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<1>Abbreviations

ACC anterior cingulate cortex

BPD borderline personality disorder
dACC dorsal anterior cingulate cortex
HPA hypothalamic—pituitary—adrenal
LTC lateral temporal cortex

MPFC medial prefrontal cortex

MSA mental state attribution

PFC prefrontal cortex

SR shared representation

ToM Theory of Mind

VMPFC ventromedial prefrontal cortex

VTA ventral tegmental area
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<1>Introduction

This chapter addresses the neurobiology of attachment and mentalizing from a
developmental psychopathology perspective. Attachment refers to an evolutionarily pre-
wired, basic biobehavioral system that is activated in situations of stress and threat (Bowlby,
1973; Ein-Dor, Mikulincer, Doron, & Shaver, 2010; Mikulincer & Shaver, 2007; Panksepp,
1998). Developmentally, the attachment system plays a key role in the modulation of the
stress response, another key biobehavioral system, and thus in survival (Gunnar & Quevedo,
2007; Hostinar, Sullivan, & Gunnar, 2014; Lupien, McEwen, Gunnar, & Heim, 2009;
Panksepp & Watt, 2011; Watt & Panksepp, 2009). It does so because activation of the
attachment system normatively leads to the seeking of proximity of attachment figures, either
in reality or by means of activating representations of secure attachment experiences, or both.
This leads to (a) the down-regulation of stress at the subjective and neurobiological level and
(b) renewed energy and motivation to explore the world, leading to the so-called “broaden-
and-build” cycles (Fredrickson, 2001) associated with attachment security (Mikulincer &
Shaver, 2007). In individuals with a secure attachment history, this pattern gradually becomes
generalized to different situations and circumstances. From a biological perspective, the
attachment system is underpinned by a mesocorticolimbic dopaminergic reward system that
is involved in the rewarding features of infant—parent, parent—infant, pair-bonding, and other
attachment relationships (Insel & Young, 2001; Panksepp & Watt, 2011; Rutherford,
Williams, Moy, Mayes, & Johns, 2011; Strathearn, Fonagy, Amico, & Montague, 2009;
Swain, Lorberbaum, Kose, & Strathearn, 2007).

The attachment system is also closely related to the mentalizing or social cognition
system, which subserves the human capacity to understand oneself and others in terms of
intentional mental states (e.g., feelings, desires, wishes, attitudes, and values). This system

has most likely evolved out of the need for human beings to develop the needed
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computational power to navigate a complex social world (Fonagy, Luyten, & Allison, 2015;
Tomasello & Vaish, 2013). From a biological perspective, as we will describe in more detail
in this chapter, different capacities or features of mentalizing are underpinned by relatively
different neural circuits (Lieberman, 2007; Luyten & Fonagy, 2015).

Both attachment disruptions and mentalizing impairments, and their links with
impairments in stress and arousal regulation, have been amply demonstrated in individuals
vulnerable for psychopathology, particularly in individuals with personality disorder (Fonagy
& Luyten, 2016; Levy, Meehan, Weber, Reynoso, & Clarkin, 2005). Knowledge of the
normal development of neurobiological systems underlying attachment and mentalizing, and
disruptions in these normal developmental trajectories, may therefore directly inform our
understanding of psychopathology, and of personality disorders specifically.

In this chapter, we first consider the neurobiology of attachment. We then discuss the
neurobiological underpinning of mentalizing in relation to attachment and stress regulation.
We focus on the early development of both capacities in relation to stress regulation, and
discuss the relationship to the development of psychopathology and personality disorder in

particular across the lifespan, with a focus on early childhood and adolescence.

<1>Attachment and reward
<2>The roots of attachment in rewarding experiences

That social and attachment relationships should be one of the most rewarding
experiences is predicted by both evolutionary (Gilbert, 2006) and psychological (Beck, 2009;
Blatt, 2008) theories. Research in both animals and human beings has suggested that
attachment, particularly in normal development, is underpinned by a powerful
neurobiological reward system (Champagne et al., 2004; Ferris et al., 2005; Insel & Young,

2001; Strathearn, Li, Fonagy, & Montague, 2008). This reward system has been relatively
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well described in the literature as comprising various mesolimbic and mesocortical pathways.
The ventral tegmental area (VTA) is the origin of mesolimbic pathways, which mainly
project to ventral striatal regions, in particular the nucleus accumbens, hippocampus, and
amygdala. Meanwhile the mesocortical pathways mainly project to the prefrontal cortex
(PFC) and anterior cingulate cortex (ACC) (Nestler & Carlezon, 2006; Pizzagalli, 2014;
Russo & Nestler, 2013; Spear, 2000). Dopamine and oxytocin have been regarded as the key
biological mediators involved in this system. However, opioid and cannabinoid systems are
also of considerable interest because they are associated with the sensation of pain arising
from rejection and social loss, a response that is heightened in adolescence, particularly in
females (Hsu et al., 2015; Panksepp & Watt, 2011; Spear, 2000).

