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17.1 Individuals with Borderline
Personality Disorder
17.1.1 Introduction

Borderline personality disorder (BPD) is a seri-
ous mental disorder that affects up to 3 % of the
population in western nations (Lenzenweger
et al. 2007; Trull et al. 2010) and is characterized
by a pervasive pattern of instability in affect,
behavior, interpersonal relationships, and self-
identity (DSM-IV-TR 2000). Dissociation,
impulsive aggression, self-injury, and chronic
suicidal tendencies are the most prominent clini-
cal symptoms (Leichsenring et al. 2011), result-
ing in pronounced impairments of psychosocial
functioning, even in comparison to patients with
mood or other personality disorders (e.g., Ansell
et al. 2007; Skodol et al. 2002). Due to severe
dysfunctions in their daily lives, BPD patients
engage in extensive utilization of mental health
resources (Ansell et al. 2007; Bender et al. 2001;
Zanarini et al. 2001) and are usually overrepre-
sented in psychiatric in- and outpatient samples
(Grilo et al. 1998; Korzekwa et al. 2008;
Marinangeli et al. 2000). The course of BPD
symptomatology was traditionally considered
chronic and intractable. However, this pessimis-
tic outlook has fundamentally changed following
recent investigations into the long-term course of
BPD symptomatology as well as research dem-
onstrating the effectiveness of specialized psy-
chotherapeutic options (e.g., Bateman and
Fonagy 2008; Giesen-Bloo et al. 2006; Linehan
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et al. 2006). The 10-year course of BPD, for
instance, is characterized by high rates of remis-
sions and low rates of relapse. However, BPD
patients experience persistent disturbance in
social functioning (Gunderson et al. 2011).

Factor analytic studies identified three major
domains of psychopathological impairments in
BPD (Sanislow et al. 2002; Skodol et al. 2002):
affective dysregulation, behavioral dysregulation
(i.e., impulsivity), and disturbed relatedness.!
Although disturbance in interpersonal relations is
highly characteristic of personality disorders in
general, disturbed relatedness in BPD is uniquely
characterized by turbulent relationships and an
excessive fear of perceived or real abandonment.
This specific interactional style was, accordingly,
proposed to best discriminate BPD from other
personality disorders (Gunderson et al. 1995).
Disturbed relatedness is presumably a conse-
quence of presence of traits such as marked rejec-
tion sensitivity and pronounced difficulties in
recognizing others’ intentions and feelings
(Gunderson 2007). Impaired mentalization capa-
bilities are consistently observed in BPD (Bland
et al. 2004; Levine et al. 1997; Preissler et al.
2010; Ritter et al. 2011; Unoka et al. 2011).
Impairments in mentalizing capabilities are par-
ticularly prominent in more naturalistic settings
(for a review, see Roepke et al. 2012), e.g., when
patients have to integrate facial and prosodic
information (Minzenberg et al. 2006) or are
required to rapidly categorize facial expressions
(Dyck et al. 2009). Along with biases in the eval-
uation of others (e.g., Arntz and Haaf 2012; Arntz
and Veen 2001; Barnow et al. 2009), these aber-
rations contribute significantly to impaired func-
tioning in interpersonal contexts (for reviews, see
Dinsdale and Crespi 2013; Domes et al. 2009).
Experience sampling studies provide further evi-
dence that perceived rejection triggers anger and
aggression (Berenson et al. 2011), states of ten-
sion, as well as the urge to engage in self-injurious
behavior (Stiglmayr et al. 2005).

! Alternative findings suggest that unifactorial models best
account for variance in BPD psychopathology (e.g.,
Clifton and Pilkonis 2007; Johansen et al. 2004).

Negative emotional states are much more fre-
quent and longer lasting in BPD patients (Ebner-
Priemer et al. 2007; Stiglmayr et al. 2005, 2001),
who show marked emotional reactions (even in
response to presumably neutral stimuli) along
with an aberrant variability in affective states (for
a review, see Rosenthal et al. 2008).
Correspondingly, the diagnostic criterion of
affective dysregulation is the most frequent and
stable criterion in BPD (Glenn and Klonsky
2009; Gunderson et al. 2011; McGlashan et al.
2005). Abnormalities in the processing and regu-
lation of emotions are therefore widely consid-
ered to be “at the core of borderline pathology”
(Stiglmayr et al. 2005, p. 372). Importantly, most
clinical symptoms in BPD are directly related to
affective dysregulation. Self-injurious behavior
in BPD, for instance, is reportedly used to escape
from undesired or extreme emotions (Chapman
et al. 2006; Kleindienst et al. 2008) and, thus,
might represent an efficient, but highly dysfunc-
tional means of regulating aversive emotional
states (Klonsky 2007; Niedtfeld and Schmahl
2009). Furthermore, affective instability was
found to be related to feelings of emptiness,
interpersonal problems, and identity disturbances
in BPD (e.g., Kleindienst et al. 2008; Klonsky
2007; Koenigsberg et al. 2001; Tragesser et al.
2007).

Impulsive behaviors in BPD such as unsafe
sexual practices, gambling, reckless driving, sub-
stance abuse, or disordered eating (e.g., Soloff
et al. 2000; Trull et al. 2000) might also reflect
dysfunctional attempts to cope with negative
emotionality (Brown et al. 2002; Yen et al. 2004).
Several studies, however, provided evidence that
affective and behavioral dysregulation are dis-
tinct phenotypic traits of BPD (Tragesser and
Robinson 2009; Zanarini et al. 2005). That is,
impulse control difficulties predicted unique fea-
tures of BPD (even when controlling for affective
instability). Thus, it was argued that impulsivity
must be considered independently from the affec-
tive domain to better understand the range of
BPD symptoms (for a discussion, see Tragesser
and Robinson 2009).

The prominent psychopathological impair-
ments of BPD provided impetus for increased
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research investigating the neurobiological corre-
lates of BPD symptomatology. The following
sections will focus on summarizing available
findings from the structural and functional neuro-
imaging literature (for a review of PET studies,
see Lis et al. 2007). First, we will start with a
short overview of structural brain abnormalities.
Then, findings of functional neuroimaging will
be presented and are organized with respect to
the major psychopathological domains of BPD:
processing and regulation of emotions, self-
injurious behavior and pain processing, as well as
interpersonal disturbances.

17.1.2 Structural Neuroimaging
in BPD

Previous studies on brain structure in BPD used
manual tracing methods, which allow the precise
detection of small volume differences in a set of
a priori-defined brain regions. The majority of
these studies were interested in structural proper-
ties of the limbic system and found significantly
smaller gray matter volume in the amygdala and
hippocampus (Driessen et al. 2000; Rusch et al.
2003; Schmabhl et al. 2003; Tebartz van Elst et al.
2003), although other studies failed to find group
differences in amygdala volume (Brambilla
et al. 2004; Zetzsche et al. 2006). Discrepancies
regarding structural findings of the limbic sys-
tem were argued to be partially due to different
comorbidities in the investigated BPD samples.
Recent meta-analyses aimed to clarify this point
and found smaller gray matter volumes in the
bilateral amygdala and hippocampus of about 13
and 11 %, respectively (Nunes et al. 2009; Ruocco
et al. 2012). Interestingly, abnormalities of gray
matter volume in these regions were independent
of comorbid disorders or treatment experience.
Accordingly, gray matter abnormalities of the
limbic system were argued to serve as “candidate
endophenotypes” of BPD (Ruocco et al. 2012).
This interpretation, however, should be treated
with caution as it is based on only a few studies
with small sample sizes. Smaller gray matter vol-
umes of the limbic system are, for example, also
common in patients with posttraumatic stress dis-

order (PTSD; for a meta-analysis, see Karl et al.
2006) or in women with a history of traumatiza-
tion (Dannlowski et al. 2012). Both conditions
are highly prevalent in BPD (Lieb et al. 2004)
and might contribute to abnormalities in the lim-
bic system of BPD patients. Up until now, just
one study evaluated the effects of co-occurring
PTSD in BPD patients (Schmahl et al. 2009). In
this study, smaller hippocampal volumes were
only found in BPD patients with PTSD, thereby
highlighting the necessity to disentangle the
respective disorders’ effects on structural brain
abnormalities.

Apart from the limbic system, structural brain
abnormalities were also evaluated in the frontal
lobe of BPD patients (e.g., Hazlett et al. 2005;
Sala et al. 2011; Tebartz van Elst et al. 2003).
Particularly the advent of voxel-based morphom-
etry (VBM) in recent years allowed an unbiased
quantification of whole-brain structural proper-
ties rather than just of a few selected brain regions
(Mechelli et al. 2005). Available VBM studies
illustrated group differences in gray matter in the
anterior cingulate cortex, the dorsolateral pre-
frontal cortex, as well as the orbitofrontal cortex
(e.g., Brunner et al. 2010; Sato et al. 2012; Soloff
et al. 2012; Vollm et al. 2009) while replicating
smaller gray matter volume of the limbic system
(Kuhlmann et al. 2012; Rusch et al. 2003).
Prefrontal abnormalities of BPD patients were
also related to impulsivity and suicidality (Sala
et al. 2011; Soloff et al. 2008, 2012; Vollm et al.
2009).

