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Abstract

Narcissism is a Janusian personality construct, associated with both grandiose self-assuredness
and dominance, as well as vulnerable insecurity and reactivity. Central questions of intra- and
interpersonal functioning in narcissism are still a matter of debate. Neuroscience could help to
understand the paradoxical patterns of experience and behavior beyond the limitations of self-
reports. We provide a systematic review of 34 neuroscience studies on grandiose, vulnerable,
pathological narcissism, and Narcissistic Personality Disorder (NPD), spanning experimental
investigations of intra- and interpersonal mechanisms, research on neurophysiological and
neuroendocrine aspects of baseline function, and brain structural correlates. While neurosci-
ence has scarcely directly studied vulnerable narcissism, grandiose narcissism is associated with
heightened vigilance to ego threat and stress responses following ego threat, as well as height-
ened stress indicators in baseline measures. Such responses are not commonly observed in
self-reports, highlighting the potential of neuroscience to augment our understanding of
self-regulatory dynamics in narcissism. Interpersonal functioning is characterized by deficits
in social–affective processes. Both involve altered activity within the salience network, pointing
to a double dissociation regarding the expression of narcissism and self/other oriented situa-
tional focus. Findings are summarized in an integrativemodel providing testable hypotheses for
future research along with methodological recommendations.

1. Narcissism: Concepts and Operationalizations

The phenomenon of narcissism has been described for around 2000 years when the myth of
Narcissus was documented in ancient Greece. In this myth, the beautiful young hunter
Narcissus rejected the love of the nymph Echo, which is why he was deemed by the gods to
fall in love with his own mirror image. His self-centeredness ultimately led Narcissus to the fate
of a tragic death. Thus, on a metaphorical level, this early myth already reflects two aspects of
narcissism that are currently being extensively studied, namely grandiose and vulnerable nar-
cissism. The ancient concept of narcissism was picked up and refined by psychodynamic the-
orists, who regarded narcissism as both a self-regulatory mechanism and a personality
disposition (Freud, 1914; Kernberg, 1975; Kohut, 1977), and was first included as a personality
disorder in the third edition of the Diagnostic and Statistical Manual of Mental Disorders
(American Psychiatric Association, 1980). At the same time, the concept of narcissism was also
adapted for personality research within general, nonclinical personality variation (Raskin &
Hall, 1979).

It was not until the 2000s, however, that research on narcissism attracted a broader scientific
and public interest, which is presumably due to cultural changes in the newmillennium. Popular
writings such as Jean Twenge’s (2006) “Generation Me” or Twenge and Campbell’s (2009)
“Narcissism Epidemic” render a rather pessimistic picture of western societies becoming
increasingly self-focused and entitled, while being less bound to social and moral norms.
Large-scale studies of trait changes initiated a lively scientific debate on whether narcissism
scores increase in western cultures (Barry & Lee-Rowland, 2015; Donnellan, Trzesniewski, &
Robins, 2009; Twenge, Konrath, Foster, Campbell, & Bushman, 2008; Wetzel et al., 2017)
and are dependent on cultural orientation (Jauk, Breyer, Kanske, & Wakabayashi, 2021;
Vater et al., 2018). The strong interest in the past decades also fueled a thorough research pro-
gram on what exactly constitutes narcissism as a personality trait and as a clinical disorder, what
are its antecedents, and its personal and interpersonal consequences. To this end, only a few
personality constructs have received attention from so many different perspectives as is the case
for narcissism. Different but overlapping theories have been put forward from social/personality
psychology, clinical psychology, and psychiatry (Cain et al., 2008).
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There is now an emerging consensus that narcissism is multi-
faceted in nature and different expressions of the phenomenon can
be discerned (see Figure 1). While all forms of narcissism are char-
acterized by pronounced feelings of self-importance and entitle-
ment, grandiose and vulnerable narcissism have been recognized
as separable yet related expressions of narcissism (Krizan &
Herlache, 2018; Miller et al., 2016; Weiss et al., 2019). These mani-
fest in distinct experiential and behavioral patterns of either self-
assuredness and dominance, or self-consciousness and withdrawal.
Despite their seemingly opposing manifestations, both share
overtly or covertly expressed attitudes of being special and entitled
to special privileges (Krizan & Herlache, 2018; Miller et al., 2016;
Pincus & Lukowitsky, 2010). The overarching mechanism of nar-
cissistic functioning is the maintenance of an inflated self by means
of characteristic intra- and interpersonal self-regulatory strategies
(Back et al., 2013; Morf & Rhodewalt, 2001).

Also, in recent years, neuroscience has begun to unveil aspects of
narcissism that are not commonly apparent in self-report research.
Neuroscience methods offer a particularly promising view into nar-
cissistic personality functioning as they might be less influenced by
cognitive biases and response styles that can render pure self-report
studies problematic. These include, among others, overestimation of
emotion-related and social competencies in narcissism (Ames &
Kammrath, 2004; Jauk, Freudenthaler, et al., 2016; John & Robins,
1994; Lobbestael et al., 2016; Mota et al., 2019; Zajenkowski et al.,
2018), which are directly relevant to the studies reviewed here.

The goal of this review is to summarize the current neuroscience
investigations on narcissism and integrate them with conceptual
models from personality and clinical psychology to highlight the pos-
sible contributions of neuroscience to the understanding of narcis-
sism. In the first part, we will provide an overview of the different
conceptions of narcissism and their commonalities, differences, and
manifestations in different aspects of experience and behavior. We
will then, in the second part, review neuroscience investigations of
the different conceptions of narcissism, and highlight their potential
to gain a deeper understanding of the respective constructs. Finally, in
the third and fourth parts, we provide a conceptual integration and a
model of the neural bases of self-related and interpersonal processes in
narcissism, and closewith recommendations for future research in the
personality neuroscience of narcissism.

We structure our review in intrapersonal and interpersonal
aspects of narcissism, as these are conceived as the two major
self-regulatory pathways in research on narcissism (Back et al.,
2013; Morf & Rhodewalt, 2001), and more generally, two major
dimensions of personality functioning in prevailing models of per-
sonality pathology (Alternative Model for Personality Disorders
[AMPD] in the DSM-5; see Table 1; Bender, Morey, & Skodol,
2011; Personality Disorders Model in the ICD-11, Tyrer,
Mulder, Kim, & Crawford, 2019). Intrapersonal functioning, fol-
lowing the DSM-5 AMPD, concerns aspects of identity – a stable
and coherent sense of self, stable self-esteem, and capacity to expe-
rience, tolerate, and regulate affect – and self-regulation – goal
pursuit, utilization of internal standards of behavior, and self-
reflection. Interpersonal functioning concerns aspects of empathy1

– understanding others’ experiences and motivations, tolerance of
differing perspectives, understanding of social causality – and inti-
macy – connection with others, desire and capacity for closeness,
and cooperative behavior (American Psychiatric Association,
2013; Bender et al., 2011).

1.1 Grandiose narcissism

When hearing the term “narcissism”, most people think of exag-
gerated self-worth, feelings of superiority, admiration seeking,
entitlement, and arrogance (Buss & Chiodo, 1991). These common
associations actually very closely match the definition of grandiose
narcissism as a personality trait, which encompasses self-impor-
tance and entitlement – the antagonistic core of narcissism – along-
side extraverted and socially dominant behavior (Krizan &
Herlache, 2018; Miller et al., 2016).

The concept of narcissism as a trait was originally devised from
the diagnostic criteria for Narcissistic PersonalityDisorder (NPD) in
the third edition of the Diagnostic and Statistical Manual of Mental
Disorders (American Psychiatric Association, 1980), and adapted
for the assessment of narcissism in the general, nonclinical popula-
tion in the Narcissistic Personality Inventory (NPI; Raskin & Hall,
1979, 1981). The original criteria included (1) a grandiose sense
of self-importance, (2) fantasies of unlimited success, power, etc.,

Vulnerable
Narcissism

Grandiose
Narcissism

Antagonism /
Entitlement and
Self-Importance

Agentic
Extraversion Neuroticism

Figure 1. Structural model of narcissism, adapted and synthesized from the
Trifurcated Model (Miller et al., 2016; Weiss et al., 2019) and the Narcissism
Spectrum Model (Krizan & Herlache, 2018).

Table 1. Dimensions of intra- and interpersonal functioning

Intrapersonal functioning Interpersonal functioning

Identity Self-regulation
Empathy/social
cognition Intimacy

– Stable and
coherent
self

– Goal pursuit – Understanding
others‘ experi-
ences and
motivations

– Connection
with others

– Stable
self-esteem

– Utilization of
internal
standards of
behavior

– Tolerance of
differing per-
spectives

– Desire and
capacity for
closeness

– Capacity to
experience,
regulate,
tolerate
affect

– Self-
reflection

– Understanding
of social
causality

– Cooperative
behavior

Personality functioning model is adapted from the DSM-5 Alternative Model of Personality
Disorders (AMPD; American Psychiatric Association, 2013; Bender et al., 2011). The term “social
cognition” was added by us based on prevailing neuroscience models (see section 2.1).

1“Empathy” is used for both, social–affective and social–cognitive functions in the
AMPD. We will differentiate these functions below.
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(3) exhibitionism, (4) responding to criticism with either indiffer-
ence or rage, (5) entitlement, (6) exploitativeness, (7) relationships
vacillating between idealization and devaluation, and (8) lack of
empathy. Importantly, these criteria focus strongly on narcissistic
grandiosity, and only implicitly tap into narcissistic vulnerability
(see section 1.2). Items of the NPI encompass statements such as
“I think I am a special person”, “I am more capable than other peo-
ple”, or “I have a natural talent for influencing people” (Raskin &
Terry, 1988). The NPI has become the most widely used measure
of grandiose narcissism, the total score displays good reliability
and validity with respect to expert ratings (Miller et al., 2014),
and the vast majority of the neuroscience studies on grandiose nar-
cissism reviewed here used the NPI as an indicator.

1.1.1 Intrapersonal characteristics
Individuals high in grandiose narcissism report high self-esteem
(Campbell, 2001) and score high on different indicators of mental
health (Sedikides et al., 2004) as well as life satisfaction (Egan et al.,
2014). They display marked self-enhancement in various domains,
which means that they rate themselves as more intelligent or attrac-
tive, for instance, than it might be expected on the basis of objective
tests or others’ ratings (Campbell et al., 2002; Gabriel et al., 1994;
Grijalva & Zhang, 2016; Grosz et al., 2017). Self-enhancement is also
evident regarding social and emotional capacities in grandiose narcis-
sism (Ames&Kammrath, 2004; Jauk, Freudenthaler, et al., 2016; John
&Robins, 1994; Lobbestael et al., 2016;Mota et al., 2019; Zajenkowski
et al., 2018), which indicates that individuals high in grandiose nar-
cissism hold pronounced positive illusions about their intra- and
interpersonal emotional abilities. In line with their superior and inde-
pendent self-construal, individuals high in grandiose narcissism
report discomfort only in light of achievement failure, but not in
the light of social rejection (Besser & Priel, 2010). Taken together,
self-descriptions of individuals high in grandiose narcissism render
a picture of highly self-assured individuals, which is most likely
due to the agentic-extraverted aspects of narcissism (Kaufman
et al., 2020).

However, behavioral and experimental studies also unveil fra-
gilities in the seemingly overly positive grandiose-narcissistic per-
sonality. These encompass, for instance, feelings of self-alienation
or a weak sense of self (Kaufman et al., 2020), proneness to addic-
tive behaviors (Jauk & Dieterich, 2019), and heightened variability
in mood and self-esteem (Geukes et al., 2017; Rhodewalt et al.,
1998). Particularly, experiencing negative interpersonal events
can lead to sudden declines in self-esteem (Zuckerman &
O’Loughlin, 2009). Variability in self-esteem is more related to
antagonistic (i.e., disagreeable) than agentic (i.e., extraverted,
socially dominant) aspects of narcissism (Geukes et al., 2017).

1.1.2 Interpersonal characteristics
Individuals high in grandiose narcissism are extraverted, socially
bold (Holtzman, Vazire, & Mehl, 2010), and also charming (e.g.,
Back, Schmukle, & Egloff, 2010). Accordingly, they can be highly
successful in social contexts, which is, for instance, evident in the
domain of interpersonal attraction (Dufner et al., 2013; Jauk,
Neubauer, et al., 2016). This picture conforms to the “happy face”
of grandiose narcissism (Rose, 2002), which is most likely due to its
agentic-extraverted aspects (Kaufman et al., 2020). However, the
short-term social success of individuals high in grandiose narcis-
sism is also likely to be accompanied by long-term interpersonal
problems, such as, for instance, in romantic relationships
(Wurst et al., 2017). Interpersonal problems associated with gran-
diose narcissism are thought to arise from heightened self-focus

and reduced empathy (Morf & Rhodewalt, 2001), both of which
are perceived as core pillars of the grandiose narcissism construct
and are more related to its antagonistic aspects (Kaufman et al.,
2020). Though a number of studies addressed the relationship
between grandiose narcissism and empathy (e.g., Giammarco &
Vernon, 2014; Wai & Tiliopoulos, 2012), the exact nature of low-
ered empathy in narcissism is still a matter of debate (cf. Baskin-
Sommers et al., 2014). Recent behavioral research points into the
direction of a reduced propensity to share others’ emotional states,
rather than a reduced ability to do so (Hepper et al., 2014).

1.2 Vulnerable narcissism

Besides grandiose narcissism, increasing attention has been paid to
vulnerable narcissism in the past decades (e.g., Fossati et al., 2009).
While vulnerable aspects of narcissism have long been hypoth-
esized to be overt or covert parts of the broader phenomenon of
narcissism (Pincus & Lukowitsky, 2010), the social/personality
study of narcissism delineated vulnerable narcissism as an inde-
pendent trait – the “second face” of narcissism (Wink, 1991).
Vulnerable narcissism is uncorrelated to grandiose narcissism at
a trait level in the general population, but might blend into gran-
diosity at high levels of grandiose narcissism (Jauk & Kaufman,
2018; Jauk, Weigle, et al., 2017). To date, only two neuroscience
studies explicitly addressed vulnerable narcissism in that they used
independent measures to assess this construct. Nevertheless, the
construct may also be relevant to the interpretation of studies
on grandiose and pathological narcissism as well as NPD.

Individuals high in vulnerable narcissism typically present very
differently from those high in grandiose narcissism: vulnerable
narcissistic individuals are anxious, defensive, and avoidant
(Hart et al., 2017; Miller et al., 2012). Yet, despite the outward pre-
sentation of self-consciousness, those high in vulnerable narcissism
also share the common antagonistic core of entitlement and self-
importance (Krizan & Herlache, 2018; Miller et al., 2016). A com-
monly used measure of vulnerable narcissism, the Hypersensitive
Narcissism Scale (HSNS; Hendin & Cheek, 1997), encompasses
items such as “I easily become wrapped up in my own interests
and forget the existence of others” or “I am secretely [sic!] ‘put
out’ when other people come to me with their troubles, asking
me for my time and sympathy“ (p. 592).

1.2.1 Intrapersonal characteristics
While grandiose narcissism is closely tied to extraversion, vulner-
able narcissism is closely related to neuroticism and – depending
on the scale used – introversion (Jauk, Weigle, et al., 2017;
Kaufman et al., 2020; Miller et al., 2016). Consequently, vulnerable
narcissism is linked to experiencing less positive andmore negative
affect (Miller et al., 2011, 2018), and individuals high in vulnerable
narcissism display a variety of internalizing symptoms such as
anxiety and depression (Euler et al., 2018; Kaufman et al., 2020;
Miller et al., 2011, 2018). They report lower self-esteem
(Brookes, 2015; Miller et al., 2018; Rose, 2002) and lower life sat-
isfaction (Rose, 2002). Taken together, psychological and behav-
ioral correlates of vulnerable narcissism clearly point to the
“unhappy” face of narcissism (Rose, 2002).

1.2.2 Interpersonal characteristics
Contrary to those high in grandiose narcissism, those high in vul-
nerable narcissism are more sensitive to social rejection than
achievement failure (Besser & Priel, 2010). Paradoxically, while
individuals high in vulnerable narcissism tend to put great weight
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on being accepted by others, they also display lowered empathy
(Lannin et al., 2014) and compassion (Luchner et al., 2011) for
others. Vulnerable narcissism is further related to lower self-report
perspective-taking (Honeycutt et al., 2014) and emotion under-
standing performance (Vonk et al., 2015). Taken together, the pat-
tern of interpersonal dynamics in vulnerable narcissism points to
the desire of being accepted by others, accompanied by the fear of
being rejected, which is in line with higher attachment anxiety in
vulnerable narcissism (Rohmann et al., 2012). Excessive self-focus
and impaired interpersonal functioning likely amplify this fear in
terms of negative social outcomes.

1.3 Pathological narcissism

Pathological narcissism, as an operationally defined and quantifiable
construct, was introduced by Pincus and colleagues in recognition of
the problem that previously existing self-report measures of (grandi-
ose) narcissismmostly focused on adaptive qualities, andmaladaptive
as well as vulnerable aspects might have been underrepresented
(Pincus et al., 2009). Consequently, pathological narcissism is defined
as comprising both grandiose and vulnerable aspects (Pincus et al.,
2009; Pincus & Lukowitsky, 2010). While these seemingly opposing
experiential and behavioral tendencies may appear hard to reconcile
at the first glance, Pincus and Lukowitsky (2010) assert that grandiose
and vulnerable self-states can fluctuate or co-occur in highly narcis-
sistic individuals (Wright & Edershile, 2018), which is illustrated viv-
idly in clinical case descriptions (Pincus et al., 2014). The current
standard measure of pathological narcissism is the Pathological
Narcissism Inventory (PNI; Pincus et al., 2009). It encompasses facets
related more to narcissistic grandiosity, namely entitlement rage
(anger when entitled expectations are not met), exploitativeness
(manipulative behavior in pursuit of own goals), grandiose fantasy
(imagining grandiose self), and self-sacrificing self-enhancement
(self-enhancement by means of seemingly altruistic behavior), as well
as facets related more to narcissistic vulnerability, which are contin-
gent self-esteem (dependence upon others’ regard), hiding the self
(not showing own needs and weaknesses), and devaluing (devaluing
others who do not meet their own needs). The grandiose and vulner-
able factors are intrinsically related in the PNI (Pincus et al., 2009).
This makes it conceptually and empirically different from scales
designed exclusively for the assessment of either grandiose or vulner-
able narcissism, which are unrelated in the general population (Jauk,
Weigle, et al., 2017).

1.3.1 Intrapersonal characteristics
Individuals high in pathological narcissism report, among others,
lower self-esteem, higher aggression, and higher shame (Morf et al.,
2017; Pincus et al., 2009), higher psychological distress, depressive
symptoms, and lower life satisfaction (Morf et al., 2017), as well as
higher self-harming behavior (Dawood et al., 2018). Behavioral
studies of pathological narcissism found more positive intraper-
sonal and future-oriented thoughts, but more negative thoughts
in general (Kanske, Sharifi, Smallwood, Dziobek, & Singer,
2017). This reflects two important aspects of pathological narcis-
sism, namely grandiose fantasy on the one hand, and on the other
hand, vulnerable or devaluing aspects (Pincus et al., 2009).

1.3.2 Interpersonal characteristics
Pathological narcissism is associated with fearful or preoccupied
attachment (both characterized by a negative model of the self;
Fossati, Feeney, Pincus, Borroni, & Maffei, 2015; Morf et al.,
2017) and an array of self-report interpersonal problems ranging

from cold dominant to overly nurturant behavior (Pincus et al.,
2009). In daily interactions, individuals high in pathological narcis-
sism are reactive to both status threat and rejection sensitivity
(Roche et al., 2013). Pathological narcissism goes along with serious
treatment problems in clinical samples, including suicidal ideation
and behavior (Pincus et al., 2009). Pathological narcissism is nega-
tively related to dispositional empathy (Pincus et al., 2009), which
can be explained along the line that both of its constituent features,
grandiosity, and vulnerability, are accompanied by lowered empathy
(see sections 1.1.2 and 1.2.2). Perspective-taking is lowered in patho-
logical narcissism in social decision-making (Böckler et al., 2017),
but not in a self-report measure (Morf et al., 2017). This indicates
that pathological narcissism goes along with similar self-serving bias
as grandiose narcissism when it comes to interpersonal abilities (see
section 1.1.1). Taken together, the experiential and behavioral find-
ings related to pathological narcissism point to a pattern of psycho-
logical maladjustment characterized by opposing tendencies of
grandiosity and vulnerability, significant personal distress, and mal-
adaptive interpersonal behavior.

1.4 Narcissistic personality disorder

The diagnostic category of NPD emerged in the DSM-III mainly
from psychodynamic theory and case studies (Ronningstam,
2009). Since its first inclusion, the diagnostic criteria (mentioned
above) have been revised. In the latest edition of the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5; American
Psychiatric Association, 2013), the categorical diagnosis of NPD
is defined by at least five out of the following nine criteria: (1) gran-
diose sense of self-importance, (2) fantasies of unlimited success,
power, etc., (3) thinks he/she is special and unique, (4) requires
excessive admiration, (5) entitlement, (6) exploitativeness, (7) lack
of empathy, (8) envious/thinks others are envious, and (9) arro-
gance. Contrary to the developments in the research field, the def-
inition of NPD in the DSM-5 is strongly focused on grandiosity
(Pincus & Lukowitsky, 2010; Ronningstam, 2009) and might –
in its present form – best be understood as an extreme manifesta-
tion of grandiose narcissism, which is supported by concurrent
validity evidence (Miller et al., 2014). This does not mean that vul-
nerable aspect cannot accompany grandiosity (which is also explic-
itly acknowledged in the DSM), but they do not constitute a
necessary condition for an NPD diagnosis. For the purpose of
the present review, it is most important to note that the terms
pathological narcissism and NPD, despite their similar connota-
tion, cannot be used interchangeably. While pathological narcis-
sism, sensu Pincus and Lukowitsky (2010), refers to concurrent
grandiosity and vulnerability, NPD is a clinical diagnosis for indi-
viduals with extreme levels of grandiosity, which may or may not
be accompanied by vulnerability.

The prevalence of NPD is generally considered low, as com-
pared to other mental disorders. Prevalence estimates in the gen-
eral population range between 0 and 1% (Roepke &Vater, 2014) or
0–5% (Ronningstam, 2009), the DSM-5 provides an estimated
range between 0 and 6.2% in community samples (American
Psychiatric Association, 2013). Systematic empirical research on
NPD is generally very sparse, putatively because patients are hard
to find, and hard to recruit. We summarize some of the available
evidence in the following.

1.4.1 Intrapersonal characteristics
One of the most prevailing notions on NPD is the view that out-
ward grandiosity is a façade to hide an underlying, fragile self
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(Akhtar, 1989), also known as the “mask” model of narcissism.
One hypothesis that can be derived from such a mask model view
posits that high explicit self-esteem should be accompanied by low
implicit self-esteem in narcissism (cf. Kuchynka & Bosson, 2018).
Empirical studies, however, did not find evidence for lower implicit
self-esteem among NPD patients (Marissen et al., 2016; Vater et al.,
2013). On the contrary, one of the studies unexpectedly found
lower explicit self-esteem of NPD patients as compared to healthy
controls (Vater et al., 2013). It has to be noted, though, that NPD
patients do not commonly seek treatment until they experience a
major breakdown, which might explain their lowered explicit self-
esteem (Vater et al., 2013).

1.4.2 Interpersonal characteristics
Reduced empathy is one of the diagnostic criteria of NPD.
Consequently, NPD patients show less mirroring of emotions,
and less emotional contagion than healthy controls (Ritter et al.,
2011). The picture is more diverse when it comes to measures
of perspective-taking, also referred to as Theory of Mind (Frith
& Frith, 2005). One study found that NPD patients report lower
perspective-taking, but do not differ from healthy controls on per-
formance measures (Ritter et al., 2011). However, a different study
suggests that NPD patients performworse than healthy controls on
an emotion recognition task, and that they are unaware of this defi-
cit (Marissen et al., 2012). Recently, a study on NPD patients
reported lowered interview-assessed mindreading performance
as compared to healthy controls, but similar performance to
patients with other personality disorders (Bilotta et al., 2018). A
review highlights the role of motivation-based disengagement
(propensity) versus deficit-based (capacity) lack of interpersonal
functions in NPD (Baskin-Sommers et al., 2014). It is argued that
not all forms of reduced interpersonal functioning are created
equal, and can either be a consequence of a marked self-focus
despite generally intact social–affective and cognitive functions
(reduced propensity), or also a lack of fundamental interpersonal
skills (reduced capacity; ibid.).

The reduced interpersonal functioning of NPD patients can
have significant consequences not only for people in their sur-
roundings, but also for themselves. NPD patients with severe levels
of pathology are known as being hard to treat (Kernberg, 2007),
and indeed, psychotherapists experience feeling unappreciated
or devalued by these patients and report disengagement from
the therapeutic process (Tanzilli et al., 2015).