Studies in animals (including higher primates) and a growing body of research in
human beings (Hostinar et al., 2014; Strathearn, 2011; Swain et al., 2014) suggest that this
attachment/reward system plays a key developmental role in the emergence and ongoing
regulation of the stress system. Typically, secure attachment experiences serve to cushion the
effects of stress in early development; this results in “adaptive hypoactivity” of the
hypothalamic—pituitary—adrenal (HPA) axis in early development (Gunnar & Quevedo,
2007). For securely attached individuals, relationships become increasingly rewarding, and
experiences of effective down-regulation lead to feelings of autonomy and confidence in
one’s capacity to deal with adversity (i.e., resilience). By contrast, insecure attachment
experiences can lead to increased susceptibility to stress, indicated by dysfunctions of both
the HPA axis and the reward system (Auerbach, Admon, & Pizzagalli, 2014; Pizzagalli,
2014; Strathearn, 2011). In these individuals, attachment experiences become increasingly
aversive, which also undermines these individuals’ ability to deal with adversity and their

confidence in their ability to do so.
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Neuropeptides such as oxytocin and vasopressin are key modulators of the
relationship between attachment and stress regulation. Oxytocin seems to increase affiliative
behavior in the face of distress, particularly in securely attached individuals and in relation to
in-group members. Such behavior serves to optimize opportunities for the effective co-
regulation of stress with others, reducing behavioral and neuroendocrinological stress
responses (Neumann, 2008). Oxytocin also has anxiolytic and anti-stress effects by acting to
down-regulate the HPA axis system. Furthermore, it fosters mentalizing and trust in others,
again increasing opportunities for the effective down-regulation of distress and the use of
exploration (Bartz, Zaki, Bolger, & Ochsner, 2011; Neumann, 2008) and leading to broaden-
and-build cycles (Fredrickson, 2001; Mikulincer & Shaver, 2007). However, even in
community samples these effects seem mainly limited to in-group members. Research has
shown that in relation to out-group members, the administration of oxytocin leads to
increased distrust, more bias in attributing intentions, and decreases in cooperative behavior
(Bartz, Simeon, et al., 2011).

Further, in individuals with an insecure attachment history, decreased basal oxytocin
levels have been observed, and the administration of oxytocin can have negative effects on
social behavior, leading to disruption of the stress response (Bartz, Simeon, et al., 2011;
Bertsch, Schmidinger, Neumann, & Herpertz, 2013; Cyranowski et al., 2008; Fries, Hesse,
Hellhammer, & Hellhammer, 2005; Heim, Newport, Mletzko, Miller, & Hemeroff, 2008;
Meinlschmidt & Heim, 2007; Stanley & Siever, 2010). The effect of oxytocin therefore
seems to be that it increases the salience of attachment issues in either a positive or a negative
direction. This may be a particular problem in individuals with personality disorders, who
often have a marked history of early adversity, particularly attachment trauma. For such
individuals, attachment experiences lack rewarding features and are, at best, associated with

both reward and anxiety, anger, and/or frustration.
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<2>Adolescence and reward: A critical juncture?

During adolescence, the attachment/reward system undergoes marked reorganization
(Auerbach et al., 2014; Davey, Yicel, & Allen, 2008; Forbes & Dahl, 2012; Luciana, 2013;
Spear, 2000). One of the primary shifts lies in the area of relatedness, which occurs alongside
entry into the complex world of peer and romantic relationships (expressed in increased
rejection sensitivity) and greater expectations in relation to achievement (reflected in
increased sensitivity to failure). At the same time, adolescence is also characterized by the
lowest levels of dopamine in striatal regions and the highest levels of dopamine in prefrontal
regions; these changes have been suggested to lead to a “mini-reward deficiency syndrome”
typical of adolescence (Spear, 2007). This may encourage compensatory behaviors, including
risk-taking and drug abuse, as are typically found in individuals with personality disorders
(Davey et al., 2008; Spear, 2000).

