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Mentalizing is the capacity to understand ourselves and others in terms of intentional mental states, such
as feelings, desires, wishes, attitudes, and goals. It is a fundamental capacity in our complex social
environment. This article reviews our current understanding of the neurobiology of mentalizing. We first
summarize the key assumptions of the mentalizing approach to normal and disrupted development. This
is followed by discussion of the multiple dimensions of mentalizing and our emerging knowledge of the
neural circuits that underlie these dimensions. We then consider the neurobiology of attachment and
arousal regulation in relation to mentalizing, and summarize relevant studies in this area. Finally, we
discuss the limitations of extant research and outline implications for future research.
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Mentalizing is the capacity to understand ourselves and others in
terms of intentional mental states, such as feelings, desires, wishes,
attitudes, and goals. It is a fundamental capacity in our social
environment: Without this capacity, we would be completely lost
in a world that is determined by complex and ever-changing
interpersonal relationships that require a high degree of collabo-
ration and mutual understanding (Fonagy, Luyten, & Allison, in
press). Although it is to a certain extent “prewired,” our capacity
for mentalizing is not a given; it is largely a developmental
achievement. Research findings suggest that the capacity for men-
talizing is first acquired in the context of attachment relationships,
and that the extent to which our early and later environment fosters
a focus on internal mental states is crucial for its development
(Allen, Fonagy, & Bateman, 2008; Fonagy et al., 2010).

The past decade has witnessed a veritable explosion of research
on mentalizing. A quick search in Web of Science, for instance,
shows an exponential increase in the number of studies in this
domain, from only a handful of studies on the topic published in
the 1990s to more than 4,000 in 2014. The increasing popularity of
the mentalizing approach to understanding both normal and dis-
rupted development is explained not only by the growing realiza-
tion that this capacity is central in human normative development;
it is also explained by the recognition that temporary or stable
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disruptions in this capacity are one characteristic of almost all
forms of psychopathology—ranging from autism and psychosis
(Chung, Barch, & Strube, 2014) to major depression (Cusi, Naz-
arov, Holshausen, Macqueen, & McKinnon, 2012; Ladegaard,
Larsen, Videbech, & Lysaker, 2014; Luyten, Fonagy, Lemma, &
Target, 2012), eating disorders (Kuipers & Bekker, 2012; Skérde-
rud, 2007), and personality disorders, most notably borderline
personality disorder (BPD) (Fonagy & Luyten, in press).

The great upsurge of interest in the role of mentalizing in devel-
opment is paralleled by an ever-growing interest in the neural under-
pinnings of this capacity in the field of social and cognitive neuro-
science (Herpertz, Jeung, Mancke, & Bertsch, 2014; Lieberman,
2007; Schurz, Radua, Aichhorn, Richlan, & Perner, 2014; Van Over-
walle, 2009; Van Overwalle & Baetens, 2009). These studies have
fundamentally informed and shaped the mentalization-based ap-
proach to psychopathology. Among the many contributions within
cognitive and affective neuroscience, two major findings stand out,
and these form the backbone of this paper. The first of these is the
finding that mentalizing is not a unitary construct, but consists of
several dimensions that can be organized along polarities. As we
discuss in more detail in this paper, one of the most remarkable and
important contributions of neuroscience is that features of mental-
izing that were thought to be unitary turned out to be dissociable,
which may explain the specific imbalances in mentalizing that can
be identified in various psychiatric disorders. The second major
finding is from neuroscience studies which suggest that two inter-
acting factors largely determine the quality of mentalizing: (a)
stress or arousal and (b) the individual’s attachment history. These
findings have led to considerable changes in our understanding of
the normative development of mentalizing and the mentalizing
impairments seen in various types of psychopathology, as well as
in the nature of interventions aimed at fostering mentalizing. This
also illustrates the growing dialogue between neuroscience and
clinical practice (see Fonagy, Luyten, & Bateman, 2015).

In this article we set out where our current understanding of the
neurobiology of mentalizing stands. We first briefly outline the
core assumptions of the mentalizing approach to normal and
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disrupted development. Next, we consider the multiple dimensions
of mentalizing and our emerging knowledge of the neural circuits
that underlie these dimensions. We then focus on the neurobiology
of attachment and arousal regulation in relation to mentalizing and
outline implications for future research on the role of mentalizing
in normal and disrupted development. Finally, we finish by point-
ing to where the field may develop.

Basic Assumptions of the Mentalizing Approach

The basic assumptions of the mentalizing approach to normal
and disrupted development are depicted in Figures 1 to 3 and Table
1. Research findings suggest that the capacity for mentalizing is
not a constitutional given but is largely a developmental achieve-
ment that depends initially on the quality of the individual’s
attachment relationships, in particular early attachments during
infancy (Fonagy & Luyten, in press; Kovacs, Téglds, & Endress,
2010). Specifically, the extent to which attachment figures have
been able to respond with contingent and marked affective dis-
plays of their own experience in response to the infant’s subjective
experience is thought to be positively associated with the child’s
ability to develop mentalizing capacities, that is, second-order
representations of his or her own subjective experiences (see
Figure 1). This in turn positively influences affect-regulative pro-
cesses and self-control (including attentional mechanisms and ef-
fortful control), as the development of the capacity to reflect on
internal mental states represents a major leap in the individual’s
capacity to regulate his or her affect. Later in life, exposure to a
wider environment (e.g., peers, teachers, and friends) which fosters
a focus on internal mental states is thought to broaden and
strengthen the development of mentalizing (Fonagy & Luyten, in
press). Conversely, failures in the process of marked mirroring
from early attachment figures lead to impairments in the capacity
to reflect on the self and others, as they lead to unmentalized
self-experiences, also called “alien-self” experiences, which do not
validate the individual’s experience and thus are felt as alien to the
self (see Figure 2). Such failures in marked mirroring are to a
certain extent inevitable, and thus we all have unmentalized mental
states. In various types of psychopathology, however, most often
as the result of a combination of biological vulnerability and
environmental circumstances, these alien self-experiences are so
pronounced that they dominate the individual’s subjectivity. This

Representation of
infant’s mental state
in the attachment
figure’s mind

Attachment
figure
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leads to a constant pressure to externalize these unmentalized
self-experiences—which may be expressed, for instance, in a ten-
dency to dominate the mind of others and/or in various types of
self-harming behavior (Fonagy & Luyten, in press).

The capacity to mentalize is therefore only in part a trait-like
capacity. It is always to a certain extent relationship- and context-
specific (e.g., mentalizing levels may differ considerably among
relationships, or between when reflecting “off-line” on a past event
vs. “online” in a real-life interaction). Mentalizing, therefore, is a
fundamentally bidirectional or transactional social process (Fon-
agy & Target, 1997): It is thought to develop in the context of
interactions with others, and its quality in relation to understanding
others is assumed to be influenced by the mentalizing capacities of
those with whom we interact. Mentalizing is also distinct from
attentional processes and general (cognitive) reasoning, although it
partly relies on these capacities and in turn fosters them. Neuro-
imaging studies clearly demonstrate the existence of distinct neural
circuits involved in these capacities (Van Overwalle, 2011).

