape and volume of the striatum in a
sample of healthy 6-year-old boys born at term and within the
normal range for birth weight. Boys with lower birth weight and
shorter gestation had smaller volumes and altered shape of the
caudate, suggesting that subtle variations in fetal development
may alter the development of the striatum.

Environmental enrichment and stress early in life also may affect
the development of the striatum. One study examined the effects of
tactile stimulation as a form of environmental enrichment in rats.
Tactile stimulation early in life (postnatal to weaning) resulted in
enlargement of the striatum in adulthood (45). Despite this enlarge-
ment in the striatum, tactile stimulation was also associated with
decreased novelty-seeking behavior. This pattern of findings (en-
larged striatal volumes associated with reduced approach behav-
ior) parallels the findings by Barros-Loscertales et al. (41) reviewed
above, which demonstrate that individuals with lower BAS scores
have larger volumes in the striatum.

It was suggested that the reduced novelty seeking observed in
rats receiving tactile stimulation could serve as a protective factor
against drug abuse propensity (45). In support of this hypothesis,
rats that received tactile stimulation were less behaviorally sensi-
tive to amphetamine exposure in adulthood. They also did not
show the same postamphetamine enlargements in the striatum as
rats without tactile stimulation. This suggests that environmental
enrichment may alter the striatum in a way that allows it to be
buffered against drug-induced structural changes. In other words,
early environment may affect the development of the striatumin a
way that alters future susceptibility to drug addiction and possibly
impulsive, antisocial behavior.

In contrast, early life stress may sensitize the striatum. Animal
studies have found that rats isolated from their mother for 1 hour
perday during the first week of life showed much greater dopamine
release in the VS after an amphetamine challenge than those who
were not isolated (46). Chronic lead exposure after weaning in rats
has also been found to affect dopamine-binding sites and dopa-
mine release in the VS (47). Behaviorally, lead exposure resulted in
increases in fixed interval schedule-controlled behavior response

BIOL PSYCHIATRY 2012;72:817-822 821

rates, which is associated with impulsivity in human infants and
children (48).

During adolescence, exposure to social, but not nonsocial (foot
shock), stress has been found to cause changes in the striatum. In a
rat model, rats exposed to repeated social defeat during adoles-
cence demonstrated altered dopamine functioning in the VS in
response toamphetamine exposure in adulthood. Behaviorally, the
rats exposed to the social stress also exhibited increased condi-
tioned place preference for amphetamine in adulthood. This sug-
gests that it is specifically social stress during adolescence that may
predispose to drug-related behaviors later in life (49).

Together these studies suggest that a number of environmental
factors may contribute to abnormalities in the striatum. These stres-
sors may sensitize the striatum, altering reward processing and
making later exposure to drugs that target this system more re-
warding. Intervention studies providing early environmental en-
richment may be able to test the hypothesis that enrichment alters
striatal activity in a way that buffers against antisocial behavior and
substance abuse.

Summary

Evidence reviewed here suggests that the volume of the stria-
tum isincreased in antisocial and psychopathicindividuals and that
functioning is also increased in specific contexts. Impairments in
the caudate may result in a failure to signal when behaviors are no
longer rewarding and thus may contribute to the perseveration of
maladaptive behaviors such as aggression. Deficits in the VS may
contribute to impulsivity, sensation seeking, and heightened sensi-
tivity to reward. The striatum has been linked to both interpersonal/
affective and impulsive/antisocial features of psychopathy, and al-
terations have been observed in both youth and adult populations.
Discrepancies remain regarding the specific subregions of the stria-
tum that may be compromised and the specific contexts in which
functioning may be altered. Future research clarifying these issues
will improve our understanding of how this brain region may con-
tribute to antisocial behavior, psychopathy, and related personality
traits.

The authors report no biomedical financial interests or potential
conflicts of interest.

1. Wallace JF, Malterer MB, Newman JP (2009): Mapping Gray's BIS and BAS
constructs onto Factor 1 and Factor 2 of Hare's Psychopathy Checklist—
Revised. Pers Individ Diff 47:812-816.

2. Hare RD (2003): Hare Psychopathy Checklist-Revised (PCL-R), 2nd ed. To-
ronto: Multi-Health Systems, Inc.

3. Koob GF (2001): The role of the striatopallidal and extended amygdala
systems in drug addiction. Ann N 'Y Acad Sci 877:445-460.

4. DevanBD, Hong NS, McDonald RJ (2011): Parallel associative processing
in the dorsal striatum: segregation of stimulus-response and cognitive
control subregions. Neurobiol Learn Mem 96:95-120.

5. Patterson CM, Newman JP (1993): Reflectivity and learning from aver-
sive events: toward a psychological mechanism for the syndromes of
disinhibition. Psychol Rev 100:716 -736.

6. Berridge KC, Robinson TE (2003): Parsing reward. Trends Neurosci 26:
507-513.

7. Wise RA (2004): Dopamine, learning and motivation. Nat Rev Neurosci
5:483-494.

8. Harsay HA, Cohen MX, Oosterhof NN, Forstmann BU, Mars RB, Ridderink-
hof KR (2011): Functional connectivity of the striatum links motivation
to action control in humans. J Neurosci 31:10701-10711.