These findings may also explain why disappointment and/or frustration of needs for
relationships and struggles with feelings of belongingness and achievement/status (which are
closely intertwined, particularly in adolescence) may lead to a downward spiral characterized
by suppression of the reward system, higher levels of stress, and resulting impairments in
mentalizing. It has been speculated that the decrease in the incentive value of rewards in
adolescence is evolutionarily adaptive, as it serves to encourage novelty and sensation-
seeking behavior, which in turn supports adolescents in accomplishing important
developmental tasks (e.g., developing feelings of autonomy and achievement, and
establishing complex relationships with others).

Two explanations have been formulated to explain the mini-reward deficiency
syndrome in adolescence. Low levels of tonic dopamine in combination with high levels of

phasic dopamine release in response to rewards might explain why adolescents are
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particularly keen to seek out novel and highly rewarding stimuli (Davey et al., 2008; Luciana,
2013). On the other hand, excessive down-regulation of the PFC, as a result of high levels of
dopamine in the PFC resulting from increased stress, might lead to impairments in reward
sensitivity in adolescence (Pizzagalli, 2014; Spear, 2000). Specifically, high levels of
mesocortical dopamine impair mentalizing and representational capacities more generally,
and thus may also make the incentive value of rewards seem diminished: there is a
heightened perception that the important rewards in adolescence (i.e., love and status) are

abstract and temporally distant (Davey et al., 2008).

<1>Mentalizing, attachment and stress regulation
<2>The origins of the capacity for mentalizing in attachment relationships

Higher social cognition, in particular the ability to mentalize, is considered to be the
factor that underpins humanity’s capacity to live in very large social groups. In primate
species, including Homo sapiens, the size of the social group typically tolerated correlates
with the size of the neocortex (the prefrontal and temporoparietal areas that support the large-
scale social interactions characteristic of human beings) (Dunbar & Shultz, 2007; Kanai,
Bahrami, Roylance, & Rees, 2012; Sallet et al., 2011). With the emergence of this heightened
social cognitive capacity in human beings, new and complex ways of collaborating, teaching,
and learning — which go far beyond conditioning and emulative learning — were made
possible (Csibra & Gergely, 2009; Humphrey, 1988; Tomasello & Vaish, 2013). This form of
social cognition made possible (a) the capacity for self-awareness and self-consciousness; (b)
the human striving to transcend physical reality; and (c) the human capacity for complex
forms of collaboration and relatedness (see Allen, Fonagy, & Bateman, 2008). At the same
time, however, these new capacities also resulted in an increased risk for psychopathology

(Luyten, Fonagy, Lemma, & Target, 2012).
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This vulnerability arising from the capacity for higher social cognition speaks to the
fact that mentalizing is not a constitutional given but is largely a developmental achievement.
The precise nature of any individual’s mentalizing profile — their strengths and weaknesses in
relation to mentalizing across the dimensions (see section on Mentalizing dimensions), is
shaped in the first instance by the cumulative nature of the interactions that take place with
the individual’s attachment relationships, in particular early attachments during infancy
(Fonagy & Luyten, 2016; Kovacs, Teglas, & Endress, 2010). Attachment figures’ capacity to
respond with contingent and marked affective displays of their own experience in response to
the infant’s subjective experience positively influences the child’s ability to develop
mentalizing capacities (see Figure 6.1). Subsequently, contact with other human beings (e.g.,
peers, teachers, and friends) broadens and strengthens the development of mentalizing

(Fonagy & Luyten, 2016).

[INSERT FIGURE 6.1 HERE]

Conversely, consistent or serious failures in marked mirroring by 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). These experiences are
subjectively felt as invalidating the individual’s experience, and thus are felt as alien to the
self (see Figure 6.2). Such failures are to an extent a part of the fabric of everyday life: some
misattunements in marked mirroring are an inevitable experience, as the caregiver may not be
constantly available or inclined to engage sensitively with the infant’s subjective state at all
times. Consequently, all people will have unmentalized self-states. However, in various
forms of psychopathology — most paradigmatically, in the case of borderline personality

disorder (BPD) and most often as the result of a combination of biological vulnerability and
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environmental circumstances — these alien self-experiences are so marked that they almost
completely dominate the feelings and thoughts of the individual. This leads to a constant
pressure to externalize such unmentalized, alien self-experiences, which can manifest itself in
the tendency to dominate the mind of others and/or in various types of self-harming behavior

(Fonagy & Luyten, 2016).