While the investigation of structural white
matter integrity in BPD is still in its infancy,
available results highlight abnormalities in ante-
rior parts of the corpus callosum and the bilateral
orbitofrontal cortex (Carrasco et al. 2012) as well
as in the anterior cingulate cortex, which are
characterized by diminished interhemispheric
structural connectivity (Rusch et al. 2010).
Reduced integrity of inferior frontal white matter
circuits was more specifically related to the BPD
symptomatology, such as impaired affect regula-
tion and enhanced impulsivity (Grant et al. 2007,
Rusch et al. 2007).

In sum, findings of previous morphometric
studies point predominantly toward abnormalities
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in limbic and prefrontal brain regions in BPD,
especially in the amygdala and hippocampus, as
well as in parts of the anterior cingulate cortex,
dorsolateral prefrontal cortex, and orbitofrontal
cortex. Structural properties of these regions
might serve as biological markers to discriminate
patients with BPD from healthy controls on the
single-subject level (Sato et al. 2012).

17.1.3 Functional Neuroimaging
in BPD

17.1.3.1 Processing and Regulation
of Emotions

BPD is characterized by a pervasive pattern of
emotional instability that is directly related to
many aspects of patients’ psychopathology, e.g.,
self-injury, interpersonal disturbance, and iden-
tity disturbance. Given the pivotal role of emo-
tional instability in BPD symptomatology, this
endophenotype is a major target for current treat-
ment approaches, which aim to provide patients
with techniques supporting the identification and
regulation of negative emotional states. These
include mentalization-based therapy (Bateman
and Fonagy 2008) and dialectical behavior ther-
apy (for a meta-analysis see Kliem et al. 2010).
Emotional instability is theorized to be the result
of two factors: (a) an enhanced emotional reac-
tivity and (b) an inability to control intense nega-
tive emotional states (Koenigsberg 2010;
Minzenberg et al. 2008; Posner et al. 2003). The
review of available neuroimaging findings will be
accordingly subdivided, although one should
keep in mind that the line between emotion pro-
cessing and emotion regulation is blurry at best
as the generation of emotional responses is
already subject to (implicit) modulations by
regulatory-oriented processes (Gross 1998,
2002).

In accordance with two-factor models, BPD
patients described more intense responses to
emotionally evocative stimuli and exhibited
greater instability of emotions in both labora-
tory and naturalistic settings (Ebner-Priemer
et al. 2007; Herpertz et al. 1997; Rosenthal
et al. 2008; Stiglmayr et al. 2005). Experimental

studies provided further support for impaired
inhibition of negative stimuli (Domes et al. 2006;
Silbersweig et al. 2007), deficits in the disengage-
ment of attentional resources from negative facial
expression (von Ceumern-Lindenstjerna et al.
2010), and a hypervigilance to emotional cues
(Arntz et al. 2000), especially in the presence of
BPD-specific cues (Sieswerda et al. 2007).

At the neural level, most studies find support
for abnormalities in the emotion processing
circuitry of patients with BPD (for a detailed
description of brain regions underlying emotion
processing, see, e.g., Kober et al. 2008; Murphy
et al. 2003; Tsuchiya and Adolphs 2007). An ini-
tial study by Herpertz et al. (2001), for instance,
presented patients with aversive social scenes
and found a link between patients’ experience of
intense emotions and enhanced activations of the
bilateral amygdala. Stronger neural activity was
also found in the bilateral fusiform gyrus, which
might reflect an increased vigilance for negative
emotional stimuli, as the visual cortex has dense
connections to the amygdala (Amaral et al. 2003).
Subsequent work found enhanced reactivity of
the left amygdala in BPD in response to pictures
of facial expressions of emotions, regardless of
their specific valence (Donegan et al. 2003),
whereas another study demonstrated a more spe-
cific pattern of limbic hyperarousal. In this study,
enhanced activity of the right amygdala in BPD
was only observed in response to fearful com-
pared to neutral faces, whereas attenuated activa-
tion of the bilateral amygdala was found during
the presentation of angry facial expressions
(Minzenberg et al. 2007).

Overall, available evidence in BPD is consis-
tent with the conclusion that limbic and paralim-
bic hyperreactivity holds particularly for negative
and neutral stimuli (e.g., Jacob et al. 2012;
Niedtfeld et al. 2010; Schulze et al. 2011),
whereas the existing results regarding the pro-
cessing of positive stimuli are to date still incon-
clusive. Koenigsberg and colleagues (2009b)
found that compared to healthy controls, BPD
patients exhibited heightened activity of the lim-
bic system only in response to negative stimuli;
they failed to find group differences for positive
images. They also observed greater activation of
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the dorsolateral prefrontal cortex during the pre-
sentation of negative stimuli in healthy controls.
In contrast, Hazlett et al. (2012), as well as
Donegan et al. (2003), found greater amygdala
activity in BPD patients across all picture types,
including positive stimuli. Additionally, recent
findings suggest abnormalities in emotion pro-
cessing might affect the functioning of the reward
circuitry in BPD (i.e., the ventral striatum, the
pregenual anterior cingulate, and the ventrome-
dial prefrontal cortex) and the functioning of the
cortical midline structures during the anticipation
of reward (Enzi et al. 2013).

Although most studies primarily investigated
the processing of facial expressions or social
scenes, heightened negative emotionality in
patients with BPD has been demonstrated across
a wide range of different stimuli. For instance,
Jacob et al. (2012) reported stronger left-
lateralized activation of the amygdala, along with
attenuated activation of the subgenual anterior
cingulate during an auditory anger induction pro-
cedure. Similarly, BPD patients showed stronger
activation of the amygdala and insular region
while recalling unresolved autobiographic life
events (Beblo et al. 2006) or reading negatively
valenced words (Silbersweig et al. 2007).
Exaggerated and temporally prolonged amygdala
responses were also observed in BPD patients
during a procedure in which patients were pre-
sented with simple squares paired with painful
electrodermal stimulation while being scanned
(Kamphausen et al. 2013).

However, as outlined above, heightened emo-
tional response represents only one facet of emo-
tional instability in BPD. Impairment in the
cognitive control of intense emotional states is
argued to be equally important for understanding
the disturbance patients experience in their daily
lives, as the ability to regulate emotions has
important effects on physical and mental health
(Davidson 2000, Eftekhari et al. 2009; Gross and
John 2003). As a consequence, studies of neural
mechanisms associated with emotional regula-
tion have rapidly increased in the last years.
These studies have examined several different
forms of cognitive control, ranging from atten-
tional control processes, such as (in)voluntary

shifts of attentional focus or limited allocation of
resources necessary for the processing of exter-
nal stimuli, to cognitive change via reappraisal
(for reviews, see Ochsner and Gross 2005;
Ochsner et al. 2012). The impact of cognitive
reappraisal on neural activity in the limbic and
paralimbic regions is observed across a complex
prefrontal network involving multiple neural
regions; however, the impact is particularly
observable in the dorso- and ventrolateral,
orbitofrontal, and anterior cingulate regions (e.g.,
Banks et al. 2007; Domes et al. 2010; Johnstone
et al. 2007; Ochsner et al. 2004; Wager et al.
2008). The variability of prefrontal localizations
associated with cognitive reappraisal might be
attributable to temporal aspects of the reappraisal
process, which first involves implementation and
subsequently involves maintenance and monitor-
ing of the effects of reappraisal on emotional
responses (Kalisch 2009).