Furthermore, mentalizing is not a unitary, unidimensional ca-
pacity. Here, neuroscience findings have been particularly instru-
mental in defining mentalizing as being organized around four
dimensions or polarities, with each polarity having relatively dis-
tinct underlying neural circuits (see Table 1). These four polarities
are (a) automatic versus controlled mentalizing, (b) mentalizing
with regard to self and to others, (c) mentalizing based on external
or internal features of self and others, and (d) cognitive versus
affective mentalizing (see Table 1, and below; Fonagy & Luyten,
2009; Luyten, Fonagy, Lowyck, & Vermote, 2012). On the basis
of this view, different types of psychopathology can be character-
ized by their different combinations of impairments along these
polarities (i.e., different mentalizing profiles; see Fonagy et al.,
2015).

The concept of mentalizing is thus an umbrella concept, which
encompasses and covers related constructs from social cognition
research such as empathy, mindfulness, and Theory of Mind
(ToM; Choi-Kain & Gunderson, 2008). Empathy and ToM, for
instance, tap into features of mentalizing about others, whereas
mindfulness primarily involves a core component of mentalizing
about the self (e.g., the ability to attend to one’s own internal
mental states). Both empathy and mindfulness focus on affective
components of mentalizing, whereas ToM is more about cognitive

Infant internalizes
the mirrored affect

Core of infant’s
psychological self

Attachment figure’s inference about
infant’s mental state (mentalizing)

Figure 1.
version of this figure.

The role of marked mirroring in the development of mentalizing. See the online article for the color
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Table 1

LUYTEN AND FONAGY

Four Dimensions of Mentalizing: Distinguishing Features and Hypothesized Underlying Neural Circuits

Polarity Features Neural circuits
Automatic Unconscious, parallel, fast processing of social information that Amygdala
is reflexive and requires little effort, focused attention, or Basal ganglia
intention; therefore prone to bias and distortions, particularly Ventromedial prefrontal cortex (VMPFC)
in complex interpersonal interactions (i.e. when arousal is Lateral temporal cortex (LTC)
high) Dorsal anterior cingulate cortex (dACC)
Controlled Conscious, verbal, and reflective processing of social Lateral prefrontal cortex (LPFC)
information that requires the capacity to reflect consciously Medial prefrontal cortex (MPFC)
and deliberately on and make accurate attributions about the Lateral parietal cortex (LPAC)
emotions, thoughts, and intentions of self and others. Relies Medial parietal cortex (MPAC)
heavily on effortful control and language Medial temporal lobe (MTL)
Rostral anterior cingulate cortex (rACC)
Internal Understanding one’s own mind and that of others through a Medial frontoparietal network (more controlled)
direct focus on the mental interiors of both the self and
others
External Understanding one’s own mind and that of others based on Lateral frontotemporoparietal network (more
external features (such as facial expressions, posture, and automatic)
prosody)
Self—Other Shared networks underpin the capacity to mentalize about the Shared representation system (more automatic)

self and others

Cognitive—Affective

feeling and thinking-about-the-feeling)

Mentalizing may focus on more cognitive features (more
controlled), such as belief-desire reasoning and perspective-
taking, versus more affective features (more automatic),
including affective empathy and mentalized affectivity (the

versus mental state attribution system (more
controlled)

Cognitive mentalizing involves several areas in
prefrontal cortex; affectively oriented
mentalizing seems particularly related to the
VMPFC

features of mentalizing (e.g., belief-desire reasoning; although this
concept has broadened considerably in recent years to include
affect). Mentalizing is broader than any of these concepts: It
focuses on both self and other, and on both cognition and affect.
Furthermore, mentalizing also encompasses processes involved in
interpreting one’s own mind and that of others based on external
features (such as facial expressions, posture, and prosody) and
balancing this sensitivity with knowledge about the mental interi-
ors of both the self and others. Mentalizing is thus all about the
balance between the systems underlying these four dimensions
and potential imbalances (e.g., being overly sensitive to the emo-
tional states of others at the expense of reflective awareness of
one’s own state of mind). Good mentalizing thus balances the

d
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infant’s mental state
in the attachment
figure’s mind

Attachment
figure
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Attachment figure fails to mentalize
the infant and understand the
infant’s mental state

various systems that are responsible for being aware of how one
feels oneself, what one thinks, and what others feel and think.
This balance is thought to depend on the interaction between
two determining factors: (a) stress or arousal and (b) the use of
attachment strategies in response to arousal (see Figure 3). As
explained in more detail below, as stress or arousal increases, there
is a tendency to switch from slow and reflective mentalizing to
fast, automatic and so-called prementalizing modes of experienc-
ing oneself and others (see Table 2 and Figure 3). Automatic
mentalizing tends to be rigid and typically involves biased assump-
tions about the self and others. Individual differences in the use of
attachment strategies are thought to influence three key parameters
related to the switch from controlled to automatic mentalizing:

Mirroring fails

Infant’s nascent
self-representational
structure

Unmirrored mental

state is internalized
as a split-off part of
the self — an “alien

self” experience

Infant

Figure 2. Failure to adequately mirror mental states, problems with mentalizing, and the emergence of alien
self-parts. See the online article for the color version of this figure.
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(a) how readily individuals switch to nonmentalizing modes, (b)
the extent to which the individual loses the capacity for more
controlled mentalizing, and (c) the duration of the loss of con-
trolled mentalizing. As we will discuss, a neurobiological under-
standing of the relationship between arousal, attachment strategies,
and mentalizing is particularly pertinent to our understanding of
disorders that are characterized by extreme impairments and im-
balances in mentalizing, such as BPD.

The Neurobiology of the Mentalizing Polarities

Automatic and Controlled Mentalizing

Findings from both behavioral science and neuroscience support
a distinction between two different types of mentalizing under-
pinned by relatively distinct neural circuits. Automatic or implicit
mentalizing presumes the use of parallel and therefore much faster
processing; it is reflexive and requires little effort, focused atten-
tion, or intention (Satpute & Lieberman, 2006). Automatic men-
talizing seems to be our default position: We constantly tend to
automatically “read” the mind of others. This capacity is already
present in a rudimentary form in infants as young as 7 months of
age (Kovdcs et al.,, 2010). From an evolutionary perspective,
automatic mentalizing has clear value for survival (Lieberman,
2007; Mayes, 2006): Typical fight/flight responses are best sub-
served by fast (and thus automatic) processing of social informa-
tion (e.g., when, at night in a dark alley, we see a man with a gun
in his hand approaching us). Yet, in many circumstances, and
particularly in our complex interpersonal world, the switch under
high arousal conditions from controlled, explicit, and reflective
mentalizing to automatic or implicit mentalizing may not always
be that adaptive—and particularly not in individuals who have a
low threshold for such a switch, as it hampers their ability to pause
and reflect, and so to develop appropriate models of their mind and
that of others. As we will discuss in more detail below, particularly
in situations of increasing arousal (see Figure 3), automatic men-
talizing is likely to be based on simple heuristics that may work
well under some conditions, but utterly fail to capture the com-
plexity of human motivations in more complex interpersonal sit-
uations (e.g., when we find ourselves or one of our loved ones in
a difficult love relationship, or when we are involved in a conflict

A
Prefrontal/ Posterior cortex and
Controlled subcortical/Automatic
=
.2
s
N
=
=
3
=
Switch point
| |

Arousal/stress

Figure 3. A biobehavioral switch model of the relationship between
arousal/stress and controlled versus automatic mentalizing.