[INSERT FIGURE 6.2 HERE]

<2>Mentalizing dimensions

Studies concerning the neurobiology of mentalizing have shown that this capacity is
organized around at least four dimensions, with each dimension involving relatively distinct
neural circuits (see Table 6.1) (Fonagy & Luyten, 2009; Luyten, Fonagy, Lowyck, &
Vermote, 2012). These dimensions cover a broad range of related constructs from social
cognition research, including empathy, mindfulness, and Theory of Mind (ToM) (Choi-Kain
& Gunderson, 2008). Mindfulness, for instance, focuses on a core component of mentalizing
about the self (e.g., the ability to attend to one’s own internal mental states), while empathy
and ToM respectively focus on more affective and more cognitive mentalizing about others.

Solid mentalizing reflects a balance between these four dimensions. Psychopathology
(particularly personality disorder) is thought to reflect imbalances between the dimensions.
For instance, individuals with BPD are typically overly sensitive to the emotional states of
others while showing marked impairments in the capacity to reflect on their own mental

states.

[INSERT TABLE 6.1 HERE]
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<2>Neurobiology of mentalizing dimensions

Automatic or implicit mentalizing involves relatively parallel and fast processing,
which requires little effort, focused attention, or intention (Satpute & Lieberman, 2006).
Studies suggest that an elementary capacity for implicit mentalizing is present in infants from
as young as 7 months of age (Kovacs et al., 2010). Automatic mentalizing clearly facilitates
survival (Lieberman, 2007; Mayes, 2006), as the fast processing of social information best
serves the fight/flight response in threatening situations. However, in more complex social
situations, automatic mentalizing is far less adaptive, as it is typically based on biased
assumptions. Hence, human beings need controlled or explicit mentalizing to understand both
one’s own mind and the mind of others, particularly in complex social situations. Controlled
mentalizing is verbal, reflective, and conscious, and therefore involves much slower serial
processing of social information. Extant research suggests that phylogenetically older brain
circuits underlie automatic mentalizing, while controlled mentalizing is underpinned by
phylogenetically newer neural circuits. Automatic mentalizing tends to involve the amygdala,
basal ganglia, ventromedial prefrontal cortex (VMPFC), lateral temporal cortex (LTC), and
dorsal ACC (dACC) (Satpute & Lieberman, 2006). The relation of these brain circuits to
threat detection and the fight/flight response is clear. The amygdala, for instance, has been
suggested to play a key role in the processing of the biological “value” of information. The
VMPFC modulates both the amygdala and basal ganglia, and the VMPFC and basal ganglia
have been linked to automatic intuition. Importantly, the basal ganglia have also been linked
to reward-related implicit emotion processing, while areas such as the dACC seem to play a
central role in the nonreflective processing of emotional distress and pain. The LTC has been
linked to the automatic processing of faces, biological motion and attribution of intentions to

others.
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Controlled mentalizing relies more on the lateral PFC, medial PFC (MPFC), the
lateral and medial parietal cortices, medial temporal lobe, and rostral ACC (Lieberman, 2007;
Satpute & Lieberman, 2006; Uddin, lacoboni, Lange, & Keenan, 2007). The lateral PFC and
lateral parietal cortex have been related to complex causal reasoning, while the medial
parietal cortex has been linked to explicit perspective-taking. The rostral ACC has been
implicated in tasks involving explicit conflict processing, and the medial temporal lobe in
explicit, declarative memory. Importantly, the MPFC, one of the brain areas that has been
most consistently linked to mentalizing, may play a central role in both automatic and
controlled mentalizing. Yet, because this structure is larger in human beings than in other
primates, and because increasing cognitive load leads to decreasing performance of this
structure, it has been suggested that the MPFC is more closely linked to the controlled system
(Lieberman, 2007; Satpute & Lieberman, 2006; Uddin et al., 2007).

Mentalizing based on external features of self and others (e.g., facial expressions,
posture, movements, and prosody) involves a more lateral frontotemporoparietal network
(e.g., the posterior superior temporal sulcus and temporal poles) (indicative of more
automatic processing), while mentalizing based on internal features of self and others tends to
recruit a medial frontoparietal network (e.g., MPFC) (indicative of more controlled reflective
processes) (Lieberman, 2007).