Recent studies of BPD patients investigated
the effects of two different strategies of cognitive
reappraisal: psychological distancing and reinter-
pretation of emotional situations. In one of the
first neuroimaging studies of this phenomenon
conducted by Koenigsberg et al. (2009a), patients
were asked to decrease their emotional response
to negative visual scenes using psychological dis-
tancing strategies. Compared to healthy controls,
BPD patients showed difficulties engaging the
dorsal anterior cingulate cortex and inferior pari-
etal lobe during conditions of psychological dis-
tancing while showing a paradoxical increase of
neural activity in the right amygdala. In another
study conducted by Schulze et al. (2011), a
delayed reappraisal paradigm was used to more
clearly distinguish between the initial emotional
reactivity to a negative stimulus and the subse-
quent modulation of emotional responses by cog-
nitive reappraisal (Jackson et al. 2000). Statistical
analyses during the initial viewing phase repli-
cated previous results of limbic and paralimbic
hyperreactivity during the presentation of nega-
tive and neutral stimuli in BPD. With regard to
the regulatory phase, BPD patients showed atten-
uated activations of the left (more lateral) orbito-
frontal cortex, along with attenuated reduction of
activity in the bilateral insula during attempts to
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voluntarily decrease their emotional reactions.
The orbitofrontal cortex is thought to play an
important role in successful reappraisal via alter-
ing and updating the context-sensitive relevance
of stimuli (Ochsner et al. 2004; Rolls 2000), sug-
gesting specific deficits in BPD patients’ ability
to implement new appraisals for the presented
stimuli. Overall, the results by Schulze et al.
(2011) support two-factor models of emotional
instability in BPD, i.e., enhanced emotional
responding and deficits in cognitive regulation of
emotions. Interestingly, neurofunctional abnor-
malities in regions associated with the processing
or regulation of emotions were only prominent
when participants were instructed to attenuate
negative emotions, whereas no group differences
were found when participants attempted to
increase their emotions. Additionally, recent
work aimed to disentangle the specific effects of
BPD from those of traumatization on the neural
correlates of cognitive reappraisal (Lang et al.
2012). In this study, healthy participants without
any history of traumatization showed an initial
increase in prefrontal activation (e.g., dorsolat-
eral and dorsomedial prefrontal regions, anterior
cingulate cortex), whereas trauma-exposed BPD
patients and a comparison group of healthy indi-
viduals with traumatic experiences showed initial
deactivations in those regions. Intriguingly, the
group differences in the initial phase of emotion
regulation might also indicate specific impair-
ments in the implementation and generation of
alternative appraisals (Kalisch 2009). In addition,
the results highlight the necessity to more ade-
quately address individual differences in BPD,
e.g., trauma exposure, PTSD, or treatment
experience.

Several studies examined attentional control
(i.e., behavioral inhibition) of BPD patients in the
context of negative stimuli (e.g., Domes et al.
2006; Fertuck et al. 2006; Rentrop et al. 2008).
At the neural level, deficits in the inhibition of
behavioral responses in a linguistic Go/No-Go
task, for instance, were related to relatively
decreased activity in the ventromedial prefrontal
cortex (including orbitofrontal and subgenual
anterior cingulate regions) compared to healthy
controls (Silbersweig et al. 2007). Attenuated

activations of the anterior cingulate cortex during
response inhibition were also observed in an
emotional Stroop paradigm (Wingenfeld et al.
2009). While these studies assessed inhibition
and negative emotions in general, recent work
also addressed how performance on an impulse
control task is modulated by more specific emo-
tional states (Jacob et al. 2012). Listening to an
anger-inducing story, BPD patients showed a
stronger activation of the right amygdala and the
nucleus subthalamicus, whereas healthy controls
showed a stronger recruitment of the subgenual
anterior cingulate cortex. The subsequent perfor-
mance on a Go/No-Go task was accompanied by
attenuated activation of the left inferior frontal
cortex in BPD.

Finally, two studies investigated the influence
of emotional distraction on working memory per-
formance. In both studies, BPD patients showed
longer reaction times during emotional distrac-
tion along with enhanced activations of the
amygdala compared to healthy controls (Krause-
Utz et al. 2012; Prehn et al. 2013b). Moreover,
limbic and paralimbic activity was negatively
correlated with current states of dissociation,
suggesting that dissociation has a dampening
effect on emotional reactivity (Krause-Utz et al.
2012). Dissociation is considered a regulatory
strategy to cope with overwhelming emotions,
presumably via prefrontal inhibition of limbic
regions (Lanius et al. 2010; Sierra and Berrios
1998). While dissociation represents a highly
efficient way to shut down the emotional system
(Ebner-Priemer et al. 2005, 2009), such states
also prevent patients from learning to implement
new strategies in emotionally arousing situations
and represent a major challenge for psychothera-
peutic treatment of BPD (Kleindienst et al. 2011).

The study by Prehn et al. (2013b) further
assessed the role of working memory load on
emotion processing. Despite heightened distract-
ibility by highly negative stimuli in general,
healthy controls and criminal offenders with
BPD showed equivalent declines of limbic activ-
ity associated with manipulations affecting work-
ing memory load. In other words, the engagement
in a secondary cognitively challenging task
downregulates amygdala activity, presumably
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because these tasks draw resources necessary for
the processing of emotional stimuli (see also
Kanske et al. 2011; Van Dillen et al. 2009).
Hence, attentional deployment strategies might
be particularly useful for attenuating emotional
reactions in BPD.

To summarize, findings of functional neuro-
imaging studies support two-factor conceptual-
izations of emotional instability by illustrating
abnormalities in the processing and regulation
of emotions. Comparing negative emotionality
between patients with BPD and healthy controls,
enhanced activation of the amygdala and insu-
lar region, along with attenuated activation of
the rostral part of the anterior cingulate cortex,
was consistently reported. As stated initially,
the boundary between processing and regula-
tion of emotions is blurry at best (Gross 1998,
2002), and quite congruently, self-reports of
emotional regulation capabilities correlate posi-
tively with neural activity in limbic and paralim-
bic regions (Niedtfeld et al. 2010; Schulze et al.
2011). Preliminary results also suggest dialec-
tical behavior therapy—focusing particularly
on improving emotion regulation—attenuates
neural activity of limbic regions in response
to emotionally arousing stimuli (Schnell and
Herpertz 2007), providing a promising starting
point for assessing the effects of specific treat-
ment modules on affective hyperarousal in BPD.
With regard to the cognitive control of emotions,
BPD seems to be characterized by an attenu-
ated functioning of the dorsal part of anterior
cingulate cortex and medial and lateral parts of
the orbitofrontal cortex and deficient activation
of the dorsolateral prefrontal cortex. Therefore,
dysfunctional behaviors, such as self-injury or
dissociation, might be best understood as an
attempt to initiate inhibitory control of intense
emotions via increased activation of the prefron-
tal regions, e.g., dorsolateral prefrontal cortex
(Krause-Utz et al. 2012; Niedtfeld et al. 2012;
see also next paragraph).

17.1.3.2 Self-Injury and Pain

Processing
Deliberate self-injurious behavior, such as cut-
ting or burning, is one of the most prominent

clinical symptoms observed in BPD patients,
with rates as high as 90 % observed in some stud-
ies (Skodol et al. 2002; Zanarini et al. 2008).
Patients frequently state that they use non-
suicidal self-injurious behavior to escape from
undesired or extreme negative emotions
(Chapman et al. 2006; Kleindienst et al. 2008).
They also experience an immediate relief of ten-
sion, a decrease of dissociative symptoms, and
elevations of mood (Herpertz 1995; Kemperman
et al. 1997; Reitz et al. 2012). Self-injury was
therefore proposed to represent a dysfunctional
attempt to regulate negative emotional states
directly corresponding to emotional instability in
BPD (Klonsky 2007; Welch et al. 2008).
Patients with BPD display a reduced sen-
sitivity to painful stimulation across different
nociceptive modalities (e.g., Cardenas-Morales
et al. 2011; Magerl et al. 2012; Russ et al. 1992;
Schmahl et al. 2004), which is further decreased
under conditions of elevated stress or states of
dissociation (Bohus et al. 2000; Ludascher et al.
2007). Conversely, discontinuation of intentional
self-injurious behavior results in a normaliza-
tion of pain perception (Ludascher et al. 2009).
The reduced sensitivity to pain, however, is
not attributable to impairments in the sensory-
discriminative component of pain processing,
as BPD patients did not exhibit abnormal per-
formance in the spatial discrimination of noci-
ceptive stimuli or in the detection of painful
stimulation (Ludascher et al. 2007; Schmahl
et al. 2004). Therefore, BPD patients’ reduced
sensitivity might be better explained by abnor-
malities in the affective-motivational component
of pain sensation, which in turn can be modulated
by the context and cognitive appraisals of pain.
Importantly, recent work by Magerl et al. (2012)
found that endogenous antinociception in BPD
is best predicted by the recency of self-injurious
behavior, whereas psychometric measures of
BPD psychopathology were unrelated to pain
sensitivity. Thus, the authors suggested reduced
pain sensitivity might not be a consequence
of BPD psychopathology per se, but rather the
result of neurofunctional rearrangement of brain
circuits involved in the processing of pain due to
BPD-related self-injurious behavior.
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Neural models of pain sensation identified two
anatomically distinct neural pathways that might
be implicated in BPD patients’ self-injurious
behavior—sensory discriminative and affective
motivational (for a review, see Treede et al.
1999). The sensory-discriminative system, nec-
essary for stimulus localization and perception of
pain quality and intensity, projects from the /at-
eral thalamic nuclei to the primary and second-
ary somatosensory cortices. In contrast, the
affective-motivational pathway, which underlies
evaluation of pain and subsequent emotional or
behavioral reactions, projects from the medial
thalamic nuclei to the anterior cingulate cortex
and insula, which is in turn reciprocally con-
nected to the brainstem and the amygdala
(Augustine 1996; Barbas et al. 2003).

