Chapter 3

Adolescent brain development and the development of mentalizing

Patrick Luyten, Saskia Malcorps, & Peter Fonagy

Adolescence is a time marked by important biological and psychosocial changes.
Whilst in the past, adolescence was typically seen as a time of increased risk for the
development of psychopathology, there is now increasing consensus, particularly within the
mentalizing approach to development, that adolescence also provides new opportunities for
growth and resilience and is associated with marked plasticity (Luyten, Campbell, Allison, &
Fonagy, 2020). This chapter is written with this double focus in mind in an attempt to redress
the balance and consider adolescence as a pivotal stage in development in explaining both risk
and resilience.

The focus in this chapter will be on neurobiological findings concerning the
development of mentalizing, our capacity to understand oneself and others as motivated by
intentional mental states. We discuss neuroimaging evidence suggesting that adolescence is
associated with the functional and structural reorganisation of three distinct, although highly
related, biobehavioural systems, i.e. the stress-regulation, attachment/reward and mentalizing
systems, as well as other related neural systems such as systems for cognitive control. These
reorganisations occur at a time when the establishment of new and more complex relationships
and a sense of agency and autonomy are two central and major developmental tasks (see Figure
1).

From an evolutionary perspective, the following three basic biobehavioural systems
have evolved to enable humans to adapt to our complex social environment: (a) a system that
has developed to deal with distress following threat (the stress/threat system); (b) a system that
is centrally involved in producing rewarding experiences associated with the formation of

interpersonal relationships (i.e., infant—parent, parent—infant, romantic attachment, and other



attachment relationships) on the one hand, and experiences of agency and autonomy on the
other (the reward system); and (c) a mentalizing or social cognition system, which underpins
the human species-specific capacity to understand oneself and others in terms of intentional
mental states (e.g., feelings, desires, wishes, attitudes, and values), a quintessential capacity in
our complex interpersonal world (Fonagy & Luyten, 2018; Luyten & Fonagy, 2018).

The implications of the reorganisations in these three biobehavioural systems in
adolescence, and their role in explaining both vulnerability and resilience, are vast and deserve
our attention. They are essential to understand for every clinician working with adolescents.
As we will show, research into the neurobiological changes that affect the neural circuits
underpinning social cognition during adolescence has important implications for clinical work
with adolescents, and particularly for those suffering from mental health issues. This chapter
will guide us through this significant research.

We will discuss developmental cascades set in motion as a result of excessive and/or
age-inappropriate stress, typically resulting in impairments in reward sensitivity and in the
capacity for mentalizing (see Figure 1). Together, these impairments affect normative
developmental tasks, typically leading to vicious cycles marked by a disturbed capacity for
relatedness and agency/autonomy and associated mentalizing problems. Yet, throughout, we
emphasise that even marked ‘impairments’ in mentalizing and attachment are in the eye of the
beholder. From the perspective of the young person, they represent attempts at adaptation to a
specific (interpersonal) environment. For instance, in an environment characterised by marked
emotional neglect and violence, the use of instrumental aggression can be seen as an
understandable strategy to ensure status and, in extreme circumstances, survival (Fonagy &
Luyten, 2018). Similarly, for young people growing up in a context of abuse, the inhibition of
mentalizing, typically combined with high levels of epistemic mistrust in others, are an

understandable response to protect the self from further abuse and disappointment (Luyten,



Campbell, Allison, et al., 2020). In this context, we also warn against overly simplistic
interpretations of neurobiological findings implying a direct parallel between findings that
suggest a reorganisation of neurobiological systems involved in emotion regulation in

adolescence and typical impulsive and risk-taking behaviours in adolescence.