With regard to the self-other dimension, the same core network tends to be activated
whenever we reflect on ourselves and others involving the medial prefrontal cortex, temporal
poles and the posterior superior temporal sulcus/temporoparietal junction in the LTC (Frith &
Frith, 2006; Lieberman, 2007; Uddin et al., 2007; VVan Overwalle, 2009; Van Overwalle &
Baetens, 2009).

The finding of a common network underlying mentalizing with regard to both self and

others sheds light on interesting findings concerning the centrality of both identity problems
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and problems with mentalizing about others in most individuals with personality disorders.
This may be related to an imbalance in two neural systems involved in self-knowing and
knowing others (Dimaggio, Lysaker, Carcione, Nicolo, & Semerari, 2008; Lieberman, 2007;
Lombardo, Barnes, Wheelwright, & Baron-Cohen, 2007; Shamay-Tsoory, 2011; Uddin et al.,
2007). Ripoll et al. (2013) have called these systems the shared representation (SR) system
and the mental state attribution (MSA) system. The SR system involves a rapid, automatic
“visceral recognition” of the experience of others (Lombardo et al., 2010), involving a more
body-based, frontoparietal (mirror-neuron) system (Gallese, Keysers, & Rizzolatti, 2004;
Rizzolatti & Craighero, 2004; Van Overwalle & Baetens, 2009). Neural areas that have been
linked to the SR system include the amygdala, inferior frontal gyrus, inferior parietal lobule,
anterior insula, and (dorsal) ACC.

A more controlled, cortical midline system consisting of the ventromedial and
dorsomedial PFC, the temporoparietal junction and the medial temporal pole (Lieberman,
2007; Uddin et al., 2007) underlies explicit perspective-taking and both cognitive ToM
(dorsomedial PFC) and affective ToM (VMPFC). The MSA plays a central role in the
inhibition of the SR system, that is, of automatic mimicry or identification with the mental
states of others (Brass & Haggard, 2008; Brass, Ruby, & Spengler, 2009; Brass, Schmitt,
Spengler, & Gergely, 2007). For instance, people with BPD seem to be particularly prone to
such automatic identification processes, which suggests the existence of impairments in the
MSA system (Fonagy & Luyten, 2016). As a result, these individuals are particularly prone
to emotional contagion and identity diffusion.

The capacity for mentalizing involves the integration of cognition and affect.
Mentalizing has a clear cognitive component, such as perspective-taking and belief-desire
reasoning. It depends on several areas of the PFC (Sabbagh, 2004; Shamay-Tsoory &

Aharon-Peretz, 2007; Shamay-Tsoory, Aharon-Peretz, & Levkovitz, 2007). The affective
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components include affective empathy and mentalized affectivity (Fonagy, Gergely, Jurist, &
Target, 2002; Jurist, 2005). The VMPFC appears to play a central role in affective
mentalizing, that is, in “marking” mental representations with affect (Rochat & Striano,
1999). This dissociation between the neural systems involved in cognitive and affective
mentalizing may also explain, at least in part, the distinction between affective and cognitive
empathy. Affective empathy involves a more basic “emotional contagion” system, whereas
cognitive empathy involves a cognitive perspective-taking system (Shamay-Tsoory, Aharon-
Peretz, & Perry, 2009). Again, these findings concerning the dissociable capacities involved
in cognitive versus affective mentalizing have immediate relevance for understanding of
personality disorders. Individuals with antisocial personality disorder, particularly those with
psychopathic features, show normal cognitive mentalizing but gross impairments in affective

mentalizing (Blair, 2013; Viding & McCrory, 2012).

<2>A developmental perspective on the relationships among arousal, attachment and
mentalizing

With increasing stress or arousal, controlled, slow and reflective mentalizing is
replaced by automatic, fast, and typically biased automatic mentalizing, or prementalizing

modes of experiencing oneself and others (see Table 6.2 and Figure 6.3).

[INSERT TABLE 6.2 HERE]

[INSERT FIGURE 6.3 HERE]

Both noradrenergic and dopaminergic systems have been shown to be involved in this

switch from controlled to automatic mentalizing, which has been hypothesized to protect the

PFC from excessive stimulation and to facilitate coordination among the attentional,
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executive, and sensory systems in response to threat (Arnsten, Mathew, Ubriani, Taylor, &
Li, 1999). Norepinephrine enhances the activation of the PFC, while a1 postsynaptic receptor
stimulation impairs its functioning. The D1 dopamine receptor family also enhances PFC
functioning, but when amygdala activation leads to catecholamine release, D1 impairs PFC
functioning.