Table 2
Automatic, Nonmentalizing Modes That Re-Emerge With the
Loss of Controlled Mentalizing

Psychic equivalence mode
Individuals equate inner (mental) reality with outer reality (“mind—
world isomorphism”). Because of this, the internal has the same
power as the external
Intolerance of alternative perspectives — leads to “concrete”
understanding

Teleological mode
Extreme exterior focus
Only observable change or action is considered a true indicator of the
intentions of the other

Pretend mode
Ideas form no bridge between inner and outer reality; thoughts and
feelings are decoupled from external reality
In extreme, may manifest as “dissociation” of thought
(hypermentalizing or pseudomentalizing)

at work). The (often much-needed) correction of biased assump-
tions associated with automatic mentalizing is exerted by con-
trolled or explicit mentalizing, which is typically conscious, ver-
bal, and reflective. Mentalizing in real time under realistic
contextual demands requires the capacity to reflect consciously
and deliberately on and make accurate attributions about the emo-
tions, thoughts, and intentions of others, and to display an accurate
and balanced appreciation of a social situation—which relies heav-
ily on the capacity for effortful control and the subtle distinctions
language allows us to make.

In our complex contemporary social world, which demands
increasingly sophisticated collaboration with others, considerable
“computational power” is needed to develop models of the minds
of ourselves and others (Fonagy et al., in press). In this context,
relying on automatic mentalizing is not always adaptive, leading to
an evolutionary “friction-rub” of the neural systems involved in
mentalizing, particularly when automatic mentalizing is dominated
by nonreflexive and biased assumptions about the self and others.
In the absence of such biases, however, automatic mentalizing may
provide a very effective and efficient way of processing social
contexts. Yet, studies tend to suggest that, even in normative
development, automatic mentalizing is often biased toward non-
reflective assumptions about the self and others—particularly
when it is the result of high arousal (i.e., when feeling ashamed,
embarrassed, or threatened, or when confronted with out-group
members). For example, this is illustrated by studies demonstrating
the rapid activation of biased views toward people of another race
in priming studies (Knutson, Mah, Manly, & Grafman, 2007).

Many types of psychopathology, and serious personality disor-
der pathology in particular, seems to be characterized by tempo-
rary or permanent impairments in the capacity for controlled
mentalizing (Fonagy et al., 2015). Neuroscience findings have
begun to shed more light on the neural circuits underpinning this
capacity and therefore on the neurobiological basis of these dis-
orders.

Automatic and controlled mentalizing seem to be subserved by
two relatively different neural circuits. Phylogenetically older
brain circuits that rely primarily on sensory information appear to
underlie automatic mentalizing, whereas controlled mentalizing
involves phylogenetically newer brain circuits that rely more on
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linguistic/symbolic processing. Although the assignment of partic-
ular brain regions to each of these circuits currently is at best
tentative, neural circuits underlying automatic mentalizing proba-
bly include the amygdala, basal ganglia, ventromedial prefrontal
cortex (VMPFC), lateral temporal cortex (LTC), and dorsal ante-
rior cingulate cortex (dACC) (Satpute & Lieberman, 2006). These
brain areas are primarily involved in the rapid detection of threat
and the fast and automatic modulation and processing of (social)
information. The amygdala, for instance, has been consistently
linked to processing of the biological “value” of information, and
is particularly reactive to facial emotional expressions; this high-
lights its central role in the rapid processing of social information
in the context of the fight/flight response. The VMPFC plays a key
role in the modulation of the amygdala and basal ganglia, and both
the VMPFC and basal ganglia are involved in automatic intuition.
The basal ganglia have also been shown to be involved in reward-
related implicit emotion processing, to which we will return in
detail below. The dACC has been implicated in nonreflective
emotional distress related to both physical and social (i.e., exclu-
sion) pain. The LTC—in particular the superior temporal sulcus
region—plays a role in fast and automatic processing of biological
motion, face recognition, and attribution of intentions. Hence, all
these regions are involved in fast and implicit processing of social
information.

Controlled mentalizing involves the lateral prefrontal cortex
(LPFC), medial prefrontal cortex (MPFC), lateral parietal cortex
(LPAC), medial parietal cortex (MPAC), medial temporal lobe
(MTL), and rostral anterior cingulate cortex (rACC) (Lieberman,
2007; Satpute & Lieberman, 2006; Uddin, Iacoboni, Lange, &
Keenan, 2007). The LPFC has been most consistently shown to be
activated by tasks requiring asymmetrical reasoning (e.g., X causes
Y, but this does not imply that Y causes X), requiring effortful
control and involving considerable computational resources. The
LPAC is similarly involved in tasks that require reasoning, and the
MPAC is involved in explicit perspective-taking. The rACC seems
to be involved in explicit, reflected-upon conflict processing; the
MTL has been implicated in explicit, declarative memory. The
MPFC seems to be one of the core structures involved in mental-
izing, but it is not clear whether this structure primarily belongs to
the automatic or the controlled circuit, or both. Because the MPFC
is larger in humans than in other primates, and because cognitive
load decreases its performance, it is considered to belong to the
controlled system (Lieberman, 2007; Satpute & Lieberman, 2006;
Uddin et al., 2007).

Given its potential evolutionary function, the capacity for auto-
matic mentalizing appears to be neurally “prewired.” Developmen-
tal studies suggest that automatic or implicit mentalizing is robust
early in the second year of life (Baillargeon, Scott, & He, 2010) or
perhaps even earlier, as indicated by a study that showed that
babies as young as 7 months of age automatically encode other’s
beliefs (Kovdcs et al., 2010). Verbal recognition of another’s
perspective, by contrast, is reliable only in the fourth year (Carpen-
dale & Lewis, 2006) or even later, perhaps after age 8 (Gweon,
Dodell-Feder, Bedny, & Saxe, 2012), which is probably related to
language acquisition (Beeghly & Cicchetti, 1994) and the devel-
opment of effortful control (Fonagy & Luyten, 2009). Congruent
with these speculations about the potential evolutionary process
underpinning the capacity for controlled mentalizing, there is a
strong positive association between the mean social group size and

the size of the neocortex for different species of primates (Dunbar,
2008); this is particularly notable for brain areas that support the
large-scale social interactions characteristic of Homo sapiens. Ad-
ditionally, a positive correlation has been found between individ-
ual explicit mentalizing competences, gray matter volume of men-
talizing areas as measured with voxel-based morphometry of
magnetic resonance images, and social group size (Lewis, Rezaie,
Brown, Roberts, & Dunbar, 2011).