The stress system: dealing with adversity

We begin our journey through the rapidly accumulating literature on neurobiological
changes in adolescence by a discussion of findings concerning the impact of stress and
adversity on the developing adolescent brain. Most, if not all, psychological disorders are best
conceptualised as developmental, stress-related disorders, with elevated and/or age-
inappropriate stress playing a major role in their onset and perpetuation. In adolescence, as
noted, major changes in sociocultural expectations occur leading to increased stress
(Auerbach, Admon, & Pizzagalli, 2014; Davey, Yicel, & Allen, 2008; Forbes & Dahl, 2012;
Spear, 2000) in the domains of both relatedness and agency/autonomy (see Figure 2). On the
one hand, adolescence entails that peer and romantic relationships become increasingly
important, which is expressed, for instance, in increased rejection sensitivity. On the other
hand, demands for achievement, reflected in increased sensitivity to failure, intensify. The
emergence of pubertal sexuality and (relational and instrumental) aggression, and associated
bodily changes, provide further challenges in both domains.

The human biobehavioural stress system is a complex system of neural structures that
is involved in detecting, integrating, and responding to threat. While the hypothalamic—
pituitary—adrenal (HPA) axis system and the sympathetic nervous system make up the core
structures of the stress system, the amygdala, hippocampus, and areas in the prefrontal cortex

(PFC), including the anterior cingulate cortex, orbitofrontal cortex, and medial PFC (MPFC),



also play import roles in this network (McEwen, 2007). Together, these structures serve
allostasis, the capacity to continuously adapt to ever-changing circumstances (McEwen,
2007). When this fails, allostatic load ensues and the individual’s self-regulatory capacities
increasingly begin to fail (McEwen, 2000).

Research indicates that there is an even broader network of physiological systems
responsible for establishing and maintaining allostasis, serving the fight/flight/freeze response
in the face of acute stress (Gunnar & Quevedo, 2007; McEwen, 2007). This network includes
the autonomic nervous system and the metabolic system, gut, kidneys, and immune system,
each with their relatively distinct biomediators (e.g., cortisol, sympathetic and
parasympathetic transmitters, metabolic hormones, and cytokines, respectively). These
findings emphasise the embodied nature of adversity, and the intertwining of physical and
mental health, particularly in those individuals with a history of early adversity.

Consistent with these views, there is now relatively good evidence to suggest that
early adverse experiences may result in permanent alterations in the stress system associated
with an earlier age of onset of psychopathology, greater symptom severity, higher levels of
comorbidity, a greater risk for suicide and a poorer response to treatment across different
psychiatric conditions (Teicher & Samson, 2013). High levels of stress, particularly during
‘critical time windows’ (Heim, Plotsky, & Nemeroff, 2004) in which the stress system is
highly sensitive to environmental factors, typically result in HPA-axis overactivity (i.e., a
constant state of fight/flight) and a consequent increased vulnerability to stressors throughout
life (Kertes, Gunnar, Madsen, & Long, 2008). In humans, this critical time window in which
the HPA axis is particularly sensitive to programming effects extends into early adulthood
(Lupien, McEwen, Gunnar, & Heim, 2009). This leads to a cascade of physical and
psychological consequences given the intricate relation between the stress system and other

key biological and psychosocial systems, such as problems with sleep and attention,



difficulties with motor control, coordination, learning difficulties and social and relational
problems, as well as problems related to the immune system, pain-regulating systems, the
metabolic system, and the reproductive system (Eiland & Romeo, 2013; Lupien et al., 2009).
Specific genetic variation may make individuals more sensitive to environmental factors
(‘differential susceptibility hypothesis’) (Ellis, Boyce, Belsky, Bakermans-Kranenburg, &
van ljzendoorn, 2011).

Core structures of the stress system, including the amygdala and hippocampus,
undergo major structural and functional reorganisation in adolescence: the amygdala and
hippocampus increase in volume and reach their peak volume in adolescence, and their
central functional role in adolescence is also demonstrated by studies suggesting that these
areas show greater activation, compared to children or adults in various stress tasks. The
PFC, in turn, is subject to cortical thinning during adolescence as a result of synaptic pruning
and programmed cell death (Mutlu et al., 2013; Shaw et al., 2008).

Similarly, adolescence is associated with a considerable increase in HPA axis
reactivity to stress, compared to children and adults (Casey, Getz, & Galvan, 2008).
Adolescents have been shown to have both higher basal stress levels and heightened reaction
to stress, and social rejection and academic stressors in particular (Masten et al., 2009;
Sebastian, Viding, Williams, & Blakemore, 2010; Sebastian et al., 2011), consistent with the
greater demands for autonomy, agency and achievement and the growing importance peer
and romantic relationships (Auerbach et al., 2014) (see also Figure 2).