9. O'Doherty J (2004): Reward representations and reward-related learn-
ing in the human brain: insights from neuroimaging. Curr Opin Neuro-
biol 14:769-776.

www.sobp.org/journal



822 BIOL PSYCHIATRY 2012;72:817-822

10.

11.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jensen J, McIntosh AR, Crawley AP, Mikulis DJ, Remington G, Kapur S
(2003): Direct activation of the ventral striatum in anticipation of aver-
sive stimuli. Neuron 40:1251-1257.

Zink CF, Pagnoni G, Martin-Skurski ME, Chappelow JC, Berns GS (2004):
Human striatal responses to monetary reward depend on saliency. Neu-
ron 42:509-517.

. Tiihonen J, Kuikka J, Bergstrom K, Hakola P, Karhu J, Ryynanen OP, et al.

(1995): Altered striatal dopamine re-uptake site densities in habitually
violent and non-violent alcoholics. Nat Med 1:654-657.

. Amen DG, Stubblefield M, Carmichael B, Thisted R (1996): Brain SPECT

findings and aggressiveness. Ann Clin Psychiatry 8:129-137.

. Soderstrom H, Hultin L, Tullberg M, Wikkelso C, Ekholm S, Forsman A

(2002): Reduced frontotemporal perfusion in psychopathic personality.
Psychiatry Res 114:81-94.

. Vollm B, Richardson P, McKie S, Elliott R, Dolan M, Deakin B (2007):

Neuronal correlates of reward and loss in Cluster B personality disor-
ders: a functional magnetic resonance imaging study. Psychiatry Res
156:151-167.

. Gatzke-Kopp LM, Beauchaine TP, Shannon KE, Chipman J, Fleming AP,

Crowell SE, et al. (2009): Neurological correlates of reward responding in
adolescents with and without externalizing behavior disorders. J Ab-
norm Psychol 118:203-213.

. Finger EC, Marsh AA, Mitchell DG, Reid ME, Sims C, Budhani S, et al.

(2008): Abnormal ventromedial prefrontal cortex function in children
with psychopathic traits during reversal learning. Arch Gen Psychiatry
65:586-594.

. Avila C, Garbin G, Sanjuan A, Forn C, Barrés-Loscertales A, Bustamante

JC, etal.(2012): Frontostriatal response to set switching is moderated by
reward sensitivity. Soc Cogn Affect Neurosci 7:423-430.

. Budhani S, Blair RJ (2005): Response reversal and children with psycho-

pathic tendencies: success is a function of salience of contingency
change. J Child Psychol Psychiatry 46:972-981.

Finger EC, Marsh AA, Blair KS, Reid ME, Sims C, Ng P, et al. (2011):
Disrupted reinforcement signaling in the orbitofrontal cortex and cau-
date in youths with conduct disorder or oppositional defiant disorder
and a high level of psychopathic traits. Am J Psychiatry 168:152-162.
Gray JA (1982): The Neuropsychology of Anxiety. New York: Oxford Uni-
versity Press.

Hahn T, Dresler T, Ehlis AC, Pyka M, Dieler AC, Saathoff C, et al. (2012):
Randomness of resting-state brain oscillations encodes Gray’s person-
ality trait. Neuroimage 59:1842-1845.

Carver CS, White TL (1994): Behavioral inhibition, behavioral activation,
and affective responses to impending reward and punishment—the
BIS BAS Scales. J Personal Soc Psychol 67:319-333.

Torrubia R, Avila C, Molto J, Caseras X (2001): The Sensitivity to Punish-
ment and Sensitivity to Reward Questionnaire (SPSRQ) as a measure of
Gray's anxiety and impulsivity dimensions. Personal Individ Diff 31:837-
862.

Beaver JD, Lawrence AD, Van Ditzhuijzen J, Davis MH, Woods A, Calder
AJ (2006): Individual differences in reward drive predict neural re-
sponses to images of food. J Neurosci 26:5160-5166.

Hahn T, Dresler T, Ehlis AC, Plichta MM, Heinzel S, Polak T, et al. (2009):
Neural response to reward anticipation is modulated by Gray’s impul-
sivity. Neuroimage 46:1148-1153.

Hahn T, Heinzel S, Dresler T, Plichta MM, Renner TJ, Markulin F, et al.
(2011): Association between reward-related activation in the ventral
striatum and trait reward sensitivity is moderated by dopamine trans-
porter genotype. Hum Brain Mapp 32:1557-1565.

Simon JJ, Walther S, Fiebach CJ, Friederich HC, Stippich C, Weisbrod M,
et al. (2010): Neural reward processing is modulated by approach- and
avoidance-related personality traits. Neuroimage 49:1868 -1874.
Forbes EE, Brown SM, Kimak M, Ferrell RE, Manuck SB, Hariri AR (2009):
Genetic variation in components of dopamine neurotransmission im-
pacts ventral striatal reactivity associated with impulsivity. Mol Psychia-
try 14:60-70.

www.sobp.org/journal

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

A.L Glenn and Y. Yang

Lai MC, Lombardo MV, Chakrabarti B, Sadek SA, Pasco G, Wheelwright
SJ,etal. (2010): A shift to randomness of brain oscillations in people with
autism. Biol Psychiatry 68:1092-1099.