Internal and External Mentalizing

As for the automatic versus controlled distinction, neuroimaging
studies have identified two relatively different neural networks that
underlie the capacities for internally focused and externally fo-
cused social cognition. Relatively speaking, mentalizing based on
external features of self and others (such as facial expressions,
posture, and prosody) tends to recruit a lateral frontotemporopari-
etal network (e.g., posterior superior temporal sulcus (pSTS) and
temporal poles), which essentially is involved in less controlled
and reflective processes. Mentalization focused on internal fea-
tures (which requires the intention to represent the internal mental
states of self and others), on the other hand, activates a medial
frontoparietal network (e.g., MPFC), which is involved in more
active and controlled reflection (Lieberman, 2007). Beer, John,
Scabini, and Knight (2006), for instance, investigated patients with
extensive damage to the MPFC and VMPFC and who showed low
levels of self-consciousness when they behaved inappropriately.
However, when these patients were shown a video recording of
their behavior, they did show self-consciousness, and realized the
inappropriateness of their behavior. In these patients, mentalizing
based on internal self-monitoring did not elicit embarrassment, but
watching the video recruited their intact externally focused self-
reflection.

This distinction also seems to be reflected in the ontogenesis of
the capacity for mentalizing. Given the nonverbal nature of infants
under the age of 24 months, the only way parents can obtain
information about their babies’ internal mental states is by relying
on external features such as the infant’s behavior and facial ex-
pression (Beebe et al., 2007, 2008). Hence, in early development,
attachment figures are almost completely dependent on external
cues to develop a model of the mind of their child. Some parents
seem to have considerable difficulty with this process, but may do
much better at reflecting on the internal mental states of the child
once he or she is older—that is, once they can rely more on
internally directed mentalizing processes (Sharp & Fonagy, 2008).
Other parents seem to have the opposite problem. As an example,
Sleed and Fonagy (2010) found that some mothers who appeared
highly attuned to their infants when their interaction with their
child was rated from videotapes of the interaction scored low on
measures of reflective function based on a representation of the
child’s internal state assessed by Slade’s (2005) Parent Develop-
ment Interview. This may also explain in part the effects of
parent—infant intervention programs that use video feedback
(Beebe et al., 2008; Slade, 2005). In such interventions, parents are
invited to reflect together with a therapist about the possible
meanings of their infant’s behavior and expressions, thus devel-
oping their ability to read others’ minds based on external features
as well as linking this ability to their capacity to reflect on the
minds of others based on internal features.
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Hence, even within normative development, individuals may
show considerable differences in the capacity for internally versus
externally focused mentalizing. These differences are frequently
more pronounced in psychopathology. For instance, studies have
amply demonstrated major impairments in internally focused men-
talizing in individuals with BPD, whereas these individuals appear
to show little or no deficit in externally focused mentalizing and
may even be hypersensitive toward external social cues (see Fon-
agy et al., 2015).

Self and Other Mentalizing

Neuroimaging studies have identified a core network of neural
systems that is activated whenever individuals reflect on the self
and others. This core network consists of the medial prefrontal
cortex and temporal poles and the pSTS/temporoparietal junction
(TPJ) in the LTC (Frith & Frith, 2006; Lieberman, 2007; Uddin et
al., 2007; Van Overwalle, 2009; Van Overwalle & Baetens, 2009).
Hence, a shared network seems to underpin the capacity to men-
talize about the self and others. Interestingly, the overlapping brain
circuitry used in mentalizing about self and others may explain the
difficulty of normally developing children to acquire a sense of
selfhood, which in the extreme may give rise to serious difficulties
with identity integration, as is observed in many types of psycho-
pathology of the self. Patients with BPD in particular seem to
constantly struggle to free themselves from the undue influence of
others’ mental states (which is termed identity diffusion).

The neuroimaging literature may help us to understand this
phenomenon better: It suggests that two distinct neural networks
are involved in self-knowing and knowing others (Lieberman,
2007; Uddin et al., 2007) and that patients with serious pathology
of the self may show a marked imbalance between these two
systems (Fonagy & Luyten, 2009). Ripoll et al. (2013) suggested
distinguishing these two systems as the shared representation (SR)
system, in which empathic processing relies on shared represen-
tations of others’ mental states, and the mental state attribution
(MSA) system, which relies more on symbolic and abstract pro-
cessing. This distinction overlaps with those suggested by
Shamay-Tsoory (2011) and others (Dimaggio, Lysaker, Carcione,
Nicolo, & Semerari, 2008; Lieberman, 2007; Lombardo, Barnes,
Wheelwright, & Baron-Cohen, 2007; Uddin et al., 2007).

The SR system entails a “visceral recognition” of the experience
of others without high-level cognitive processing, based on a
similarity of neural activation while experiencing and observing
others experiencing states of mind (Lombardo et al., 2010). It is
assumed to be a more body-based, frontoparietal (mirror-neuron)
system that is involved in understanding the multimodal embodied
self (e.g., face and body recognition) and understanding others
through motor-simulation mechanisms (Gallese, Keysers, & Riz-
zolatti, 2004; Rizzolatti & Craighero, 2004; Van Overwalle &
Baetens, 2009). This suggests that a fundamental process allowing
us to appreciate the actions and emotions of others involves the
activation of the mirror neuron system for actions and the activa-
tion of visceromotor centers for the understanding of affect (Lom-
bardo et al., 2010). This is thought to be one of the key evolution-
ary mechanisms underpinning social empathy—knowing from the
inside, as it were, how another feels. Hence, this is an implicit,
automatic system, providing physical other-to-self and self-to-
other mapping, allowing the immediate understanding (but also

misunderstanding, as we shall see) of self and others. SR process-
ing is present from infancy and phylogenetically dates back to
rodents. Neuroanatomically, it may engage the amygdala, inferior
frontal gyrus, inferior parietal lobule (both of these zones are rich
in mirror neurons; Bernhardt & Singer, 2012; Van Overwalle &
Baetens, 2009), anterior insula, and (dorsal) ACC (both of which
are involved in observed and felt pain). Congruent with these
assumptions, Seyfarth and Cheney (2013) argue that trust, empa-
thy, and sensitivity to others’ emotional states develop out of a
largely unconscious mimicking tendency, which we share with
primates and which plays a key role in affiliative behavior (van
Baaren, Holland, Kawakami, & van Knippenberg, 2004). The SR
system provides for motor empathy, underpins shared pain, and
explains emotion contagion, as well as rudimentary recognition of
intention and emotional states (Shamay-Tsoory, 2011).