There is now also good evidence to suggest that young people who are at increased
risk for the development of psychopathology also unwittingly generate in part their own
stressful environment (i.e., active stress-generation or evocative person-environment effects)
(Hammen, 2005). Several unhealthy and maladaptive behaviours such as smoking and

unhealthy eating, risky sexual behaviours, including (sexual) revictimisation, self-harm, and



violence in (intimate) relationships (Afifi et al., 2009; Anda et al., 2006) further contribute to

a vicious cycle leading to increased vulnerability to psychopathology.

The reward system: regulating attachment and agency/autonomy

Two areas of reward are central in adolescence: relationships, with a developmental
shift towards a growing importance of peer and romantic relationships (including sexuality),
and agency/achievement (including instrumental aggression) (see Figure 2) (Blatt, 2008;
Luyten, 2017). Both areas are often intertwined, as social status often increases relational
attractiveness and vice versa. Yet, at least in Western cultures, boys place slightly more
emphasis on agency/autonomy, while in girls there is a somewhat greater emphasis on
attachment (Luyten & Blatt, 2013; Spear, 2000).

A mesocorticolimbic dopaminergic system underpins experiences of reward in the
human brain. The mesolimbic pathways originate from the ventral tegmental area and project
to ventral striatal regions and the hippocampus and amygdala. A mesocortical pathway consists
of projections to the PFC and anterior cingulate cortex (Nestler & Carlezon, 2006; Pizzagalli,
2014; Russo & Nestler, 2013; Spear, 2000). Biomediators in these pathways involve dopamine,
oxytocin, vasopressin, opioids and cannabinoids. They mediate feelings of acceptance, support,
agency and validation on the one hand, and the emotional pain associated with social loss and
rejection, which is increased in adolescence, particularly in women (Hsu et al., 2015; Spear,
2000).

The reward system plays a central role in the development and functioning of the stress
system (Hostinar, Sullivan, & Gunnar, 2014; Strathearn, 2011; Swain et al., 2014).
Developmentally, the attachment behavioural system is activated when faced with threat,
leading to proximity seeking with an attachment figure. The capacity of attachment figures to

offer marked, mirroring responses will help the child to develop the capacity to downregulate



stress and to trust others as a source of comfort and support. The reward system underpins these
affective responses as secure attachment experiences buffer the effects of stress in early
development, resulting in ‘adaptive hypoactivity’ of the HPA axis (Gunnar & Quevedo, 2007).
Hence, for children growing up in secure attachment contexts, others become rewarding and,
at the same time, feelings of agency and autonomy develop and are equally experienced as
rewarding. Hence, the capacity for self-regulation and co-regulation mutually reinforce each
other. By contrast, in children growing up with unavailable, unresponsive or abusive
attachment figures, capacities for co-regulation and self-regulation are typically impaired.
These children either begin to excessively rely on attachment hyperactivating strategies in an
attempt to find downregulation of distress, or attachment deactivating strategies, leading to so-
called compulsive autonomy (i.e., the belief that one has to be able to deal with distress without
the help of others). For insecurely attached individuals, relying on others is not rewarding, as
there is always the underlying belief that others will not be available. On the biological level,
insecure attachment is therefore associated with increased vulnerability for stress, as expressed
in dysfunctions of the stress system (Auerbach et al., 2014; Pizzagalli, 2014; Strathearn, 2011).

The abovementioned biomediators are centrally involved in these processes. Oxytocin,
for instance, has been shown to increase affiliative behaviour when faced with distress, and
thus effective co-regulation of stress with others. Oxytocin furthermore reduces behavioural
and neuroendocrinological responses to stress (Neumann, 2008) via downregulation of the
HPA system (Feldman, 2017), and enhances mentalizing and trust in others (Domes, Heinrichs,
Michel, Berger, & Herpertz, 2007; Heinrichs & Domes, 2008). Importantly, these positive
effects of oxytocin seem limited to in-group members, whereas increased levels of oxytocin
appear to lead to increased distrust, and less cooperative behaviour in relation to out-group

members, even in securely attached individuals (Bartz, Zaki, Bolger, & Ochsner, 2011).