Individuals’ attachment history plays an important role in modulating three key
parameters involved in this switch: (a) the point at which an individual switches from
controlled to automatic mentalizing, (b) the extent of the loss of the capacity for controlled
mentalizing, and (c) the duration of the loss of controlled mentalizing until it is re-established

(Fonagy & Luyten, 2009; Fonagy & Luyten, 2016; Luyten, Fonagy, Lowyck, et al., 2012).

<3>Secure attachment

Individuals who predominantly use secure attachment strategies in response to stress
seem to be able to keep controlled mentalizing on-line longer and more effectively compared
with individuals who tend to rely on insecure attachment strategies. They also seem to be able
to recover from losses of controlled mentalizing faster and more effectively. In securely
attached individuals, studies suggest that activation of the attachment system actually fosters
controlled mentalizing in combination with a relaxation of epistemic hypervigilance, leading
to effective down-regulation of stress and the development of “broaden and build” cycles
(Fredrickson, 2001).

The neuropeptides oxytocin, vasopressin, and opioids appear to play an important role
here, leading to deactivation of behavioral mechanisms involved in social avoidance and
attenuating both behavioral and neuroendocrine stress responses (Heinrichs & Domes, 2008;
Insel & Young, 2001; Panksepp & Watt, 2011). Oxytocin release has also been found to foster

mentalizing in securely attached individuals, as apparent in improvements in social memory
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(and memory of facial expressions in particular) and the recognition of mental states based on
facial expressions, as well as increasing trust in others (Bartz, Zaki, et al., 2011; Neumann,
2008). These findings may have important implications for our understanding of the
neurobiology of resilience (Fonagy, Steele, Steele, Higgitt, & Target, 1994). Yet, even in
securely attached individuals, mentalizing is not always solid, as contextual factors play an
important role in determining both the quality and quantity of mentalizing (Bartz, Zaki, et al.,
2011). With increasing arousal, the capacity for controlled mentalizing is easily lost,
particularly in relation to out-group members (Bartz, Zaki, et al., 2011). For instance, research
has consistently shown that, even in normal community samples, the majority of whose
members are securely attached, oxytocin administration leads to increased distrust, increased
bias in attributing intentions to others, and decreases in cooperative behavior with regard to out-
group members (Bartz, Zaki, et al., 2011). From a neurobiological perspective, increasing
arousal and the neurobiological cascade of events that follows seems to make attachment issues

more salient, which increases the likelihood of a deactivation of controlled mentalizing.

<3>Attachment hyperactivating strategies

Some individuals tend to use attachment hyperactivating strategies in response to
stress because of their developmental history or because of contextual factors. These
strategies reflect attempts to find security and to co-regulate stress with others, based on the
underlying belief that others are not able to provide security and support, despite these
individuals’ strong wishes for care, support and love. Attachment hyperactivating strategies
have been shown to be characterized by a low threshold for switching to nonmentalizing
modes, more extensive lapses in controlled mentalizing, and a longer time to recovery from
such lapses, compared with individuals whose attachment strategies are secure. This may

lead, in the extreme, to hyperactivation of the attachment system, with resulting impairments
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in stress regulation and mentalizing as a result of a failure to benefit from broaden-and-build
experiences. This is particularly the case in traumatized individuals, who often show marked
hypersensitivity to stress, hyperactivation of the attachment system, and profound
impairments in mentalizing. For example, studies have shown that early trauma is associated
with kindling of the amygdala (Botterill et al., 2014), leading to an exaggerated response to
threats. Similarly, research clearly suggests both structural and functional changes in the
amygdala (and the stress response more generally) in individuals with a history of early
adversity. Dysfunction of the HPA axis has been demonstrated in a wide variety of conditions
characterized by marked early adversity, ranging from depression to functional somatic
disorders to personality disorders (Jogems-Kosterman, de Knijff, Kusters, & van Hoof, 2007;
Nater et al., 2010; Scott, Levy, & Granger, 2013; Wingenfeld, Spitzer, Rullkotter, & Lowe,
2010). In BPD patients with an explicit trauma history, for instance, a reduction in pituitary
volume (Garner et al., 2007), elevated levels of corticotropin-releasing factor 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 responses (Wingenfeld et al., 2007) have been observed.
Impaired stress regulation as a result of continued stress has been shown to negatively
influence brain areas involved in mentalizing, as is, for instance, demonstrated by findings

that chronic stress disrupts amygdala—\VVMPFC connectivity (Tottenham & Sheridan, 2009).