1.5 Summary: grandiosity and vulnerability in narcissism

According to current models, narcissism entails both grandiose
and vulnerable aspects, which manifest in experiential and behav-
ioral patterns of self-assuredness and dominance on the one hand,
and insecurity and reactivity on the other (see Figure 1; Krizan &
Herlache, 2018; Weiss et al., 2019). In the general population, self-
reports of trait grandiosity and vulnerability are unrelated or only
weakly positively related, which points to relatively independent
personality configurations – sharing a common core of self-impor-
tance and entitlement/antagonism (Krizan & Herlache, 2018;
Weiss et al., 2019) – at a global level (Jauk & Kaufman, 2018;
Jauk, Weigle, et al., 2017). However, it has been posited that those
high in grandiosity can fluctuate between grandiose and vulnerable
states (e.g., Wright & Edershile, 2018), which is evident in inform-
ant reports (Gore & Widiger, 2016), increases in correlations
among trait measures of grandiosity and vulnerability with
increasing grandiosity (Jauk & Kaufman, 2018; Jauk, Weigle,

et al., 2017), and ecological momentary assessment of state gran-
diosity and vulnerability (Edershile & Wright, 2020). Grandiosity
and vulnerability are further intrinsically related in measures
assessing primarily maladaptive, pathological aspects of narcissism
(such as the PNI; Pincus et al., 2009), and vulnerable self-states can
be observed in NPD (American Psychiatric Association, 2013;
Ronningstam, 2009), a personality disorder characterized by
extreme grandiosity (Miller et al., 2014). Taken together, while
grandiose and vulnerable narcissism can be described in terms
of dissociable personality configurations at a trait level, there is also
increasing evidence that these two “faces” of narcissism go hand in
hand – particularly at high levels of grandiosity. An interesting
question for the neuroscience of intrapersonal functioning in nar-
cissism might thus be to identify conditions under which individ-
uals high in grandiose narcissism display reactions which are
indicative of vulnerability, even if not directly evident in self-
reports. Another question concerns interpersonal functioning,
which is altered in all expressions in narcissism discussed above.
We elaborate on these questions in the following section 2.1.

2. Neuroscience of Narcissism

2.1 Current research questions for the neuroscience of
narcissism

The overarching goal of this review is to highlight the possible con-
tributions of neuroscience to the understanding of narcissism in its
different expressions. Though self-report and behavioral research
on narcissism have acquired a great deal of knowledge in the past
decades, some questions still remain open. Broadly, these concern
two fundamental aspects of personality functioning: (1) intraper-
sonal, self-related characteristics of narcissism and (2) interper-
sonal, other related characteristics of narcissism.

(1) It has long been hypothesized that narcissism, particularly
grandiose narcissism and NPD as its clinical expression, entail vul-
nerable aspects, which need not necessarily be overtly expressed
(e.g., Pincus & Lukowitsky, 2010). The mask model of narcissism
posits that grandiosity is a façade to mask an underlying fragile self
(Akhtar, 1989); that is, that grandiosity compensates for underlying
vulnerability. Whether or not grandiosity is indeed causally related
to underlying vulnerability, as thismodel implies, clinicians working
with narcissistic patients are inclined to agree with their coexistence
(in correlational terms). In their seminal review, Pincus and
Lukowitksy (2010) assert that “many contemporary clinical experts
on narcissistic personality disorder now recognize that grandiose
self-states oscillate or co-occur with vulnerable self-states and affec-
tive dysregulation” (p. 428). Similarly, in her review on NPD,
Ronningstam (2009) states that: “the narcissistic individual may
fluctuate between assertive grandiosity and vulnerability” (p. 113).
Following this perspective, one might assume that individuals high
in grandiose narcissism should hold implicit negative self-views
along their explicit positive self-views (cf. Kuchynka & Bosson,
2018). However, this view is not commonly supported by systematic
research. Self-report studies on grandiose narcissism find positive
correlations with explicit (Campbell et al., 2002) and also implicit
self-esteem (Campbell et al., 2007), and research on NPD suggests
no difference in implicit self-esteem betweenNPD patients and con-
trols (Marissen et al., 2016; Vater et al., 2013).

The question remains, thus, if and how negative self-views are
represented in individuals high in grandiose narcissism, and
neuroscience might help to shed light on the respective mecha-
nisms. In the long run, this might also contribute to understanding
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state changes between grandiosity and vulnerability discussed
above (e.g., Edershile & Wright, 2020). Neuroscience studies tar-
geting intrapersonal functions can investigate the neurophysiologi-
cal reactions to situations in which the individual is exposed to ego
threat, for instance, in terms of achievement failure, social exclu-
sion, or confrontation with self-referential stimuli. These might
induce stronger involuntary stress responses in individuals with
higher levels of narcissism (cf. Coleman et al., 2019). Indicators
that are known to be sensitive to these responses include, among
others, autonomic measures such as skin conductance (Jacobs
et al., 1994) or blood pressure (Ulrich-Lai & Herman, 2009) as well
as neuroendocrine markers such as cortisol level (Kirschbaum
et al., 1993). Using neuroimaging methods, activity within regions
of the salience network (comprising the anterior insula [AI] and
dorsal anterior cingulate cortex [dACC]; Bressler & Menon,
2010) has been associated with the processing of aversive stimuli
that induce conflict, pain, or negative affect (de la Vega et al.,
2016; Shackman et al., 2011; Somerville et al., 2006).2 These indica-
tors might thus unveil involuntary vulnerable reactions and are less
prone to cognitive bias than pure self-report measures. Moreover,
habitual experiential and behavioral tendencies related to narcis-
sism might manifest in chronic functional alterations in the men-
tioned systems, which can be revealed by studies of baseline
function.

(2) Another controversial aspect of narcissism concerns the exact
nature of altered interpersonal functioning observed in different
expressions of narcissism. Interpersonal functioning includes –
alongside more complex constructs such as attachment (see
Table 1) – fundamental social–affective and social–cognitive func-
tions frequently termed empathy and perspective-taking. Empathy
refers to sharing others’ affective and emotional states, whereas per-
spective-taking (or Theory of Mind) circumscribes the capacity to
cognitively represent others’ mental states (de Vignemont &
Singer, 2006; Frith & Frith, 2005). While both are sometimes sub-
sumed under empathy as an umbrella term (being also referred
to as affective and cognitive empathy; e.g., Baron-Cohen &
Wheelwright, 2004), they can be selectively impaired and draw
on distinct neural networks (Stietz et al., 2019; see also below).
Importantly, empathy and perspective-taking display considerable
state variation and can depend on contextual and also motivational
factors (ibid.), raising the question of whether altered interpersonal
functioning in narcissism is more a question of reduced capacity
(lower ability) or propensity (lower engagement; cf. Baskin-
Sommers et al., 2014).

Narcissistic individuals are known to display lowered empathy
(indeed, limited empathy is among the defining criteria of grandi-
ose narcissism; see section 1.1), and there is also evidence for
impaired social cognition in NPD (Marissen et al., 2012).
However, behavioral evidence suggests that limited empathy in
narcissism might be more due to lower propensity than capacity
(Hepper et al., 2014), and similar mechanisms are being discussed
for putative perspective-taking deficits in NPD (Baskin-Sommers
et al., 2014). It might thus be the case that altered interpersonal
functioning in narcissistic individuals is more related to the con-
sequences of a self-focused and antagonistic interpersonal style
(Krizan & Herlache, 2018; Miller et al., 2016) than ability deficits
per se. Again, neuroscience might help to gain a closer understand-
ing of the mechanisms involved in interpersonal functioning in

narcissism. A neuroscience approach seems particularly fruitful
given that global self-reports of empathy and perspective-taking
(as measured by the frequently used Interpersonal Reactivity
Index, for instance; Davis, 1983) display only low-to-moderate cor-
relation with task-based ratings and corresponding neural activa-
tion (Hildebrandt et al., 2021), which points to differences between
global self-perceptions of typical behavior and interpersonal
capacities assessed under laboratory conditions. This gap might
be even stronger for individuals high in narcissism, whose self-rat-
ings of emotional competencies, in general, deviate substantially
from task-based assessments (Jauk, Freudenthaler, et al., 2016;
Mota et al., 2019).

Neuroscience research on interpersonal functioninghas delineated
empathy from perspective-taking; the twomain capacities that enable
access to others’ inner, mental states, thus, providing crucial ground
for successful social interaction. Empathic reactions to others’ emo-
tional states are commonly observed in the same regions that are acti-
vated during the firsthand experiences of these states (Kanske, 2018).
Thus, for instance, empathy for another’s aversive experience, be it
pain, disgust or unfair treatment, activates the AI and the (middle)
anterior cingulate cortex (parts of the salience network; see above),
which are also activated during firsthand aversive stimulation
(Corradi-Dell’Acqua et al., 2016; Oosterwijk et al., 2017). This sup-
ports the view that empathy for others’ emotional states might be
regarded as an internalization of these states (Kanske, 2018), or in
other words, we literally feel what others are feeling when empathiz-
ing.With respect to narcissism, thismightmake alexithymia, in terms
of the general incapacity to experience emotions, a prime candidate as
a mediating factor (Valdespino et al., 2017).

Perspective-taking, or Theory of Mind, draws on a different
neuronal network than empathy (Kanske, Böckler, Trautwein, &
Singer, 2015). This network comprises medial prefrontal regions,
the temporoparietal junction, the precuneus/posterior cingulate
cortex, as well as the temporal poles and superior temporal sulcus
(Bzdok et al., 2012; Molenberghs et al., 2016; Schurz et al., 2021);
structures that partially overlap with the default mode network
(Mars et al., 2012). Activation within the network implicated in
perspective-taking directly corresponds to task performance
(Kanske et al., 2015). Most importantly for the present review,
neurophysiological research showed that empathy and perspec-
tive-taking are clearly independent and distinguishable processes,
both on a behavioral and neurophysiological basis (Kanske,
Böckler, Trautwein, Parianen Lesemann, & Singer, 2016).
Intra- and interindividual variations in the two capacities are inde-
pendent as well (Stietz et al., 2019). Thismeans that empathic func-
tioning and perspective-taking could be selectively altered in
different expressions of narcissism. Neuroscience research might
unveil alterations in the involved networks during empathy and
perspective-taking tasks, during rest, and in structural measures.

2.2 Literature search and inclusion strategy

For this review, we considered quantitative empirical journal
articles on grandiose and vulnerable narcissism, pathological nar-
cissism, and NPD using neuroimaging, neurophysiological, or
neuroendocrine measures. For the inclusion, we required a stand-
ardized assessment of narcissism that targets one of the constructs
introduced above.We searched the academic databases Scopus and
PubMed, complemented by Google Scholar searches, for the fol-
lowing terms in the article abstracts: narciss* þ neuro*, bio*,
physio*, EEG, *MRI, and *imaging. After the exclusion of 3 empir-
ical articles using qualitative methods and 4 studies that did not use

2Note, however, that the salience network as such likely does not have a single uni-
tary function (Seeley, 2019), and the results reported here can only be interpreted in
the particular context. Please see sections 2.3.1 and 3.1 for amore in-depth discussion.
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neuroscience methods, we obtained a set of 35 empirical journal
articles. Of those journal articles, one (Yang, Sedikides, Gu, Luo,
Wang, Yang, et al., 2018) targeted the relatively novel construct
of communal narcissism (an expression of agentic, narcissistic
strivings through communal means, such as being the most helpful
person; Gebauer, Sedikides, Verplanken, & Maio, 2012). As this
study is to date the only neuroscience investigation of the commu-
nal narcissism construct, and the construct itself is still relatively
new,3 we include this study in the discussion section, rather than
the main part of the review. Another study (Kelsey et al., 2002)
used subscales of a multidimensional personality scale, the Bell
Object Relations and Reality Testing Inventory (BORRTI; Bell,
1995) for the assessment of overt and covert narcissism (which
were sometimes equated with grandiose and vulnerable narcis-
sism). As it was not possible to evaluate the convergent validity
of the used subscales (egocentricity and alienation) with more
widely used measures of grandiose and vulnerable narcissism,
and also the authors themselves discuss the validity of the measure
critically (Kelsey et al., 2002), we excluded this study from our
review. We excluded one further study as the indicator of narcis-
sism was too indirect to allow for comparisons with the rest of the
literature (peer ratings of grandiosity were transformed into mea-
sures of sociometric preference in the crucial analysis involving a
neuroendocrine marker; Bukowski, Schwartzman, Santo, Bagwell,
& Adams, 2009). Table 2 summarizes the remaining 32 studies. In
addition to these published studies, we also found two unpublished
doctoral dissertations meeting the abovementioned criteria
(Krusemark, 2009; Noser, 2017), which we also included in the
main part of this review and Table 2, leading to a total of 34 studies.
Finally, our literature search identified one hypothesis proposal
(Jankowiak-Siuda &Zajkowski, 2013), two review articles that each
cover parts of the research reviewed here (Coleman et al., 2019; Di
Sarno et al., 2018), one conceptual paper (George & Short, 2018),
and four book chapters (Konrath & Bonadonna, 2014; Elizabeth A.
Krusemark, 2012, 2018; Schulze & Roepke, 2014), which do not
present empirical data but rather integrate previous studies. We
include these works in section 3 of the present review.

As Table 2 shows, among the 34 studies, 21 studies used exper-
imental paradigms, in which participants were confronted with
stimuli or tasks. Ten studies used baseline measures of brain activity
or neuroendocrine markers, and five studies used structural brain
imagingmeasures.4We classified the experimental paradigm studies
as either primarily intrapersonal (self-related paradigms) or inter-
personal (other related paradigms) in focus. This classification is
in line with social/personality models of narcissism (e.g., Morf &
Rhodewalt, 2001) and with prevailing models of personality func-
tioning, such as the DSM-5 AMPD (American Psychiatric
Association, 2013). Though this distinctionmay not appear straight-
forward in each case (such as, for instance, the touch anticipation
paradigm used by Scalabrini et al., 2017), we capitalized on whether
the main focus of the paradigm is to manipulate intrapersonal, self-
regulatory (e.g., emotion regulation), or interpersonal (e.g., empath-
izing, emotion recognition) psychological processes.

As Table 2 further shows, the vast majority of neuroscience
research investigated the construct of grandiose narcissism
(25 studies). Three studies investigated pathological narcissism.5

Only two studies, to date, explicitly focused on vulnerable narcis-
sism in which separate measures were used to assess vulnerability
(though some discuss narcissistic vulnerability as a potential
mechanism of the observed results). All studies on grandiose or
pathological narcissism used nonclinical samples, mostly com-
prised of students. Six studies investigated NPD in patients.

In the following, we will summarize the findings of these studies
grouped in functional, baseline, and structural studies of the differ-
ent narcissism constructs. Table 2 provides an overview of all stud-
ies including sample characteristics. We will then integrate this
research into a general discussion, in which we also consider prior
reviews and book chapters on the topic.

2.3 Experimental studies

2.3.1 Studies targeting intrapersonal functions
Almost all among the 15 studies of intrapersonal functions in nar-
cissism reviewed here investigated the construct of grandiose nar-
cissism in nonclinical samples; one study also assessed vulnerable
narcissism, and one study focused on pathological narcissism. Of
those studying grandiose narcissism, all but three used the NPI (see
section 1.1) as an indicator of grandiosity. One of the central ques-
tions in neuroscience studies targeting intrapersonal functions in
narcissism is if and to what extent individuals high in narcissism
are sensitive to ego threat in that they display stronger stress
responses facing potentially threatening self-relevant information
(see section 2.1). The majority of studies investigating intraper-
sonal, self-related characteristics of grandiose narcissism demon-
strate that individuals high in grandiose narcissism are indeed
sensitive to situations involving actual or anticipated ego threat,
as discussed in the following.

Sommer and colleagues (2009) studied the consequences of inter-
personal rejection and found that individuals higher in the entitle-
ment/exploitativeness facet of the NPI displayed stronger stress
reactions in terms of increases in systolic blood pressure when listen-
ing to rejection stories and completing rejection stories, as opposed to
acceptance stories. At a subjective level, when rejection by a romantic
partner had to be imagined (as opposed to rejection by a friend), par-
ticipants scoring high on the NPI reported greater anger. Similarly,
Cascio and colleagues (2015) had male adolescents perform a
Cyberball game during functional magnetic resonance imaging
(fMRI). Participants believed they were interacting with real others,
while actually the game was programmed to first include, and then
exclude participants. Stronger activation for exclusion was found in
a network referred to by the authors as the “social pain network”
(p. 335) – largely overlapping with the salience network – comprising
the dACC, theAI, and the subgenual anterior cingulate cortex inmore
narcissistic young men. Interestingly, while previous self-report
research showed that individuals high in grandiose narcissism are sen-
sitive to achievement failure but not social exclusion (Besser & Priel,
2010), and narcissism was not related to self-reports of social exclu-
sion in this study, grandiose narcissism correlatedwith a brain activity
pattern previously shown to relate to feelings of social exclusion
(Eisenberger, 2003). Activation in the dACC was also related to social
exclusion on ameta-analytic basis (Rotge et al., 2015), though a recent
meta-analysis observed dACC activation only in a minority of studies
(Mwilambwe-Tshilobo & Spreng, 2021), and the amount of dACC
involvement might depend on the used task (Mwilambwe-Tshilobo
& Spreng, 2021; Rotge et al., 2015). The activation patterns observed
in this study thus led the authors to conclude that “narcissists’ social
pain [is] seen only in the brain” (Cascio et al., 2015, p. 335). The neu-
roimaging results obtained for social exclusion in this study are further

3However, the grandiosity factor of the PNI comprises the conceptually related self-
sacrificing self-enhancement scale (see section 1.3).

4Scalabrini et al. (2017) used experimental and baselinemeasures; Yang et al. (2015)
used structural and baseline measures.

5One more study used the PNI, but only its grandiose subscale (Scalabrini et al., 2017).
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Table 2. Summary of neuroscience studies on narcissism

Study

Narcissism
construct
(measure) Sample Study type Measure Design

Intra-/inter-
personal Results

Cascio et al.
(2015)

Grandiose
(NPI)

Nonclinical, 43 male
adolescents

Experiment fMRI Social
exclusion
(Cyberball)

Intra Higher activation in
dACC, sgACC, and AI
following social exclu-
sion in more narcissistic
young men

Cheng et al.
(2013)

Grandiose
(NPI)

Nonclinical, 67 female
students

Baseline Cortisol, alpha-
amylase

Three-day
longitudinal

- Higher cortisol and
alpha-amylase related
more strongly to nega-
tive affect among highly
narcissistic women

Chester &
DeWall
(2016)

Grandiose
(NPI-16)

Nonclinical, 30 students
(15F/15M)

Experiment fMRI Social
Exclusion
(Cyberball)

Intra High narcissism and
high dACC activation
interactively related to
aggression (administer-
ing noise blasts)

Chester
et al. (2016)

Grandiose
(NPI-16)

Nonclinical, 50 students
(32F/18M)

Structure DTI Correlational - Narcissism negatively
related to white matter
integrity (fractional
anisotropy) in the
frontostriatal pathway

Dane et al.
(2018)

Grandiose
(NPI)

Nonclinical, 25 male
students

Experiment Cortisol,
testosterone

Lying on
camera

Intra High narcissism associ-
ated with decreases in
cortisol (nonsignificant)
and increases in
testosterone

Edelstein
et al. (2010)

Grandiose
(NPI)

Nonclinical, 90 students
(46F/44M)

Experiment Cortisol Trier Social
Stress Test

Intra Highly narcissistic men
showed stronger cortisol
responses in the TSST

Fan et al.
(2011)

Likely
Pathological
(NI)

Nonclinical, 11 high
(6F/5M) versus 11 low
(7F/4M) NI scorers

Experiment fMRI Empathize
with emo-
tional faces

Inter High narcissism associ-
ated with activation
differences in right AI,
dorsolateral prefrontal
cortex, premotor cortex,
and posterior cingulate
cortex. In the right AI,
lower positive signal
change from the control
to the empathy condi-
tion for high narcissism

Feng et al.
(2018)

Grandiose
(NPI)

Nonclinical, 168
students (59F/109M)

Baseline rs-fMRI Correlational - Narcissism associated
with functional connec-
tivity differences in
amygdala, dorsal and
ventral mPFC, dACC,
and ventrolateral
prefrontal cortex

Grapsas
et al. (2020)

Grandiose
(CNS)

Nonclinical, 123 children
(68F/55M)

Experiment EMG Bogus social
hierarchy
feedback

Intra High narcissism associ-
ated with stronger
increases in corrugator
supercilii activity (nega-
tive affect) during status
loss and stronger
increases in zygomaticus
major activity (positive
affect) as well as
corrugator supercilii
activity during status
gain

Jauk,
Benedek,
et al. (2017)

Grandiose
(NPI)

Nonclinical, 21 high
(8F/13M) versus 22 low
(14F/8M) NPI scorers

Experiment fMRI Self-face-
viewing

Intra Highly narcissistic men
show higher activation
in dACC and vACC for
own face

(Continued)
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Table 2. (Continued )

Study

Narcissism
construct
(measure) Sample Study type Measure Design

Intra-/inter-
personal Results

Kelsey et al.
(2001)

Grandiose
(NPI)

Nonclinical, 20 high
versus 20 low male NPI
scorers

Experiment ECG, skin
conductance

Active and
passive
coping with
loud tones

Intra Highly narcissistic men
show greater skin
conductance habitua-
tion and stronger heart
rate deceleration

Krusemark
(2009)

Grandiose
(NPI)

Nonclinical, 20 high
versus 20 low NPI
scorers

Experiment EEG Self-serving
versus non-
self-serving
attributions
after false
performance
feedback

Intra Highly narcissistic par-
ticipants make more
self-serving attributions
after receiving positive
performance feedback,
accompanied by weaker
event-related activity in
reaction to stimuli, but
stronger activity in reac-
tion to feedback

Lee et al.
(2020)

NPD Clinical, 98 psychiatric
outpatients, thereof 15
meeting NPD criteria
(3F/12M) versus 68 com-
munity controls (35F/
33M) and 29 (19F/10M)
psychiatric outpatients
without
personality disorders

Baseline 8-hydroxy-
2'-deoxyguano-
sine (8-OH-DG)

Correlational - 8-OH-DG, an indicator of
oxidative stress burden,
is higher in NPD and
borderline patients than
patients with other PDs
and clinical as well as
nonclinical controls

Lobbestael
et al. (2014)

Grandiose
(NPI) and
vulnerable
(HSNS)

Nonclinical, 100 male
students

Experiment Testosterone Adapted
Taylor
Aggression
Paradigm

Inter Grandiose but not vul-
nerable narcissism
related to aggression
(administering noise
blasts) and increases in
testosterone

Mao et al.
(2016)

Pathological
(PNI)

Nonclinical, 176
(91F/85M)

Structure Surface-based
morphometry

Correlational - Narcissism associated
with lower thickness
and volume in the right
dorsolateral prefrontal
cortex; lower thickness
right inferior frontal cor-
tex; lower volume in
right postcentral gyrus
and the left mPFC

Marcoux
et al. (2014)

NPD Clinical, 11 male NPD
outpatients versus
13 male community
controls

Experiment EEG Observation
of others’
pain

Inter Increased somatosen-
sory resonance with
others’ pain as indicated
by EEG P3 gating of
tactile stimulation

Mead et al.
(2018)

Grandiose
(NPI)

Nonclinical, 192 young
adults (92F/199M)

Experiment Testosterone
(dependent
measure: NPI)

Social power
manipulation

Inter Individuals with higher
baseline testosterone
show higher NPI entitle-
ment/exploitativeness
scores when assigned
social power

Mück et al.
(2020)

Grandiose
(NARQ)

Nonclinical, 59 students
(42 F/17M)

Experiment EEG Self-face
viewing

Intra Agentic and antagonistic
aspects of grandiose
narcissism modulate
early (P1) and later
(N170) EEG responses

Nenadic
et al. (2015)

NPD Clinical, 6 male NPD
patients versus 48 male
controls

Structure VBM, DTI Correlational - NPD patients show
lower gray matter vol-
ume in the right middle
frontal gyrus, left mPFC/
ACC, left middle occipi-
tal cortex, left fusiform/
inferior temporal cortex,
right superior temporal

(Continued)
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Table 2. (Continued )

Study

Narcissism
construct
(measure) Sample Study type Measure Design

Intra-/inter-
personal Results

cortex, and left lingual
gyrus. Lower fractional
anisotropy in right fron-
tal lobe, right anterior
thalamic radiation, right
anterior temporal lobe,
left anterior/lateral
temporal lobe, and right
brain stem

Noser (2017) Grandiose
(DTDD)

Nonclinical, 109 adult
men

Baseline Testosterone Correlational - Narcissism positively
associated with baseline
testosterone

Pfattheicher
(2016)

Grandiose
(SDT)

Nonclinical, 128 male
students

Baseline Cortisol,
Testosterone

Correlational - Narcissism positively
associated with baseline
cortisol and testoster-
one

Reinhard
et al. (2012)

Grandiose
(NPI)

Nonclinical, 106
students (79F/27M)

Baseline Cortisol Correlational - Narcissism is associated
with baseline cortisol in
men, but not women
(also in women when
only considering entitle-
ment/exploitativeness
NPI factor)

Scalabrini
et al. (2017)

Grandiose
(PNI)

Nonclinical, 32 young
men

Experiment fMRI Social touch Inter Grandiosity negatively
related to AI activation
during human versus
mannequin touch
anticipation