Although SR processing dominates early development (Decety
& Michalska, 2010), because automatic mirroring inevitably gen-
erates distress in response to others’ distress, a further neural
development is needed to supplement it, based on a cortical mid-
line system consisting of the VMPFC and DMPFC, the TPJ and
the medial temporal pole (Lieberman, 2007; Uddin et al., 2007).
This system is less bodily based, and processes information about
the self and others in more abstract and symbolic ways, as we have
seen (Frith & Frith, 2006; Uddin et al., 2007). It also appears to be
mainly shaped across development by interpersonal relationships,
is phylogenetically initially found in primates, emerges fully in
adolescence, and is neurochemically strongly linked to dopami-
nergic functioning (Lackner, Bowman, & Sabbagh, 2010). Behav-
iorally, this explicit MSA network underpins perspective-taking
and both cognitive ToM (involving the DMPFC) and affective
ToM (underpinned by the activity of the VMPFC). It is important
to note that cognitive inference of affect is an act of imagination
that is not the same as “feeling another’s feelings,” which SR
processing entails (Gweon et al., 2012).

The SR and MSA systems may be mutually inhibitory (Brass &
Haggard, 2008; Brass, Ruby, & Spengler, 2009; Brass, Schmitt,
Spengler, & Gergely, 2007), which in our opinion further eluci-
dates typical features of BPD and other types of psychopathology
of the self. Neuroimaging studies indicate that the neural regions
most often recruited in the inhibition of imitative behavior are
those involved in explicit mental state attributions. Studies suggest
that patients with BPD have (often serious) impairments in more
controlled, explicit mentalizing (Fonagy & Luyten, in press), sug-
gesting the existence of impairments in the MSA system. Hence,
these individuals may experience an excessive and developmen-
tally inappropriate activation of the SR system, leaving them with
difficulties in decoupling their representation of another person’s
experience from their self-representations (Fonagy & Luyten,
2009; Ripoll et al., 2013). This leads to an overemphasis on others’
feelings and emotions (emotional contagion) and, in turn, to con-
fusion about the self (identity diffusion and feelings of inner
emptiness), as well as an undue emphasis on externally oriented
mentalizing (“jumping to conclusions”) that is difficult to modu-
late.

Although these assumptions are still somewhat speculative,
decreased activity has been noted in the STS of patients with BPD
during deliberate empathic processing (Dziobek et al., 2011; Mier
et al., 2013). Decreased activation of the MPFC was noted during
the regulation of provoked aggression (New et al., 2009), which
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may indicate an inadequate perspective-taking stance on the part of
these patients. Similarly, a task calling for the use of psychological
distancing from affective stimuli failed to demonstrate higher
activation in the posterior cingulate cortex for BPD patients (Koe-
nigsberg et al., 2009). Dysfunction may also be indicated by
hyperactivation of the MPFC (leading to hypermentalizing) in
response to an experience of rejection (Ruocco et al., 2010), an
important finding, as BPD has been associated with both hypo-
mentalizing and hypermentalizing, particularly in the context of
tasks involving complex interpersonal relationships (Sharp et al.,
2011). In turn, research findings support the assumption that BPD
is associated with inappropriate activation of the SR system, per-
haps in part because of a heightened response to stress, which
inhibits the capacity for systematic mental state attributions (i.e.,
controlled mentalizing; see Figure 3). Amygdala hyperreactivity
has been shown in individuals with BPD in response to both
positive and negative stimuli (Hazlett et al., 2012; Mier et al.,
2013; Minzenberg, Fan, New, Tang, & Siever, 2007), as well as in
attempts by patients to regulate their response to negative social
cues (Koenigsberg et al., 2009). Ripoll et al. (2013) cite unpub-
lished data suggesting that the lack of habituation indicated by
amygdala activity is associated with limitations in subjective per-
ception of social support. The anterior insula has also been shown
to be hyperreactive during affective empathy tasks. Dziobek et al.
(2011) reported that during emotional empathy the right midinsula
was more strongly activated in individuals with BPD than in
nonclinical controls. This anatomical region is associated with
bodily arousal (Simmons et al., 2013), suggesting that an emo-
tional empathy task engages BPD patients more than controls. In
support of this speculation, a positive association between right
midinsula activation and skin conductance was shown for this
patient group. King-Casas et al. (2008) reported that BPD patients’
mistrustful reactions to fair offers in a multiround social exchange
task with a partner were attributable to insula hyperreactivity,
hindering more controlled reflective functioning about the inten-
tions of their partner in the task.

Cognitive and Affective Features of Mentalizing

Full mentalizing involves the integration of cognition and affect,
yet, again, both capacities can be relatively dissociated. The cog-
nitive features of mentalizing include belief-desire reasoning and
perspective-taking, and affective features include affective empa-
thy and mentalized affectivity (Fonagy, Gergely, Jurist, & Target,
2002; Jurist, 2005). The former aspect is typically emphasized in
ToM research, and seems to overlap to a large extent with more
controlled mentalizing, whereas the latter is associated with affec-
tive empathy, and is largely automatic and embodied (Sabbagh,
2004).

As with the other three dimensions of mentalizing discussed
earlier, there is increasing evidence that distinct, though somewhat
more overlapping, neurocognitive systems are involved in these
two capacities (Sabbagh, 2004; Sebastian et al., 2012; Shamay-
Tsoory & Aharon-Peretz, 2007; Shamay-Tsoory, Aharon-Peretz,
& Levkovitz, 2007). Whereas cognitively oriented mentalization
depends on several areas in the prefrontal cortex, affectively ori-
ented mentalizing seems particularly related to the VMPFC. This
suggests that the VMPFC may play an important role in “marking”
mental representations of self and others with affective informa-

tion that can subsequently be integrated with cognitive knowledge
such as belief-desire reasoning (Rochat & Striano, 1999). Again, a
more automatic, embodied, and lateralized system is distinguished
from a cortical midline structure that is more based on abstract and
linguistic processing. This has also led to speculations about two
possible systems underlying empathy; these are a more basic
“emotional contagion” system and a more advanced cognitive
perspective-taking system, as expressed in notable behavioral and
anatomic dissociations between deficits in cognitive empathy as-
sociated with the VMPFC and emotional empathy associated with
the inferior frontal gyrus (Shamay-Tsoory, Aharon-Peretz, &
Perry, 2009).

Arousal, Attachment, and Mentalizing

A Developmental Psychobiological Perspective

Based on Arnsten, Mathew, Ubriani, Taylor, and Li (1999) and
Mayes (2000, 2006), we have proposed a biobehavioral model
which suggests that with increasing arousal there is a switch from
controlled to automatic mentalizing (see Figure 3). As we have
discussed above, this switch serves a clear evolutionary function:
the emergence in situations of threat of a fight/flight/freeze re-
sponse has clear survival value. Both noradrenergic and dopami-
nergic systems seem to be involved in this switch, which is
hypothesized to protect the prefrontal cortex from excessive stim-
ulation as well as facilitate coordination among the attentional,
executive and sensory systems (Arnsten et al., 1999). For instance,
norepinephrine enhances the activation of the prefrontal cortex, but
o, postsynaptic receptor stimulation impairs functioning, which
results in turning the prefrontal cortex “off-line” and facilitating
subcortical functioning. Similarly, the D1 dopamine receptor fam-
ily enhances prefrontal functioning, but under excessive catechol-
amine release (partly mediated by amygdala activation), D1 im-
pairs functioning.