<3>Attachment deactivating strategies

Attachment deactivating strategies involve denying attachment needs and asserting
one’s own autonomy and independence when faced with adversity, in an attempt to down-
regulate stress. Developmentally, attachment deactivating strategies develop on the basis of

repeated experiences that others are unavailable to provide security, support, and comfort. In
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response, these individuals tend to de-emphasize the importance of attachment relationships,
which becomes a habitual response associated with rapid deactivation of the attachment
system and social information processing of threat cues. Yet, at the same time, these
individuals are often able to keep the neural systems involved in controlled mentalizing on-
line even when under considerable stress because they have had to learn to rely on their own
capacity for affect regulation (Vrticka, Andersson, Grandjean, Sander, & Vuilleumier, 2008).
Experimental studies have shown that these deactivating strategies are likely to fail under
increasing stress, leading to a “rebound” of suppressed feelings of insecurity and lack of self-
worth (Mikulincer & Shaver, 2007; Vrticka et al., 2008).

A series of studies by Strathearn and colleagues (Strathearn et al., 2009; Strathearn et
al., 2008) provides a good example of the influence of attachment deactivating strategies on
stress regulation and mentalizing. Strathearn and colleagues first assessed attachment security
in 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 were asked to view images of
their own or other infants’ smiling and crying faces. Mothers who were classified as securely
attached showed greater activation in brain regions of the reward system, such as the ventral
striatum, and the oxytocin-associated hypothalamus/pituitary region. They also showed
higher and increasing peripheral oxytocin release while playing with their infant, which was
positively correlated with brain activation to their own infant in the reward system. By
contrast, mothers who were categorized as having insecure/dismissing attachment (who
would tend to rely predominantly on attachment deactivating) showed less activation of the
reward system and greater activation of the insula in response to seeing their own infant’s sad
face. Studies have suggested that the insula plays a key role in generating feelings of
unfairness, pain, and disgust (see review by Montague & Lohrenz, 2007), and is involved in

automatic mentalizing. Thus, these mothers appeared to be less able to regulate the sad
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feelings evoked in them by viewing their infant’s crying face. These findings are consistent
with findings in adults showing that attachment deactivating strategies are associated with
down-regulation of activity in reward-related brain regions and, at the same time, activation
of the MPFC and the ventral ACC, brain areas that have been implicated in controlled

mentalizing as well as social rejection and emotion suppression (Vrticka et al., 2008).

<1>Genetics of attachment and mentalizing: Are attachment styles evolutionary and
culturally determined adaptive strategies?

Although the genetic loading of attachment in childhood is probably very small, this
may change over the course of life. Indeed, a recent twin study found that by adolescence
approximately 40% of individual differences in attachment security may be genetically
determined (Fearon, Shmueli-Goetz, Viding, Fonagy, & Plomin, 2014), again pointing to
adolescence as a critical juncture in the development of attachment and associated capacities
such as mentalizing and stress/affect regulation. Specifically, adolescence may involve a
resetting of the attachment system, for better or for worse, that is determined in part by
genetic factors.

If further replicated, these findings shed an important light on the potential
evolutionary functions of insecure attachment. Indeed, if attachment is an evolutionarily
rooted capacity that enhances the survival of the human species, why would insecure
attachment strategies still exist in the human behavioral repertoire? Building on the work of
Ein-Dor and colleagues (Ein-Dor et al., 2010), we argue that insecure attachment styles
represent a strategy to adapt to the environment, but one that may come with a high cost, as is
evidenced most clearly by individuals with personality disorder (Fonagy & Luyten, 2016;
Tottenham & Sheridan, 2009). From this perspective, secure attachment is accompanied by a