Individuals with an insecure attachment history show decreased basal oxytocin levels
and in these individuals oxytocin administration leads to decreased trust and cooperative
behaviour, and increased cortisol response to stress, even in relation to in-group members
(Bartz et al., 2011; Feldman, 2017). Hence, attachment experiences are not perceived as
rewarding, and by contrast intensify distress. These findings are critically important for
clinicians’ understanding of their encounter with insecurely attached young people (and
particularly those with a history of abuse). For these young people relationships, including the
therapeutic relationship, are not experienced as rewarding, but as a source of distress. At best,
relationships with others (including mental health professionals) are experienced as
ambivalent, and there is often a thin line between their wish and need to be understood and
cared for, and overstimulation of the attachment system (and the ensuing loss of mentalizing
associated with such overstimulation discussed below). Hence, clinicians may -easily
overwhelm the young person with warmth and support which, however well-intentioned, is
experienced as aversive and even dangerous. Mentalization-Based Treatment therefore
typically titrates interventions to take into account the negative effects of attachment activation
on mentalizing (Bateman & Fonagy, 2019).

The reorganisation of the reward system in adolescence might have direct behavioural
effects in adolescence, but the precise mechanisms and their effects on adolescent behaviour
are still relatively poorly understood. Research findings based on studies with both animals and
humans, do suggest, however, that adolescence is characterised by the lowest levels of
dopamine in striatal regions and the highest levels of dopamine in prefrontal regions, resulting
in a so-called “mini-reward deficiency syndrome” in adolescence (Spear, 2007). Any clinician
working with adolescents is familiar with this ‘syndrome’: adolescents may be easily bored
and, at the same time, frustration of their strong needs for belongingness and/or achievement

and the status that is associated may give rise to intense feelings of rejection and failure, or a



combination of both, and subsequent frustration and aggression. These experiences may lead
to different compensatory behaviours such as risk-taking, substance abuse and/or oppositional
behaviour, which provides an explanation for the high comorbidity observed between
internalising and externalising problems in adolescence (Davey et al., 2008; Spear, 2000).

As noted, the precise mechanisms involved remain elusive. It has been suggested that the
hypo-responsivity to reward in adolescence may be evolutionarily adaptive: the low incentive
value of reward supports adolescents’ explorative tendencies, autonomy strivings and
relational and sexual desires. In combination with high levels of phasic dopamine in response
to reward, this might indeed explain the normative ‘Sturm und Drang’ typically associated with
adolescence (Davey et al., 2008; Luciana, 2013). Yet, the observed impairments in reward
sensitivity in adolescence might also be the consequence of downregulation through high levels
of dopamine in the PFC (which inhibit mentalizing, see also below), resulting from increased
stress in adolescence (Pizzagalli, 2014; Spear, 2000). Furthermore, increased representational
capacities in adolescence may lead rewards such as love and status to be increasingly
experienced as temporally distant as adolescence is typically associated with a psychosocial
moratorium, limiting the adolescent’s feelings of agency and autonomy.

Particularly in vulnerable young people, a greater need for reward, together with the
perception that reward experiences are temporally distant, may further increase distress. In
combination with ensuing mentalizing impairments, discussed below, this may lead to
compensatory behaviours (e.g., substance abuse, violence, or social withdrawal). Because this
further decreases the incentive value of relationships with others who may provide corrective
experiences, a vicious cycle ensues, characterised by social isolation or excessive reliance on
peers that struggle with similar issues. In these circumstances, it often becomes extremely

difficult to be able to re-calibrate one’s mind in interaction with others.