Yet, there are important differences between individuals in the
switch point, as increasing stress activates not only a fight/flight/
freeze response but also the attachment system, a behavioral sys-
tem that modulates threat by prompting the individual to seek
proximity to real or internalized attachment figures.

From a neurobiological perspective, increasing stress or
arousal is thus associated with a complex set of coordinated
responses involving (a) stress regulation systems involving the
detection and processing of stress (i.e., involving the amygdala
and hypothalamic—pituitary—adrenal (HPA) axis), (b) the meso-
corticolimbic dopaminergic system, which has also been described
as the brain’s reward circuitry, which underlies attachment behav-
ior (Champagne et al., 2004; Ferris et al., 2005; Insel & Young,
2001; Strathearn, Li, Fonagy, & Montague, 2008), and (c) neural
circuits involved in mentalizing (Bartels & Zeki, 2000, 2004; Bull,
Phillips, & Conway, 2008; Hurlemann, Hawellek, Maier, & Dolan,
2007; Lieberman, 2007; Mayes, 2000, 2006; Satpute & Lieber-
man, 2006).

Individuals’ attachment history seems to be crucially important
in understanding variations in these responses. Individual differ-
ences in the use and strength of attachment hyperactivation and
deactivation strategies in response to stress in particular appear to
determine three essential parameters in the switch from prefrontal
to posterior cortical systems, or from controlled to automatic
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mentalizing: (a) the threshold (intercept) at which the switch
happens, (b) the strength or slope of the relationship between stress
and the activation of neural circuits involved in controlled versus
automatic mentalizing, and (c) the time to recovery from stress
(Fonagy & Luyten, 2009; Fonagy & Luyten, in press; Luyten,
Fonagy, Lowyck, et al., 2012). In the following sections, we
discuss each of these factors and summarize the evidence that
relates to them.

Secure Attachment Strategies, Arousal,
and Mentalizing

In individuals who predominantly use secure attachment strat-
egies in response to stress, the activation of the attachment system
seems to foster controlled mentalizing, in combination with a
relaxation of epistemic hypervigilance, leading to an effective
down-regulation of stress and so-called “broaden and build” cycles
(Fredrickson, 2001) that are typically associated with attachment
experiences. Activation of the attachment system predictably
seems to involve a relaxation of normal strategies of interpersonal
caution. There is good evidence that intense activation of the
neurobehavioral system underpinning attachment is associated
with the deactivation of arousal and affect-regulation systems
(Fonagy & Luyten, 2009; Luyten, Fonagy, Lowyck, et al., 2012),
as well as the deactivation of neurocognitive systems likely to
generate interpersonal suspicion—that is, those systems and brain
regions involved in social cognition or mentalizing, including the
LPFC, MPFC, LPAC, MPAC, MTL, and rACC (Bartels & Zeki,
2000, 2004; Lieberman, 2007; Satpute & Lieberman, 2006; Van
Overwalle, 2009). For example, with increased intimacy, regions
of the brain associated with reflective mentalizing will be deacti-
vated.

Studies suggest that neuropeptides such as opioids, oxytocin,
and vasopressin play an important role in this process. This role is
both in activating the reward/attachment system and in deactivat-
ing the behavioral mechanisms involved in social avoidance and in
attenuating both behavioral and endocrine stress responses (Hei-
nrichs & Domes, 2008; Insel & Young, 2001; Panksepp & Watt,
2011). This explains, at the neurobiological level, the downregu-
lation of arousal that is typically associated with secure attach-
ment. Furthermore, oxytocin has been found to facilitate mental-
izing in these individuals, as expressed in improvements in social
memory, memory of facial expressions and identity, enhancements
of the recognition of mental states based on facial expressions,
probably by causing selective fixation on the eye region when
viewing faces, and increasing trust (Bartz, Zaki, Bolger, &
Ochsner, 2011; Neumann, 2008). Thus, the activation of the at-
tachment system generates increased experience of reward, in-
creased sensitivity to social cues, decreased stress levels, and
decreased social avoidance, leading to “broaden and build” cycles
(Fredrickson, 2001). These findings thus shed more light on the
neurobiology of resilience (Fonagy, Steele, Steele, Higgitt, &
Target, 1994): Individuals who predominantly use secure attach-
ment strategies when faced with adversity have the ability to turn
to (internalized) secure attachment figures in times of need, they
find interpersonal contacts rewarding, and they have the capacity
to keep controlled mentalizing “online” even when faced with
considerable stress.

Yet, contextual factors should not be forgotten (Bartz, Zaki, et
al., 2011), and mentalizing is not always consistently solid, even in
predominantly securely attached individuals. For instance, studies
clearly suggest that with increasing arousal, particularly in relation
to out-group members, the likelihood of a switch to automatic
mentalizing increases in everyone, even those who are securely
attached (Bartz, Zaki, et al., 2011). In line with these findings,
studies have reported that oxytocin administration leads to in-
creased distrust, more bias in attributing intentions, and decreases
in cooperative behavior with regard to out-group members even in
normal community samples (Bartz, Zaki, et al., 2011). Hence, the
increase in mentalizing and relaxation of interpersonal distrust and
the fight/flight response associated with the use of secure attach-
ment strategies is clearly limited to close attachment figures, or at
best to a relatively small number of people who are seen as
belonging to the in-group. Increasing stress may simply make
attachment issues more salient, which may increase the likelihood
of a deactivation of controlled mentalizing. This was also shown in
a direct investigation of the neural phenomena underlying the
switch model in community adults, which reported that exposure
to idiosyncratic scripts eliciting attachment-related stress resulted
in reduced controlled mentalizing-related activation in the left
pSTS, left inferior frontal gyrus and left TPJ. Moreover, the left
middle frontal gyrus and left anterior insula showed greater func-
tional connectivity to the left pSTS after attachment stress (Nolte
et al., 2013).

Attachment Hyperactivating Strategies

Individuals who primarily use attachment hyperactivating strat-
egies (strategies that reflect desperate attempts to find security
based on the conviction that others are not there to provide security
and support, correlating with the anxious and preoccupied attach-
ment styles) seem to be characterized by a relatively low threshold
for switching to nonmentalizing modes, more extensive lapses in
controlled mentalizing, and a relatively longer time to recovery
compared to secure individuals. The threshold for deactivation of
brain areas involved in controlled mentalizing seems to be rela-
tively low, and more automatic, subcortical systems, including the
amygdala, have a low threshold for responding to stress.

In these individuals, stress seems to readily activate the attach-
ment system (seeking for protection), and attachment trauma may
lead to chronic activation of the attachment system. In the situation
where a child is seeking proximity to a traumatizing attachment
figure (e.g., an abusive or neglectful parent) as a consequence of
trauma, he or she is, naturally, likely to be further traumatized.
Prolonged activation of the attachment system may create further
difficulty resulting from increased emotional arousal. Many pa-
tients with BPD, for example, present with these features, which is
unsurprising given the high prevalence of preoccupied and disor-
ganized attachment as well as severe developmental trauma in this
group (see Fonagy et al., 2015).