Neurobiological correlates of altered pain pro-
cessing in BPD were initially investigated by
Schmahl and colleagues (2006). In this study,
heat stimuli of two different intensities were
delivered via a thermode. Participants either
received a standardized temperature of 43 °C or
an individual temperature adjusted for equal sub-
jective pain in all individuals. Here, BPD patients
again showed much higher pain thresholds than
healthy controls. In response to individually
adjusted heat stimuli, patients showed neural
deactivation in the perigenual anterior cingulate
cortex and the amygdala, while greater BOLD
responses were found in the dorsolateral prefron-
tal cortex. Therefore, antinociceptive mecha-
nisms might be attributable to increased top-down
control closely associated with deactivations of
the limbic system, particularly in patients with
comorbid posttraumatic stress disorder (Kraus
et al. 2009). Subsequent work combined thermal
sensory stimulation with the prior induction of
negative affect to further elucidate the potential
role of pain with respect to regulation of affective
states in BPD (Niedtfeld et al. 2010). In line with
previous work, the BPD sample showed enhanced
activations of the amygdala, insula, and anterior
cingulate cortex in response to negative (but also
to neutral) stimuli. The subsequent administra-
tion of heat stimulation again served to suppress
neural activation of the amygdala and anterior
cingulate cortex. Interestingly, there was only

limited support for a BPD-specific role of pain in
affect regulation, as both groups showed compa-
rably attenuated activity in the amygdala. As a
result, the authors proposed a general mechanism
to explain the soothing effects of pain. In particu-
lar, they argued that painful sensory stimulation
might draw resources from the processing of
negative emotions, similar to cognitive strategies
of “attentional deployment” (Gross 2002;
Ochsner and Gross 2005). Additional connectivity
analyses indicated that inhibitory influence on
limbic regions during painful stimulation is par-
ticularly attributable to activation of the medial
and dorsolateral parts of the prefrontal cortex
(Niedtfeld et al. 2012).

In a different study, participants were pre-
sented with an audiotape describing an act of self-
injury comprising different aspects of the
situation, such as the respective trigger, related
cognitive and emotional reactions, the act of self-
harming behavior, and the subsequent relaxation
(Kraus et al. 2010). While listening to emotional
reactions, BPD patients displayed attenuated acti-
vation of the orbitofrontal cortex in comparison to
healthy controls, presumably due to impaired
ability to inhibit or modulate the elicited emo-
tions. The description of the self-injurious act
itself was again accompanied by decreased activ-
ity of the mid-cingulate cortex in BPD.

Alternative accounts of self-injury highlight
the importance of the endogenous opioid sys-
tem (for reviews, see Bandelow et al. 2010; New
and Stanley 2010; Stanley and Siever 2010). The
human opioid system consists of p-endorphin,
met-enkephalin, and dynorphin, with all three neu-
rotransmitters broadly involved in antinociception
and stress-induced analgesic states (Fields 2004;
Flor et al. 2002). More specifically, it is suggested
that several forms of dysfunctional behavior in
BPD (e.g., self-injury, risk-seeking behavior, pro-
miscuity, substance abuse) might reflect attempts
to raise relatively low levels of opioids (Bandelow
et al. 2010; New and Stanley 2010). Reduced
availability of dynorphin might also explain feel-
ings of chronic emptiness and dysphoria (Land
et al. 2008; for a discussion, see Stanley and Siever
2010). An initial investigation into this phenom-
enon found lower levels of cerebrospinal fluid
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p-endorphins and met-enkephalins in individuals
with a history of self-injury, mainly patients with
BPD (Stanley et al. 2010). These findings were
paralleled by a PET study measuring p-opioid
receptor availability during neutral and dysphoric
states (Prossin et al. 2010). At baseline, greater
p-opioid receptor availability in BPD was found in
the orbitofrontal cortex, caudate nucleus, nucleus
accumbens, and amygdala, presumably reflecting
lower levels of endogenous opioids. The induction
of sad affect led to a greater activation of the opi-
oid system in the anterior cingulate cortex, orbi-
tofrontal cortex, ventral pallidum, and amygdala,
indicating a compensatory response to basal levels
of p-opioid in BPD.

To summarize, theoretical conceptualizations
propose that self-injury is a dysfunctional, but
highly efficient strategy for the regulation of neg-
ative emotional states. Higher pain thresholds in
BPD are not attributable to impairment in the
sensory-discriminative component of pain pro-
cessing, but rather to abnormalities in affective-
motivational components. The results of imaging
studies further bolster such conceptualizations.
In response to pain, patients with BPD show
enhanced activation of the prefrontal cortex,
along with attenuated activation of the anterior
cingulate cortex and limbic system, whereas no
functional abnormalities are found in somatosen-
sory cortices. Therefore, the soothing effects of
self-harm might be best explained by an increased
top-down control of limbic regions through
medial and dorsolateral prefrontal regions.
Further emphasis must be placed on understand-
ing associations between self-injury and the opi-
oid system. Given that recent findings indicate
that BPD patients exhibit baseline deficits in
endogenous opioids, this area might hold some
promise as a target for pharmacotherapy in BPD.

17.1.3.3 Interpersonal Disturbances

Disturbed relatedness was acknowledged in ear-
liest descriptions of BPD (Kernberg 1967), and
patients’ difficulties in interpersonal contexts are
currently considered the most unique and dis-
criminant feature of BPD psychopathology
(Gunderson et al. 1995). Up until the present,
studies in this area have focused predominantly

on abnormalities in the perception and recogni-
tion of others’ mental and emotional states as a
social-cognitive factor contributing to distur-
bance in BPD patients’ social interactions (for a
review of social cognition in BPD, see Roepke
et al. 2012). Consistent with this notion, most
behavioral studies found that BPD patients
exhibit impairment in basic emotion recognition
(e.g., Bland et al. 2004; Levine et al. 1997; Merkl
et al. 2010; Ritter et al. 2011; Unoka et al. 2011)
as well as a bias to interpret ambiguous stimuli
more negatively (Domes et al. 2008; Meyer et al.
2004; Wagner and Linehan 1999), although a
number of studies also reported superior attribu-
tion and detection of mental states in BPD
(Fertuck et al. 2009; Lynch et al. 2006; Schulze
et al. 2013a). Deficits in the recognition of emo-
tions were particularly prominent in more com-
plex and naturalistic settings (for a discussion of
the role of ecological validity, see Roepke et al.
2012), e.g., when subjects have to integrate facial
and prosodic information (Minzenberg et al.
2006), are required to rapidly discriminate facial
expressions (Dyck et al. 2009), or have to judge
video-based social interactions (Preissler et al.
2010; Sharp et al. 2011). In sum, these studies
point predominantly toward impairments in BPD
patients’ capacity to infer the emotional states of
other individuals.

However, cognitive empathy represents only
one facet of social cognition (Decety and Meyer
2008; Singer 2006); a second component repre-
sents the emotional response to the observed
emotional state of another person, i.e., emotional
empathy (Eisenberg and Miller 1987; Mehrabian
and Epstein 1972). The few experimental studies
available on the subject found that BPD patients
exhibit a reduced capacity to experience empathic
concern for other people’s observed distress
(Dziobek et al. 2011; Ritter et al. 2011). In com-
bination with aforementioned findings of deficits
in cognitive empathy, these findings suggest that
misperceptions of others’ emotional states might
lead to dysfunctional emotional responses in
social interactions (New et al. 2008).

Consequently, recent neuroimaging studies
have aimed to identify functional brain abnormal-
ities associated with impaired cognitive empathy
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in BPD. An initial study by Guitart-Masip et al.
(2009) investigated patients’ brain responses
while discriminating emotional facial expressions
from neutral expressions. Compared to healthy
controls, BPD patients made more mistakes in
discriminating between negative and neutral
facial expressions. More specifically, patients less
accurately discriminated between disgusted and
neutral expressions and showed a trend for similar
difficulties in distinguishing between fearful and
neutral faces. These behavioral impairments in
BPD were accompanied by greater activation of
the left inferior and middle temporal cortex
(including parts of the superior temporal gyrus),
possibly reflecting abnormalities in the perceptual
processing of visual stimuli.

