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Abstract
Social anxiety disorder (SAD) markedly impairs daily functioning. For adolescents, SAD can
constrain typical development precisely when social experiences broaden, peers’ opinions are
highly salient, and social approval is actively sought. Individuals with extreme, impairing social
anxiety fear evaluation from others, avoid social interactions, and interpret ambiguous social cues
as threatening. Yet some degree of social anxiety can be normative and non-impairing.
Furthermore, a temperament of behavioral inhibition increases risk for SAD for some, but not all
adolescents with this temperament. One fruitful approach taken to understand the mechanisms of
social anxiety has been to use neuroimaging to link affect and cognition with neural networks
implicated in the neurodevelopmental social reorientation of adolescence. Although initial
neuroimaging studies of adolescent SAD and risk for SAD underscored the role of fear-processing
circuits (e.g., the amygdala and ventral prefrontal cortex), recent work has expanded these circuits
to include reward-processing structures in the basal ganglia. A growing focus on reward-related
neural circuitry holds promise for innovative translational research needed to differentiate
impairing from normative social anxiety and for novel ways to treat adolescent SAD that focus on
both social avoidance and social approach.
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1. Introduction
Nearly everyone experiences normative, non-impairing levels of anxiety. Anxiety can be a
motivator to overcome challenges, such as meeting an important deadline. It can also be
adaptive in certain contexts, such as protecting one’s social status until becoming familiar
enough with new people to let down one’s guard. For some individuals, however, anxiety
becomes debilitating to the extent that daily functioning is markedly impaired. Furthermore,
impairing levels of anxiety that onset early in life can interrupt the developmental
progression of typical life experiences, such as socializing with peers at school.
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One such anxiety disorder that commonly has an onset early in life is social anxiety disorder
(SAD). SAD is indicated uniquely by an extreme, irrational and impairing fear of social
situations, such as being criticized or negatively evaluated by other people (American
Psychiatric Association., 2000). Although SAD can be diagnosed in early and middle
childhood, a disproportionately high prevalence of cases emerges in late childhood and early
adolescence (Beesdo et al., 2010; Stein et al., 2001). The age-of-onset distribution for SAD
is unique from any other anxiety disorder. SAD onset rates increase considerably at age ten
and plateau in the early twenties, whereas onset rates for generalized anxiety disorder
(GAD), panic disorder, and specific phobias increase more steadily during this same period
(Beesdo et al., 2010). About 50% of SAD cases onset by age 13, with 90% reaching onset
by age 23 (Stein, 2006).

Given its age-of-onset patterns and characterization, SAD can constrain normative
development in a life stage typically marked by expanding social experiences, a strong need
for social approval and high social status, and an increased investment in friendships and
romantic relationships. A multitude of expected, stage-dependent changes that facilitate
social and emotional development renders adolescence as a period when fears of social
evaluation or humiliation that characterize SAD can become especially pronounced. These
changes in adolescence include but are not limited to brain maturation and puberty
(Blakemore & Choudhury, 2006; Forbes & Dahl, 2010; Giedd, 2008; Nelson et al., 2005;
Sisk & Zehr, 2005), broadened social opportunities and more exposure to unfamiliar peers
(Graber & Brooks-Gunn, 1996; Smetana et al., 2006), and new motivations for peer and
romantic relationships Steinberg, 2008). Not only can these shifts contribute to vulnerability
for SAD, they can exacerbate its consequences, as in the case of adolescents who withdraw
from peers and social situations at a time when establishing healthy peer relationships is
important for well-being.