Attachment Deactivation Strategies

Individuals who primarily rely on attachment deactivating strat-
egies (i.e., individuals with anxious-avoidant and dismissive at-
tachment, which involve denying attachment needs and asserting
one’s own autonomy, independence, and strength in an attempt to
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downregulate stress, based on the belief that others cannot provide
support and comfort) tend to demonstrate fast deactivation of the
attachment system and social information processing of threat
cues. Attachment deactivating strategies have been shown to keep
the neural systems involved in controlled mentalizing “online” for
longer (Vrticka, Andersson, Grandjean, Sander, & Vuilleumier,
2008). Hence, these individuals often resemble those who predom-
inantly use secure attachment strategies. Yet, this deactivating
strategy is likely to fail under increasing stress. If securely attached
individuals are those who are able to retain a relatively high
activation of prefrontal areas in the presence of activation of the
dopaminergic mesolimbic pathways (the attachment/reward sys-
tem), then differences in mentalizing between securely attached
individuals and individuals who primarily rely on attachment
deactivating strategies may become apparent only under increasing
stress—an assumption that is consistent with the findings of both
experimental (Mikulincer & Shaver, 2007) and neuroimaging
(Vrticka et al., 2008) studies.

Neurobiological Research on Arousal, Attachment,
and Mentalizing

Neuroscience findings converge to suggest that attachment his-
tory is indeed crucial in understanding the relationship between
arousal and mentalizing. Following Arnsten et al. (1999) and
Mayes (2000), studies suggest that the threshold for switching
from controlled to automatic mentalizing can be lowered as a
result of exposure to early stress and attachment trauma. There is
a close relationship between stress/arousal regulation through the
HPA axis and the amygdala, a core structure within the neural
circuits that subserve automatic mentalizing (see above), as is, for
instance, evidenced in the high prevalence of corticotropin-
releasing hormone (CRH)-expressing neurons and receptors in the
amygdala (Tottenham & Sheridan, 2009). Early adversity has been
shown to lead to kindling of the amygdala (Botterill et al., 2014),
again supporting the role of the amygdala in potentiating fear and
the stress response more generally. Research also clearly suggests
the presence of both structural and functional changes in the
amygdala in individuals with impairments in mentalizing, who
typically have a history of early adversity. For instance, in BPD—a
condition whose sufferers are commonly characterized by histories
of high levels of early adversity—stress regulation, mediated by
the HPA axis, is disturbed (Jogems-Kosterman, de Knijff, Kusters,
& van Hoof, 2007; Nater et al., 2010; Scott, Levy, & Granger,
2013; Wingenfeld, Spitzer, Rullkotter, & Lowe, 2010). Functional
MRI (fMRI) studies of BPD patients in which the background
level of stress and/or attachment system activation was manipu-
lated (e.g., Minzenberg et al., 2007) confirm the abnormal pattern
of frontal deactivation and associated hyperresponsiveness of the
limbic system in a range of contexts, using situational induced
stress (Kraus et al., 2010) and in studies of the moderating influ-
ence of trait arousal (Holtmann et al., 2013) (see reviews by Mier
et al., 2013; Salavert et al., 2011). For example, Silbersweig et al.
(2007) reported that under conditions of negative emotion and
behavioral inhibition, BPD patients showed relatively decreased
VMPEFC activity (including the medial orbitofrontal and subgenual
ACC) and increased amygdalar—ventral striatal activity, correlat-
ing with decreased constraint and increased negative emotion,
respectively. Furthermore, BPD patients with an explicit trauma

history show a reduction in pituitary size (Garner et al., 2007),
elevated levels of CRH in cerebrospinal fluid (Lee, Geracioti,
Kasckow, & Coccaro, 2005), dysfunctions of cortisol responsivity
(Jogems-Kosterman et al., 2007; Minzenberg et al., 2006; Walter
et al., 2008), and disturbed dexamethasone suppression test re-
sponses (Wingenfeld et al., 2007). These dysfunctions cascade into
other brain areas involved in automatic mentalizing. For instance,
chronic stress has been shown to disrupt amygdala—VMPFC con-
nectivity (Tottenham & Sheridan, 2009).

Although these studies require further replication because of
several methodological limitations, including small sample sizes,
disparate experimental paradigms, and considerable heterogeneity
in sample selection (e.g., comorbidity with depression, childhood
abuse, PTSD, and coping styles; Fertuck et al., 2006; Kahl et al.,
2006), there is also more direct evidence concerning the neurobi-
ological basis of the influence of individual differences in attach-
ment on the relationship between arousal and mentalizing (Fonagy
& Luyten, 2009; Fonagy & Luyten, in press). Research to date has
provided considerable evidence that activation of the attachment
system is closely linked to arousal and stress regulation (Heinrichs
& Domes, 2008; Lieberman, 2007; Mayes, 2006). This might in
fact reflect an adaptation strategy by which the individual attempts
to prepare him/herself for future threat and adverse experiences
(Tottenham & Sheridan, 2009). Individuals with a secure attach-
ment history may show a relative relaxation of threat processing
because of their repeated experiences of security. This enables the
relaxation of interpersonal distrust and avoidance, which will
foster the development of the capacity for controlled mentalizing,
particularly in an environment that is conducive to the develop-
ment of this capacity. In contrast, individuals with insecure attach-
ment experiences seem to develop a hypersensitivity to threat in an
attempt to deal with experiences of (perceived) insecurity and
unpredictability of the availability and behavior of attachment
figures. This may on the one hand lead to a pattern characteristi-
cally associated with attachment hyperactivation. As we have
discussed above, hypersensitivity to threat, and the automatic
processes it entails, is typically associated with an emphasis on
externally focused mentalizing, to the neglect of more internally
focused, controlled mentalizing. Although this is understandable
as a “survival” strategy, the price these individuals pay is that they
may increasingly hold biased and schematic assumptions about
themselves and others, as well as being constantly hypervigilant
toward others. We have recently linked this hypervigilance with
problems with epistemic trust, that is, a lack of openness to others
as a source of knowledge, which seriously impairs resilience and
social learning more generally (Fonagy et al., in press). BPD might
be a disorder that is characterized by this pattern. On the other
hand, individuals with insecure attachment experiences may start
to excessively deactivate the attachment system when confronted
with stress because of the (perceived) unavailability of attachment
figures. This strategy to adapt to circumstances characterized by
repeated failures of attachment figures to coregulate stress seems
to lead to an excessive emphasis on cognitive control, compulsive
autonomy, and a general distrust of others. Others and relation-
ships are simply not rewarding, and they are met with hypervigi-
lance and distrust, which may also lead to hypermentalizing. Both
insecure attachment strategies—although adaptive in the short
term—are associated with high interpersonal and metabolic costs
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because of the “wear and tear” of chronic hypervigilance and
hyperactivity of the stress system (Fonagy & Luyten, 2009).