Baseline rs-fMRI Correlational - Grandiosity positively
related to long-range
temporal correlation in
AI

Schulze
et al. (2013)

NPD Clinical, 17 NPD patients
(16 out-, 1 inpatient;
12M/5F) versus 17 com-
munity controls (12M/5F)

Structure VBM Correlational - NPD patients have lower
gray matter volume in
left AI, rostral and
median cingulate cortex,
and dorsolateral pre-
frontal cortex as well as
mPFC

Sommer
et al. (2009)

Grandiose
(NPI)

Nonclinical, 74 students
(42F/32M)

Experiment Blood pressure,
heart rate

Rejection
imagery

Intra Individuals with higher
NPI entitlement/exploi-
tativeness scores have
higher systolic blood
pressure during rejec-
tion imagery and rejec-
tion story completion

Stenstrom
et al. (2018)

Pathological
(PNI)

Nonclinical, 104 young
men

Experiment Testosterone Money expo-
sure

Intra Money exposure leads
to testosterone
increases only for those
with low PNI scores, but
not high PNI scores

Sylvers et al.
(2008)

Grandiose
(SCID II and
SCATI)

Nonclinical, 93 students
(sex-balanced)

Experiment skin-conduct-
ance reactivity,
pre-ejection
period, respira-
tory sinus
arrhythmia

countdown-
to-aversive-
stimuli,
affective pic-
tures

Intra Narcissism not associ-
ated with skin conduct-
ance reactivity or pre-
ejection period during
countdown-to-aversive-
stimuli. Narcissism
negatively related to
respiratory sinus
arrhythmia and pre-ejec-
tion period shortening
during happy pictures

(Continued)
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Table 2. (Continued )

Study

Narcissism
construct
(measure) Sample Study type Measure Design

Intra-/inter-
personal Results

Wang et al.
(2006)

NPD Clinical, 17 NPD outpa-
tients (8F/9M) versus 26
controls from different
sources (18F/8M)

Baseline Auditory evoked
potentials

Correlational - No differences in audi-
tory evoked potentials
for NPD

Wardecker
et al. (2018)

Grandiose
(NPI)

Nonclinical, 366 stu-
dents (48.2% F)

Baseline Cortisol Correlational - No association between
NPI overall or factor
scores and cortisol
levels; no interaction
with sex

Woodman
et al. (2011)

Grandiose
(NPI)

Nonclinical, 42 students
(21F/21M)

Experiment Heart rate,
ergometer
cycling perfor-
mance

Ergometer
cycling under
low or high
identifiability

Intra Individuals higher on
narcissism show higher
performance and heart
rate under high identifi-
ability

Yang et al.
(2015)

Grandiose
(NPI)

Nonclinical, 326
students (176F/150M)

Baseline rs-fMRI Correlational - Increased anticorrela-
tion between default
mode structures and
dorsal attention network
structures in more nar-
cissistic women,
decreased anticorrela-
tion in men

Structure VBM Correlational - Positive association
between narcissism and
regional gray matter
volume in superior
parietal lobe in women,
but not in men

Yang et al.
(2018)

Grandiose
(NPI)

Nonclinical, 49 young
adults (11F/38M)

Experiment EEG Monetary
gambling
task

Intra Higher narcissism asso-
ciated with riskier deci-
sions and weaker P3
response following
outcomes of high-risk
decisions

Zhang et al.
(2016)

NPD Clinical, 14 NPD outpa-
tients (4F/10M) versus
25 controls from
different sources
(12F/13M)

Experiment EEG Facial emo-
tion process-
ing

Inter No differences for facial
emotion processing in
EEG components
between NPD patients
and controls, but nega-
tive modulation of
depression on P2 to
neural and happy faces
in NPD

Zhang et al.
(2015)

Grandiose
(NPI) and
vulnerable
(HSNS)

Nonclinical, 227
students (188F/39M)

Experiment Respiratory
sinus arrhythmia

Mock job
interview

Intra Respiratory sinus
arrhythmia was not
related to grandiose or
vulnerable narcissism,
but moderated the asso-
ciation of vulnerable
narcissism and
self-report emotion
regulation

The studies are described in section 2 of the main text. F, female; M, male. Abbreviations of narcissism measures: CNS, Childhood Narcissism Scale; DTDD, Dark Triad Dirty dozen; HSNS,
Hypersensitive Narcissism Scale; NARQ, Narcissistic Admiration and Rivalry Questionnaire; NI, Narcissism Inventory; NPD, narcissistic personality disorder; NPI, Narcissistic Personality
Inventory; NPI-16, abbreviated 16-item – version; PNI, Pathological Narcissism Inventory; SCATI, Short Coolidge Axis II inventory; SCID II, structured clinical interview for DSM-IV, personality
disorders; SDT, short dark triad. Abbreviations of neuroscience measures: ECG, Electrocardiogram; EEG, Electroencephalogram; EEG, Electromyogram; DTI, diffusion tensor imaging; fMRI,
functional magnetic resonance imaging; rs-fMRI, resting-state fMRI; VBM, voxel-based morphometry. Abbreviations of brain structures: ACC, anterior cingulate cortex; dACC, dorsal ACC; vACC,
ventral ACC; sgACC, subgenual ACC; AI, anterior insula; mPFC, medial prefrontal cortex.
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similar to those observed for social exclusion in people with low self-
esteem (Onoda et al., 2010), and individuals with borderline person-
ality disorder (Wrege et al., 2019), which may suggest similar neural
mechanisms for narcissistic individuals and those with low self-
esteem or severe deficits in personality functioning. The social exclu-
sion line of researchwas continued in a later study using theCyberball
paradigm (Chester & DeWall, 2016). Focusing again on the dACC as
part of the salience network, referred to as the brain’s “alarm system”
(p. 362) by the authors, it was found that dACC activation was higher
during social exclusion, and that grandiose narcissism and dACCacti-
vation interactively predicted the willingness to administer loud noise
blasts to the bogus Cyberball partners.While narcissism did not show
a significant main effect on dACC activation in this study, there was a
significant interaction between narcissism and anxious attachment on
dACC activation. The authors conclude that grandiose narcissism,
paired with neural markers of rejection distress, leads to aggressive
behavior.

Another study demonstrated the increased sensitivity of individ-
uals high in grandiose narcissism to ego threat using a neuroendocrine
marker: Edelstein, Yim, and Quas (2010) had participants either
undergo the Trier Social Stress Test (TSST; Kirschbaum, Pirke, &
Hellhammer, 1993) or a control condition. The TSST reliably induces
strong stress responses by requesting participants to perform a public
speech and amental arithmetic task in front of an audience. Still, indi-
vidual differences in the extent of these stress responses can be related
to psychological variables. Stress responses were quantified by means
of saliva cortisol levels at several time points. Highly narcissistic men
showed higher peaks and prolonged stress responses as compared to
low narcissistic men in the TSST. No difference was found in women.
Similar, albeit weaker results were obtained for ratings of negative
affect. A similar study investigated the effects of a mock job interview,
as a social stressor, on respiratory sinus arrhythmia (RSA) in young
adults (Zhang,Wang, You, Lü, & Luo, 2015). Participants’ task was to
introduce themselves to a committee of strangers, and were told that
they would be videotaped and evaluated afterward. Pre-, peri-, and
post-interviewmeasures of RSAwere assessed as an indicator of emo-
tion regulation capacity. Of note, this study is to date one of the two,
which used independent indicators of grandiose and vulnerable nar-
cissism (NPI and HSNS). RSA was not per se related to either narcis-
sism measure, but vulnerable narcissism moderated the associations
between RSA reactivity and a self-report measure of emotion regula-
tion in the way that those higher in vulnerable narcissism who also
displayed lower RSA decreases showed stronger emotion regulation
difficulties. The authors interpret these effects in terms of RSA as a
potentially protective factor in vulnerable narcissism.

Finally, using a related experimental approach, yet a different
physiological measure, Grapsas and colleagues (2020) recently inves-
tigated the effects of social stress in the form of status threat. A large
sample of children (mean age of 10 years) performed a social hier-
archy task on a simulated social media platform, being either ran-
domly assigned a low or a high social status in the bogus ranking.
Children with higher levels of grandiose narcissism (assessed via
the ChildhoodNarcissism Scale, a measure drawing strongly on gran-
diose narcissism; Thomaes et al., 2008) reactedwith stronger increases
in negative affect (measured via electromyography of the corrugator
supercilii, involved in frowning) during status loss, and stronger
increases in positive affect (measured via electromyography of zygo-
maticus major, involved in smiling) and negative affect during status
gain. The results show that sensitivity to social status in relation to
narcissism can already be observed at a young age.

So far, it can be concluded that situations involving social rejec-
tion or exclusion, threat of evaluation (TSST), or status threat

induce stronger stress responses (increased blood pressure,
saliency network activation, cortisol release) or aggressive behavior
(administering noise blasts) in individuals high in grandiose nar-
cissism. One study, however, did not find such an effect using RSA
(Zhang et al., 2015). Of note, grandiose narcissism amplifies neg-
ative affective responses in face of ego threat even in children
(Grapsas et al., 2020).While this research points to increased stress
responses for individuals higher in narcissism in situations that are
supposed to be threatening for most of us, further research shows
that even stimuli that are not intrinsically threatening induce sim-
ilar responses: Jauk, Benedek, and colleagues (2017) had extreme
groups of individuals either high or low in grandiose narcissism
perform a visual self-viewing paradigm during fMRI. Viewing
own faces, as compared to viewing friends’ or strangers’ faces,
was accompanied by higher activation in the dACC and also the
ventral ACC (vACC) in highly narcissistic men – findings that
are similar to those described above for social exclusion (Cascio
et al., 2015). The authors concluded that self-referential stimula-
tion induces conflict (expectancy violation) or negative affect in
grandiose-narcissistic men. Though this interpretation seems to
be generally in line with the understanding of the dACC as a region
implicated in adaptive control in the light of potential threat (de la
Vega, Chang, Banich, Wager, & Yarkoni, 2016; Kanske & Kotz,
2011; Shackman et al., 2011; Somerville, Heatherton, & Kelley,
2006), it needs to be noted that neither the dACC nor the salience
network, in general, does have a single, unitary function (Seeley,
2019). The findings can thus only be interpreted in the particular
context, which – considered together with the above-reviewed
studies on social exclusion (Cascio et al., 2015; Chester &
DeWall, 2016) – suggests that individuals high in narcissism show
stronger saliency-related responses in the light of self-referential
material, putatively more indicative of negative than positive
anticipatory processes (de la Vega et al., 2016; Shackman et al.,
2011). A recent EEG study by Mück and colleagues (2020) used
a similar self-face viewing paradigm: participants either viewed
pictures of their own face, a celebrity, or a stranger. EEG differences
were investigated in two different components: the P1 component,
which reflects an early stage of face processing and is higher when
valence is ascribed to the stimulus, and the N170, which reflects a
later stage of face processing and is commonly higher for the own
face as compared to others’ faces.6 Themoderating effect of agentic
and antagonistic aspects of grandiose narcissism (admiration and
rivalry; see Back et al., 2013) was investigated. Individuals high on
agentic narcissism or low on antagonistic narcissism displayed a
lower P1 response (for self vs. celebrity), and individuals higher
on antagonistic narcissism displayed a lower N170 response (for
self vs. stranger). The authors put forward different interpretations
for these findings, the first of which is that agentic narcissism is
associated with an inhibition of early attention toward the own face
in order to maintain a grandiose self-image, whereas antagonistic
narcissism is associated with increased attention at later stages for
similar self-protection goals. While the different psychological and
neuroscience measures used in this study and the previously dis-
cussed study by Jauk, Benedek, and colleagues (2017) make it hard
to reconcile both studies’ results, it can be tentatively hypothesized
that the effects observed for antagonistic narcissism, indicative of
increased later stage processing facing potential ego threat, might
be related to the increased activity in parts of the saliency network
observed earlier. In any case, the results of both studies show that

6For a comprehensive discussion of both components, see Mück et al., 2020.
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narcissism modulates neural responses to self-related material
(own face), presumably in terms of increased sensitivity or vigi-
lance for ego threat, even though this material is not intrinsically
threatening.

This interpretational bias might even be stronger when it comes to
pathological narcissism: Stenstrom and colleagues (2018) investigated
the effects of money exposure on testosterone level in young men
varying on pathological narcissism. Participants’ task was to sort
either banknotes (experimental condition, which was hypothesized
to increase testosterone levels) or paper (control condition;
between-Ss). Only men scoring low on pathological narcissism
showed the expected increases in testosterone after sorting banknotes,
but those high on pathological narcissism did not. The authors inter-
pret this as a result of the intimidating effect the money exposure
might have on men high on pathological narcissism, who perform
a downward comparison threatening their ego. Finally, the effect of
anticipated ego threat is apparent in a study by Woodman and col-
leagues (2011), who had participants perform a physical performance
task, cycling on an ergometer, either under conditions of low or high
social identifiability. Students were cycling in groups of three; in the
low-identifiability condition, they were told that only the group per-
formancewould bemade public at the university, whereas in the high-
identifiability condition, they were told that individual performance
would also be published. Cycling performance and heart rate
increased under the high-identifiability condition for those high in
grandiose narcissism. While this is not directly an indicator of expe-
rienced stress (as increases in heart rate might be explained by
increases in performance), it indicates that individuals higher in nar-
cissism are willing to invest more in the light of social evaluation,
which is in line with general approach orientation in relation to gran-
diose narcissism (Spencer et al., 2018).

However, stimuli that are self-related but not self-relevant do
not generally elicit stronger reactions in relation to narcissism:
the first physiological study of grandiose narcissism investigated
autonomic responses during active and passive coping with stress-
ful stimuli (Kelsey et al., 2001). Extreme groups of men low versus
high in grandiose narcissism were exposed to aversive auditory
stimuli (loud tones), which could either be avoided (active coping
condition) or were unavoidable (passive coping condition). Men
high in grandiose narcissism displayed – at the same time – lower
anxiety (greater skin conductance habituation) and greater vigi-
lance (stronger heart rate deceleration) in response to aversive
stimuli, which was consistent with their lower self-reported state
anxiety. Interestingly, for these men, pre-ejection period shorten-
ing did not differ between active and passive coping, which the
authors interpreted as fight/flight response independent of actual
coping demands. Results indicate that men high in grandiose nar-
cissism display cool but vigilant reactions to stressful stimuli,
which bear similarities to the psychopathy construct (Kelsey
et al., 2001). This line of research was extended by Sylvers and col-
leagues (2008), who used a countdown-to-aversive-stimuli (white
noise blast) task to study physiological reactions related to grandi-
ose narcissism. Grandiose narcissism was assessed using both
structured interviews and self-reports based on the current7

DSM criteria. In contrast to the authors’ expectations and the find-
ings reported by Kelsey and colleagues (2001), narcissism was not
associated with any physiological changes, which might indicate
lowered distress (skin conductance hyporeactivity or pre-ejection
period shortening). Instead, antisocial traits were associated with

these indicators. The authors attribute the discrepant results to
differences in the assessment of narcissism, and critically discuss
the use of clinical assessments in nonclinical samples. For the pur-
pose of the present review, however, it seems most important to
note that none of the studies observed stronger stress reactions
in relation to narcissism.8 Stimuli that are self-related but not
self-relevant, such as loud tones or noise blasts, do not lead to stress
reactions (Kelsey et al., 2001; Sylvers et al., 2008), or even elicit
emotionally cool, prepared reactions (Kelsey et al., 2001), which
points to some overlap between narcissism and the psychopathy
construct, traditionally characterized by fearlessness (Lykken,
1995; see also Hare & Neumann, 2008).

This is further evident in two studies targeting deceptive and
risky behavior: Dane, Jonason, and McCaffrey (2018) recently
investigated the neuroendocrine reactions of men differing in
grandiose narcissism (NPI) to the effects of lying. Participants were
instructed to behave like effective liars, and were videotaped while
telling two true and one lie statement about themselves.9 The pre-
post – comparison of salivary cortisol and testosterone revealed
that (1) men higher in narcissism showed a pattern of higher base-
line cortisol (which is in line with the finding of Reinhard, Konrath,
Lopez, & Cameron, 2012 as well as Pfattheicher, 2016, discussed in
section 2.4) and post-lie decreases in cortisol, though this effect was
not significant in the small sample. These results thus differ from
those reported by Edelstein, Yam, and Quas (2010), who observed
increases following the TSST, and point to the moderating influ-
ence of the subjective stress level, or also level of enjoyability
induced by the task. While the TSST was experienced as stressful
by more narcissistic male participants (Edelstein et al., 2010), the
lying task was actually perceived as enjoyable by more narcissistic
participants (Dane et al., 2018). An opposite pattern of results was
observed for testosterone in this study, with more narcissistic men
displaying increases in testosterone, and less narcissistic men dis-
playing decreases, which points to enjoyment and the self-
aggrandizing function of deceiving others. One recent EEG study
investigated risk-taking processes in relation to grandiose narcis-
sism (Yang et al., 2018). Participants performed a monetary gam-
bling task, where they could choose between low- and high-risk
options. At the behavioral level, individuals higher in narcissism
made more high-risk choices in trials that were preceded by other
high-risk trials. At the neurophysiological level, no differences in
feedback-related negativity emerged between more and less narcis-
sistic individuals, which means that error monitoring did not differ
between individuals with lower and higher narcissism. However,
highly narcissistic individuals showed a weaker P3 response fol-
lowing outcomes of high-risk decisions, which the authors inter-
pret as evidence for reduced action updating in narcissism
leading to further risk-taking behavior as a consequence of reduced
feedback learning. Taken together, these studies again point to
some overlap with the psychopathy construct, which is also

7Diagnostic criteria in the categorical system have remained unchanged from DSM-
IV to DSM-5.

8In the second experiment, which was part of this study, the same participants saw
affective picture slides. Here, an unexpected positive finding emerged, as those higher
in grandiose narcissism showed stronger negative emotional reactions (as evident in
negative relations with respiratory sinus arrhythmia and pre-ejection period shorten-
ing) toward happy pictures, which the authors interpreted as signs of negative reac-
tions or envy toward others’ happiness. Subjective measures of momentary affect
were not assessed in this study.

9We classified this study as mainly intrapersonal in nature, as participants were vid-
eotaped during lying, and not supposed to engage social–affective and cognitive capa-
bilities toward a real other person. However, given that the task likely involves
anticipation of imagined others’ reactions, this study could also fit in the interpersonal
category.
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characterized by a bold interpersonal style (including lying; Hare &
Neumann, 2008) and the reduced ability to learn from previous
experiences (Galang, 2010).

Finally, an unpublished EEG study investigating the neural cor-
relates of self-enhancement (Krusemark, 2009) found that individ-
uals high in grandiose narcissism make more self-serving
attributions after false performance feedback in a workingmemory
task (i.e., attributing positive feedback internally, irrespective of
actual task performance), and that this is accompanied by relatively
weaker event-related activity in widespread regions of the cortex.
Activation related to the feedback itself, on the contrary, was
accompanied by stronger neural responses. The author interprets
this pattern of results as a more shallow processing in relation to
biased attributions, but a greater responsiveness to evaluative
information. Considered together with the studies reviewed above,
this may be seen as supporting the picture of grandiose-narcissistic
individuals displaying overly confident, hyporeactive responses
when it comes to decision-making (Yang, Sedikides, Gu, Luo,
Wang, & Cai, 2018) and attribution of success (Krusemark,
2009), alongside increased responsiveness to potentially self-rel-
evant information (Grapsas et al., 2020; Jauk, Benedek, et al.,
2017; Krusemark, 2009).

2.3.2 Studies targeting interpersonal functions
Six studies investigated the neuroscience correlates of interper-
sonal functions in narcissism. Contrary to the studies reviewed
above, which mostly focused on grandiose narcissism, these works
span a more diverse palette of different expressions of narcissism
including also pathological narcissism and NPD, and use hetero-
geneous experimental paradigms. We review these studies begin-
ning with more high-level emotion processing paradigms (e.g.,
empathize with emotional faces), turning then to more low-level
paradigms (e.g., sensory processing of emotional stimuli), and
finally to social–psychological accounts (e.g., interactions among
experimental variations, personality, and neuroendocrine
markers).

Fan and colleagues (2011) conducted the first fMRI study on
interpersonal functions in narcissism, focusing on the well-docu-
mented empathic alterations. The study used extreme groups of
low and high narcissistic individuals according to the Narcissism
Inventory (NI; Denecke & Hilgenstock, 1989), which likely assesses
pathological narcissism.10 Participants either viewed emotional faces
or, as a control condition, smoothed faces, and were instructed to
empathize with these faces. Highly narcissistic individuals showed
activation differences in the right AI, dorsolateral prefrontal cortex,
premotor cortex, and in the posterior cingulate cortex; regions over-
lapping with those identified by a meta-analysis for empathy; par-
ticularly in the AI (Lamm et al., 2011). In the right AI, highly
narcissistic individuals showed a lower positive signal change from
the control to the empathy condition (Fan et al., 2011). Importantly,
the highly narcissistic group also showed higher alexithymia scores,
which lead the authors to conclude that “the apparent difficulty in
accessing the own emotions, as suggested by our finding of increased
alexithymia, may lead to problems in simulating the other’s affective

states as our neural findingsmay be interpreted” (p. 1649). Thismay
point to a general difficulty of experiencing emotional states as a
basis of altered empathic functioning in narcissism, as expressed
in a recent model (Valdespino et al., 2017), and as is the case with
increased alexithymia in other conditions as well (Bird et al., 2010;
Hoffmann et al., 2016). A further fMRI study investigated the effects
of social touch, which may be considered another high-level inter-
personal paradigm, in narcissism: Scalabrini and colleagues (2017)
had a sample of male participants either touch a human hand or a
mannequin hand in the MRI scanner. Human touch anticipation
was accompanied by lower activation in the right AI in individuals
scoring high on grandiose narcissism (grandiose factor of the PNI11).
Interestingly, narcissistic grandiosity not only correlated with
task-related, but also with resting-state activity. Narcissistic
grandiosity mediated the association between spontaneous, rest-
ing-state, and task-related activity in the AI. The authors thus con-
cluded that “narcissism could function as a factor mediating
between internal processing, related to the self, and external sensory
information related to the social world” and “may be related to an
increased internal predisposition accompanied by a motivation-
based disengagement from social processing” (p. 10). Taken
together, both studies show alterations of activity in the AI, a key
node of empathic processing within the salience network (Lamm
et al., 2011).

Turning now to more low-level emotion processing paradigms,
Marcoux and colleagues (2014) used a somatosensory gating para-
digm to investigate emotional perceptiveness in NPD. In this para-
digm, a steady-state stimulation (repetitive tactile stimulation on
the hand) is modulated by viewing either images depicting a pain-
ful situation of another person, which should evoke empathic reac-
tions, or non-painful images as a control condition. Somatosensory
gating is operationalized by the reduction of somatosensory activ-
ity related to the tactile stimulation, indexed by the EEG P3 ampli-
tude, in painful versus non-painful images; i.e., individuals who are
supposed to display weaker empathic reactions should show
weaker gating effects. Contrary to what could be expected, themale
NPD patients showed an increased somatosensory gating effect
compared to controls, and this effect was not attributable to differ-
ent subjective pain thresholds. The authors interpreted their find-
ings in the way that narcissistic men were “feeling but not caring”
(p. 341); i.e., they displayed stronger somatosensory resonance, but
did not report higher empathic concern or distress, and lower per-
spective-taking, in a trait self-report measure. These results may be
seen as supporting the notion of reduced propensity, not capacity,
of empathic alterations in NPD (Baskin-Sommers et al., 2014) in a
low-level sensory processing paradigm. In other words, it can be
tentatively concluded that low-level other directed processing
capability is not generally affected in NPD, but is probably attenu-
ated for motivational reasons. In a similar study, Zhang and col-
leagues (2016) investigated EEG event-related potentials during
facial emotion processing in different personality disorder groups.
The sample of NPD patients – who displayed higher anxiety and,
partly, higher depression than controls in this study – were found
to take longer time to respond to happy faces (but not other emo-
tions), which were intermixed with landscape pictures. At a neuro-
physiological level, though no main effects for narcissism were10The NI comprises the four dimensions: (1) threatened self, (2) “classical” narcis-

sistic self, (3) idealist self, and (4) hypochondric self, each with several subscales.
Though convergent validity information between the NI and scales that are more
widely used in psychological research (e.g., NPI, HSNS, PNI) is relatively sparse, the
scale descriptions and correlations suggest that the NI measures pathological narcis-
sism, encompassing both aspects of grandiosity (mean correlation with NPI: r= .35;
Rohmann, Hanke, & Bierhoff, 2019) and, to a somewhat stronger extent, vulnerability
(correlation with HSNS: r= .54; ibid.).