Subsequently, Dziobek et al. (2011) used a
more ecologically valid paradigm to measure
functional neural correlates of social cognition
in BPD. The Multifaceted Empathy Test (MET;
Dziobek et al. 2008) depicts people in emotionally
charged situations and allows a separate assess-
ment of cognitive and emotional aspects of state
empathy. Participants are required to either infer
the mental states of the depicted person (cognitive
empathy) or to rate their level of empathic concern
for the displayed individual (emotional empathy).
Behaviorally, patients showed impairments in
cognitive and emotional aspects of empathy com-
pared to healthy controls. At the neural level, both
groups activated a similar neural network during
empathic processes, which comprised the tempo-
ral pole, the temporoparietal junction, the orbi-
tofrontal cortex, and the superior temporal gyrus
for cognitive empathy (for a review, see Frith and
Frith 2005) and, in addition, the insula and medial
prefrontal cortex for emotional facets of empathy.
Subsequent group comparisons revealed sig-
nificantly reduced activation of the left superior
temporal sulcus and gyrus of BPD patients while
inferring others’ mental states. Moreover, this
reduction was related to symptoms of intrusion in
the BPD group. In contrast, enhanced activation
of the right mid-insula was found when patients
were emotionally attuned to another person. This
brain abnormality was additionally associated
with emotional arousal, as assessed by skin con-
ductance responses.

Abnormalities in the left superior temporal
sulcus of BPD patients were also found by Mier
et al. and by Frick et al. (2012). In the former
study, neural responses were measured while
participants performed basic or more complex
social-cognitive tasks. Healthy controls showed
stronger activation of the superior temporal sul-
cus in response to greater demands on social-
cognitive processes; such a pattern, however,
was not seen in BPD patients. Hypo-activation
of this brain region was consequently particu-
larly prominent when patients performed com-
plex social-cognitive tasks, i.e., attributing
others’ intentions. Furthermore, the authors
found that BPD patients exhibited hyperrespon-
siveness of the limbic system independent of the
specific social-cognitive process investigated. In
line with these findings, Frick and colleagues
(2012) also observed attenuated activation of the
superior temporal sulcus and enhanced activa-
tion of the right amygdala during a mental state
discrimination task (based on the eye region of
individuals only). In this study, patients with
BPD were more accurate in their ability to dis-
cern others’ intentions than nonclinical controls
(see also Scott et al. 2011).

Taken together, available studies illustrate
abnormalities in BPD patients’ ability to infer
others’ mental and emotional states, with trauma-
tization being a negative predictor of social-
cognitive abilities in BPD (Dyck et al. 2009;
Preissler et al. 2010). Neuroimaging studies of
mentalization found consistently altered func-
tioning of the superior temporal sulcus in BPD.
The superior temporal sulcus might be particu-
larly vulnerable to the impact of traumatic expe-
riences, as this brain region matures rather late in
adolescence (Paus 2005). Alternative accounts
propose that emotional hyperreactivity in concert
with deficient functioning of the prefrontal cortex
might interfere with social-cognitive processes
(for a discussion, see Domes et al. 2009). The
data provided by Dziobek et al. (2011) support
the hypothesis that emotional arousal interferes
with empathic processes in BPD. Thus, abnor-
malities related to the processing and regulation
of emotions might be linked to altered social-
cognitive processes in BPD patients.
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As illustrated above, up until now, studies inves-
tigating social cognition in BPD primarily focused
on the ability of BPD patients to accurately recog-
nize others’ emotions and intentions, i.e., cognitive
empathy. Such abilities, however, only represent a
small part of successful interpersonal interactions,
which are characterized by an ongoing exchange of
social signals between individuals (cf. Dziobek
2012). For that reason, recent studies adopted mul-
tiplayer economic exchange games to model inter-
actional behavior in BPD (see also Seres et al.
2009). In multi-round trust games without any
feedback about the back transfer of the other part-
ner, BPD patients transferred smaller amounts of
monetary units compared to nonclinical controls or
patients with major depression (Unoka et al. 2009).
Impaired trust during these sequential interactions
was also related to individual difficulties in inter-
personal relationships.

Despite the prominence of interpersonal dis-
turbances in BPD, there is to date only one study
available that examined the underlying neuro-
functional correlates. King-Casas and colleagues
(2008) used a multi-round economic exchange
game with functional neuroimaging to investi-
gate interactional behavior in patients with BPD.
Their findings suggested that interpersonal dis-
turbances in BPD are related to difficulties in
maintaining cooperation with a healthy partner as
well as an impaired capacity to restore broken
cooperation. Neurologically, abnormal activation
patterns of the bilateral anterior insula differenti-
ated healthy controls from individuals with BPD.
While activation of the insula in healthy controls
tracked changes in cooperative behavior, in
patients with BPD, activity of the anterior insula
was unrelated to the magnitude of offers received
(input) in BPD. Importantly, no insular abnor-
malities were found to be related to repayment of
partners (output). Thus, the attenuated activity
observed in the anterior insula during input led
the authors to propose that “anomalous [percep-
tion of] social ‘input’ ... (rather than ‘output’) is
a potential mechanism of interpersonal dysfunc-
tion” (King-Casas and Chiu 2012; p. 121), par-
ticularly with regard to disturbed perception of
social norms and an inability to recognize cues
signaling waning trust of partners.

17.1.4 Summary

To recapitulate, structural brain imaging findings
consistently illustrate smaller gray matter volume
in the amygdala and hippocampus of BPD
patients. Furthermore, available evidence sug-
gests that BPD patients exhibit structural abnor-
malities in prefrontal brain regions, such as the
anterior cingulate cortex, dorsolateral prefrontal
cortex, and orbitofrontal regions.

Functional neuroimaging studies also support
frontolimbic abnormalities across a variety of
tasks. Processing of emotionally arousing stimuli,
for instance, was associated with enhanced activa-
tion of the amygdala. BPD patients’ attempts to
cognitively control affective states were found to
be less effective than those of healthy controls,
which is presumably the result of attenuated func-
tioning of prefrontal regions, specifically the dor-
solateral prefrontal cortex, as well as medial and
lateral regions of the orbitofrontal cortex.
Interestingly, dysfunctional behaviors, such as
self-injury or dissociation, were found to increase
activation of prefrontal regions. Consequently, the
soothing effects of self-harm on intense affective
states might be best explained by an increased
top-down control of limbic regions by medial and
dorsolateral prefrontal regions.

Finally, several studies addressed interper-
sonal disturbances in BPD patients and investi-
gated neural processes associated with inferring
others’ mental and emotional states. Findings
highlight abnormal functioning of the superior
temporal sulcus and additionally suggest that
patients’ heightened emotional arousal interferes
with social-cognitive processes.

17.2 Individuals with Antisocial
Behavior and Psychopathic
Traits

17.2.1 Introduction

Empirical research on antisocial behavior has
identified a number of genetic, environmental,
psychological, and social pathways that poten-
tially lead to these behaviors (Holmes et al.
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2001; Moffitt 2005; Murray and Farrington
2010; Raine 2002; Vermeiren et al. 2002).
Additionally, a growing body of evidence has
linked antisocial behavior to functional and
structural brain abnormalities. Any attempt to
summarize this literature has several significant
limitations. Most important of which is the lack
of one common and coherent underlying psy-
chopathological construct. Several studies are
based on one of two official classification sys-
tems, the DSM and the ICD, which already show
little overlap in constructs that capture antisocial
behavior. For example, antisocial personality
disorder in DSM-IV-TR and dissocial personal-
ity disorder in ICD-10 were found to be least
concordant, when compared to all other person-
ality disorders (Ottosson et al. 2002). However,
studies in child or adolescent populations are
mainly based on a different DSM-IV-TR con-
struct; conduct disorder, often with an additional
specifier for callous; and unemotional traits
(Viding et al. 2012). Other studies focus on very
specific aspects of antisocial behavior, e.g., vio-
lence (Raine et al. 1997; Volkow et al. 1995),
aggressive and impulsive behavior (Dolan et al.
2002), or pathological lying (Yang et al. 2005).
The most developed construct capturing antiso-
cial behavior is psychopathy (Hare 2006).
Psychopathy is characterized by a cluster of
interpersonal, affective, and behavioral charac-
teristics including impulsivity, callousness, and
persistent antisocial behavior with profound lack
of guilt or remorse (Hare 2006). A further limita-
tion associated with summarizing the current lit-
erature is the diverse characteristics of study
samples used to research antisocial behaviors.
Included populations range from university or
community samples with self-reported psycho-
pathic traits (e.g., assessed with the Psychopathic
Personality Inventory, PPI; Lilienfeld and
Andrews 1996) to nonclinical temporary agency
employees to incarcerated men with full criteria
psychopathy (e.g., assessed with Psychopathy
Checklist-Revised, PCL-R, Hare 2003). Further,
study populations vary widely in sample size,
gender ratio, education level, cognitive abilities,
age, and comorbid conditions, e.g., duration of
substance use disorder. A further limitation is

that a number of publications refer to the same
study population.