As noted, this may be particularly difficult in those young people with a history of
adversity. Hence, the absence of resilience, associated with social learning driven by epistemic
trust, may be key, particularly if increased social pressures for agency and relatedness are not
balanced by an environment that supports these two fundamental developmental tasks, creating
a toxic mixture for many young people (Debbané, 2015; Escofet, 2012). Yet, from an
evolutionary perspective, the insecure attachment strategies that young people develop under
such circumstances are better seen as attempts at coping with the (perceived) unavailability,
unresponsiveness, or intrusiveness of attachment figures and the broader sociocultural context
more generally (Belsky & Fearon, 2008; Ein-Dor, Mikulincer, Doron, & Shaver, 2010;
Simpson & Belsky, 2008). Hence, to put it somewhat provokingly, the brain adapts itself to a
specific environment in order to optimise survival and social functioning. Although this attempt
at adaptation may be far from optimal from a normative perspective, once a certain minimally
satisfying state of allostasis has been reached, the brain stops any further iterations in
attempting to find a better solution. It is here that psychosocial interventions may be useful.
This brings us to the importance of mentalizing in adolescence and in any intervention that

aims at behavioural change in young people.

The mentalizing system: understanding oneself and others

Although it is largely unknown why humans developed the capacity for mentalizing,
it represented a major leap forward as this capacity enables complex communication and
collaboration typical of human social systems. Furthermore, the development of advanced
capacities for mentalizing, which are largely or completely absent in most other animal
species, also enabled the capacity for self-consciousness and even further, the capacity for

imagination and, as a consequence, for transcending physical reality (see Davey et al., 2008).



Each of these capacities, however, also paradoxically increases vulnerability for
psychopathology. Self-consciousness also led to the emergence of so-called self-conscious
emotions (e.g., embarrassment, regret, shame, and guilt) which, although in essence adaptive,
may become maladaptive when chronic and/or excessive. Moreover, the capacity for
imagination not only allows humans to envision an ideal state of the self, but also to become
painfully aware of the discrepancy between the actual and ideal self-states. More generally,
the quintessential role of social embeddedness in the fabric of human social organisation may
lead to feelings of utter isolation and loneliness in those who lack skills required for human
collaboration and communication (Luyten, Campbell, & Fonagy, 2020).

These issues are central during adolescence (Crone & Dahl, 2012), which might explain, at
least in part, the increase in the prevalence of psychopathology in this developmental stage.
Hence, while changes in the brain, and the emergence of full mentalizing throughout
adolescence, allow for increasingly complex communication, collaboration and imagination,
they also increase vulnerability in biologically and/or environmentally less fortunate young
people (Sharp, Vanwoerden, & Wall, 2018).

As is well-known, mentalizing is multi-dimensional (see Table 1). From a neural
perspective, the different dimensions of mentalizing are subserved by a complex set of neural
systems (Luyten & Fonagy, 2015).

As with the stress and reward system, neural systems involved in mentalizing undergo
significant reorganisation in adolescence. Synaptogenesis (the formation of new synapses
between neurons), synaptic pruning (the eradication of unused synapses) and myelination (the
myelin-coating of neurons which enhances the transmission speed of electrical impulses)
(Blakemore, 2008, 2018) lead to significant structural and functional changes in mentalizing
regions. For instance, both the synaptic reorganisation, in which excess synapses are being

eliminated, and the increase in myelination of remaining synapses, most likely explain the



decrease in grey cortical matter and increase in white cortical matter observed in fMRI studies
in adolescents.

It is assumed that these processes increase the efficiency of brain networks implicated in
mentalizing, and particularly the involved cortical regions (Blakemore, 2008, 2018), which in
turn are thought to foster the development of social cognition in adolescence, enabling the
development of a more differentiated and integrated sense of self and identity on the one hand,
and relatedness on the other (Fonagy & Luyten, 2016; Sharp et al., 2018).

However, it is hypothesised that in the midst of these cortical changes, mentalizing skills of
adolescents may be temporarily disrupted, also referred to as the mentalizing or pubertal ‘dip’
in social cognition (Blakemore, 2008). These findings have led to an ongoing discussion
whether the development of social cognition in adolescence follows a linear (with levels of
social cognition simply increasing with age) or a non-linear trajectory (with levels of
mentalizing actually decreasing in mid-adolescence because of the reorganisation of
mentalizing networks). Some studies that focused on externally-based mentalizing indeed
found such a “dip” in the accuracy in mentalizing (Carey, Diamond, & Woods, 1980; Diamond,
Carey, & Back, 1983; Tonks, Williams, Frampton, Yates, & Slater, 2007) or reaction time in
mentalizing tasks (McGivern, Andersen, Byrd, Mutter, & Reilly, 2002) in mid-pubertal
adolescents (12 to 13 years old). This pubertal dip in mentalizing has been be related to
hormonal changes.