11Note that the PNI grandiosity subscale likely encompasses more vulnerable
aspects than other measures of grandiose narcissism, such as for instance, the NPI,
as “structural analyses suggest that even the purported grandiose aspects are closer
to the entitlement-vulnerability side of the spectrum” (Krizan & Herlache, 2018, p. 18).
See also section 4.
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found across different electrodes, components, and measures
(latency, amplitude), P2 amplitude to neutral and happy faces
was negatively related to depression in NPD patients. The authors
interpreted the effects in the way that depression amplifies self-
focus in narcissism. This self-focus reduces other directed process-
ing particularly in the light of neutral or positive emotion, which is
noncongruent to the own depressed state. This interpretation is
consistent with the notion of state-dependent alterations – in this
case, depression level – of interpersonal functioning in narcissism
(Baskin-Sommers et al., 2014) for a low-level paradigm. Thus,
taken together with the previous study by Marcoux and colleagues
(2014), it can be concluded that low-level processing of other
related stimuli is not generally impaired in NPD (Marcoux
et al., 2014; Zhang et al., 2016), but can be impaired in states of
amplified self-focus, such as in depression (Zhang et al., 2016), par-
ticularly when emotions are positive or noncongruent to the own
emotion (Zhang et al., 2016; for similar findings from depression
research, see Hoffmann et al., 2016).

Turning now to the social–psychological line of research on
narcissism, Lobbestael and colleagues (2014) investigated behav-
ioral aggression and testosterone in grandiose and vulnerable nar-
cissism: a sample of young men performed an adapted Taylor
Aggression Paradigm, in which participants weremade believe that
they were playing a competitive game against a human opponent.
After each round, noise blasts of varying intensities and durations
could be administered to the bogus opponent. Results showed that
young men higher in grandiose, but not vulnerable narcissism, dis-
played more aggression in administering noise blasts, and along
with that also increases in testosterone level. The authors interpret
these findings in terms of a higher propensity of grandiose-narcis-
sistic individuals to act aggressively toward others, which also
reflects in characteristic neuroendocrine changes. Finally, one
recent study also took a social–psychological approach to study
interpersonal functioning in narcissism in relation to testosterone:
Mead and colleagues (2018) assigned participants varying on gran-
diose narcissism (NPI) randomly to either a power condition,
where they were made believe they would exert control over others
in the following group task, or a control condition, where they were
just informed that they were going to take part in the group task.
Those participants in the power condition, who additionally had
high baseline testosterone, displayed higher scores on the entitle-
ment/exploitativeness factor of the NPI, and reported higher will-
ingness to misuse power. Thus, contrary to other studies reviewed
here, this study speaks to the antecedents of grandiose narcissism
in terms of individual biological disposition (testosterone level)
and social influences (power manipulation). It thus shows that
grandiose narcissism cannot only be regarded as a trait that exerts
its influence on other variables, but also as a state that can itself be
influenced by biological and social factors. This finding is in line –
though opposite in causal direction – with the results of Dane and
colleagues (2018) as well as Lobbestael and colleagues (2014), who
reported increases in testosterone levels in more narcissistic men
after lying to others/behaving aggressively toward others. Taken
together, these studies point to dynamic interactions between nar-
cissism, testosterone, and situations involving the exertion of social
power, deception, or aggression.

2.4 Baseline function studies

We identified 10 studies that investigated different biophysiolog-
ical measures of baseline functioning in narcissism: six studies used
measures of neuroendocrine markers including cortisol, other

neuroendocrine markers targeting habitual stress levels, or testos-
terone, three investigated resting-state fMRI (one of them is the
already discussed social touch study by Scalabrini et al., 2017),
and one study used auditory evoked potentials in EEG.12 Except
for two studies, which were carried out on NPD patients, all other
studies investigated continuous differences in grandiose narcissism
in relatively large samples.

Studies targeting neuroendocrine markers of habitual stress
mostly speak to elevated stress in relation to narcissism, partially
moderated by other variables: Reinhard and colleagues (2012) car-
ried out the first study on the association between a standardized
measure of grandiose narcissism (NPI) and baseline cortisol levels.
In a relatively large sample of young individuals, they observed an
interaction among sex and narcissism in the way that narcissistic
men have higher baseline cortisol across two time points separated
by a 25-minute period. The effect sizes were substantial with corre-
lations around r= .40. Critically, this effect could not be explained
by potentially confounding psychological variables (positive/nega-
tive mood, stress, social support, or relationship status). The effects
were stronger for the entitlement/exploitativeness factor than for
other factors of the NPI, and were also evident in females when con-
sidering only this factor. This shows that particularly those aspects of
grandiose narcissism that are most maladaptive (Ackerman et al.,
2011) are associated with chronic stress. Subsequently, two studies
attempted to indirectly or directly replicate the results observed by
Reinhard and colleagues (2012): the first study successfully repli-
cated the associations between grandiose narcissism and baseline
measures of cortisol, and extended it by measures of testosterone
among youngmen (Pfattheicher, 2016). It was found that higher lev-
els of narcissism – but not of its near neighbor’s psychopathy or
Machiavellianism – were related to higher levels of both baseline
cortisol and baseline testosterone as assessed by two salivary probes
separated by 6 min. The author interprets the findings in the way
that men with higher levels of narcissism are at the same time
responsive to social threat (cortisol) and socially dominant (testos-
terone). The second study, however, did not replicate the findings:
Wardecker and colleagues (2018) investigated the association of
grandiose narcissism (NPI) and baseline cortisol in a large sample
of young women and men. They did neither observe any overall
associations between narcissism and cortisol, nor interactions with
sex or effects for specific NPI factors, as reported in the original
study. Though the replication attempt was well powered, methodo-
logical differences such as the saliva sampling procedure could still
have contributed to the failure to replicate. Finally, an unpublished
study replicated the associations between grandiose narcissism
(assessed using the Dark Triad Dirty Dozen, which focuses on gran-
diosity, but also correlates with vulnerability; Jonason & Webster,
2010; Küfner et al., 2015) and baseline testosterone: Noser (2017)
observed a correlation (r= 0.22) of narcissism and salivary testoster-
one in a large sample of adultmen, but not of its neighboring person-
ality dimensions psychopathy or Machiavellianism.

Two more studies investigated cortisol and further neuroendo-
crine markers in narcissism: Cheng and colleagues (2013) studied
the relationships between cortisol, alpha-amylase, and grandiose
narcissism in young women who provided saliva samples and rat-
ings of positive and negative affect for three consecutive days. Both
cortisol and alpha-amylase were higher in those who were high in
grandiose narcissism and experienced more negative affect. The

12We categorized this study as baseline as the experimental paradigm employed
low-level, non-self-related, and non-social auditory stimuli and no voluntary response
was required from participants.
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authors conclude that narcissism acts as a moderator in the rela-
tionship between perceived stress and negative health outcomes, as
evident in cortisol (related to activity of the hypothalamic-pitui-
tary-adrenal axis) and alpha-amylase (related to sympathetic nerv-
ous system activity). Finally, a recent study (Lee et al., 2020)
investigated baseline levels of 8-hydroxy-2'-deoxyguanosine (8-
OH-DG), an indicator of oxidative stress at a cellular level (which
has been associated with a variety of mental disorders; e.g., Salim,
2014), in patients with different personality disorders, othermental
disorders, and controls. Results showed higher levels of 8-OH-DG
in patients with NPD and borderline personality disorder; no such
effects were observed for other personality disorders. The effects
were independent of relevant covariates including age, gender,
alcohol, and cigarette use, major depression, and posttraumatic
stress disorder. The authors interpret the findings in terms of
increased biological stress responses to interpersonal hypersensi-
tivity. Considered together with the studies by Reinhard and col-
leagues (2012), Pfattcheicher (2016), Cheng and colleagues (2013),
as well as the TSST study by Edelstein and colleagues (2010), these
results provide relatively consistent evidence for exaggerated bio-
logical stress responses (cortisol, alpha-amylase, and 8-OH-DG) in
relation to grandiose narcissism or NPD as its extreme expression,
though one study did not find such associations (Wardecker et al.,
2018). The exact nature of stress responses might depend on sex or
gender (see section 4), the expression of entitlement/exploitative-
ness, which most closely reflects the antagonistic core of the con-
struct (Krizan & Herlache, 2018; Weiss et al., 2019) and is
considered most maladaptive (Ackerman et al., 2011), and subjec-
tive stress levels as moderating factors.

Three studies investigated resting-state functional brain con-
nectivity by means of fMRI. The first of these (Yang et al., 2015)
studied functional connectivity differences in relation to grandiose
narcissism (NPI) in a large sample of young women and men. The
authors identified brain structural correlates of narcissism in the
first step (see section 2.5), and then used regions in the right supe-
rior parietal lobe and the frontal eye fields – parts of the dorsal
attention network – as seeds for subsequent functional connectiv-
ity analyses. In women, increased anticorrelations between the
dorsal attention network and the default mode network were found
as a function of narcissism. In men, the opposite pattern emerged,
with decreased anticorrelation between the dorsal attention net-
work and the default mode network as a function of narcissism.
The authors interpret the effects in terms of a proneness toward
outward-directed admiration seeking in more narcissistic women
and loose boundaries between internal and external events in more
narcissistic men. The second and most recent resting-state fMRI
study of grandiose narcissism (NPI, Chinese Likert scale adaption)
attempted to predict trait narcissism in a large sample of young
individuals by means of machine learning applied to functional
connectivity maps (Feng et al., 2018). A network specific for sub-
jects high in grandiose narcissism consisting of key nodes in the
amygdala, the lateral and medial prefrontal cortex (mPFC), and
the anterior cingulate cortex could be identified. Validation analy-
ses showed that connectivity information within this network pre-
dicts grandiose narcissism scores in an independent sample of
participants. While the network identified in this study is complex,
interestingly, it encompasses some of the regions that were also
found to discriminate between lower and higher narcissistic indi-
viduals in experimental functional imaging studies, above all the
dACC (Cascio et al., 2015; Chester & DeWall, 2016; Jauk,
Benedek, et al., 2017) as part of the salience network.
Individuals high in grandiose narcissism further display altered

connectivity within regions commonly implicated in emotion
processing (given the role of the amygdala, as part of the limbic
system, in fear conditioning; LeDoux, 2000) and regions belonging
to the default mode network (mPFC), for which structural changes
can be observed (see section 2.5). Finally, in the already discussed
combined resting-state and task-based fMRI study by Scalabrini
and colleagues (2017), a power law exponent analysis, measuring
long-range temporal correlations in resting-state data, was con-
ducted in ROIs that were functionally identified in the social touch
experiment (human hand vs. mannequin hand: left postcentral
gyrus, right culmen, and right AI; the latter only in interaction with
grandiose narcissism). A significant positive association between
grandiose narcissism and long-range temporal correlation was
found in the AI, which the authors interpret in terms of increased
self-focus in more grandiose individuals, particularly concerning
aspects of the bodily and interoceptive self. Taken together, these
studies show that grandiose narcissism can be related to intrinsic
functional connectivity differences in the resting brain, and that
the involved regions – parts of the default mode and salience net-
works – overlap with those implicated in imaging studies of intra-
and interpersonal functioning (see section 3.3 for integrative
discussion).

Finally, one EEG study used auditory evoked potentials to
investigate cerebral information processing differences in several
personality disorder groups, among them a group of NPD patients
(Wang et al., 2006). The neural responses to auditory stimuli of
different amplitude were studied. It was hypothesized that certain
personality disorder groups would display an “augmenting”
evoked potential pattern indicative of sensation seeking and low
serotonin levels. Such a pattern was found for patients with histri-
onic personality disorder, but no differences emerged for NPD. As
with the studies reviewed in sections 2.3.1 and 2.3.2 above, it seems
that low-level sensory processing is not generally altered in
narcissism.

2.5 Structural imaging studies

Four structural imaging studies on narcissism were carried out so
far, investigating gray matter volume, cortical thickness, and
integrity of white matter tracts in grandiose narcissism, patho-
logical narcissism, and NPD. Also, one of the abovementioned
studies on resting-state functional connectivity in grandiose nar-
cissism identified structural correlates (Yang et al., 2015). We will
first review results on gray matter, followed by results on white
matter.

The first structural imaging study by Schulze and colleagues
(2013) investigated gray matter volume in a group of NPD patients
compared to matched healthy controls by means of voxel-based
morphometry (VBM). Gray matter volume differences were found
in the left AI and in the rostral anterior and posterior cingulate cor-
tex, as well as the dorsolateral andmPFC. The region of graymatter
volume reduction in the AI overlapped with a region identified as a
structural correlate of self-reported empathy in the whole sample
(though no significant empathy differences were found in the self-
report measure). The other regions also overlap with those com-
monly implicated in empathy (Lamm et al., 2011), which, taken
together, corroborates the notion of reduced empathic functioning
in NPD at the level of brain structure. A subsequent study com-
pared gray matter volume in six male NPD patients to controls
(Nenadic et al., 2015). Lower gray matter volume was found in
the right middle frontal gyrus, left medial prefrontal/anterior cin-
gulate cortex, left middle occipital cortex, left fusiform/inferior
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temporal cortex, right superior temporal cortex, and in the left lin-
gual gyrus. While some of these areas overlap with those reported
by Schulze and colleagues (2013), this study did not find reduced
gray matter volume in the AI. A further study investigated struc-
tural correlates of pathological narcissism (PNI) in a nonclinical
sample: Mao and colleagues (2016) studied cortical thickness
and volume using surface-based morphometry in a large sample
of young individuals. They found lower cortical thickness and vol-
ume in the right dorsolateral prefrontal cortex. Cortical thickness
was further negatively associated with pathological narcissism in
the right inferior frontal cortex, cortical volume was negatively
associated in the right postcentral gyrus and the left mPFC.
Finally, the aforementioned resting-state connectivity study by
Yang and colleagues (Yang et al., 2015) also reported a positive
structural correlation between grandiose narcissism and regional
gray matter volume in the right superior parietal lobe, which
was evident only in women. The authors interpreted this effect
in terms of increased attention seeking in women high in grandiose
narcissism, as the superior parietal lobe is part of the dorsal atten-
tion network.

Turning now from gray matter to white matter, two studies
investigated the integrity of fiber tracts using diffusion-tensor
imaging: the aforementioned VBM study by Nenadic and col-
leagues (2015) additionally investigated fractional anisotropy,
a marker of integrity of white matter tracts (Basser et al.,
1994), in NPD. Fractional anisotropy was lower in the right
frontal lobe the right anterior thalamic radiation, the right ante-
rior temporal lobe, the left anterior/lateral temporal lobe, and
the right brain stem. The authors state that “white matter path-
ology might contribute to the structural cortical deficits [but]
obviously, these findings are in need of replication” (p. 185).
Such a replication can be seen in the findings of Chester and col-
leagues (2016), who also investigated the integrity of white mat-
ter tracts using fractional anisotropy as an indicator, and
grandiose narcissism as a predictor. In a sample of young
women and men, the a priori assumed negative relationship
of grandiose narcissism and fractional anisotropy in the frontos-
triatal pathway, connecting the ventral striatum and the medial
prefrontal cortex, was confirmed. The authors interpret this
finding in terms of a neural disconnect between regions
involved in reward (striatal) and intrapersonal (mPFC) process-
ing, which might underlie narcissistic strivings for admiration
from the social environment (Back et al., 2013; Morf &
Rhodewalt, 2001).

Summarizing the structural findings, the first thing that
catches the eye is that all studies find negative associations
between grandiose narcissism, pathological narcissism, or
NPD and different indicators of brain structure or integrity
(gray matter volume, cortical volume, and thickness, fractional
anisotropy of fiber tracts), with the sole exception of Yang and
colleagues (2015), who find a positive association between gran-
diose narcissism and gray matter volume in women. Though it
could be hypothesized that increased self-focus – a core aspect of
narcissism – might be accompanied by positive structural cor-
relates in self-related areas such as key nodes of the default mode
network, or also the anterior cingulate cortex, this does not seem
to be the case, based on the existing evidence. This evidence
rather exclusively points to dysfunctional aspects of narcissism
in terms of reduced neuronal integrity. To this end, the most
consistent finding across the existing studies seems to be low-
ered gray matter volume in the mPFC (Mao et al., 2016;
Nenadic et al., 2015; Schulze et al., 2013).

3. Summary and Conclusions

3.1 Intrapersonal functions in narcissism

One of the central conclusions that can be drawn from the
reviewed neuroscience research on intrapersonal functions in nar-
cissism is that individuals with high levels of grandiose narcissism
display exaggerated neurophysiological and neuroendocrine stress
reactions to situations involving actual or anticipated ego threat,
and also display habitually heightened stress indicators. This could
be seen as supporting the long-standing mask model of narcissism,
which posits that outward displays of grandiosity serve to compen-
sate for an underlying, fragile, and vulnerable self (Akhtar, 1989).
While clinicians working with narcissistic patients widely
acknowledge the coexistence of grandiose and vulnerable aspects
(Pincus & Lukowitsky, 2010; Ronningstam, 2009), this view is
not without controversy in quantitative research on narcissism.
Conflicting findings have been obtained for the relationship
between explicit and implicit self-esteem in grandiose narcissism,
partially supporting (Zeigler-Hill, 2006) or disproving (e.g.,
Campbell et al., 2007) the mask model view. The neuroscience
of narcissism might provide an alternative resolution to this
long-standing controversy, as it focuses on observable neurophysi-
ological or neuroendocrine reactions to particular stimuli, or mea-
sures established baseline indicators, rather contrasting the global
positivity/negativity of implicit or explicit self-concepts all at once,
such as, for instance, when comparing measures of implicit and
explicit self-esteem. This line of research might allow drawing spe-
cific inferences on latent, maybe implicit processes that can be for-
mulated in terms of situational contingencies (cf. Roche et al., 2013;
Wright & Edershile, 2018), such as “when confronted with situa-
tions that involve actual or anticipated ego threat, individuals with
high grandiose narcissism react with increased vigilance and stress
responses”. Narcissism, hereby, acts as a moderating factor that
can impact either the strength or also the direction of effects.
This view is consistent with the threatened egotism model of nar-
cissism (Baumeister et al., 1996; Bushman & Baumeister, 1998),
which posits that individuals high in narcissism are highly sensitive
to potential ego threat, assign higher self-relevance to potentially
threatening situations, and display exaggerated responses facing
such threat. Higher subjective self-relevance can also be observed
for approach-driven goals (Spencer et al., 2018), as evident in the
ergometer study (Woodman et al., 2011).

Interestingly, recent research on communal narcissism (agentic
strivings expressed in the communal domain; Gebauer et al., 2012)
has unveiled similar discrepancies between behavioral and neuro-
physiological indicators, as it was found in the ultimatum game
that individuals high in communal narcissism are not more likely
to reject unfair offers, but display stronger electrophysiological
responses (P3 amplitude), indicative of greater emotional sensitiv-
ity to these offers (Yang, Sedikides, Gu, Luo, Wang, Yang, et al.,
2018). The study of diverging behavioral and neural responses
might thus add another layer to understanding the complex rela-
tions between self-report, behavior, and involuntary neurophysi-
ological reactions.

Neurophysiological research on the narcissistic self has inves-
tigated grandiose narcissism in relation to social rejection and
found that imagined or actually experienced rejection goes along
with higher systolic blood pressure as a stress indicator
(Sommer et al., 2009) and stronger activation in the dACC, AI,
and subgenual ACC, regions overlapping largely with the salience
network and referred to by the authors as the social pain network
(Cascio et al., 2015). These findings complement self-report
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research on social exclusion in grandiose narcissism, in which indi-
viduals high in grandiose narcissism do not report feeling threat-
ened by social exclusion (Besser & Priel, 2010). Neurophysiological
research on social exclusion in narcissism thus reveals involuntary
stress reactions that might either not be reported, or also not be
accessible to the narcissistic individuals themselves. Stronger
physiological responses in response to social status threats can
already be observed in children (Grapsas et al., 2020).
Importantly, these reactions are not without social consequences,
as Chester and DeWall (2016) report that those who are habitually
high in grandiose narcissism and experience social rejection, as
indicated by dACC activity, also display aggressive behavior
toward others, as predicted by the threatened egotism model
(Bushman & Baumeister, 1998). Similarly, as Lobbestael and col-
leagues (2014) reported, individuals high in grandiose narcissism
have a higher tendency to behave aggressively toward others,
which is accompanied by testosterone increase. This shows that
a neuroscience approach to understanding narcissism may shed
light on mechanisms underlying highly socially relevant phenom-
ena, such as aggressive behavior, which may not be apparent in
self-report research. Finally, men high in grandiose narcissism also
display exaggerated stress responses as evident in high cortisol lev-
els following performance-related ego threat (as induced by the
TSST; Edelstein et al., 2010), which is in line with self-report find-
ings (Besser & Priel, 2010). Whether or not potentially stressful sit-
uations induce stress reactions likely depends on the degree of ego
threat (in terms of the possibility to fail), as lying about the self is
accompanied by effects in the opposite direction (decreases in cor-
tisol, increases in testosterone; Dane et al., 2018). More generally,
stimuli that are aversive and self-related, but not self-relevant in
any way, such as the loud tones used by Kelsey and colleagues
(2001), do not induce stress responses, but rather evoke “cool”
and prepared reactions, which reminds of fearlessness traditionally
associated with the psychopathy construct (Lykken, 1995; for con-
temporary model, see Hare & Neumann, 2008).

While the abovementioned experimental paradigms directly
challenge the self via exposure to threatening situations, the self-
face viewing paradigm used in Jauk, Benedek, and colleagues
(2017) cannot be considered intrinsically threatening.
Nevertheless, self-face viewing also induced saliency-related acti-
vation in the dACC (overlapping with the results reported by
Cascio et al., 2015), which indicates that presumably neutral, or
potentially even rewarding stimuli can induce higher vigilance
to potential ego threat in highly narcissistic men if they are both
self-related (in this case also self-referential) and self-relevant (in
terms of subjective value). A recent EEG study showed that sensory
processing of self-related stimuli is modulated by antagonistic and
agentic aspects of narcissism, which further underpins the notion
of increased self-relevance for individuals high on narcissism
(Mück et al., 2020). Finally, regarding pathological narcissism,
which also includes narcissistic vulnerability at an explicit level,
even situations that might be expected to induce feelings of power
might be perceived as threatening (Stenstrom et al., 2018).

Regarding the interpretation of studies showing activation
differences in regions of the salience network – particularly the
dACC – for self-relevant stimuli in narcissism, it is important to
note that salience network activation cannot per se be attributed
to a unitary psychological process (Seeley, 2019). According to
the adaptive control hypothesis, the dACC integrates signals from
multiple systems under conditions of uncertainty to enable rapid
action (Shackman et al., 2011). This adaptive control is likely more
relevant facing potential threat than potential reward, also from an

evolutionary perspective (de la Vega et al., 2016; Shackman et al.,
2011), but the implication of the dACC in processes with positive
valence has also been discussed (Shackman et al., 2011). While the
observed differences can thus not unequivocally be interpreted in
terms of valence, one plausible interpretation of dACC activity in
the reviewed studies seems to be that individuals high in narcissism
show stronger saliency-related responses facing self-relevant
stimuli or situations. On the basis of the understanding of
dACC function and the reviewed literature, this seems to be more
likely for potentially threatening than rewarding situations, but
interpretations might also vary between studies.

The notion of exaggerated physiological reactions in grandiose
narcissism is further supported by baseline studies showing that cor-
tisol levels are habitually higher in narcissistic men (Pfattheicher,
2016; Reinhard et al., 2012) and also women who score high on
the entitlement/exploitativeness factor of the NPI (Reinhard et al.,
2012), which most closely marks the core of the narcissism construct
(Krizan & Herlache, 2018; Weiss et al., 2019). Women high in gran-
diose narcissism also display elevated stress levels (cortisol and alpha-
amylase) when negative affect is high (Cheng et al., 2013). Recent
research shows that stress levels are even higher on a cellular level
in NPD (Lee et al., 2020). Taken together, this is indicative of narcis-
sistic men, and to some extent women, experiencing higher chronic
stress levels, presumably due to higher sensitivity to potentially threat-
ening self-relevant situations.

Concerning sex differences in relation to narcissism, available
evidence suggests that men display stronger maladaptive reactions
than women (Edelstein et al., 2010; Jauk, Benedek, et al., 2017;
Reinhard et al., 2012). However, there is also evidence that women
display strong reactions when perceived stress is high (Cheng et al.,
2013). Sex differences were additionally observed at the level of
intrinsic brain network connectivity and might point to different
experiential and behavioral tendencies between men and women
high in grandiose narcissism (Yang et al., 2015). While some of
the reviewed findings support the notion that narcissism might
be more maladaptive in men than in women (cf. Jauk,
Freudenthaler, et al., 2016; Morf & Rhodewalt, 2001), it is currently
unknown whether and to which extent this is due to biological or
social factors. Though some research points to associations
between sex-specific hormones (testosterone; Noser, 2017;
Pfattheicher, 2016) and narcissism, other research also demon-
strates the dynamic nature of these associations, which is depen-
dent upon social factors (Dane et al., 2018; Mead et al., 2018).
In section 4, we provide suggestions on how future research might
address the question of sex and gender differences in neuroscience
studies of narcissism.