Possibly due to these limitations, functional
and structural brain findings do not present a con-
sistent picture underlining antisocial behavior
and trait psychopathy (Koenigs et al. 2011; fea-
tured review). Although most fMRI studies
assessed the processing of social or emotional
information (e.g., within decision making, condi-
tioning, or reward designs), differences in activa-
tion patterns are widespread across all four lobes
of the cortex and subcortical structures (Koenigs
et al. 2011; review). Also, structural brain find-
ings have not yet provided robust replicable data.
Because of these inconsistencies in current data,
in this chapter, we focus on specific brain struc-
tures and functional networks that are theory
driven and have been associated with antisocial
behavior and trait psychopathy, presenting prom-
ising starting points for both understanding the
neural mechanisms underlying these constructs
and guiding future research.

17.2.2 Amygdala

Very early studies in individuals with psycho-
pathic traits revealed that these patients reported
decreased fear and showed decreased autonomic
responses to aversive stimuli, results which both
point toward involvement of the amygdala
(Lykken 1957; Patrick et al. 1993). Indeed, one of
the most robust functional MRI findings across a
variety of tasks is attenuated activity of the amyg-
dala. Thus, during an affective memory task,
criminal psychopaths (N=8, PCL-R >28) from a
maximum security prison showed significantly
less affect-related activity in the amygdala com-
pared to controls (Kiehl et al. 2001). In an aver-
sive delay conditioning paradigm, criminal
psychopaths (N=4, mean PCL-R=25) showed
attenuated amygdala response compared to con-
trol groups (Veit et al. 2002). While performing
an affect recognition task within a group of male
college students (N=20), those with high PPI
scores (mean split) displayed lower amygdala
activation compared to the low PPI group. In later
studies, lower amygdala activation has been



17 Structural and Functional Brain Imaging in Borderline, Antisocial, and Narcissistic Personality Disorder

325

confirmed in a number of conditions, e.g., by a
group of prison inmates (N=16, PCL-R >30)
viewing pictures depicting moral norm violations
(Harenski et al. 2010), during acquisition in a
fear-conditioning paradigm in a group of 10
criminal  psychopaths (mean PCL-R=25,
Birbaumer et al. 2005), and by a group of schizo-
phrenic patients with trait psychopathy from a
secure psychiatric inpatient facility (group com-
position determined by a mean split of the PCL
screening version score, Hart et al. 1995) while
viewing fearful faces (Dolan and Fullam 2009).
Further, in nonclinical samples, psychopathy
score (PPI) correlated negatively with amygdala
activation during a prisoner’s dilemma task
(Rilling et al. 2007) and while viewing pictures
of aversive stimuli (N=10 females, psychopathy
assessed with the PPI; Harenski et al. 2009).
Lower amygdala activity during passive avoid-
ance learning was also found in youth (N=15)
with psychopathic traits (PCL youth version
(YV)>20, Finger et al. 2011). Glenn et al. (2009)
found that reduced activity in the amygdala dur-
ing an emotional moral decision-making task
correlated with a higher psychopathy score in a
sample of 17 community participants with vary-
ing degrees of psychopathy (PCL-R=7.4-32).
Also in youth with callous unemotional traits
(N=12, PCL:YV >20), amygdala activation was
reduced compared to control groups while pro-
cessing fearful faces (Marsh et al. 2008). Further,
Jones et al. (2009) found reduced amygdala acti-
vation while viewing fearful faces in boys
(N=17) with callous unemotional traits (assessed
with the antisocial process screening device,
Frick and Hare (2001)) compared to controls.
Nevertheless, there are also contradictory
findings. Miiller et al. (2003), for instance, found
increased amygdala activation in criminal psy-
chopaths from a high-security psychiatric facility
(N=6, PCL-R>30) while viewing pictures with
negative content. Convergent evidence for
involvement of the amygdala in antisocial behav-
ior is provided by studies looking for structural
alterations in the brains of antisocial individuals.
For instance, reduced amygdala volume has been
found in unsuccessful psychopaths (defined as
PCL-R>23 and history of prosecution for

criminal acts, N=16; Yang et al. 2010) recruited
from temporary employment agencies compared
to controls. An additional study with 27 individu-
als recruited from temporary employment agen-
cies with high psychopathy scores (PCL-R >23)
also confirmed amygdala volume reduction in the
high psychopathy group compared to a control
group; however, this reduction was more associ-
ated with affective and interpersonal facets of
psychopathy than the impulsive and behavioral
symptoms (Yang and Raine 2009). Further, this
study assessed amygdala deformation, which
was most prominent in basolateral, lateral, corti-
cal, and central nuclei in participants with psy-
chopathy (Yang and Raine 2009). Finally, in a
study including a large number of male prison
inmates (N=296), reduced volume in the amyg-
dala was associated with psychopathy score
(measured with the PCL-R; Ermer et al. 2012).

In contrast to the results of reduced amygdala
volume, a study of 26 violent offenders from
forensic psychiatric hospitals meeting criteria for
antisocial and dissocial personality disorder
revealed larger amygdala volume compared to a
control group (Boccardi et al. 2011). Volume
reduction in psychopaths was only found in the
basolateral amygdala (a region with reciprocal
connections to the orbitofrontal cortex—OFC).
The central and lateral nuclei, in contrast, were
enlarged (presenting components of the threat
circuit that is involved in fear conditioning,
Boccardi et al. 2011). A limitation of these results
is that all offenders in this sample met the criteria
for substance abuse (Boccardi et al. 2011).

In sum, most functional MRI studies point
toward a deficit in amygdala activation in trait
psychopathy compared to controls, Further,
amygdala volume seems to be reduced, at least in
some subnuclei, in individuals with trait psy-
chopathy. However, to date there is a lack of stud-
ies combining functional and structural analyses.

17.2.3 Prefrontal Cortex

Early findings of antisocial behavior in individu-
als with prefrontal brain damage pointed to the
potential involvement of this brain structure
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(Anderson et al. 1999; Blumer and Benson 1975;
Harlow 1868). Initial fMRI data confirmed this
hypothesis and revealed that the orbitofrontal and
ventromedial (OFC/vm) and prefrontal cortex
(PFC) were particularly implicated in psychopa-
thy (for review see Anderson and Kiehl 2012). In
particular, the aforementioned study by Rilling
et al. (2007) revealed lower OFC activity in par-
ticipants with higher psychopathy scores when
choosing to cooperate in a prisoner’s dilemma
task. Also, the previously mentioned Finger et al.
(2011) study showed reduced OFC activity in
youth with callous and unemotional traits in
response to early stimulus-reinforcement expo-
sure and to reward in a passive avoidance learn-
ing task. Criminal offenders (N=10) with
dissocial personality disorder (PCL-R>28) in a
forensic setting also showed decreased prefrontal
cortex activation while engaged in a task designed
to assess the influence of emotion on cognitive
processes (Muller et al. 2008). Results from a
study in which ten male psychopathic patients
(mean PCL:SV =16) from a forensic setting and
healthy controls engaged in a competitive rein-
forcement fMRI task revealed that psychopathic
patients had lower activation in the mPFC during
retaliation, but increased activation in the mPFC
when seeing an opponent being punished com-
pared to controls (Veit et al. 2010). Further,
reduced activity of the mPFC has been observed
when psychopaths (22 men with history of severe
criminal offense and PCL-R >20) are engaged in
moral reasoning compared to controls (Pujol
et al. 2012). In addition, one study of ten non-
clinical female adults (psychopathy measured
with PPI) found a negative correlation between
psychopathy score and mPFC activation while
engaged in fMRI tasks presenting pictures of
moral norm violation (Harenski et al. 2009). In
line with these findings, lack of vmPFC activa-
tion while engaged in a moral norm violation
paradigm has been found in 16 male prison
inmates with psychopathy (PCL-R>30) com-
pared to controls (Harenski et al. 2010).
Decreased prefrontal activity was also found
during a decision-making task in 12 offenders
with antisocial personality disorder and emotional
hypo-reaction recruited from a high-security

forensic facility (Prehn et al. 2013a). Finally,
Birbaumer et al. (2005) also found reduced OFC
activation in schizophrenic patients with trait
psychopathy during the acquisition phase in a
fear-conditioning paradigm. Notably, not all
fMRI experiments revealed reduced PFC activa-
tion in individuals with antisocial behavior and
trait psychopathy. For instance, an fMRI study by
Sommer et al. (2010) using a theory of mind task
revealed increased activation of OFC and mPFC
in 14 criminal patients from a forensic setting
with antisocial personality disorder and PCL-R
score>28 compared to controls.