relative relaxation of threat processing as a result of repeated experiences of security in
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relation to attachment figures, which leads to a relaxation of interpersonal distrust and
avoidance. These individuals show appropriate openness and flexibility in new relationships
and novel situations, which increases opportunities for salutogenesis (Antonovsky, 1987).
By contrast, insecure attachment experiences give rise to hypersensitivity to threat. A
pattern of attachment hyperactivation may follow, characterized by hypersensitivity to threat
that is expressed as an emphasis on externally focused mentalizing, to the neglect of more
internally focused mentalizing. Although this is adaptive to some extent in an environment
characterized by attachment figures who are unreliable, the cost associated with this adaptation
strategy is that these individuals show constant hypervigilance to threat, leading to chronic
stress and, as a consequence of the wear and tear of chronic stress, dysregulation of the reward
and stress regulation systems. Hypervigilance is also related to problems with epistemic trust,
that is, the capacity to trust others as a source of knowledge about the world; impairments in
epistemic trust seriously limit opportunities for salutogenesis (Fonagy et al., 2015). BPD might
be considered the disorder par excellence of this pattern. However, insecure attachment
experiences have also been shown to give rise to the excessive use of attachment deactivating
strategies, downplaying the importance of attachment relationships and subjective distress.
Although these strategies are also adaptive in the short term, the compulsive autonomy and
often marked distrust of others (as is, for instance, observed in paranoid personality disorder)

that they entail is associated with considerable intra- and interpersonal costs.

<1>Conclusions and directions for future research
This chapter summarizes extant research and thinking concerning the relationships
among attachment, stress/affect regulation, and social cognition/mentalizing in relation to the

development of personality disorders.
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Although research in these areas has considerably improved our insight into the nature
of personality disorders, and their underlying neurobiology in particular, much remains to be
explored. Many of the research findings summarized in this chapter rest on cross-sectional
and small sample size studies. The generalization of findings from research in animals to
humans continues to be a major challenge, although research over the past two decades has
generally confirmed findings from studies of animals in humans. Future research should
employ more ecologically valid paradigms to study the interplay between attachment, stress
regulation, and mentalizing over time in both normative development and clinical
populations. In addition, rather than relying on consensus-based descriptive diagnoses as the
basis for research, future research should investigate the neurobiology of attachment-related
processes from a developmental psychopathology perspective, focusing on the role of these
systems across different types of psychopathology. The study of major transitions in life,
such as from childhood to adolescence and from adolescence to adulthood, as illustrated in

this chapter, may be particularly productive.
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Figure 6.1. The role of marked mirroring in the development of mentalizing

Figure 6.2. Failure to adequately mirror mental states, problems with mentalizing, and the

emergence of alien self-parts

Figure 6.3. A biobehavioral switch model of the relationship between arousal/stress and

controlled versus automatic mentalizing
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Table 1. Dimensions of mentalizing

Dimension Defining features Hypothesized neural circuits

Automatic— Unconscious, parallel, fast processing of social Amygdala, basal ganglia, ventromedial prefrontal cortex (VMPFC), lateral
information versus temporal cortex (LTC), dorsal anterior cingulate cortex (1ACC) versus

Controlled Conscious, verbal, and reflective processing of Lateral prefrontal cortex (LPFC), medial prefrontal cortex (MPFC), lateral
social information that relies on effortful control parietal cortex (LPAC), medial parietal cortex (MPAC), medial temporal lobe
and language (MTL), rostral anterior cingulate cortex (rACC)

Internal- Understanding one’s own mind and that of others  Medial frontoparietal network (more controlled)
through direct focus on the mental interiors

External or through a focus on external features (such as Lateral frontotemporoparietal (more automatic)
facial expressions, posture, and prosody)

Self-Other Capacity to reflect about both the self and others Shared representation system (more automatic) versus mental state attribution

in terms of inner mental states

system (more controlled)

Cognitive—Affective

Focus on cognitive (more controlled), such as
belief-desire reasoning and perspective-taking,
versus affective features (more automatic),
including affective empathy and mentalized
affectivity (the feeling and thinking-about-the-

feeling), of mental states of self and others

Prefrontal cortex (cognitive mentalizing) versus VMPFC (affectively oriented

mentalizing)
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Table 2. Automatic nonmentalizing modes that emerge with the loss of controlled
mentalizing

Nonmentalizing mode Features

Psychic equivalence mode e Equation of inner reality with outer reality:
“What | think is real”

e Overly concrete/literal understanding

Teleological mode e Focus on directly observable goals or
actions

e Only observable changes or actions can be
true indicators of the intentions of others

Pretend mode e Thoughts and feelings are decoupled from
external reality
e May lead to “dissociation” of thought

(hypermentalizing or pseudomentalizing)
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