The notion of an implicit negative self-view in grandiose nar-
cissism receives partial support from structural imaging studies:
Chester, Lynam, and colleagues (2016) reported lower integrity
of the frontostriatal pathway connecting the ventral striatum
and the mPFC. These findings point to a neural disconnect
between rewarding and intrapersonal brain areas, which the
authors interpret in the way that reduced intrinsically rewarding
activity might lead to admiration seeking in the social environ-
ment, as posited by self-regulatory models of grandiose narcissism
(Back et al., 2013; Morf & Rhodewalt, 2001). This interpretation is
consistent with neuroscience research on self-esteem, demonstrat-
ing that individuals with high self-esteem display positive rather
than negative associations with white matter integrity in the fron-
tostriatal pathway (Chavez & Heatherton, 2017). This might point
to a neural dissociation between narcissistically inflated self-esteem
and genuinely high self-esteem. This dissociation is particularly
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interesting given that self-esteem and narcissism are moderately
positively related in self-report studies (Campbell, 2001).
Neuroscience can thus add a level of analysis that might inform
about the underlying psychological processes.

Further structural imaging studies were carried out in NPD
patients and groups differing in grandiose and pathological narcis-
sism. The most striking parallel of those studies is that all but one
report negative associations between narcissism and different
indicators of brain structure; positive associations are hardly evi-
dent in the literature. Schulze and colleagues (2013) found lower
graymatter volume in the left AI (for a discussion that also includes
other personality disorders, see Schulze & Roepke, 2014) and in the
anterior and posterior cingulate cortex, as well as the dorsolateral
and mPFC. Nenadic and colleagues (2015) found lower gray mat-
ter volume in the right middle frontal gyrus, left medial prefrontal/
anterior cingulate cortex, left middle occipital cortex, left fusiform/
inferior temporal cortex, right superior temporal cortex, and in the
left lingual gyrus. Mao and colleagues (2016) found negative rela-
tions between pathological narcissism and cortical thickness as
well as volume in the right dorsolateral prefrontal cortex.
Cortical thickness was further negatively associated with patho-
logical narcissism in the right inferior frontal cortex, cortical vol-
ume was negatively associated in the right postcentral gyrus and
the left mPFC. Though most of these regions are nonoverlapping,
all three studies find effects in themPFC, which was also implicated
in one of the white matter integrity studies discussed above
(Chester et al., 2016). The mPFC, as part of the default mode net-
work (Gusnard et al., 2001), is considered central to intrapersonal
processing (Wagner et al., 2012), specifically to modulating self-
referential processing within the default mode network (Davey
et al., 2016). Lower gray matter volume in the mPFC is associated
with cumulative lifetime adversity and might reflect general disin-
tegration of intrapersonal functions at a brain structural level
(Ansell et al., 2012). These findings are further consistent with
multivariate connectivity differences among the mPFC, dACC,
and amygdala in grandiose narcissism (Feng et al., 2018).
Though the exact nature of these differences is yet to be uncovered,
they point to alterations regarding self-referential processes within
the default mode network (mPFC), saliency-related processes
(dACC), and emotional processes (fear processing in the amyg-
dala; LeDoux, 2000). One structural imaging study, however, did
not find differences in the mPFC, but reports a positive association
between grandiose narcissism in the right superior parietal lobe for
women (Yang et al., 2015). On the basis of the current research, the
findings of this study appear hard to reconcile with the rest. The
main differences between this study and the others are that it inves-
tigated grandiose narcissism (NPI), whereas the other studies
investigated either NPD patients or pathological narcissism
(PNI), and that structural correlates were studied in interaction
with sex.

When considering all of the available evidence of functional,
baseline, and structural studies together, the following main points
can be summarized from the available evidence:

(1) Grandiose narcissism is related to neurophysiological stress
reactions indicative of vigilance to actual or anticipated ego
threat, which points to vulnerable aspects of grandiose narcis-
sism that are not commonly apparent in self-report research.
These reactions manifest in increased salience network activa-
tion in the dACC, AI, and partly, also in the ventral/subgenual
ACC, as well as increased autonomic (sympathetic; systolic
blood pressure) and neuroendocrine (cortisol) indicators.

Stressful responses to stimuli occur only for self-relevant
material; reactions to aversive stimuli that are self-related
but not self-relevant can be “cool”.

(2) Grandiose narcissism and NPD are related to altered baseline
functioning. This manifests in higher cortisol or 8-OH-DG
levels, and distinguishable resting-state connectivity patterns
among regions that are also implicated in experimental
research (dACC, salience network) as well as the mPFC
(default mode network) and the amygdala (limbic system).

(3) Grandiose narcissism, pathological narcissism, and NPD are
related to brain structural changes, which almost exclusively
manifest in negative associations. The most consistent finding
is lower cortical volume/gray matter volume in the mPFC for
pathological narcissism/NPD.White matter in the frontostria-
tal pathway, connecting the ventral striatum and the mPFC,
displays lower integrity related to narcissistic grandiosity.
Prefrontal white matter tracts are also weakened in NPD.

3.2 Interpersonal functions in narcissism

The study of interpersonal functions in narcissism mostly targets
the long-lasting notion of empathy deficits in narcissism, as
included in the diagnostic criteria for NPD since its first mention
in the DSM-III (American Psychiatric Association, 1980). While
lowered empathic functioning, in terms of reduced sharing of
others’ affective states, is well documented for all expressions of
narcissism (e.g., Lannin et al., 2014; Pincus et al., 2009; Ritter
et al., 2011; Wai & Tiliopoulos, 2012), the exact nature of reduced
empathy in narcissism is still a matter of debate. Specifically, it has
been questioned whether reduced interpersonal functioning is
more indicative of reduced capacity or reduced propensity
(Baskin-Sommers et al., 2014), with some evidence pointing into
the latter direction (as empathic reactions can be increased by
interventions; Hepper et al., 2014). The neuroscience study of nar-
cissism might contribute to an understanding of empathic altera-
tions, as it provides objective assessments of the respective
activations complementary to self-report data.

From the literature reviewed above, it can be concluded that
individuals with higher levels of pathological and grandiose narcis-
sism generally display lowered activation in brain regions typically
implicated in empathizing, particularly the AI, when using high-
level social affect paradigms (Fan et al., 2011; Scalabrini et al.,
2017). These findings were, on the one hand, explained along
the line of greater alexithymia in pathological narcissism (Fan
et al., 2011), and on the other hand , as greater self-related attention
in grandiose narcissism (Scalabrini et al., 2017).

Regarding the first of these interpretations, alexithymia, in
terms of a general incapacity to identify emotions, was also
observed to mediate empathy deficits in aggressive offenders
(Winter et al., 2017), and is currently being discussed as a general,
transdiagnostic functional mechanism of reduced empathy, which
could also play a role in borderline personality disorder or psy-
chopathy (Valdespino et al., 2017), depression (Hoffmann et al.,
2016), and autism (Bird et al., 2010). With respect to the question
of reduced propensity or capacity for empathic reactions in narcis-
sism, the findings of Fan and colleagues (2011) could, tentatively
speaking, be seen as more in line with the capacity than the pro-
pensity hypothesis (see also Baskin-Sommers et al., 2014).
Participants were explicitly instructed to empathize with the faces
they saw, and high versus low narcissistic groups gave similar
empathy ratings. Yet, they differed in their neural activation, which
means that different levels of brain activation were observed under
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similar conditions. This notion is substantiated by the observation
that empathy ratings and activation in the respective neural net-
work are usually positively associated (Kanske et al., 2015).
However, alternative explanations cannot be ruled out. For
instance, different activation strengths might be accompanied by
similar affective experiences (for a parallel from cognitive research,
see Neubauer & Fink, 2009), or individuals with higher narcissism
levels might provide biased empathy ratings, as this is the case for
self-perceptions of general emotional competence (Jauk,
Freudenthaler, et al., 2016; Mota et al., 2019).While these interpre-
tative problems are partially epistemological in nature, future
research could compare spontaneous and deliberate empathic
reactions at a neurophysiological level to further elucidate the
nature of reduced empathy in narcissism.

In the second high-level social affect study of narcissism that
has been conducted to date, Scalabrini and colleagues (2017) also
observed lower activation in the right AI during anticipation of
touching a human versus mannequin hand. This is generally in line
with the previously discussed findings of Fan and colleagues
(2011), as both points to reduced responses in the AI to social
stimuli in narcissism. The interpretation, however, differs from
the previous one: Scalabrini and colleagues used complemental
resting-state scans, which indicated a higher long-range temporal
correlation in the AI in individuals higher in grandiose narcissism.
The authors interpret this finding in terms of increased self-focus
during resting state, particularly with respect to interoceptive and
bodily self-aspects. This can be seen as at least partially supporting
a hypothesis proposed by Jankowiak-Siuda and Zajkowksi (2013),
according to which defective function of the AI, as part of the
salience network, leads to a higher likelihood of engaging default
mode, self-referential processes in more narcissistic individuals.
However, in the study by Scalabrini and colleagues (2017), it
was the AI itself, which displayed increased long-range temporal
correlation during resting state. Finally, the alexithymia interpre-
tation by Fan and colleagues (2011) and the interoception – inter-
pretation by Scalabrini and colleagues (2017) might be hard to
reconcile, as alexithymia and interoceptive abilities are themselves
negatively related (Brewer et al., 2016). Thus, for now, it can be
concluded that both pathological and grandiose narcissism (gran-
diose factor of the PNI) are associated with relative deactivation of
the AI during high-level social affect paradigms, though the exact
nature of this phenomenon must remain subject to future studies.

Turning now to low level, more basic experimental paradigms,
two EEG studies found that sensory processing of other related
stimuli is not generally impaired in NPD (Marcoux et al., 2014;
Zhang et al., 2016). The first of these studies showed that NPD
patients even display an increased somatosensory gating effect
to observing others’ pain, that is, a stronger reduction of own
somatosensory activity (P3 component) when anticipating or
observing others’ pain (Marcoux et al., 2014). The second study
found no neurophysiological differences in the processing of emo-
tional faces between NPD patients and healthy controls, though
the amount of depression reported by NPD negatively modulated
P2 amplitudes to neutral and happy faces, which shows that
depression amplifies self-focus in NPD (Zhang et al., 2016).
Taken together, these studies show that NPD patients do not gen-
erally show low-level sensory deficits in the processing of social
stimuli, but comorbid symptoms must be considered when study-
ing NPD patients.

Finally, the social–psychological line of neuroscience research
on narcissism points to dynamic interactions between narcissism,
testosterone, and the subjective experience of power: those with

higher baseline testosterone levels were found to score higher on
the NPI following a social power manipulation (Mead et al.,
2018), which aligns with the finding that – the other way around
– testosterone increases in more narcissistic men after acting
deceptively (Dane et al., 2018). Testosterone is also correlated with
narcissism at baseline in men (Noser, 2017; Pfattheicher, 2016).
Taken together, these findings point to the unbowed socially asser-
tive and antagonistic face of narcissism, which likely arises in the
absence of a subjective threat to the self.

When considering all of the available evidence together, the fol-
lowing main points can be summarized regarding interpersonal
aspects:

(1) Individuals with higher levels of pathological and grandiose
narcissism display lowered reactions to social stimuli in the
AI in high-level paradigms. The AI also shows altered baseline
activity in relation to narcissism, and is implicated in intraper-
sonal processing in narcissism. Though the results seem to be
more in line with the notion of a reduced capacity than a
reduced propensity for empathic reactions, more research will
be needed to elucidate the involved mechanisms.

(2) Low-level social information processing, as investigated in
electrophysiological studies, is likely not affected by narcis-
sism. However, when studying patients with NPD, comorbid
disorders, such as depression, might also alter these processes.
This is consistent with the notion that interpersonal function-
ing in narcissism can substantially vary between different
states.

(3) The assertive and antagonistic interpersonal style associated
with grandiose narcissism is evident in neuroendocrine indica-
tors such as increased testosterone levels. Research on neuro-
endocrine markers associated with narcissism also points to
dynamic situational interactions.

3.3 Overall conclusion and conceptual integration

One of the main conclusions that can be drawn from the reviewed
research is that intrapersonal functioning in grandiose narcissism
is accompanied by heightened vigilance to ego threat and stress
responses following subjective ego threat, and also heightened
stress indicators at a baseline level (Cascio et al., 2015; Cheng
et al., 2013; Edelstein et al., 2010; Jauk, Benedek, et al., 2017;
Reinhard et al., 2012; Sommer et al., 2009). These findings are con-
sistent with the threatened egotismmodel of narcissism (Bushman
& Baumeister, 1998) and demonstrate that ego threat may not only
have negative consequences for others (in terms of aggressive
behavior) but also for the self. Importantly, stress reactions are
not necessarily apparent in self-report research and point to vul-
nerable aspects of grandiose narcissism, which might either not
be accessible to, or not reported by individuals high in narcissism.
This is in line with behavioral research demonstrating overestima-
tion of emotion-related abilities in narcissism (Ames &Kammrath,
2004; Jauk, Freudenthaler, et al., 2016; John & Robins, 1994;
Lobbestael et al., 2016; Mota et al., 2019; Zajenkowski et al.,
2018). Also, it is in line with the conclusion of a recent review
of stress reactivity in narcissism (Coleman et al., 2019), and shows
that it extends to a broader spectrum of research paradigms and
methods. The conclusion is also mostly in line with earlier chap-
ters, which could not yet draw on a large amount of studies specific
to narcissism (Konrath & Bonadonna, 2014; Krusemark, 2012),
and a recent chapter (Krusemark, 2018). In particular, the present
review shows that self-relevant stimuli, even when not necessarily
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stressful, can lead to similar reactions as those that are considered
intrinsically stressful or threatening. Individuals high in grandiose
narcissism show similar neural reactions in parts of the salience
network and also similar “hard wiring” of the frontostriatal path-
way as do individuals with low self-esteem (Chavez &
Heatherton, 2017; Chester et al., 2016; Jauk, Benedek, et al.,
2017; Onoda et al., 2010).

Importantly, self-relevance is a crucial situational variable in
this equation, as higher narcissistic individuals do not show stress
reactivity (Kelsey et al., 2001; Sylvers et al., 2008), or even cool and
prepared reactions facing potentially stress-inducing stimuli which
that are not of relevance to the self (Kelsey et al., 2001). Individuals
higher in grandiose narcissism also make riskier decisions, accom-
panied by weaker neurophysiological reactions (Yang, Sedikides,
Gu, Luo, Wang, & Cai, 2018), and show reactions indicative of
lower stress or even enjoyment following deceptive behavior
(Dane et al., 2018). These latter findings might point to common
mechanisms underlying certain aspects of narcissism and the psy-
chopathy construct (traditionally characterized by “fearlessness”;
Hare & Neumann, 2008).

Interpersonal personality functioning, particularly empathic
reactions, is reduced at a behavioral and neurophysiological level
when assessed by high-level paradigms and measures (Fan et al.,
2011; Scalabrini et al., 2017). More low-level, sensory processing
of other related information appears to be intact in NPD
(Marcoux et al., 2014; Zhang et al., 2016), in terms of the most
extreme expression of grandiose narcissism, though comorbid dis-
orders (depression) might also alter low-level processes (Zhang
et al., 2016).

Interestingly, intra- and interpersonal functioning in narcis-
sism partially draw on similar neural networks, as evident in func-
tional, baseline, and structural imaging studies (see Figure 2). The
dACC, as part of the salience network (Bressler & Menon, 2010),
shows relatively higher activation in intrapersonal processing of
actual or anticipated ego threat in individuals with higher grandi-
ose narcissism (Cascio et al., 2015; Jauk, Benedek, et al., 2017). The
AI, which is also considered as a part of the salience network
(Bressler & Menon, 2010) and implicated in empathic processes
(Lamm et al., 2011), shows relatively lower activation during inter-
personal paradigms in highly grandiose and pathologically narcis-
sistic individuals (Fan et al., 2011; Scalabrini et al., 2017), and it
shows altered baseline functioning in individuals higher in grandi-
ose narcissism (Scalabrini et al., 2017). Taken together, a very out-
right interpretation of these findings could be that processing of
intrapersonal stimuli in narcissism is accompanied by increased
saliency, particularly when these are self-relevant and thus go along
with potential ego threat. Processing of other related, interpersonal
stimuli, however, seems to be associated with decreased saliency.
Activation differences within the salience network thus point to
a double dissociation regarding the expression of narcissism and
self- and other relatedness of the situation (see Figure 2). This
interpretation is partially consistent with a hypothesis proposed
by Jankowiak-Siuda and Zajkowski (2013), who also ascribed
the salience network a central role in relation to narcissism (though
other predictions cannot be evaluated on the basis of the present
research), and with a conceptual article pointing to the associations
among AI function, narcissism, empathy, and general emotional
awareness (i.e., alexithymia; George & Short, 2018), which could
also be seen as one potential underlying mechanism (see above;
Valdespino et al., 2017).

Interestingly, the dACC was also among the key nodes found to
display altered patterns of resting-state connectivity in individuals

with higher levels of grandiose narcissism (Feng et al., 2018).
Among the other nodes in this study was also the dorsal and ventral
mPFC (see Figure 2). The mPFC displayed lower gray matter vol-
ume in three out of the four morphometric studies (NPD and
pathological narcissism), and is connected to the ventral striatum
via the frontostriatal pathway (see Figure 2), which showed
decreased whitematter integrity in relation to grandiose narcissism
(Chester et al., 2016). The mPFC is considered as a part of the
default mode network (Gusnard et al., 2001) and central to intra-
personal processing (Davey et al., 2016;Wagner et al., 2012). Lower
mPFC volume could indicate a general disintegration of intraper-
sonal functions, as it is also related to cumulative lifetime adversity
(Ansell et al., 2012). Lower white matter integrity between the ven-
tral striatum and the mPFC could further indicate a neural discon-
nect between regions associated with reward and self-processing
(Chester et al., 2016).

Taken together, neuroimaging findings point to functional and
structural alterations of regions within the salience network
(dACC, AI) and the default mode network (mPFC). Activity
within the salience network points to a double dissociation of nar-
cissism and self- versus other related processes.

Some of the conclusions presented here for intra- and interper-
sonal functioning in narcissism have, from different perspectives or
with different emphases, also been expressed in previous integrative
works. While we cannot reiterate all points addressed in previous
reviews here, we want to highlight some central agreements with
recent works: Coleman and colleagues (2019) have recently reviewed
studies investigating stress reactivity (psychological, biological, and
behavioral) in narcissism, concluding that grandiosity, as well as vul-
nerability, are generally associated with increased stress reactivity.
Krusemark (2018) came to a similar conclusion, stating that “grandi-
ose narcissism involves cardiovascular reactivity in response to aver-
sive stimuli and achievement-related stressors” and “vulnerable
narcissism and exploitativeness/entitlement are generally associated
with heightened cardiovascular reactivity to interpersonal rejection”
(2018, p. 213). However, Coleman and colleagues further argue that
“considerable nuance in these associations appears to exist (e.g., what
contexts/stressors) [ : : : ], and under certain stressful conditions nar-
cissism (particularly grandiosity) may confer some level of resilience”
(2019, p. 61).We here refer to thesemoderating factors as self-related-
ness and self-relevance, putting forward the hypothesis that increased
salience network up-regulation or stress responses are only observed
when both conditions are met. Potentially aversive stimuli or situa-
tions that are self-related, but not self-relevant might lead to unaf-
fected responses, or as Coleman and colleagues (2019) further
assert, individuals high in grandiosity might have advantages in such
situations. Similarly, Krusemark referred to these unaffected
responses as a “hypo-reactive physiological profile” (2018, p. 215).
Importantly, given that each of us experiences potentially ego-threat-
ening situations, and – as we have argued – individuals high in nar-
cissism might be even more prone to assign self-relevance to such
situations, we hypothesize that this might be evident in chronic alter-
ations of neuroendocrine systems or also brain structure in individ-
uals high in narcissism. Krusemark (2018) also asserts that increased
physiological reactivity associated with narcissism is accompanied by
a heightened risk for cardiovascular disease, and similarly, Coleman
and colleagues state that “maladaptive stress-reactivity, particularly
when repeated often and over long periods, may cause wear-and-tear
on bodily systems that ultimately hasten disease onset and progres-
sion” (2019, p. 67). In addition to that, as Konrath and Bonadonna
(2014) further note, narcissism is a “risk-positive personality style”
(such as, for instance, also evident in the gambling study reviewed
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here; Yang, Sedikides, Gu, Luo, Wang, & Cai, 2018), which is accom-
panied by a broad variety of potentially self-defeating, health-relevant
behaviors such as sexual risk-taking, substance use, or risky driving.
Thus, in addition to physical health risks imposed by increased stress
reactivity, narcissism is also associatedwith a variety of lifestyle factors
that might lead to serious health risks over the lifespan (Konrath &
Bonadonna, 2014).

Regarding interpersonal functioning in narcissism, George and
Short (2018) as well as Di Sarno and colleagues (2018) recently high-
lighted the role of the AI regarding empathic alterations in NPD.
George and Short (2018) further pinpoint that the AI is also involved
in general emotional awareness, making alexithymia a possible
common mechanism of self- and other related emotional deficits in
narcissism. As discussed earlier (see section 3.2), while the AI – and
more generally the salience network – might play a key role in self-
versus other related processing in narcissism, the alexithymia interpre-
tation (also originally put forward by Fan et al., 2011) might be hard to
reconcile with the notion of increased interoception (Scalabrini et al.,
2017), which is why the exact mechanisms of emotion-related altera-
tions in narcissism must remain subject to future study.

Given these areas of overlap with related works, we think that the
main contribution of our review is to integrate the available neurosci-
ence literature on narcissism in a theoretical model spanning a broad
variety of relevant psychological processes as well as a broad variety of
indicators used in neuroscience research. Though such a model can-
not adequately depict every finding obtained so far, it is an attempt to
identify key topics which are evident across a wide range of studies
and previous theoretical works, condense them into testable hypoth-
eses, and put them into a larger perspective, thus moving one step
beyond approaches which are either confined to a specific psychologi-
cal process or a specific set of research methods. Whether or not the
assumptions expressed in thismodel will hold true, we think that pro-
viding testable hypotheses is a crucial next step for future neuroscience
works on narcissism, which we hope our work does encourage (see
following section 4).

4. Future Directions

Though existing neuroscience research could already contribute
significantly to the understanding of narcissism, there are several
ways in which future studies could corroborate and extend the
present findings. Here, we provide suggestions on how this might
be accomplished:

(1) Our main suggestion for future research is to consider the
specificity of findings within the multifaceted narcissism con-
struct, which is why we recommend using measures of gran-
diosity and vulnerability when assessing narcissism. This can
either be achieved by using separate scales, such as the long-
standing standard measures NPI and HSNS, or by using more
recently developed composite measures, such as the Five-
Factor Narcissism Inventory (FFNI), which allows for a com-
prehensive assessment of different aspects of narcissism
grounded in the Five-Factor Model dimensions (Glover
et al., 2012). The recent EEG study by Mück and colleagues
(Mück et al., 2020) exemplifies the necessity of considering
these, as opposing results were observed for agentic and
antagonistic narcissism. For researchers who seek guidance
in the choice of scales, Krizan and Herlache (2018) provide
an in-depth discussion of the available inventories. In most
measures, grandiosity and vulnerability are essentially unre-
lated in the general population, which easily allows for the
sampling of orthogonal factors or groups. Of note, some
research suggests that the correlation between grandiosity
and vulnerability increases toward the upper end of the gran-
diosity distribution, which was observed for the NPI/HSNS
(Jauk, Weigle, et al., 2017) as well as for the FFNI (Jauk &
Kaufman, 2018). This implies that extreme group compari-
sons, such as performed in some of the reviewed works
(Fan et al., 2011; Jauk, Benedek, et al., 2017; Kelsey,
Ornduff, McCann & Reiff, 2001; Krusemark, 2009), might lead
to a confounding of grandiose and vulnerable aspects. Similar,

Figure 2. Schematic depiction of central findings of neuroscience studies on narcissism. Dashed lines indicating the moderating influence of narcissism (see section 3) on par-
ticular effects. Activation within central nodes of the salience network (orange) and reactions in autonomic (sympathetic) or neuroendocrine markers are higher in situations
involving intrapersonal focus when self-relevance is high (potential ego threat). Reactions to aversive self-related stimuli of low self-relevance can be “cool”. Situations involving
interpersonal focus (empathy, social touch) lead to down-regulations. At a brain structural and baseline function level, narcissism is related to alterations in regions of the default
mode network (cyan) and in the frontostriatal pathway (purple) as well as neuroendocrine markers.
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yet even more intense confounding might arise when studying
NPD patients, who frequently have comorbid disorders such
as depression (Vater et al., 2013; Zhang et al., 2016). Also,
when using the PNI as a measure of pathological narcissism
in neuroscience research, one should bear in mind that the
close conceptual relation of grandiosity and vulnerability in
this construct goes along with high empirical correlations of
the respective factors (cf. Wright, Lukowitsky, Pincus, &
Conroy, 2010), whichmight not allow to disentangle their spe-
cific effects unless using very large samples. Finally, given
potential state fluctuations in narcissism, future neuroscience
research could also use momentary assessments of grandiosity
and vulnerability, either in the lab or in everyday life.