Additionally, structural data support the
argument that volume reduction in PFC struc-
tures is linked to antisocial behavior. In a study
by Raine et al. (2000), 21 men with antisocial
personality disorder recruited from temporary
employment agencies showed reduced gray
matter volume compared to controls. Boccardi
et al. (2011) found a reduction in OFC gray mat-
ter. Tithonen et al. (2008) also found OFC gray
matter atrophy in 26 forensic patients fulfilling
criteria for antisocial and dissocial personality
disorder. Also, the study by de Oliveira-Souza
et al. (2008) found gray matter reduction in the
OFC in patients with antisocial personality dis-
order compared to controls. Further, volume
reduction in individuals with antisocial behavior
and trait psychopathy has been found in the
anterior frontopolar region of the PFC (de
Oliveira-Souza et al. 2008; Gregory et al. 2012;
Tiihonen et al. 2008). Assessing cortical thick-
ness in 27 nonclinical psychopaths (recruited
from temporary employment agencies,
PCL-R >23) revealed a higher inverse correla-
tion between cortical thickness in the OFC and
response perseveration in psychopaths com-
pared to controls (Yang et al. 2011). A recent
meta-analysis of 43 structural and functional
brain imaging studies (also including PET and
SPECT studies) of antisocial, violent, and psy-
chopathic individuals revealed prefrontal struc-
tural and functional reduction, especially in the
right OFC and left dIPFC compared to controls
(Yang and Raine 2009).

Despite the large number of consistent find-
ings, a study by Schiffer et al. (2011) revealed
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that reduced gray matter volumes in the PFC/
OFC were more associated with substance use
disorder than with violent behavior. Consistent
with this finding, a study by Laakso et al. (2002)
found that volume reduction in the dIPFC, OFC,
and mPFC in 24 forensic patients with antisocial
personality disorder was better explained by
duration of alcohol consumption than by trait
psychopathy.

17.2.4 Frontolimbic Circuitry

Based on the distinction between reactive and
instrumental aggression (Berkowitz 1993), one
prominent model (Blair 2010) integrates amyg-
dala and PFC findings in individuals with antiso-
cial behavior and trait psychopathy. Within the
framework of this model, reactive aggression fol-
lows perceived frustrating or threatening events
and is defined as an unplanned and enraged attack
against these triggers. Instrumental aggression, on
the other hand, is more goal directed and purpose-
ful. Instrumental aggression is thus conceived as a
premeditated means of obtaining a goal, other
than harming the victim, and being proactive
rather than reactive. Psychopathic individuals can
show both reactive and instrumental aggression
(Anderson et al. 1999). Individuals who predomi-
nately engage in reactive aggression are hypothe-
sized to exhibit increased responsiveness of the
amygdala-hypothalamus-periaqueductal gray
threat system, which might be accompanied by
reduced frontal regulatory activity. Findings in
patients with predominately reactive aggression
confirmed the hypothesis of increased amygdala
activity in response to threat stimuli compared to
controls (e.g., individuals with impulsive aggres-
sion in Coccaro et al. 2007; spouse abusers in Lee
et al. 2008). Also, individuals with borderline per-
sonality disorder (BPD) show more reactive
aggression, and fMRI studies of BPD patients
confirm the expected corresponding hyperrespon-
siveness of the amygdala in this population
(Donegan et al. 2003; Herpertz et al. 2001;
Koenigsberg et al. 2009a; Minzenberg et al.
2007). In line with the theory of reactive and
instrumental aggression, Prehn et al. (2013b)

found increased amygdala activity in a study
investigating the influence of emotional stimuli
on working memory in 15 male criminal offend-
ers from a forensic setting with antisocial person-
ality and comorbid BPD, all meeting the affective
instability and lack of anger control criteria.
However, it must be pointed out that the cited
fMRI studies in individuals with predominately
reactive aggression did not consistently show
reduced frontal regulatory activity.

Individuals who engage in predominantly
instrumental aggression are hypothesized to
show specific impairment of the amygdala-
dependent stimulus-reinforcement learning and
impairment of the prefrontal cortex-related repre-
sentation of reinforcement expectancies (for a
review, see Crowe and Blair 2008). As outlined
above, a number of fMRI studies confirmed
reduced amygdala and OFC/vmPFC activation in
individuals with psychopathic traits or antisocial
behavior. Nevertheless, some inconsistent find-
ings must be noted (e.g., lack of differences
between psychopaths and controls in OFC activa-
tion while viewing emotional faces, Finger et al.
2008; Gordon et al. 2004; Jones et al. 2009;
Marsh et al. 2011, 2008). An fMRI study by
Marsh et al. (2011) showed a reduced activation
in the amygdala and the OFC in adolescents with
psychopathic traits (PCL:YV >20) when making
judgments about legal actions, in addition to a
reduced functional connectivity between these
two regions.

As mentioned previously, structural findings
also point toward involvement of the amygdala
and OFC in antisocial behavior and trait psychop-
athy. In addition to these findings, a study using
diffusion tensor MRI (Craig et al. 2009) found
abnormal structural connectivity between the
amygdala and OFC (uncinate fasciculus) in nine
forensic patients with psychopathy (PCL-R >25)
compared to controls. These results were con-
firmed by Motzkin et al. (2011), who found
reduced structural integrity (DTI) and reduced
functional connectivity in the right uncinate fas-
ciculus in 14 male inmates from a correctional
institution (PCL-R >30) compared to controls.

In sum, a number of functional and struc-
tural MRI studies are in favor of Blair’s
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theory of impaired amygdala-dependent stimulus-
reinforcement learning and impairment of
prefrontal cortex-related representation of rein-
forcement expectancies in individuals with psy-
chopathic traits and antisocial behavior.

17.2.5 Paralimbic Structures

Another prominent theoretical model of trait psy-
chopathy is grounded in the study of cytoarchi-
tectonics of subcortical brain structures, which
extends the model of amygdala and PFC dys-
function to paralimbic structures, specifically, the
parahippocampal gyrus, the temporal pole,
the insula, and the anterior and posterior cingu-
late cortex (Kiehl 2006). These regions serve as
the transition between subcortical structures and
higher neocortical regions (Mesulam 2000) and
might be involved in deviant information pro-
cessing in trait psychopathy. Although most
functional and structural MRI findings in these
brain regions are contradicted by negative results
from other studies (Blair 2010), growing empiri-
cal evidence supports the hypothesis of the
involvement of paralimbic brain structures in
antisocial behavior and trait psychopathy
(Anderson and Kiehl 2012).

Thus, functional MRI analyses revealed abnor-
mal activation patterns in the superior temporal
cortex in individuals with antisocial behavior and
psychopathic traits compared to controls in a num-
ber of studies (Finger et al. 2008; Jones et al. 2009;
Kiehl et al. 2001; Marsh et al. 2008). Also, abnor-
mal activation in the posterior cingulate cortex has
been repeatedly found in these populations com-
pared to control groups (Birbaumer et al. 2005;
Finger et al. 2008; Glenn et al. 2009; Kiehl et al.
2001; Marsh et al. 2008; Rilling et al. 2007).
Further, some evidence is indicative of abnormal
functioning in the parahippocampal gyrus (Kiehl
et al. 2001; Marsh et al. 2008), the anterior cingu-
late cortex (ACC Birbaumer et al. 2005; Kiehl
et al. 2001; Prehn et al. 2013a), and the insular
region (Birbaumer et al. 2005).

Also, findings from structural MRI studies
indicate involvement of paralimbic regions in
antisocial behavior and trait psychopathy. For

example, volume reduction in the hippocampus
(Boccardi et al. 2010; Laakso et al. 2001) and the
parahippocampal gyrus (Boccardi et al. 2011) in
individuals with trait psychopathy and antisocial
behavior has been found compared to controls.
Also, abnormal morphological features of the
hippocampus have been found to correlate with
trait psychopathy (Boccardi et al. 2010). Further,
volume reduction in the anterior temporal cortex
has been found in individuals with trait psychopa-
thy and antisocial behavior compared to controls
(Ermer et al. 2012; Yang et al. 2011). A study
including 17 convicted criminals from high-secu-
rity forensic facilities (PRL-R>28) also showed
gray matter reduction in the frontal and temporal
brain regions, especially in the temporal pole,
compared to controls (Muller et al. 2008).

In addition, a study of 17 violent offenders
with antisocial personality disorder and
PCL-R >25 revealed gray matter volume reduc-
tion in the temporal poles (Gregory et al. 2012).
In a study comparing 21 male psychopaths from
a correctional facility (PCL-R >30) to controls,
psychopaths were found to have thinner cortex in
the insular regions (Ly et al. 2012). Also, a voxel-
based morphometry (VBM) analysis by de
Oliveira-Souza et al. (2008) found gray matter
reduction in the insular region.

Further, volume reduction in the ACC
(Boccardi et al. 2011) and dorsal (d)ACC (Ly
et al. 2012) has been found in psychopathic indi-
viduals. Finally, the very robust data of Ermer
et al. (2012) confirmed an association between
trait psychopathy and decreased gray matter in
the posterior cingulate, parahippocampal regions,
and temporal poles, in addition to the amygdala
and OFC.