Strathearn and colleagues (Strathearn, Fonagy, Amico, & Mon-
tague, 2009; Strathearn et al., 2008), for instance, assessed the
attachment security of 30 first-time mothers, using the Adult
Attachment Interview, before the birth of their child. About 10
months after birth of their child, the same mothers viewed their
own or other infants’ smiling and crying faces while the mothers
underwent fMRI scanning. Mothers with secure attachment
showed greater activation of regions of the brain associated with
reward, including the ventral striatum, and the oxytocin-associated
hypothalamus/pituitary region. Peripheral oxytocin response dur-
ing contact with their infant was also significantly higher in
securely attached mothers, and the size of change from baseline
oxytocin levels was positively correlated with brain activation to
own infants in both brain regions. Importantly, securely attached
mothers also showed greater activation in reward-processing re-
gions when they viewed their own infants’ sad faces, whereas
insecure/dismissing mothers who predominantly used attachment
deactivating strategies, in agreement with the findings described
earlier, showed less activation of the reward system and greater
insular activation in response to seeing their own infant’s sad face.
The insula may be a region associated with feelings of unfairness,
pain, and disgust (see review by Montague & Lohrenz, 2007); we
have discussed its role in the SR system, as a structure being
involved in the automatic, immediate, embodied understanding (or
misunderstanding) of others. Mothers with insecure/dismissing
attachment histories thus appeared less able to downregulate the
sad feelings evoked in them by their infants’ sad faces, possibly
because they felt overwhelmed by sad memories of their own past.
For securely attached mothers, infant cues, whether they were
positive or negative in affect, seemed to act as an important
affective signal of “incentive salience” (Berridge, 2007), reinforc-
ing and motivating responsive maternal care. These mothers
seemed to be “addicted” to their babies: viewing their babies was
a rewarding experience. Insecure mothers, by contrast, particularly
when viewing their infants’ sad faces, showed a negative subjec-
tive reaction that would cause them to mirror their infant’s sadness
without being able to create a symbolic/mentalizing distance be-
tween their infant’s and their own states of mind, thus illustrating
the potential for an immediate misunderstanding of others by the
SR system.

Vrticka et al. (2008) similarly found that avoidant attachment
was related to a relative downregulation of reward-related activity,
linked to the dopaminergic system, in striatal circuits during so-
cially reinforcing interactions. Hence, reward responses associated
with the attachment system were blunted in avoidant individuals.
Yet, avoidant attachment was positively related to activation in the
MPFC and the ventral ACC, areas that have been implicated in
controlled mentalizing as well as social rejection and emotion
suppression. Anxious attachment, in contrast, was associated with
increased activation in the left amygdala in response to negative
social feedback; as we have discussed, this is a brain area that is
typically associated with automatic processes involved in fear and
arousal more generally. Finally, secure attachment was not asso-
ciated with any distinct neural responses but mirrored the pattern
found for avoidant and anxious attachment. Secure attachment thus
was positively related to the activation of the ventral striatum in
response to positive reinforcement, but negatively with activation

of the amygdala to negative reinforcement. Hence, in line with our
assumptions, securely attached individuals simultaneously showed
greater activation of the reward system in response to positive
social reinforcement, and lower activation of the amygdala—and
thus fear and arousal—in response to negative social feedback;
they seemed to be able to relax their vigilance to threat.

These findings are also congruent with studies showing that
early adverse attachment experiences are associated with de-
creased oxytocin levels and increased cortisol response (Fries,
Hesse, Hellhammer, & Hellhammer, 2005; Heim, Newport,
Mletzko, Miller, & Nemeroff, 2008; Meinlschmidt & Heim, 2007).
Attachment hyperactivating and deactivating styles have also been
related to polymorphisms in the oxytocin receptor gene in patients
with unipolar depression (Costa et al., 2009). Similarly, a study
reported dysregulated peripheral oxytocin release in depressed
women (Cyranowski et al., 2008), and Gotlib and colleagues found
that adolescent girls at risk for depression exhibited decreased
activation in the reward-processing system (and specifically in
striatal areas), suggesting a markedly reduced sensitivity to reward
(Gotlib et al., 2010). As we have discussed in more detail else-
where (Fonagy and Luyten, in press), low endogenous levels of
oxytocin, polymorphisms in oxytocin-related genes, and negative
effects of oxytocin administration have also been documented in
individuals with BPD (Bartz, Simeon, et al., 2011; Bertsch,
Schmidinger, Neumann, & Herpertz, 2013; Cyranowski et al.,
2008; Stanley & Siever, 2010).

Conclusions and Directions for Future Research

Over the past decades, our knowledge of the neurobiology
underlying mentalizing has greatly increased. Perhaps somewhat
paradoxically, this body of knowledge has also helped us to better
understand the psychological experiences that are associated with
mentalizing and that mentalizing gives rise to. The present review
shows how, at the very least, neurobiology puts limits to psycho-
logical explanations, and rules out some views about the nature of
mentalizing and impairments in this capacity as improbable, while
rendering other assumptions more plausible.

However, more research is needed, and rapid advances in the
neurosciences are likely to lead to considerable changes in our
assumptions about mentalizing in both normal and disrupted de-
velopment. With increasing technological innovations, more so-
phisticated views will emerge. Currently, studies in this field still
suffer from many limitations, including small sample sizes, the use
of relatively simple paradigms, and lack of consideration of indi-
vidual differences (such as individual differences in attachment
style or temperament) and contextual factors. For instance, attach-
ment clearly is a dimensional construct, and thus individuals tend
to rely on different attachment strategies to a greater or lesser
extent, for example, depending on contextual factors. This neces-
sarily complicates the interpretation of findings. As in psycholog-
ical research, heterogeneity complicates neuroscience studies, par-
ticularly studies with small sample sizes. The translation of these
findings to clinical samples remains to be determined. For in-
stance, it is becoming clearer that there are qualitative differences
between individuals with insecure but organized attachment strat-
egies, and those with more disorganized attachment, as is often the
case in BPD patients and in many patients with a history of
attachment trauma (Main, 1991). Both functional and structural
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differences have been identified between healthy controls and
patients in many brain areas, including, as noted, with regard to the
neural circuits involved in mentalizing and attachment (Vrticka &
Vuilleumier, 2012).

Studies in larger samples using more ecologically valid and
perhaps personalized paradigms, together with novel imaging
methods such as brain connectivity studies, are likely to yield
much more insight into the neurobiology of mentalizing. Further-
more, the field of neuroscience is plagued by a lack of a unifying
theory, even in the field of social cognition/mentalizing, leading
different authors to emphasize different aspects of similar neural
circuits. It is clear that the field is not ready yet for such a unifying
theory, which should humble anyone engaged in developing psy-
chological theories about such a fundamentally human—and com-
plex—capacity as mentalizing. The views expressed in this article
can therefore be seen only as an approximation that will undergo
major changes in the future.
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