(2) Our second suggestion for future research is to consider the speci-
ficity of findings with respect to neighboring personality con-
structs such as psychopathy or antisocial personality,
Machiavellianism, borderline personality, or histrionic personal-
ity. More generally speaking, a task for future research in the field
might be to investigate whether the effects observed for narcis-
sism are really specific to this particular personality construct,
or might also be explained along the lines of general impairments
in personality functioning. To date, only a few among the neuro-
science studies of narcissism assessed related personality dimen-
sions (Dane et al., 2018; Pfattheicher, 2016; Sylvers et al., 2008) or
disorders (Marcoux et al., 2014; Schulze et al., 2013; Wang et al.,
2006; Zhang et al., 2016) to probe the specificity of the findings. It
might be the case that particularly those findings which cannot
unequivocally be related to a specifically narcissistic self-regula-
tory or interpersonal mechanism, such as baseline alterations
of neuroendocrine markers ormeasures of brain structure, might
rather be indicative of general impairments in personality func-
tioning than narcissism per se.

(3) Regarding sex differences that are evident in some of the
reviewed studies (Edelstein et al., 2010; Jauk, Benedek, et al.,
2017; Reinhard et al., 2012; Yang et al., 2015), future research
will need to replicate and extend these findings. This concerns
on the one hand their consistency, and on the other hand, the
extent to which differences are associated with biological sex or
social gender. Though some of the findings reviewed here sug-
gest that biological mechanisms might be involved (Noser,
2017; Pfattheicher, 2016), others show that these associations
also depend upon social factors (Dane et al., 2018; Mead et al.,
2018). Thus, the social component in terms of gender role ori-
entation must not be missed, and only studies assessing both
dimensions can inform about their relative significance.

(4) The study of interpersonal personality functioning in narcis-
sism could systematically investigate the extent to which social
affect and cognition, particularly empathy and perspective-
taking, which are increasingly recognized as two different
mental processes with different neural correlates (Kanske
et al., 2016, 2015), are reduced or impaired in grandiose and
vulnerable narcissism. This could be accomplished by con-
trasting behavioral ratings of empathy and performance mea-
sures of perspective-taking with activation in the respective
neural networks (see sections 2.1 and 3.2), which might pro-
vide some hints on the question of whether reductions in inter-
personal functioning are more a matter of reduced propensity
or capacity. A possible next step could then be to extend this
line of research by considering differences between spontane-
ous and deliberate social–affective and cognitive processes,
which could be accomplished by a variation of test instruc-
tions, for instance.

(5) Though this might apply to many fields of neuroscience inves-
tigations, it needs to be stated that currently, experimental and
also baseline and brain structural studies on narcissism used
nearly as many different research paradigms or methods as
there are studies. To obtain dependable knowledge, future
research should thus perform replication and extension studies
using established paradigms and research methods. From the
present perspective, particularly fruitful next steps would be
to systematically disentangle the effects of grandiosity and vul-
nerability as well as their constituent Five-Factor Model dimen-
sions (see the first point) on well-established ego threat
paradigms, such as, for instance, the TSST or the Cyberball
paradigm, and well-established social affect and cognition para-
digms. Quasi-experimental studies using measures of brain
structure or baseline functions could contribute most effectively
to acquiring a robust base of knowledge by using data analysis
methods corresponding exactly to those of previous studies
(at least complemental to new methods) in large datasets.
While such studies have recently been carried out for the
Five-Factor Model dimensions and yield a rather pessimistic
picture regarding the consistency of personality neuroscience
findings (Avinun et al., 2020; Valk et al., 2019), it might be that
narcissism, as a more specific personality construct, might still
display consistent correlates.

(6) Finally, it needs to be stated that many neuroscience studies of
narcissism used small or very small samples to investigate
genuinely subtle associations between personality and physio-
logical or biological indicators, which sometimes include com-
plex relationships such as moderation. This may naturally
raise doubt about the robustness and replicability of the
reported findings, and we think that such doubt is vital for
state-of-the-art planning of future research. However, despite
the use of small samples – which is a common problem par-
ticularly in earlier neuroscience work – the relatively high
degree of consistency across different studies still allows to
deduce testable hypotheses, which can inform future con-
firmatory research using state-of-the-art designs. The model
displayed in Figure 2 is an attempt to provide such hypotheses
based on the available literature, and we hope it will stimulate
future research, which is in line with current methodological
standards.

Acknowledgments. The comments provided by the journal editor and the
anonymous reviewers during the revision of this manuscript are gratefully
acknowledged. We thank Sophie Jacob for her very valuable support in litera-
ture search and final corrections, and Ilona Croy for hosting a writing retreat
during which part of this text evolved.

Conflict of interest. None.

Financial support. This research was supported by a grant from the Austrian
Science Fund (FWF): J 4344 and by a grant from the German Research
Foundation (DFG): CRC940/C07.

References

Ackerman, R. A., Witt, E. A., Donnellan, M. B., Trzesniewski, K. H.,
Robins, R.W., &Kashy, D. A. (2011).What does the narcissistic personality
inventory really measure? Assessment, 18, 67–87. https://doi.org/10.1177/
1073191110382845

Akhtar, S. (1989). Narcissistic personality disorder: Descriptive features and
differential diagnosis. Psychiatric Clinics of North America, 12, 505–529.
https://doi.org/10.1016/S0193-953X(18)30411-8

Personality Neuroscience 23

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1177/1073191110382845
https://doi.org/10.1177/1073191110382845
https://doi.org/10.1016/S0193-953X(18)30411-8
https://doi.org/10.1017/pen.2021.1


American Psychiatric Association. (1980). Diagnostic and statistical manual
of mental disorders (3rd ed.). American Psychiatric Association.

American Psychiatric Association. (2013). Diagnostic and statistical manual
of mental disorders (5th ed.). American Psychiatric Association. https://doi.
org/10.1176/appi.books.9780890425596

Ames, D. R., & Kammrath, L. K. (2004). Mind-reading and metacognition:
Narcissism, not actual competence, predicts self-estimated ability. Journal
of Nonverbal Behavior, 28, 187–209. https://doi.org/10.1023/B:JONB.
0000039649.20015.0e

Ansell, E. B., Rando, K., Tuit, K., Guarnaccia, J., & Sinha, R. (2012).
Cumulative adversity and smaller gray matter volume in medial prefrontal,
anterior cingulate, and insula regions. Biological Psychiatry, 72, 57–64.
https://doi.org/10.1016/j.biopsych.2011.11.022

Avinun, R., Israel, S., Knodt, A. R., & Hariri, A. R. (2020). Little evidence for
associations between the big five personality traits and variability in brain
gray or white matter. NeuroImage, 220, 117092. https://doi.org/10.1016/j.
neuroimage.2020.117092

Back, M. D., Küfner, A. C. P., Dufner, M., Gerlach, T. M., Rauthmann, J. F.,
& Denissen, J. J. A. (2013). Narcissistic admiration and rivalry:
Disentangling the bright and dark sides of narcissism. Journal of
Personality and Social Psychology, 105, 1013–1037. https://doi.org/10.
1037/a0034431

Back, M. D., Schmukle, S. C., & Egloff, B. (2010). Why are narcissists so
charming at first sight? Decoding the narcissism–popularity link at zero
acquaintance. Journal of Personality and Social Psychology, 98, 132–145.
https://doi.org/10.1037/a0016338

Baron-Cohen, S., & Wheelwright, S. (2004). The empathy quotient: an inves-
tigation of adults with asperger syndrome or high functioning autism, and
normal sex differences. Journal of Autism and Developmental Disorders,
34, 163–175. https://doi.org/10.1023/B:JADD.0000022607.19833.00

Barry, C. T., & Lee-Rowland, L. M. (2015). Has there been a recent increase in
adolescent narcissism? Evidence from a sample of at-risk adolescents (2005–
2014). Personality and Individual Differences, 87, 153–157. https://doi.org/
10.1016/j.paid.2015.07.038

Baskin-Sommers, A., Krusemark, E., & Ronningstam, E. (2014). Empathy in
narcissistic personality disorder: From clinical and empirical perspectives.
Personality Disorders: Theory, Research, and Treatment, 5, 323–333.
https://doi.org/10.1037/per0000061

Basser, P. J., Mattiello, J., & LeBihan, D. (1994). MR diffusion tensor spectros-
copy and imaging. Biophysical Journal, 66, 259–267. https://doi.org/10.1016/
S0006-3495(94)80775-1

Baumeister, R. F., Smart, L., & Boden, J. M. (1996). Relation of threatened
egotism to violence and aggression: The dark side of high self-esteem.
Psychological Review, 103, 5–33. https://doi.org/10.1037/0033-295X.103.1.5

Bell, M. (1995). Bell object relations and reality testing inventory (BORRTI)
manual. Los Angeles: Western Psychological Services.

Bender, D. S., Morey, L. C., & Skodol, A. E. (2011). Toward amodel for assess-
ing level of personality functioning in DSM–5, part I: A review of theory and
methods. Journal of Personality Assessment, 93, 332–346. https://doi.org/10.
1080/00223891.2011.583808

Besser, A., & Priel, B. (2010). Grandiose narcissism versus vulnerable narcis-
sism in threatening situations: Emotional reactions to achievement failure
and interpersonal rejection. Journal of Social and Clinical Psychology, 29,
874–902. https://doi.org/10.1521/jscp.2010.29.8.874

Bilotta, E., Carcione, A., Fera, T., Moroni, F., Nicolò, G., Pedone, R.,
Pellecchia, G., Semerari, A., & Colle, L. (2018). Symptom severity and
mindreading in narcissistic personality disorder. PLoS One, 13, e0201216.
https://doi.org/10.1371/journal.pone.0201216

Bird, G., Silani, G., Brindley, R., White, S., Frith, U., & Singer, T. (2010).
Empathic brain responses in insula are modulated by levels of alexithymia
but not autism. Brain, 133, 1515–1525. https://doi.org/10.1093/brain/
awq060

Böckler, A., Sharifi, M., Kanske, P., Dziobek, I., & Singer, T. (2017). Social
decision making in narcissism: Reduced generosity and increased retaliation
are driven by alterations in perspective-taking and anger. Personality and
Individual Differences, 104, 1–7. https://doi.org/10.1016/j.paid.2016.07.020

Bressler, S. L., & Menon, V. (2010). Large-scale brain networks in cognition:
Emerging methods and principles. Trends in Cognitive Sciences, 14, 277–290.
https://doi.org/10.1016/j.tics.2010.04.004

Brewer, R., Cook, R., & Bird, G. (2016). Alexithymia: A general deficit of inter-
oception. Royal Society Open Science, 3, 150664. https://doi.org/10.1098/rsos.
150664

Brookes, J. (2015). The effect of overt and covert narcissism on self-esteem and
self-efficacy beyond self-esteem. Personality and Individual Differences, 85,
172–175. https://doi.org/10.1016/j.paid.2015.05.013

Bukowski, W. M., Schwartzman, A., Santo, J., Bagwell, C., & Adams, R.
(2009). Reactivity and distortions in the self: Narcissism, types of aggression,
and the functioning of the hypothalamic–pituitary–adrenal axis during early
adolescence. Development and Psychopathology, 21, 1249–1262. https://doi.
org/10.1017/S0954579409990149

Bushman, B. J., & Baumeister, R. F. (1998). Threatened egotism, narcissism,
self-esteem, and direct and displaced aggression: Does self-love or self-hate
lead to violence? Journal of Personality and Social Psychology, 75, 219–229.
https://doi.org/10.1037/0022-3514.75.1.219

Buss, D. M., & Chiodo, L. M. (1991). Narcissistic acts in everyday life. Journal
of Personality, 59, 179–215. https://doi.org/10.1111/j.1467-6494.1991.
tb00773.x

Bzdok, D., Schilbach, L., Vogeley, K., Schneider, K., Laird, A. R., Langner, R.,
& Eickhoff, S. B. (2012). Parsing the neural correlates ofmoral cognition: ALE
meta-analysis on morality, theory of mind, and empathy. Brain Structure and
Function, 217, 783–796. https://doi.org/10.1007/s00429-012-0380-y

Cain, N.M., Pincus, A. L., & Ansell, E. B. (2008). Narcissism at the crossroads:
Phenotypic description of pathological narcissism across clinical theory,
social/personality psychology, and psychiatric diagnosis. Clinical
Psychology Review, 28, 638–656. https://doi.org/10.1016/j.cpr.2007.09.006

Campbell, W. K. (2001). A meta-analysis of the narcissism–self-esteem link.
Unpublished manuscript.

Campbell, W. K., Bosson, J. K., Goheen, T. W., Lakey, C. E., & Kernis, M. H.
(2007). Do narcissists dislike themselves “deep down inside”? Psychological
Science, 18, 227–229. https://doi.org/10.1111/j.1467-9280.2007.01880.x

Campbell, W. K., Rudich, E. A., & Sedikides, C. (2002). Narcissism, self-
esteem, and the positivity of self-views: Two portraits of self-love.
Personality and Social Psychology Bulletin, 28, 358–368. https://doi.org/10.
1177/0146167202286007

Cascio, C. N., Konrath, S. H., & Falk, E. B. (2015). Narcissists’ social pain seen
only in the brain. Social Cognitive and Affective Neuroscience, 10, 335–341.
https://doi.org/10.1093/scan/nsu072

Chavez, R. S., & Heatherton, T. F. (2017). Structural integrity of frontostriatal
connections predicts longitudinal changes in self-esteem. Social
Neuroscience, 12, 280–286. https://doi.org/10.1080/17470919.2016.1164753

Cheng, J. T., Tracy, J. L., & Miller, G. E. (2013). Are narcissists hardy or vul-
nerable? The role of narcissism in the production of stress-related bio-
markers in response to emotional distress. Emotion, 13, 1004–1011.
https://doi.org/10.1037/a0034410

Chester, D. S., & DeWall, C. N. (2016). Sound the alarm: The effect of narcis-
sism on retaliatory aggression is moderated by dACC reactivity to rejection.
Journal of Personality, 84, 361–368. https://doi.org/10.1111/jopy.12164

Chester, D. S., Lynam, D. R., Powell, D. K., & DeWall, C. N. (2016).
Narcissism is associated with weakened frontostriatal connectivity: A DTI
study. Social Cognitive and Affective Neuroscience, 11, 1036–1040. https://
doi.org/10.1093/scan/nsv069

Coleman, S. R.M., Pincus, A. L., & Smyth, J. M. (2019). Narcissism and stress-
reactivity: A biobehavioural health perspective.Health Psychology Review, 13,
35–72. https://doi.org/10.1080/17437199.2018.1547118

Corradi-Dell’Acqua, C., Tusche, A., Vuilleumier, P., & Singer, T. (2016).
Cross-modal representations of first-hand and vicarious pain, disgust and
fairness in insular and cingulate cortex. Nature Communications, 7.
https://doi.org/10.1038/ncomms10904

Dane, L. K., Jonason, P. K., & McCaffrey, M. (2018). Physiological tests of the
cheater hypothesis for the dark triad traits: Testosterone, cortisol, and a social
stressor. Personality and Individual Differences, 121, 227–231. https://doi.
org/10.1016/j.paid.2017.09.010

24 E Jauk and P Kanske

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1023/B:JONB.0000039649.20015.0e
https://doi.org/10.1023/B:JONB.0000039649.20015.0e
https://doi.org/10.1016/j.biopsych.2011.11.022
https://doi.org/10.1016/j.neuroimage.2020.117092
https://doi.org/10.1016/j.neuroimage.2020.117092
https://doi.org/10.1037/a0034431
https://doi.org/10.1037/a0034431
https://doi.org/10.1037/a0016338
https://doi.org/10.1023/B:JADD.0000022607.19833.00
https://doi.org/10.1016/j.paid.2015.07.038
https://doi.org/10.1016/j.paid.2015.07.038
https://doi.org/10.1037/per0000061
https://doi.org/10.1016/S0006-3495(94)80775-1
https://doi.org/10.1016/S0006-3495(94)80775-1
https://doi.org/10.1037/0033-295X.103.1.5
https://doi.org/10.1080/00223891.2011.583808
https://doi.org/10.1080/00223891.2011.583808
https://doi.org/10.1521/jscp.2010.29.8.874
https://doi.org/10.1371/journal.pone.0201216
https://doi.org/10.1093/brain/awq060
https://doi.org/10.1093/brain/awq060
https://doi.org/10.1016/j.paid.2016.07.020
https://doi.org/10.1016/j.tics.2010.04.004
https://doi.org/10.1098/rsos.150664
https://doi.org/10.1098/rsos.150664
https://doi.org/10.1016/j.paid.2015.05.013
https://doi.org/10.1017/S0954579409990149
https://doi.org/10.1017/S0954579409990149
https://doi.org/10.1037/0022-3514.75.1.219
https://doi.org/10.1111/j.1467-6494.1991.tb00773.x
https://doi.org/10.1111/j.1467-6494.1991.tb00773.x
https://doi.org/10.1007/s00429-012-0380-y
https://doi.org/10.1016/j.cpr.2007.09.006
https://doi.org/10.1111/j.1467-9280.2007.01880.x
https://doi.org/10.1177/0146167202286007
https://doi.org/10.1177/0146167202286007
https://doi.org/10.1093/scan/nsu072
https://doi.org/10.1080/17470919.2016.1164753
https://doi.org/10.1037/a0034410
https://doi.org/10.1111/jopy.12164
https://doi.org/10.1093/scan/nsv069
https://doi.org/10.1093/scan/nsv069
https://doi.org/10.1080/17437199.2018.1547118
https://doi.org/10.1038/ncomms10904
https://doi.org/10.1016/j.paid.2017.09.010
https://doi.org/10.1016/j.paid.2017.09.010
https://doi.org/10.1017/pen.2021.1


Davey, C. G., Pujol, J., & Harrison, B. J. (2016). Mapping the self in the brain’s
default mode network. NeuroImage, 132, 390–397. https://doi.org/10.1016/j.
neuroimage.2016.02.022

Davis,M.H. (1983).Measuring individual differences in empathy: Evidence for
a multidimensional approach. Journal of Personality and Social Psychology,
44, 113–126. https://doi.org/10.1037/0022-3514.44.1.113

Dawood, S., Schroder, H. S., Donnellan, M. B., & Pincus, A. L. (2018).
Pathological narcissism and nonsuicidal self-injury. Journal of Personality
Disorders, 32, 87–108. https://doi.org/10.1521/pedi_2017_31_291

de la Vega, A., Chang, L. J., Banich,M. T.,Wager, T. D., &Yarkoni, T. (2016).
Large-scale meta-analysis of human medial frontal cortex reveals tripartite
functional organization. The Journal of Neuroscience, 36, 6553–6562.
https://doi.org/10.1523/JNEUROSCI.4402-15.2016

de Vignemont, F., & Singer, T. (2006). The empathic brain: How, when and
why?Trends in Cognitive Sciences, 10, 435–441. https://doi.org/10.1016/j.tics.
2006.08.008

Denecke, F. W., & Hilgenstock, B. (1989). Das Narzißmusinventar. Bern:
Huber.

Di Sarno, M., Di Pierro, R., & Madeddu, F. (2018). The relevance of neuro-
science for the investigation of narcissism: A review of current studies.
Clinical Neuropsychiatry: Journal of Treatment Evaluation, 15, 242–250.

Donnellan, M. B., Trzesniewski, K. H., & Robins, R. W. (2009). An emerging
epidemic of narcissism or much ado about nothing? Journal of Research in
Personality, 43, 498–501. https://doi.org/10.1016/j.jrp.2008.12.010

Dufner, M., Rauthmann, J. F., Czarna, A. Z., & Denissen, J. J. A. (2013). Are
narcissists sexy? Zeroing in on the effect of narcissism on short-term mate
appeal. Personality and Social Psychology Bulletin, 39, 870–882. https://doi.
org/10.1177/0146167213483580

Edelstein, R. S., Yim, I. S., & Quas, J. A. (2010). Narcissism predicts height-
ened cortisol reactivity to a psychosocial stressor in men. Journal of Research
in Personality, 44, 565–572. https://doi.org/10.1016/j.jrp.2010.06.008

Edershile, E. A., &Wright, A. G. C. (2020). Fluctuations in grandiose and vul-
nerable narcissistic states: A momentary perspective. Journal of Personality
and Social Psychology. https://doi.org/10.1037/pspp0000370

Egan, V., Chan, S., & Shorter, G. W. (2014). The dark triad, happiness and
subjective well-being. Personality and Individual Differences, 67, 17–22.
https://doi.org/10.1016/j.paid.2014.01.004

Eisenberger, N. I. (2003). Does rejection hurt? An fMRI study of social exclu-
sion. Science, 302, 290–292. https://doi.org/10.1126/science.1089134

Euler, S., Stöbi, D., Sowislo, J., Ritzler, F., Huber, C. G., Lang, U. E., Wrege, J.,
& Walter, M. (2018). Grandiose and vulnerable narcissism in borderline per-
sonality disorder. Psychopathology, 51, 110–121. https://doi.org/10.1159/
000486601

Fan, Y.,Wonneberger, C., Enzi, B., de Greck, M., Ulrich, C., Tempelmann, C.,
Bogerts, B., Doering, S., & Northoff, G. (2011). The narcissistic self and its
psychological and neural correlates: An exploratory fMRI study. Psychological
Medicine, 41, 1641–1650. https://doi.org/10.1017/S003329171000228X

Feng, C., Yuan, J., Geng, H., Gu, R., Zhou, H., Wu, X., & Luo, Y. (2018).
Individualized prediction of trait narcissism from whole-brain resting-state
functional connectivity. Human Brain Mapping, 39, 3701–3712. https://doi.
org/10.1002/hbm.24205

Fossati, A., Borroni, S., Grazioli, F., Dornetti, L., Marcassoli, I., Maffei, C., &
Cheek, J. (2009). Tracking the hypersensitive dimension in narcissism:
Reliability and validity of the Hypersensitive Narcissism Scale. Personality
and Mental Health, 3, 235–247. https://doi.org/10.1002/pmh.92

Fossati, A., Feeney, J., Pincus, A., Borroni, S., & Maffei, C. (2015). The struc-
ture of pathological narcissism and its relationships with adult attachment
styles: A study of Italian nonclinical and clinical adult participants.
Psychoanalytic Psychology, 32, 403–431. https://doi.org/10.1037/a0037175

Freud, S. (1914). On narcissism: An introduction. In J. Strachey (Ed.), The stan-
dard edition of the complete psychological works of Sigmund Freud (p. 7, 66–
102). London: Hogarth.

Frith, C., & Frith, U. (2005). Theory of mind. Current Biology, 15, R644–R645.
https://doi.org/10.1016/j.cub.2005.08.041

Gabriel, M. T., Critelli, J. W., & Ee, J. S. (1994). Narcissistic Illusions in self-
evaluations of intelligence and attractiveness. Journal of Personality, 62, 143–
155. https://doi.org/10.1111/j.1467-6494.1994.tb00798.x

Galang, A. J. R. (2010). The prosocial psychopath: Explaining the paradoxes of
the creative personality. Neuroscience & Biobehavioral Reviews, 34, 1241–
1248. https://doi.org/10.1016/j.neubiorev.2010.03.005

Gebauer, J. E., Sedikides, C., Verplanken, B., & Maio, G. R. (2012).
Communal narcissism. Journal of Personality and Social Psychology, 103,
854–878. https://doi.org/10.1037/a0029629

George, F. R., & Short, D. (2018). The cognitive neuroscience of narcissism.
Journal of Brain, Behavior and Cognitive Sciences, 1, ID 6.