Avila C (2001): Distinguishing BIS-mediated and BAS-mediated disinhi-
bition mechanisms: a comparison of disinhibition models of Gray
(1981,1987) and of Patterson and Newman (1993). J Pers Soc Psychol
80:311-324.

Buckholtz JW, Treadway MT, Cowan RL, Woodward ND, Benning SD, LiR,
et al. (2010): Mesolimbic dopamine reward system hypersensitivity in
individuals with psychopathic traits. Nat Neurosci 13:419-421.

Kiehl KA, Smith AM, Hare RD, Mendrek A, Forster BB, Brink J (2001):
Limbic abnormalities in affective processing by criminal psychopaths as
revealed by functional magnetic resonance imaging. Biol Psychiatry
50:677-684.

Decety J, Michalska KJ, Akitsuki Y, Lahey BB (2009): Atypical empathic
responses in adolescents with aggressive conduct disorder: a functional
MRI investigation. Biol Psychology 80:203-211.

Maguire EA, Gadian DG, Johnsrude IS, Good CD, Ashburner J, Frack-
owiak RSJ, et al. (2000): Navigation-related structural change in the
hippocampi of taxi drivers. Proc Natl Acad Sci U S A 97:4398 - 4403.
Barkataki I, Kumari V, Das M, Taylor P, Sharma T (2006): Volumetric
structural brain abnormalities in men with schizophrenia or antisocial
personality disorder. Behav Brain Res 169:239-247.

Schiffer B, Muller BW, Scherbaum N, Hodgins S, Forsting M, Wiltfang J, et
al. (2011): Disentangling structural brain alterations associated with
violent behavior from those associated with substance use disorders.
Arch Gen Psychiatry 68:1039-1049.

Ducharme S, Hudziak JJ, Botteron KN, Ganjavi H, Lepage C, Collins DL, et
al.(2011):Right anterior cingulate cortical thickness and bilateral striatal
volume correlate with Child Behavior Checklist aggressive behavior
scores in healthy children. Biol Psychiatry 70:283-290.

Hart S, Cox D, Hare RD (1995): The Hare Psychopathy Checklist: Screening
Version. Toronto, Ontario, Canada: Multi-Health Systems.

Glenn AL, Raine A, Yaralian PS, Yang Y (2010): Increased volume of the
striatum in psychopathic individuals. Biol Psychiatry 67:52-58.
Barros-Loscertales A, Meseguer V, Sanjuan A, Belloch V, Parcet MA,
Torrubia R, et al. (2006): Striatum gray matter reduction in males with an
overactive behavioral activation system. Eur J Neurosci 24:2071-2074.
Cohen MX, Schoene-Bake JC, Elger CE, Weber B (2009): Connectivity-
based segregation of the human striatum predicts personality charac-
teristics. Nat Neurosci 12:32-34.

Dreher JC, Kohn P, Kolachana B, Weinberger DR, Berman KF (2009):
Variation in dopamine genes influences responsivity of the human re-
ward system. Proc Natl Acad Sci US A 106:617-622.

Qiu A, Rifkin-Graboi A, Zhong J, Phua DY-L, Lai YK, Meaney MJ (2012):
Birth weight and gestation influence striatal morphology and motor
response in normal six-year-old boys. Neuroimage 59:1065-1070.
Muhammad A, Hossain S, Pellis SM, Kolb B (2011): Tactile stimulation
during development attenuates amphetamine sensitization and struc-
turally reorganizes prefrontal cortex and striatum in a sex-dependent
manner. Behav Neurosci 125:161-174.

Kehoe P, Shoemaker WJ, Triano L, Hoffman J, Arons C (1996): Repeated
isolation in the neonatal rat produces alterations in behavior and ven-
tral striatal dopamine release in the juvenile after amphetamine chal-
lenge. Behav Neurosci 110:1435-1444.

Pokora MJ, Richfield EK, Cory-Slechta DA (1996): Preferential vulnerabil-
ity of nucleus accumbens dopamine binding sites to low-level lead
exposure: time course of effects and interactions with chronic dopa-
mine agonist treatments. J Neurochem 67:1540-1550.

Darcheville JC, Riviere V, Wearden JH (1993): Fixed-interval performance
and self-control in infants J Exp Anal Behav 60:239-254.

Burke AR, Watt MJ, Forster GL (2011): Adolescent social defeat increases
adult amphetamine conditioned place preference and alters D2 dopa-
mine receptor expression. Neuroscience 197:269-279.



	The Potential Role of the Striatum in Antisocial Behavior and Psychopathy
	Functional Neuroanatomy of the Striatum
	Functional Imaging Findings in Antisocial Populations
	Caudate
	Ventral Striatum
	Structural Imaging Findings in Antisocial Populations
	Development of Striatum Abnormalities
	Genetic Factors
	Environmental Factors
	Summary
	References