Studies suggesting a pubertal dip in mentalizing because of the neural reorganisation of
brain areas involved in mentalizing are appealing because they may provide a straightforward
explanation for the observed increase in both internalising and externalising problems in
adolescence, and particularly the increase in acting out behaviour, such as self-harm, risk-

taking behaviours, substance abuse, and violence in general (Sharp et al., 2018).



However, research in this area is far from conclusive as many other studies on
externally-based mentalizing found a systematic linear increase in mentalizing skills across
adolescence in similar face and emotion recognition tasks as used in research suggesting a
pubertal dip (van Rooijen, Junge, & Kemner, 2018; Vetter, Drauschke, Thieme, & Altgassen,
2018; Vetter, Leipold, Kliegel, Phillips, & Altgassen, 2013) with no indication of age, pubertal
or peer-bias effects (i.e. that adolescents may simply be better in recognising faces of peers
simply because they interact more with peers). Additionally, there is no strong evidence for a
pubertal dip in research on other mentalizing dimensions, such as in the development of
Theory-of-Mind (Keulers, Evers, Stiers, & Jolles, 2010; Vetter et al., 2013), perspective taking
(Choudhury, Blakemore, & Charman, 2006) and empathy (van Rooijen et al., 2018), with
studies consistently suggesting a gradual linear increase in mentalizing skills. However, more
longitudinal studies are needed before firmer conclusions can be drawn, particularly as changes
in mentalizing in adolescence might be heavily influenced by changes in cognitive functioning
(including executive functioning and effortful control). Indeed, studies in this area suggest
increasing cognitive and impulse control with age during adolescence.

Hence, although the jury is still out on the course of the development of mentalizing in
adolescence, the rapid changes that are characteristic of adolescence both in the domains of
relatedness and autonomy/achievement present considerable challenges to mentalizing in
young people, even in normative development. Hence, with increasing arousal, it should not
be surprising that adolescents may often lose the ability for controlled mentalizing, and often
switch to more rapid, automatic mentalizing, and eventually non-mentalizing modes of
thinking about the self and others.

This seems particularly true for those young people with a history of early adversity, as
adversity not only undermines mentalizing capacities, but also the capacity for epistemic trust

and thus the capacity to re-calibrate one’s mind when faced with new challenges (Luyten,



Campbell, Allison, et al., 2020; Luyten & Fonagy, 2019). As a result, these young people are
increasingly cut off from corrective experiences and might end up in complete social isolation
and loneliness and/or seek social recalibration of the mind with peers that suffer from similar
problems. With the current availability of social media, the latter strategy in particular may
rapidly spiral out of control. The inability to make sense of changes that come with the advent
of adolescence may lead to excessive mentalizing (hypermentalizing) and/or the avoidance of
mentalizing (hypomentalizing). Both can be seen as a defensive strategy to avoid thinking
about the painful nature of these experiences and both may explain in part the mini reward
deficiency syndrome characteristic of adolescence. Hence, yet again, from the perspective of
the adolescent, these represent adaptation strategies, whilst the outside world typically tends to

consider these strategies as pathological and abnormal.

Conclusions

Although there is no one-to-one relation between brain functioning and behaviour, knowledge
of the adolescent brain is essential in our understanding of their subjective experience. Indeed,
it is the essence of the mentalizing approach that mentalizing allows us to understand the
experience of the other, and thus see the world from their perspective. Yet research on
mentalizing has also taught us that this capacity is limited and that misunderstanding of others
is commonplace. This is probably especially true for any adult trying to understand the
adolescent and his or her brain. While adolescents often have major impairments in
understanding how brain and environment, and their interactions, determine their sense of self
and others, it behoves us to show modesty when it comes down to our own capacity to
understand these influences in a human being that sees the world often very differently from

how we do.
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