Geukes, K., Nestler, S., Hutteman, R., Dufner, M., Küfner, A. C. P., Egloff,
B., Denissen, J. J. A., & Back,M.D. (2017). Puffed-up but shaky selves: State
self-esteem level and variability in narcissists. Journal of Personality and
Social Psychology, 112, 769–786. https://doi.org/10.1037/pspp0000093

Giammarco, E. A., & Vernon, P. A. (2014). Vengeance and the dark triad: The
role of empathy and perspective taking in trait forgivingness. Personality and
Individual Differences, 67, 23–29. https://doi.org/10.1016/j.paid.2014.02.010

Glover, N., Miller, J. D., Lynam, D. R., Crego, C., & Widiger, T. A. (2012).
The five-factor narcissism inventory: A five-factor measure of narcissistic
personality traits. Journal of Personality Assessment, 94, 500–512. https://
doi.org/10.1080/00223891.2012.670680

Gore, W. L., & Widiger, T. A. (2016). Fluctuation between grandiose and vul-
nerable narcissism. Personality Disorders: Theory, Research, and Treatment,
7, 363–371. https://doi.org/10.1037/per0000181

Grapsas, S., Denissen, J. J. A., Lee, H. Y., Bos, P. A., & Brummelman, E.
(2020). Climbing up or falling down: Narcissism predicts physiological sen-
sitivity to social status in children and their parents. Developmental Science.
https://doi.org/10.1111/desc.13062

Grijalva, E., & Zhang, L. (2016). Narcissism and self-insight: A review and
meta-analysis of narcissists’ self-enhancement tendencies. Personality and
Social Psychology Bulletin, 42, 3–24. https://doi.org/10.1177/01461672
15611636

Grosz, M. P., Lösch, T., & Back, M. D. (2017). The narcissism-overclaiming
link revisited. Journal of Research in Personality, 70, 134–138. https://doi.org/
10.1016/j.jrp.2017.05.006

Gusnard, D. A., Akbudak, E., Shulman, G. L., & Raichle, M. E. (2001). Medial
prefrontal cortex and self-referential mental activity: Relation to a default
mode of brain function. Proceedings of the National Academy of Sciences,
98, 4259–4264. https://doi.org/10.1073/pnas.071043098

Hare, R. D., & Neumann, C. S. (2008). Psychopathy as a clinical and empirical
construct. Annual Review of Clinical Psychology, 4, 217–246. https://doi.org/
10.1146/annurev.clinpsy.3.022806.091452

Hart, W., Adams, J., Burton, K. A., & Tortoriello, G. K. (2017). Narcissism
and self-presentation: Profiling grandiose and vulnerable narcissists’ self-
presentation tactic use. Personality and Individual Differences, 104, 48–57.
https://doi.org/10.1016/j.paid.2016.06.062

Hendin, H. M., & Cheek, J. M. (1997). Assessing hypersensitive narcissism: A
reexamination of Murray’s narcism scale. Journal of Research in Personality,
31, 588–599. https://doi.org/10.1006/jrpe.1997.2204

Hepper, E. G., Hart, C. M., & Sedikides, C. (2014). Moving Narcissus: Can
narcissists be empathic? Personality and Social Psychology Bulletin, 40,
1079–1091. https://doi.org/10.1177/0146167214535812

Hildebrandt, M. K., Jauk, E., Lehmann, K., Maliske, L., & Kanske, P. (2021).
Brain activation during social cognition predicts everyday perspective-tak-
ing: A combined fMRI and ecological momentary assessment study of the
social brain. NeuroImage, 227, 117624. https://doi.org/10.1016/j.neuro
image.2020.117624

Hoffmann, F., Banzhaf, C., Kanske, P., Gärtner,M., Bermpohl, F., & Singer, T.
(2016). Empathy in depression: Egocentric and altercentric biases and the role
of alexithymia. Journal of Affective Disorders, 199, 23–29. https://doi.org/10.
1016/j.jad.2016.03.007

Holtzman, N. S., Vazire, S., & Mehl, M. R. (2010). Sounds like a narcissist:
Behavioral manifestations of narcissism in everyday life. Journal of
Research in Personality, 44(4), 478–484. https://doi.org/10.1016/j.jrp.2010.
06.001

Honeycutt, J. M., Pence, M. E., & Gearhart, C. G. (2014). Associations
between narcissism, empathy, personality, and imagined interactions. In
A. Besser (Ed.), Psychology of emotions, motivations and actions.
Handbook of the psychology of narcissism: Diverse perspectives. (pp. 333–
346). Hauppauge: Nova Science Publ.

Personality Neuroscience 25

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1016/j.neuroimage.2016.02.022
https://doi.org/10.1016/j.neuroimage.2016.02.022
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1521/pedi_2017_31_291
https://doi.org/10.1523/JNEUROSCI.4402-15.2016
https://doi.org/10.1016/j.tics.2006.08.008
https://doi.org/10.1016/j.tics.2006.08.008
https://doi.org/10.1016/j.jrp.2008.12.010
https://doi.org/10.1177/0146167213483580
https://doi.org/10.1177/0146167213483580
https://doi.org/10.1016/j.jrp.2010.06.008
https://doi.org/10.1037/pspp0000370
https://doi.org/10.1016/j.paid.2014.01.004
https://doi.org/10.1126/science.1089134
https://doi.org/10.1159/000486601
https://doi.org/10.1159/000486601
https://doi.org/10.1017/S003329171000228X
https://doi.org/10.1002/hbm.24205
https://doi.org/10.1002/hbm.24205
https://doi.org/10.1002/pmh.92
https://doi.org/10.1037/a0037175
https://doi.org/10.1016/j.cub.2005.08.041
https://doi.org/10.1111/j.1467-6494.1994.tb00798.x
https://doi.org/10.1016/j.neubiorev.2010.03.005
https://doi.org/10.1037/a0029629
https://doi.org/10.1037/pspp0000093
https://doi.org/10.1016/j.paid.2014.02.010
https://doi.org/10.1080/00223891.2012.670680
https://doi.org/10.1080/00223891.2012.670680
https://doi.org/10.1037/per0000181
https://doi.org/10.1111/desc.13062
https://doi.org/10.1177/0146167215611636
https://doi.org/10.1177/0146167215611636
https://doi.org/10.1016/j.jrp.2017.05.006
https://doi.org/10.1016/j.jrp.2017.05.006
https://doi.org/10.1073/pnas.071043098
https://doi.org/10.1146/annurev.clinpsy.3.022806.091452
https://doi.org/10.1146/annurev.clinpsy.3.022806.091452
https://doi.org/10.1016/j.paid.2016.06.062
https://doi.org/10.1006/jrpe.1997.2204
https://doi.org/10.1177/0146167214535812
https://doi.org/10.1016/j.neuroimage.2020.117624
https://doi.org/10.1016/j.neuroimage.2020.117624
https://doi.org/10.1016/j.jad.2016.03.007
https://doi.org/10.1016/j.jad.2016.03.007
https://doi.org/https://doi.org/10.1016/j.jrp.2010.06.001
https://doi.org/https://doi.org/10.1016/j.jrp.2010.06.001
https://doi.org/10.1017/pen.2021.1


Jacobs, S. C., Friedman, R., Parker, J. D., Tofler, G. H., Jimenez, A. H.,
Muller, J. E., : : : Stone, P. H. (1994). Use of skin conductance changes dur-
ing mental stress testing as an index of autonomic arousal in cardiovascular
research. American Heart Journal, 128, 1170–1177. https://doi.org/10.1016/
0002-8703(94)90748-X

Jankowiak-Siuda, K., & Zajkowski, W. (2013). A neural model of mechanisms
of empathy deficits in narcissism. Medical Science Monitor, 19, 934–941.
https://doi.org/10.12659/MSM.889593

Jauk, E., Benedek, M., Koschutnig, K., Kedia, G., & Neubauer, A. C. (2017).
Self-viewing is associated with negative affect rather than reward in highly
narcissistic men: An fMRI study. Scientific Reports, 7. https://doi.org/10.
1038/s41598-017-03935-y

Jauk, E., Breyer, D., Kanske, P., & Wakabayashi, A. (2021). Narcissism in
independent and interdependent cultures. Personality and Individual
Differences, 177, 110716. https://doi.org/10.1016/j.paid.2021.110716

Jauk, E., & Dieterich, R. (2019). Addiction and the dark triad of personality.
Frontiers in Psychiatry. https://doi.org/10.3389/fpsyt.2019.00662

Jauk, E., Freudenthaler, H. H., & Neubauer, A. C. (2016). The dark triad and
trait versus ability emotional intelligence: emotional darkness differs between
women and men. Journal of Individual Differences, 37, 112–118. https://doi.
org/10.1027/1614-0001/a000195

Jauk, E., & Kaufman, S. B. (2018). The higher the score, the darker the core:
The nonlinear association between grandiose and vulnerable narcissism.
Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyg.2018.01305

Jauk, E., Neubauer, A. C., Mairunteregger, T., Pemp, S., Sieber, K. P., &
Rauthmann, J. F. (2016). How alluring are dark personalities? The dark triad
and attractiveness in speed dating. European Journal of Personality, 30, 125–
138. https://doi.org/10.1002/per.2040

Jauk, E., Weigle, E., Lehmann, K., Benedek, M., & Neubauer, A. C. (2017).
The relationship between grandiose and vulnerable (hypersensitive) narcis-
sism. Frontiers in Psychology, 8. https://doi.org/10.3389/fpsyg.2017.01600

John, O. P., & Robins, R. W. (1994). Accuracy and bias in self-perception:
Individual differences in self-enhancement and the role of narcissism.
Journal of Personality and Social Psychology, 66, 206–219. https://doi.org/
10.1037/0022-3514.66.1.206

Jonason, P. K., &Webster, G. D. (2010). The dirty dozen: A concisemeasure of
the dark triad. Psychological Assessment, 22, 420–432. https://doi.org/10.
1037/a0019265

Kanske, P., Böckler, A., Trautwein, F.-M., Parianen Lesemann, F. H., &
Singer, T. (2016). Are strong empathizers better mentalizers? Evidence
for independence and interaction between the routes of social cognition.
Social Cognitive and Affective Neuroscience, 11, 1383–1392. https://doi.
org/10.1093/scan/nsw052

Kanske, P., Böckler, A., Trautwein, F.-M., & Singer, T. (2015). Dissecting the
social brain: Introducing the EmpaToM to reveal distinct neural networks
and brain–behavior relations for empathy and theory of mind.
NeuroImage, 122, 6–19. https://doi.org/10.1016/j.neuroimage.2015.07.082

Kanske, P., & Kotz, S. A. (2011). Emotion speeds up conflict resolution: A new
role for the ventral anterior cingulate cortex? Cerebral Cortex, 21, 911–919.
https://doi.org/10.1093/cercor/bhq157

Kanske, P., &Kotz, S. A. (2011). Emotion triggers executive attention: Anterior
cingulate cortex and amygdala responses to emotional words in a conflict
task. Human Brain Mapping, 32, 198–208. https://doi.org/10.1002/hbm.
21012

Kanske, P., Sharifi,M., Smallwood, J., Dziobek, I., & Singer, T. (2017).Where
the narcissistic mind wanders: Increased self-related thoughts are more pos-
itive and future oriented. Journal of Personality Disorders, 31, 553–566.
https://doi.org/10.1521/pedi_2016_30_263

Kanske, Philipp. (2018). The social mind: Disentangling affective and cognitive
routes to understanding others. Interdisciplinary Science Reviews, 43, 115–
124. https://doi.org/10.1080/03080188.2018.1453243

Kaufman, S. B., Weiss, B., Miller, J. D., & Campbell, W. K. (2020). Clinical
correlates of vulnerable and grandiose narcissism: A personality perspective.
Journal of Personality Disorders, 34, 107–130. https://doi.org/10.1521/pedi_
2018_32_384

Kelsey, R. M., Ornduff, S. R., McCann, C. M., & Reiff, S. (2001).
Psychophysiological characteristics of narcissism during active and passive
coping. Psychophysiology, 38, 292–303. https://doi.org/10.1111/1469-8986.
3820292

Kelsey, R. M., Ornduff, S. R., Reiff, S., & Arthur, C. M. (2002).
Psychophysiological correlates of narcissistic traits in women during active cop-
ing. Psychophysiology, 39, 322–332. https://doi.org/10.1111/1469-8986.3930322

Kernberg, O. F. (1975). Borderline conditions and pathological narcissism.
Lanham: Aronson.

Kernberg, O. F. (2007). The almost untreatable narcissistic patient. Journal of
the American Psychoanalytic Association, 55, 503–539. https://doi.org/10.
1177/00030651070550020701

Kirschbaum, C., Pirke, K.-M., & Hellhammer, D. H. (1993). The ‘trier social
stress test’ – A tool for investigating psychobiological stress responses in a
laboratory setting. Neuropsychobiology, 28, 76–81. https://doi.org/10.1159/
000119004

Kohut, H. (1977). The restoration of the self. New York: International
Universities Press.

Konrath, S., & Bonadonna, J. P. (2014). Physiological and health-related cor-
relates of the narcissistic personality. In A. Besser (Eds.), Handbook of the
psychology of narcissism: Diverse perspectives (pp. 175–214). Hauppauge:
Nova Science Publ.

Krizan, Z., & Herlache, A. D. (2018). The narcissism spectrum model: A syn-
thetic view of narcissistic personality. Personality and Social Psychology
Review, 22, 3–31. https://doi.org/10.1177/1088868316685018

Krusemark, E. A. (2009). Neural correlates of self-enhancement in narcissism:
An electroencephalography investigation. Unpublished doctoral dissertation.

Krusemark, E. A. (2012). Neurophysiological correlates of narcissism and psy-
chopathy. In W. K. Campbell & J. D. Miller (Eds.), The handbook of narcis-
sism and narcissistic personality disorder (pp. 221–235). John Wiley & Sons,
Inc. https://doi.org/10.1002/9781118093108.ch20

Krusemark, E. A. (2018). Physiological reactivity and neural correlates of trait
narcissism. In A. D. Hermann, A. B. Brunell, & J. D. Foster (Eds.),Handbook
of trait narcissism (pp. 213–223). Springer International Publishing. https://
doi.org/10.1007/978-3-319-92171-6_23

Kuchynka, S. L., & Bosson, J. K. (2018). The psychodynamic mask model of
narcissism: Where is it now? In A. D. Hermann, A. B. Brunell, & J. D. Foster
(Eds.), Handbook of trait narcissism (pp. 89–95). Springer International
Publishing. https://doi.org/10.1007/978-3-319-92171-6_9

Küfner, A. C. P., Dufner,M., & Back,M. D. (2015). Das dreckige Dutzend und
die niederträchtigen Neun: Kurzskalen zur Erfassung von Narzissmus,
Machiavellismus und Psychopathie. Diagnostica, 61, 76–91. https://doi.
org/10.1026/0012-1924/a000124

Lamm, C., Decety, J., & Singer, T. (2011). Meta-analytic evidence for common
and distinct neural networks associated with directly experienced pain and
empathy for pain. NeuroImage, 54, 2492–2502. https://doi.org/10.1016/j.
neuroimage.2010.10.014

Lannin, D. G., Guyll, M., Krizan, Z., Madon, S., & Cornish, M. (2014). When
are grandiose and vulnerable narcissists least helpful? Personality and
Individual Differences, 56, 127–132. https://doi.org/10.1016/j.paid.2013.08.035

LeDoux, J. E. (2000). Emotion circuits in the brain. Annual review of neurosci-
ence, 23, 155–184. https://doi.org/10.1146/annurev.neuro.23.1.155

Lee, R. J., Gozal, D., Coccaro, E. F., & Fanning, J. (2020). Narcissistic and
borderline personality disorders: Relationship with oxidative stress.
Journal of Personality Disorders, 34, 6–24. https://doi.org/10.1521/pedi.
2020.34.supp.6

Lobbestael, J., Baumeister, R. F., Fiebig, T., & Eckel, L. A. (2014). The role of
grandiose and vulnerable narcissism in self-reported and laboratory aggres-
sion and testosterone reactivity. Personality and Individual Differences, 69,
22–27. https://doi.org/10.1016/j.paid.2014.05.007

Lobbestael, J., de Bruin, A., Kok, E., & Voncken, M. (2016). Through rose-
coloured glasses: An empirical test of narcissistic overestimation:
Empirical test of narcissistic overestimation. Personality and Mental
Health, 10, 305–316. https://doi.org/10.1002/pmh.1347

Luchner, A. F., Houston, J. M., Walker, C., & Alex Houston, M. (2011).
Exploring the relationship between two forms of narcissism and

26 E Jauk and P Kanske

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1016/0002-8703(94)90748-X
https://doi.org/10.1016/0002-8703(94)90748-X
https://doi.org/10.12659/MSM.889593
https://doi.org/10.1038/s41598-017-03935-y
https://doi.org/10.1038/s41598-017-03935-y
https://doi.org/https://doi.org/10.1016/j.paid.2021.110716
https://doi.org/10.3389/fpsyt.2019.00662
https://doi.org/10.1027/1614-0001/a000195
https://doi.org/10.1027/1614-0001/a000195
https://doi.org/10.3389/fpsyg.2018.01305
https://doi.org/10.1002/per.2040
https://doi.org/10.3389/fpsyg.2017.01600
https://doi.org/10.1037/0022-3514.66.1.206
https://doi.org/10.1037/0022-3514.66.1.206
https://doi.org/10.1037/a0019265
https://doi.org/10.1037/a0019265
https://doi.org/10.1093/scan/nsw052
https://doi.org/10.1093/scan/nsw052
https://doi.org/10.1016/j.neuroimage.2015.07.082
https://doi.org/10.1093/cercor/bhq157
https://doi.org/10.1002/hbm.21012
https://doi.org/10.1002/hbm.21012
https://doi.org/10.1521/pedi_2016_30_263
https://doi.org/10.1080/03080188.2018.1453243
https://doi.org/10.1521/pedi_2018_32_384
https://doi.org/10.1521/pedi_2018_32_384
https://doi.org/10.1111/1469-8986.3820292
https://doi.org/10.1111/1469-8986.3820292
https://doi.org/10.1111/1469-8986.3930322
https://doi.org/10.1177/00030651070550020701
https://doi.org/10.1177/00030651070550020701
https://doi.org/10.1159/000119004
https://doi.org/10.1159/000119004
https://doi.org/10.1177/1088868316685018
https://doi.org/10.1002/9781118093108.ch20
https://doi.org/10.1007/978-3-319-92171-6_23
https://doi.org/10.1007/978-3-319-92171-6_23
https://doi.org/10.1007/978-3-319-92171-6_9
https://doi.org/10.1026/0012-1924/a000124
https://doi.org/10.1026/0012-1924/a000124
https://doi.org/10.1016/j.neuroimage.2010.10.014
https://doi.org/10.1016/j.neuroimage.2010.10.014
https://doi.org/10.1016/j.paid.2013.08.035
https://doi.org/10.1146/annurev.neuro.23.1.155
https://doi.org/10.1521/pedi.2020.34.supp.6
https://doi.org/10.1521/pedi.2020.34.supp.6
https://doi.org/10.1016/j.paid.2014.05.007
https://doi.org/10.1002/pmh.1347
https://doi.org/10.1017/pen.2021.1


competitiveness. Personality and Individual Differences, 51, 779–782. https://
doi.org/10.1016/j.paid.2011.06.033

Lykken, D. T. (1995). The antisocial personalities. Lawrence Erlbaum
Associates.

Mao, Y., Sang, N.,Wang, Y., Hou, X., Huang,H.,Wei, D., Zhang, J., &Qiu, J.
(2016). Reduced frontal cortex thickness and cortical volume associated with
pathological narcissism. Neuroscience, 328, 50–57. https://doi.org/10.1016/j.
neuroscience.2016.04.025

Marcoux, L.-A., Michon, P.-E., Lemelin, S., Voisin, J. A., Vachon-Presseau, E.,
& Jackson, P. L. (2014). Feeling but not caring: Empathic alteration in narcis-
sistic men with high psychopathic traits. Psychiatry Research: Neuroimaging,
224, 341–348. https://doi.org/10.1016/j.pscychresns.2014.10.002

Marissen, M. A. E., Brouwer, M. E., Hiemstra, A. M. F., Deen, M. L., &
Franken, I. H. A. (2016). A masked negative self-esteem? Implicit and
explicit self-esteem in patients with narcissistic personality disorder.
Psychiatry Research, 242, 28–33. https://doi.org/10.1016/j.psychres.2016.
04.070

Marissen, M. A. E., Deen, M. L., & Franken, I. H. A. (2012). Disturbed emo-
tion recognition in patients with narcissistic personality disorder. Psychiatry
Research, 198, 269–273. https://doi.org/10.1016/j.psychres.2011.12.042

Mars, R. B., Neubert, F.-X., Noonan, M. P., Sallet, J., Toni, I., & Rushworth,
M. F. S. (2012). On the relationship between the “default mode network” and
the “social brain.” Frontiers in Human Neuroscience, 6. https://doi.org/10.
3389/fnhum.2012.00189

Mead, N. L., Baumeister, R. F., Stuppy, A., & Vohs, K. D. (2018). Power
increases the socially toxic component of narcissism among individuals with
high baseline testosterone. Journal of Experimental Psychology: General, 147,
591–596. https://doi.org/10.1037/xge0000427

Miller, J. D., Hoffman, B. J., Gaughan, E. T., Gentile, B., Maples, J., & Keith
Campbell, W. (2011). Grandiose and vulnerable narcissism: A nomological
network analysis. Journal of Personality, 79, 1013–1042. https://doi.org/10.
1111/j.1467-6494.2010.00711.x

Miller, J. D., Lynam, D. R., McCain, J. L., Few, L. R., Crego, C., Widiger, T.
A., & Campbell, W. K. (2016). Thinking structurally about narcissism: An
examination of the five-factor narcissism inventory and its components.
Journal of Personality Disorders, 30, 1–18. https://doi.org/10.1521/pedi_
2015_29_177

Miller, J. D., Lynam,D. R., Vize, C., Crowe,M., Sleep, C.,Maples-Keller, J. L.,
Few, L. R., & Campbell, W. K. (2018). Vulnerable narcissism is (mostly) a
disorder of neuroticism. Journal of Personality, 86, 186–199. https://doi.org/
10.1111/jopy.12303

Miller, J. D., McCain, J., Lynam, D. R., Few, L. R., Gentile, B., MacKillop, J.,
& Campbell, W. K. (2014). A comparison of the criterion validity of popular
measures of narcissism and narcissistic personality disorder via the use of
expert ratings. Psychological Assessment, 26, 958–969. https://doi.org/10.
1037/a0036613

Miller, J. D., Price, J., Gentile, B., Lynam, D. R., & Campbell, W. K. (2012).
Grandiose and vulnerable narcissism from the perspective of the interper-
sonal circumplex. Personality and Individual Differences, 53, 507–512.
https://doi.org/10.1016/j.paid.2012.04.026

Molenberghs, P., Johnson, H., Henry, J. D., & Mattingley, J. B. (2016).
Understanding the minds of others: A neuroimaging meta-analysis.
Neuroscience & Biobehavioral Reviews, 65, 276–291. https://doi.org/10.
1016/j.neubiorev.2016.03.020

Morf, C. C., &Rhodewalt, F. (2001). Unraveling the paradoxes of narcissism: A
dynamic self-regulatory processing model. Psychological Inquiry, 12, 177–
196. https://doi.org/10.1207/S15327965PLI1204_1

Morf, C. C., Schürch, E., Küfner, A., Siegrist, P., Vater, A., Back, M., Mestel,
R., & Schröder-Abé, M. (2017). Expanding the nomological net of the
pathological narcissism inventory: German validation and extension in a
clinical inpatient sample. Assessment, 24, 419–443. https://doi.org/10.1177/
1073191115627010

Mota, S., Leckelt,M., Geukes, K., Nestler, S., Humberg, S., Schröder-Abé,M.,
Schmukle, S. C., & Back, M. D. (2019). A comprehensive examination of
narcissists’ self-perceived and actual socioemotional cognition ability.
Collabra: Psychology, 5, 6. https://doi.org/10.1525/collabra.174

Mück, M., Ohmann, K., Dummel, S., Mattes, A., Thesing, U., &
Stahl, J. (2020). Face perception and narcissism: Variations of event-related

potential components (P1 & N170) with admiration and rivalry. Cognitive,
Affective, & Behavioral Neuroscience. https://doi.org/10.3758/s13415-020-00818-0

Mwilambwe-Tshilobo, L., & Spreng, R. N. (2021). Social exclusion reliably
engages the default network: A meta-analysis of Cyberball. NeuroImage,
227, 117666. https://doi.org/10.1016/j.neuroimage.2020.117666

Nenadic, I., Güllmar, D., Dietzek, M., Langbein, K., Steinke, J., & Gaser, C.
(2015). Brain structure in narcissistic personality disorder: A VBM and DTI
pilot study. Psychiatry Research: Neuroimaging, 231, 184–186. https://doi.
org/10.1016/j.pscychresns.2014.11.001

Neubauer, A. C., & Fink, A. (2009). Intelligence and neural efficiency.
Neuroscience & Biobehavioral Reviews, 33, 1004–1023. https://doi.org/10.
1016/j.neubiorev.2009.04.001

Noser, E. (2017). Facial appearance and its association with bio-psychosocial
parameters in healthy men. Unpublished doctoral dissertation.