In sum, abnormalities in paralimbic structures
were less reliably found across studies as the
OFC and amygdala findings. Nevertheless, the
meta-analysis performed by Yang and Raine
(2009) confirmed structural abnormalities in the
right ACC. Further, most of these paralimbic
regions show structural connectivity to the OFC
(Budhani et al. 2007) and the amygdala (Price
2003); thus, independent involvement of these
regions in antisocial behavior and trait psychopa-
thy still must be elucidated in future studies.
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17.2.6 Developmental Hypothesis

Early structural brain studies point toward a neu-
rodevelopmental deficit in individuals with anti-
social behavior and trait psychopathy. Also, these
early studies are supported by functional MRI
studies of individuals with antisocial behavior
and psychopathic traits which indicate that
abnormalities are already present in childhood
(e.g., Finger et al. 2008).

For instance, a study of 15 individuals with
antisocial personality disorder recruited from
temporary employment agencies (PCL-R>23)
found that individuals with antisocial personality
disorder had increased volume of the corpus cal-
losum (which might be the result of an early
arrest of axonal pruning) compared to controls
(Raine et al. 2003). Further, the observed larger
volumes in posterior brain regions in individuals
with ASP might reflect disruption of brain matu-
ration, and thus, a deficit in neurodevelopmental
processes (for a discussion, see Tiihonen et al.
2008). Additional evidence stems from the
observed presence of cavum septum pellucidum
(CSP), which is considered to be a marker for
fetal neural maldevelopment. Individuals (N=18)
recruited from temporary employment agencies
with CSP had significantly higher levels of anti-
social personality disorder (Raine et al. 2010).
These results were recently replicated in a sam-
ple of 32 youths with conduct disorder and oppo-
sitional defiant disorder (White et al. 2013).

In sum, early functional and structural brain
data point toward a neurodevelopmental deficit in
individuals with antisocial behavior and trait psy-
chopathy. Nevertheless, this hypothesis needs to
be tested in further studies.

17.2.7 Summary

Based on findings from the reviewed studies,
antisocial behavior and psychopathic traits are
associated with altered brain structure and func-
tion. Frontolimbic circuits including the OFC/
vmPFC and the amygdala are characterized by
volume reduction and hypofunctionality. Since
these structures are typically involved in emotion

processing and in the mental representation of
behavioral outcomes and punishment, reduced
activation in these structures might represent a
neural correlate of the predominately instrumen-
tal aggression in individuals with trait psychopa-
thy. Additionally, cytoarchitectonically related
paralimbic structures might also be involved in
trait psychopathy, as decreased volume and hypo-
functionality of these structures imply. Further,
fMRI activation patterns particularly differentiate
individuals with trait psychopathy from individu-
als with predominately impulsive aggression,
e.g., patients with BPD, which are characterized
by increased activation of the amygdala. Finally,
brain structural data point toward a neurodevel-
opmental component in antisocial behavior and
trait psychopathy.

17.3 Individuals with Narcissistic
Personality Disorder
17.3.1 Introduction

The defining features of narcissistic personality
disorder (NPD) are “a pervasive pattern of gran-
diosity, need for admiration, and lack of empa-
thy” (DSM-IV-TR 2000). Previous studies on
NPD revealed that the disorder has a median
prevalence of about 1 % in the general population
(Pincus and Lukowitsky 2010) and is associated
with severe impairments in psychosocial func-
tioning (Miller et al. 2007; Stinson et al. 2008), a
high comorbidity rate with affective as well as
substance use disorders (Ritter et al. 2010;
Stinson et al. 2008), and an increased rate of sui-
cidal behavior (Blasco-Fontecilla et al. 2009;
Ronningstam et al. 2008). However, despite the
disorder’s impact on the mental health system,
there is to date a fundamental lack of empirical
research on NPD, a fact which nearly provoked
elimination of NPD as a distinct personality dis-
order in the upcoming DSM-5 (for discussions,
see Miller et al. 2010; Ronningstam 2011).
Although NPD will be retained in the DSM 5, the
uncertainty regarding diagnostic classification of
this disorder highlighted a pressing need for
additional research examining the psychological
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and neurobiological factors associated with the
clinical presentation of NPD (Miller and
Campbell 2010).

17.3.2 Neuroimaging in NPD

The few presently available studies focused on
the most characteristic feature of NPD patients:
“lack of empathy.” Impairment in the empathic
processes is considered a hallmark of NPD and
has played a long-standing role in theoretical
conceptualizations of this mental disorder (e.g.,
Akhtar and Thomson 1982; Blais et al. 1997,
Kernberg 1970; Ronningstam 2010). Empathy is
commonly proposed to be best understood in
terms of a multidimensional model comprising
cognitive and emotional aspects (Blair 2005;
Decety and Meyer 2008; Singer 2006). Cognitive
empathy refers to the ability to infer mental states
of another person (i.e., perspective taking, social
cognition; Baron-Cohen and Wheelwright 2004),
whereas emotional empathy refers to the emo-
tional response of an individual when observing
the emotional state of another person (Eisenberg
and Miller 1987; Mehrabian and Epstein 1972).
While most experts agree that impairment of the
empathic process is a central feature of NPD, it
was only recently that an experimental investiga-
tion by our research group more thoroughly
investigated empathic capabilities in this popula-
tion (Ritter et al. 2011). More specifically, Ritter
et al. investigated cognitive and emotional aspects
of empathy in a sample of NPD patients, a non-
clinical and a psychopathological control group.
The experimental assessment of empathy
(Dziobek et al. 2006, 2008) illustrated that NPD
patients are neither characterized by a general
lack of empathy nor by impaired abilities in
cognitive empathy, but rather by distinct and spe-
cific impairment in emotional empathy (Ritter
et al. 2011). In other words, NPD patients are
able to cognitively understand and represent the
mental state of others but are impaired in their
ability to mirror or emotionally respond to the
observed emotional state of another person.

At the neural level, the anterior insular cortex
is particularly implicated in one’s ability to be

attuned to another person’s emotional response
(e.g., de Greck et al. 2012; Dziobek et al. 2011)
and was shown to be part of a neural network
underlying empathy (for meta-analyses, see Fan
et al. 2011a; Lamm et al. 2011). Meta-analytic
evidence suggests that a core neural network,
comprising the bilateral anterior insula, the ante-
rior and median parts of the cingulate cortex, and
the supplementary motor area, is particularly
implicated in empathic processes (Fan et al.
2011a). Complementary evidence regarding the
neural representation of empathy was provided
by volumetric studies. For instance, a loss of GM
volume in the ventromedial prefrontal cortex of
individuals with schizophrenia was shown to sig-
nificantly contribute to deficits in theory of mind
skills (i.e., cognitive empathy; Hooker et al.
2011). A lack of emotional empathy, in contrast,
was related to smaller GM volume of the bilateral
anterior insula in adolescents with conduct disor-
der (Sterzer et al. 2007).

The prominent role of the insular region as a
potential neural candidate for the observed
impairments in emotional empathy of NPD
patients was highlighted in a study investigating
nonclinical individuals either high or low in nar-
cissistic traits. Here, while being asked to emo-
tionally empathize with others, healthy
participants high in self-reported narcissism
showed an attenuated activation in the right ante-
rior insula, in the dorsolateral prefrontal and pos-
terior cingulate cortex, as well as in the right
premotor cortex (Fan et al. 2011b). Subsequent
analyses confirmed that only the functional
abnormalities in the anterior insula were unequiv-
ocally related to empathic processes, whereas
abnormalities in the other brain regions might be
related to more general functions, such as face
perception or evaluation.

Recently, we aimed to provide initial insight
into structural brain abnormalities in NPD by
using voxel-based morphometry to compare
local GM volume between patients with NPD and
healthy controls (Schulze et al. 2013b). The results
revealed smaller GM volume in the left anterior
insula in NPD patients. Subsequent regression
analyses, comprising scores of cognitive and
emotional empathy, underlined the crucial role of
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the left anterior insula in emotionally empathic
responding. Complementary whole-brain analy-
ses provided additional support for gray matter
abnormalities in a fronto-paralimbic network
comprising the rostral and medial cingulate cor-
tex as well as the dorsolateral and medial parts
of the prefrontal cortex. Interestingly, these brain
regions spatially overlap with the neural circuitry
commonly implicated in the representation of
empathy (for meta-analyses, see Fan et al. 201 1a;
Lamm et al. 2011).

17.3.3 Summary

The studies presented above represent the only
neuroimaging work available in narcissistic indi-
viduals. As such, these findings need to be con-
sidered as a preliminary, albeit promising,
starting point for the investigation of neurobio-
logical processes in pathological narcissism.
Nevertheless, both studies consistently suggest
that abnormalities in the anterior insula represent
an especially promising neural candidate for
NPD patients’ impaired ability to mirror or emo-
tionally respond to the observed emotional states
of others.
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