Onoda, K., Okamoto, Y., Nakashima, K., Nittono, H., Yoshimura, S.,
Yamawaki, S., Yamaguchi, S., & Ura, M. (2010). Does low self-esteem
enhance social pain? The relationship between trait self-esteem and anterior
cingulate cortex activation induced by ostracism. Social Cognitive and
Affective Neuroscience, 5, 385–391. https://doi.org/10.1093/scan/nsq002

Oosterwijk, S., Snoek, L., Rotteveel, M., Barrett, L. F., & Scholte, H. S. (2017).
Shared states: UsingMVPA to test neural overlap between self-focused emo-
tion imagery and other-focused emotion understanding. Social Cognitive and
Affective Neuroscience, 12, 1025–1035. https://doi.org/10.1093/scan/nsx037

Pfattheicher, S. (2016). Testosterone, cortisol and the dark triad: narcissism
(but not Machiavellianism or psychopathy) is positively related to basal tes-
tosterone and cortisol. Personality and Individual Differences, 97, 115–119.
https://doi.org/10.1016/j.paid.2016.03.015

Pincus, A. L., Ansell, E. B., Pimentel, C. A., Cain, N. M., Wright, A. G. C., &
Levy, K. N. (2009). Initial construction and validation of the pathological
narcissism inventory. Psychological Assessment, 21, 365–379. https://doi.
org/10.1037/a0016530

Pincus, A. L., Cain, N. M., & Wright, A. G. C. (2014). Narcissistic grandiosity
and narcissistic vulnerability in psychotherapy. Personality Disorders:
Theory, Research, and Treatment, 5, 439–443. https://doi.org/10.1037/
per0000031

Pincus, A. L., & Lukowitsky, M. R. (2010). Pathological narcissism and nar-
cissistic personality disorder. Annual Review of Clinical Psychology, 6, 421–
446. https://doi.org/10.1146/annurev.clinpsy.121208.131215

Raskin, R., & Hall, C. S. (1979). A narcissistic personality inventory.
Psychological Reports, 45, 590–590. https://doi.org/10.2466/pr0.1979.45.2.
590

Raskin, R., & Hall, C. S. (1981). The narcissistic personality inventory:
Alternative form reliability and further evidence of construct validity.
Journal of Personality Assessment, 45, 159–162. https://doi.org/10.1207/
s15327752jpa4502_10

Raskin, R., & Terry, H. (1988). A principal-components analysis of the narcis-
sistic personality inventory and further evidence of its construct validity.
Journal of Personality and Social Psychology, 54, 890–902. https://doi.org/
10.1037/0022-3514.54.5.890

Reinhard, D. A., Konrath, S. H., Lopez, W. D., & Cameron, H. G. (2012).
Expensive egos: Narcissistic males have higher cortisol. PLoS One, 7,
e30858. https://doi.org/10.1371/journal.pone.0030858

Rhodewalt, F., Madrian, J. C., & Cheney, S. (1998). Narcissism, self-knowl-
edge organization, and emotional reactivity: The effect of daily experiences
on self-esteem and affect. Personality and Social Psychology Bulletin, 24, 75–
87. https://doi.org/10.1177/0146167298241006

Ritter, K., Dziobek, I., Preißler, S., Rüter, A., Vater, A., Fydrich, T., : : :

Roepke, S. (2011). Lack of empathy in patients with narcissistic personality
disorder. Psychiatry Research, 187, 241–247. https://doi.org/10.1016/j.
psychres.2010.09.013

Roche, M. J., Pincus, A. L., Conroy, D. E., Hyde, A. L., & Ram, N. (2013).
Pathological narcissism and interpersonal behavior in daily life.
Personality Disorders: Theory, Research, and Treatment, 4, 315–323.
https://doi.org/10.1037/a0030798

Roepke, S., & Vater, A. (2014). Narcissistic personality disorder: An integrative
review of recent empirical data and current definitions. Current Psychiatry
Reports, 16. https://doi.org/10.1007/s11920-014-0445-0

Personality Neuroscience 27

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1016/j.paid.2011.06.033
https://doi.org/10.1016/j.paid.2011.06.033
https://doi.org/10.1016/j.neuroscience.2016.04.025
https://doi.org/10.1016/j.neuroscience.2016.04.025
https://doi.org/10.1016/j.pscychresns.2014.10.002
https://doi.org/10.1016/j.psychres.2016.04.070
https://doi.org/10.1016/j.psychres.2016.04.070
https://doi.org/10.1016/j.psychres.2011.12.042
https://doi.org/10.3389/fnhum.2012.00189
https://doi.org/10.3389/fnhum.2012.00189
https://doi.org/10.1037/xge0000427
https://doi.org/10.1111/j.1467-6494.2010.00711.x
https://doi.org/10.1111/j.1467-6494.2010.00711.x
https://doi.org/10.1521/pedi_2015_29_177
https://doi.org/10.1521/pedi_2015_29_177
https://doi.org/10.1111/jopy.12303
https://doi.org/10.1111/jopy.12303
https://doi.org/10.1037/a0036613
https://doi.org/10.1037/a0036613
https://doi.org/10.1016/j.paid.2012.04.026
https://doi.org/10.1016/j.neubiorev.2016.03.020
https://doi.org/10.1016/j.neubiorev.2016.03.020
https://doi.org/10.1207/S15327965PLI1204_1
https://doi.org/10.1177/1073191115627010
https://doi.org/10.1177/1073191115627010
https://doi.org/10.1525/collabra.174
https://doi.org/10.3758/s13415-020-00818-0
https://doi.org/10.1016/j.neuroimage.2020.117666
https://doi.org/10.1016/j.pscychresns.2014.11.001
https://doi.org/10.1016/j.pscychresns.2014.11.001
https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1016/j.neubiorev.2009.04.001
https://doi.org/10.1093/scan/nsq002
https://doi.org/10.1093/scan/nsx037
https://doi.org/10.1016/j.paid.2016.03.015
https://doi.org/10.1037/a0016530
https://doi.org/10.1037/a0016530
https://doi.org/10.1037/per0000031
https://doi.org/10.1037/per0000031
https://doi.org/10.1146/annurev.clinpsy.121208.131215
https://doi.org/10.2466/pr0.1979.45.2.590
https://doi.org/10.2466/pr0.1979.45.2.590
https://doi.org/10.1207/s15327752jpa4502_10
https://doi.org/10.1207/s15327752jpa4502_10
https://doi.org/10.1037/0022-3514.54.5.890
https://doi.org/10.1037/0022-3514.54.5.890
https://doi.org/10.1371/journal.pone.0030858
https://doi.org/10.1177/0146167298241006
https://doi.org/10.1016/j.psychres.2010.09.013
https://doi.org/10.1016/j.psychres.2010.09.013
https://doi.org/10.1037/a0030798
https://doi.org/10.1007/s11920-014-0445-0
https://doi.org/10.1017/pen.2021.1


Rohmann, E., Hanke, S., & Bierhoff, H.-W. (2019). Grandiose and vulnerable
narcissism in relation to life satisfaction, self-esteem, and self-construal.
Journal of Individual Differences, 40, 194–203. https://doi.org/10.1027/
1614-0001/a000292

Rohmann, E., Neumann, E., Herner, M. J., & Bierhoff, H.-W. (2012).
Grandiose and vulnerable narcissism: self-construal, attachment, and love
in romantic relationships. European Psychologist, 17, 279–290. https://doi.
org/10.1027/1016-9040/a000100

Ronningstam, E. (2009). Narcissistic personality disorder: Facing DSM-V.
Psychiatric Annals, 39, 111–121. https://doi.org/10.3928/00485713-200903
01-09

Rose, P. (2002). The happy and unhappy faces of narcissism. Personality and
Individual Differences, 33, 379–391. https://doi.org/10.1016/S0191-8869(01)
00162-3

Rotge, J.-Y., Lemogne, C., Hinfray, S., Huguet, P., Grynszpan, O.,
Tartour, E., : : : Fossati, P. (2015). A meta-analysis of the anterior cingulate
contribution to social pain. Social Cognitive and Affective Neuroscience, 10,
19–27. https://doi.org/10.1093/scan/nsu110

Salim, S. (2014). Oxidative stress and psychological disorders. Current
Neuropharmacology, 12, 140–147. https://doi.org/10.2174/157015
9X11666131120230309

Scalabrini, A., Huang, Z., Mucci, C., Perrucci, M. G., Ferretti, A., Fossati, A.,
: : : Ebisch, S. J. H. (2017). How spontaneous brain activity and narcissistic
features shape social interaction. Scientific Reports, 7. https://doi.org/10.
1038/s41598-017-10389-9

Schulze, L., Dziobek, I., Vater, A., Heekeren, H. R., Bajbouj, M.,
Renneberg, B., Heuser, I., & Roepke, S. (2013). Gray matter abnormalities
in patients with narcissistic personality disorder. Journal of Psychiatric
Research, 47, 1363–1369. https://doi.org/10.1016/j.jpsychires.2013.05.017

Schulze, L., & Roepke, S. (2014). Structural and functional brain imaging in
borderline, antisocial, and narcissistic personality disorder. In C. Mulert &
M. E. Shenton (Eds.), MRI in psychiatry (pp. 313–340). Springer. https://
doi.org/10.1007/978-3-642-54542-9_17

Schurz,M., Radua, J., Tholen,M. G., Maliske, L., Margulies, D. S., Mars, R. B.,
: : : Kanske, P. (2021). Toward a hierarchicalmodel of social cognition: A neu-
roimaging meta-analysis and integrative review of empathy and theory of
mind. Psychological Bulletin, 147(3), 293–327. https://doi.org/10.1037/
bul0000303

Sedikides, C., Rudich, E. A., Gregg, A. P., Kumashiro, M., & Rusbult, C.
(2004). Are normal narcissists psychologically healthy?: Self-esteem matters.
Journal of Personality and Social Psychology, 87, 400–416. https://doi.org/10.
1037/0022-3514.87.3.400

Seeley,W.W. (2019). The salience network: A neural system for perceiving and
responding to homeostatic demands. The Journal of Neuroscience, 39, 9878–
9882. https://doi.org/10.1523/JNEUROSCI.1138-17.2019

Shackman, A. J., Salomons, T. V., Slagter, H. A., Fox, A. S., Winter, J. J., &
Davidson, R. J. (2011). The integration of negative affect, pain and cognitive
control in the cingulate cortex. Nature Reviews Neuroscience, 12, 154–167.
https://doi.org/10.1038/nrn2994

Somerville, L. H., Heatherton, T. F., & Kelley, W. M. (2006). Anterior cingu-
late cortex responds differentially to expectancy violation and social rejec-
tion. Nature Neuroscience, 9, 1007–1008. https://doi.org/10.1038/nn1728

Sommer, K. L., Kirkland, K. L., Newman, S. R., Estrella, P., & Andreassi, J. L.
(2009). Narcissism and cardiovascular reactivity to rejection imagery.
Journal of Applied Social Psychology, 39, 1083–1115. https://doi.org/10.
1111/j.1559-1816.2009.00473.x

Spencer, C. C., Foster, J. D., & Bedwell, J. S. (2018). Structural relationships
among the revised reinforcement sensitivity theory and grandiose and vul-
nerable narcissism. Journal of Personality Disorders, 32, 654–667. https://doi.
org/10.1521/pedi_2017_31_318

Stenstrom, E. P., Dinsmore, J. B., Kunstman, J.W., &Vohs, K. D. (2018). The
effects of money exposure on testosterone and risk-taking, and the moder-
ating role of narcissism. Personality and Individual Differences, 123, 110–114.
https://doi.org/10.1016/j.paid.2017.10.035

Stietz, J., Jauk, E., Krach, S., &Kanske, P. (2019). Dissociating empathy from per-
spective-taking: Evidence from intra- and inter-individual differences research.
Frontiers in Psychiatry, 10. https://doi.org/10.3389/fpsyt.2019.00126

Sylvers, P., Brubaker, N., Alden, S. A., Brennan, P. A., & Lilienfeld, S. O.
(2008). Differential endophenotypic markers of narcissistic and antisocial
personality features: A psychophysiological investigation. Journal of
Research in Personality, 42, 1260–1270. https://doi.org/10.1016/j.jrp.2008.
03.010

Tanzilli, A., Colli, A., Muzi, L., & Lingiardi, V. (2015). Clinician emotional
response toward narcissistic patients: A preliminary report. Research in
Psychotherapy: Psychopathology, Process and Outcome, 18. https://doi.org/
10.4081/ripppo.2015.174

Thomaes, S., Stegge, H., Bushman, B. J., Olthof, T., & Denissen, J. (2008).
Development and validation of the childhood narcissism scale. Journal of
Personality Assessment, 90, 382–391. https://doi.org/10.1080/00223
890802108162

Twenge, J. M. (2006). Generation me: Why today’s young Americans are more
confident, assertive, entitled—And more miserable than ever before. New
York: Free Press.

Twenge, J. M., & Campbell, W. K. (2009). The narcissism epidemic: Living in
the age of entitlement. New York: Free Press.

Twenge, J.M., Konrath, S., Foster, J. D., KeithCampbell,W., &Bushman,B. J.
(2008). Egos inflating over time: A cross-temporal meta-analysis of the narcis-
sistic personality inventory. Journal of Personality, 76, 875–902. https://doi.
org/10.1111/j.1467-6494.2008.00507.x

Tyrer, P., Mulder, R., Kim, Y.-R., & Crawford, M. J. (2019). The development
of the ICD-11 classification of personality disorders: An amalgam of science,
pragmatism, and politics.Annual Review of Clinical Psychology, 15, 481–502.
https://doi.org/10.1146/annurev-clinpsy-050718-095736

Ulrich-Lai, Y. M., & Herman, J. P. (2009). Neural regulation of endocrine and
autonomic stress responses. Nature Reviews Neuroscience, 10, 397–409.
https://doi.org/10.1038/nrn2647

Valdespino, A., Antezana, L., Ghane, M., & Richey, J. A. (2017). Alexithymia
as a transdiagnostic precursor to empathy abnormalities: The functional role
of the insula. Frontiers in Psychology, 8. https://doi.org/10.3389/fpsyg.2017.
02234

Valk, S. L., Hoffstaedter, F., Camilleri, J. A., Kochunov, P., Thomas Yeo, B. T.,
& Eickhoff, S. B. (2019). Doesmacroscale greymatter anatomy reflect person-
ality? BioRxiv. https://doi.org/10.1101/645945

Vater, A., Moritz, S., & Roepke, S. (2018). Does a narcissism epidemic exist in
modernwestern societies? Comparing narcissism and self-esteem in East and
West Germany. PLoS One, 13, e0188287. https://doi.org/10.1371/journal.
pone.0188287

Vater, A., Ritter, K., Schröder-Abé,M., Schütz, A., Lammers, C.-H., Bosson, J. K.,
& Roepke, S. (2013). When grandiosity and vulnerability collide: Implicit and
explicit self-esteem in patients with narcissistic personality disorder. Journal of
Behavior Therapy and Experimental Psychiatry, 44, 37–47. https://doi.org/10.
1016/j.jbtep.2012.07.001

Vonk, J., Zeigler-Hill, V., Ewing, D., Mercer, S., & Noser, A. E. (2015).
Mindreading in the dark: Dark personality features and theory of mind.
Personality and Individual Differences, 87, 50–54. https://doi.org/10.1016/j.
paid.2015.07.025

Wagner,D.D., Haxby, J. V., &Heatherton, T. F. (2012). The representation of
self and person knowledge in the medial prefrontal cortex: The representa-
tion of self and person knowledge.Wiley Interdisciplinary Reviews: Cognitive
Science, 3, 451–470. https://doi.org/10.1002/wcs.1183

Wai,M., & Tiliopoulos, N. (2012). The affective and cognitive empathic nature
of the dark triad of personality. Personality and Individual Differences, 52,
794–799. https://doi.org/10.1016/j.paid.2012.01.008

Wang, W., Wang, Y., Fu, X., Liu, J., He, C., Dong, Y., : : : Jang, K. L. (2006).
Cerebral information processing in personality disorders: I. Intensity
dependence of auditory evoked potentials. Psychiatry Research, 141, 173–
183. https://doi.org/10.1016/j.psychres.2004.05.028

Wardecker, B. M., Chopik, W. J., LaBelle, O. P., & Edelstein, R. S. (2018). Is
narcissism associated with baseline cortisol in men and women? Journal of
Research in Personality, 72, 44–49. https://doi.org/10.1016/j.jrp.2016.07.006

Weiss, B., Campbell,W. K., Lynam,D. R., &Miller, J. D. (2019). A trifurcated
model of narcissism: On the pivotal role of trait antagonism. In The hand-
book of antagonism (pp. 221–235). Elsevier. https://doi.org/10.1016/B978-0-
12-814627-9.00015-3

28 E Jauk and P Kanske

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1027/1614-0001/a000292
https://doi.org/10.1027/1614-0001/a000292
https://doi.org/10.1027/1016-9040/a000100
https://doi.org/10.1027/1016-9040/a000100
https://doi.org/10.3928/00485713-20090301-09
https://doi.org/10.3928/00485713-20090301-09
https://doi.org/10.1016/S0191-8869(01)00162-3
https://doi.org/10.1016/S0191-8869(01)00162-3
https://doi.org/10.1093/scan/nsu110
https://doi.org/10.2174/1570159X11666131120230309
https://doi.org/10.2174/1570159X11666131120230309
https://doi.org/10.1038/s41598-017-10389-9
https://doi.org/10.1038/s41598-017-10389-9
https://doi.org/10.1016/j.jpsychires.2013.05.017
https://doi.org/10.1007/978-3-642-54542-9_17
https://doi.org/10.1007/978-3-642-54542-9_17
https://doi.org/10.1037/bul0000303
https://doi.org/10.1037/bul0000303
https://doi.org/10.1037/0022-3514.87.3.400
https://doi.org/10.1037/0022-3514.87.3.400
https://doi.org/10.1523/JNEUROSCI.1138-17.2019
https://doi.org/10.1038/nrn2994
https://doi.org/10.1038/nn1728
https://doi.org/10.1111/j.1559-1816.2009.00473.x
https://doi.org/10.1111/j.1559-1816.2009.00473.x
https://doi.org/10.1521/pedi_2017_31_318
https://doi.org/10.1521/pedi_2017_31_318
https://doi.org/10.1016/j.paid.2017.10.035
https://doi.org/10.3389/fpsyt.2019.00126
https://doi.org/10.1016/j.jrp.2008.03.010
https://doi.org/10.1016/j.jrp.2008.03.010
https://doi.org/10.4081/ripppo.2015.174
https://doi.org/10.4081/ripppo.2015.174
https://doi.org/10.1080/00223890802108162
https://doi.org/10.1080/00223890802108162
https://doi.org/10.1111/j.1467-6494.2008.00507.x
https://doi.org/10.1111/j.1467-6494.2008.00507.x
https://doi.org/10.1146/annurev-clinpsy-050718-095736
https://doi.org/10.1038/nrn2647
https://doi.org/10.3389/fpsyg.2017.02234
https://doi.org/10.3389/fpsyg.2017.02234
https://doi.org/10.1101/645945
https://doi.org/10.1371/journal.pone.0188287
https://doi.org/10.1371/journal.pone.0188287
https://doi.org/10.1016/j.jbtep.2012.07.001
https://doi.org/10.1016/j.jbtep.2012.07.001
https://doi.org/10.1016/j.paid.2015.07.025
https://doi.org/10.1016/j.paid.2015.07.025
https://doi.org/10.1002/wcs.1183
https://doi.org/10.1016/j.paid.2012.01.008
https://doi.org/10.1016/j.psychres.2004.05.028
https://doi.org/10.1016/j.jrp.2016.07.006
https://doi.org/10.1016/B978-0-12-814627-9.00015-3
https://doi.org/10.1016/B978-0-12-814627-9.00015-3
https://doi.org/10.1017/pen.2021.1


Wetzel, E., Brown, A., Hill, P. L., Chung, J. M., Robins, R. W., & Roberts, B. W.
(2017). The narcissism epidemic Is dead; Long live the narcissism Epidemic.
Psychological Science, 28, 1833–1847. https://doi.org/10.1177/0956797617724208

Wink, P. (1991). Two faces of narcissism. Journal of Personality and Social
Psychology, 61, 590–597. https://doi.org/10.1037/0022-3514.61.4.590

Winter, K., Spengler, S., Bermpohl, F., Singer, T., & Kanske, P. (2017). Social
cognition in aggressive offenders: Impaired empathy, but intact theory of
mind. Scientific Reports, 7. https://doi.org/10.1038/s41598-017-00745-0

Woodman, T., Roberts, R., Hardy, L., Callow, N., & Rogers, C. H. (2011).
There is an “I” in TEAM: Narcissism and social loafing. Research
Quarterly for Exercise and Sport, 82, 285–290. https://doi.org/10.1080/
02701367.2011.10599756

Wrege, J. S., Ruocco, A. C., Euler, S., Preller, K. H., Busmann, M., Meya, L.,
: : : Walter, M. (2019). Negative affect moderates the effect of social rejection
on frontal and anterior cingulate cortex activation in borderline personality
disorder. Cognitive, Affective, & Behavioral Neuroscience, 19, 1273–1285.
https://doi.org/10.3758/s13415-019-00716-0

Wright, A. G., & Edershile, E. A. (2018). Issues resolved and unresolved in
pathological narcissism. Current Opinion in Psychology, 21, 74–79. https://
doi.org/10.1016/j.copsyc.2017.10.001

Wright, A. G. C., Lukowitsky, M. R., Pincus, A. L., & Conroy, D. E. (2010).
The higher order factor structure and gender invariance of the pathological
narcissism inventory. Assessment, 17, 467–483. https://doi.org/10.1177/
1073191110373227

Wurst, S. N., Gerlach, T.M., Dufner,M., Rauthmann, J. F., Grosz,M. P., Küfner,
A. C. P., : : : Back, M. D. (2017). Narcissism and romantic relationships: The
differential impact of narcissistic admiration and rivalry. Journal of Personality
and Social Psychology, 112, 280–306. https://doi.org/10.1037/pspp0000113

Yang, W., Cun, L., Du, X., Yang, J., Wang, Y., Wei, D., : : : Qiu, J. (2015).
Gender differences in brain structure and resting-state functional

connectivity related to narcissistic personality. Scientific Reports, 5. https://
doi.org/10.1038/srep10924

Yang, Z., Sedikides, C., Gu, R., Luo, Y. L. L., Wang, Y., & Cai, H. (2018).
Narcissism and risky decisions: A neurophysiological approach. Social
Cognitive and Affective Neuroscience, 13, 889–897. https://doi.org/10.1093/
scan/nsy053

Yang, Z., Sedikides, C., Gu, R., Luo, Y. L. L., Wang, Y., Yang, Y., : : : Cai, H.
(2018). Communal narcissism: Social decisions and neurophysiological reac-
tions. Journal of Research in Personality, 76, 64–73. https://doi.org/10.1016/j.
jrp.2018.07.003

Zajenkowski, M., Maciantowicz, O., Szymaniak, K., & Urban, P. (2018).
Vulnerable and grandiose narcissism are differentially associated with ability
and trait emotional intelligence. Frontiers in Psychology, 9. https://doi.org/10.
3389/fpsyg.2018.01606

Zeigler-Hill, V. (2006). Discrepancies between implicit and explicit self-esteem:
Implications for narcissism and self-esteem instability. Journal of Personality,
74, 119–144. https://doi.org/10.1111/j.1467-6494.2005.00371.x

Zhang, B., Shen, C., Zhu, Q., Ma, G., & Wang, W. (2016). Processing of
facial expressions of emotions in antisocial, narcissistic, and schizotypal
personality disorders: An event-related potential study. Personality and
Individual Differences, 99, 1–6. https://doi.org/10.1016/j.paid.2016.04.
066

Zhang, H., Wang, Z., You, X., Lü,W., & Luo, Y. (2015). Associations between
narcissism and emotion regulation difficulties: Respiratory sinus arrhythmia
reactivity as amoderator. Biological Psychology, 110, 1–11. https://doi.org/10.
1016/j.biopsycho.2015.06.014

Zuckerman, M., & O’Loughlin, R. E. (2009). Narcissism and well-being: A
longitudinal perspective. European Journal of Social Psychology, 39, 957–
972. https://doi.org/10.1002/ejsp.594

Personality Neuroscience 29

https://doi.org/10.1017/pen.2021.1 Published online by Cambridge University Press

https://doi.org/10.1177/0956797617724208
https://doi.org/10.1037/0022-3514.61.4.590
https://doi.org/10.1038/s41598-017-00745-0
https://doi.org/10.1080/02701367.2011.10599756
https://doi.org/10.1080/02701367.2011.10599756
https://doi.org/10.3758/s13415-019-00716-0
https://doi.org/10.1016/j.copsyc.2017.10.001
https://doi.org/10.1016/j.copsyc.2017.10.001
https://doi.org/10.1177/1073191110373227
https://doi.org/10.1177/1073191110373227
https://doi.org/10.1037/pspp0000113
https://doi.org/10.1038/srep10924
https://doi.org/10.1038/srep10924
https://doi.org/10.1093/scan/nsy053
https://doi.org/10.1093/scan/nsy053
https://doi.org/10.1016/j.jrp.2018.07.003
https://doi.org/10.1016/j.jrp.2018.07.003
https://doi.org/10.3389/fpsyg.2018.01606
https://doi.org/10.3389/fpsyg.2018.01606
https://doi.org/10.1111/j.1467-6494.2005.00371.x
https://doi.org/10.1016/j.paid.2016.04.066
https://doi.org/10.1016/j.paid.2016.04.066
https://doi.org/10.1016/j.biopsycho.2015.06.014
https://doi.org/10.1016/j.biopsycho.2015.06.014
https://doi.org/10.1002/ejsp.594
https://doi.org/10.1017/pen.2021.1

	Can neuroscience help to understand narcissism? A systematic review of an emerging field
	1. Narcissism: Concepts and Operationalizations
	1.1 Grandiose narcissism
	1.1.1 Intrapersonal characteristics
	1.1.2 Interpersonal characteristics

	1.2 Vulnerable narcissism
	1.2.1 Intrapersonal characteristics
	1.2.2 Interpersonal characteristics

	1.3 Pathological narcissism
	1.3.1 Intrapersonal characteristics
	1.3.2 Interpersonal characteristics

	1.4 Narcissistic personality disorder
	1.4.1 Intrapersonal characteristics
	1.4.2 Interpersonal characteristics

	1.5 Summary: grandiosity and vulnerability in narcissism

	2. Neuroscience of Narcissism
	2.1 Current research questions for the neuroscience of narcissism
	2.2 Literature search and inclusion strategy
	2.3 Experimental studies
	2.3.1 Studies targeting intrapersonal functions
	2.3.2 Studies targeting interpersonal functions

	2.4 Baseline function studies
	2.5 Structural imaging studies

	3. Summary and Conclusions
	3.1 Intrapersonal functions in narcissism
	3.2 Interpersonal functions in narcissism
	3.3 Overall conclusion and conceptual integration

	4. Future Directions
	References