A growing empirical base has shown that adolescents who are affected by SAD or at risk for
SAD exhibit heightened neural activation in appetitive-motivational systems (Bar-Haim et
al., 2009; Guyer et al., in press; Guyer et al., 2012a; Guyer et al., 2006; Haber & Knutson,
2010; Hardin et al., 2006; Helfinstein et al., 2011; Helfinstein et al., 2012; Lahat et al., 2012;
Perez-Edgar et al., 2013). This is an important consideration given that, historically, greater
theoretical and research attention has been paid to the involvement of fear-avoidance neural
systems, involving the amygdala for example, in SAD and risk for SAD (Davis, 1992;
Kagan, 1996). The goal of this review paper is to highlight these recent findings from
developmental cognitive neuroscience research that have deepened our understanding of the
brain-behavior relationships in adolescent SAD and risk for SAD. This motivation stems
from an understanding that the brain is a clear mediator of individual differences in behavior
and that neurodevelopment in adolescence has distinct characteristics relative to other
developmental periods. Although assessments based on other key physiological modalities
(e.g., heart rate, heart rate variability) have provided critical insight into the development of
and risk for SAD (Anderson & Hope, 2009; Beidel, 1988; Beidel et al., 1991; Porges, 2007)
and relate to brain function (Thayer et al., 2012), the initial findings involving appetitive-
motivational neural systems have come from studies using functional magnetic resonance
imaging (fMRI). By mapping relationships among brain function, cognitive processes, and
behavioral characteristics and phenotypes, we may eventually be able to use fMRI studies to
test the effectiveness of treatments such as cognitive behavioral therapy (CBT) on
improving aberrant cognitive and affective processing in order to help alleviate anxiety
(Pine et al., 2008).

Our review paper proceeds as follows. First, we provide a characterization of adolescent
SAD including its symptoms, prevalence, treatment strategies, and association with other
disorders. Second, we describe how a better understanding of adolescent SAD has also
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emerged from studies of early-life behavioral inhibition (BI). BI is a type of temperament
characterized by heightened fear reactions to unfamiliar stimuli and extreme social reticence
that confers a degree of risk for later SAD. Third, we briefly review established findings
involving avoidance-based neural systems that have associated elevated amygdala activation
with SAD and BI. Fourth, we discuss recent studies that have focused attention on the neural
circuitry underlying reward motivation as a system to consider, in conjunction with
avoidance systems, in the study of adolescent SAD and risk for SAD (readers are referred to
(Bishop, 2007; Britton et al., 2011; LeDoux, 2007), for more detailed reviews on anxiety
and fear-avoidance circuitry). This recent work primarily includes differential patterns of
social-information processing and performance-based reward processing in appetitive-
motivational circuitry specific to adolescence, BI, and SAD. Fifth, we consider adolescence
as a vulnerable period for SAD and suggest that a fuller characterization of when and why
adolescents face heightened risk for SAD can be accomplished by examining: early-life BI,
the distributed network of brain structures implicated in both fear-avoidance and appetitive-
motivational processes, and adolescents’ sensitivity to social evaluation and status (Figure
1). We thus suggest a dimensional perspective of SAD that conceives of it as fueled by
imbalances or conflicts between fear-avoidance and appetitive-motivational systems when
responding to both social and non-social stimuli. We propose a conceptual model of
adolescent vulnerability to SAD central to which is the idea that socially anxious adolescents
experience an approach-avoid conflict that arises from age-typical increased investment in
peer evaluation coinciding with extreme fear of humiliation and embarrassment. Moreover,
we stipulate that this conflict is mediated by aberrant functioning in a network of brain
regions (i.e., amygdala, basal ganglia, and prefrontal cortex) that motivate cautious
approach, and is moderated by individual differences in inhibited temperament that are
rooted in childhood. Finally, we end with general conclusions based on the work reviewed.

2. Adolescent Social Anxiety Disorder
SAD is defined by the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM) as
a persistent and impairing fear of being in social or performance situations that involve
potential evaluation or scrutiny by others. This fear often revolves around the potential for
embarrassment and humiliation particularly within contexts such as public speaking,
performing in class, starting conversations with peers, and social activities that involve
interaction with others (e.g., dances, parties). The hypersensitivity to and fear of scrutiny
from others that accompanies SAD heightens apprehension, arousal, and panic in these
social and performance contexts (Heimberg et al., 2010; Kashdan & Herbert, 2001; Phan &
Klumpp, 2010; Stein, 2006).

When exposed to the feared situation, the individual experiences anxiety despite the
recognition of the excessive or unreasonable nature of this fear. The anxiety is often
accompanied by physiological and behavioral reactions such as elevated heart rate,
sweating, shaking, crying, or refusal to speak. The individual will avoid the situations that
put them at risk for public scrutiny, humiliation, or negative evaluation by others. Both
adolescents and adults with SAD report extreme apprehension about appearing socially
incompetent or boring when interacting with others (Stopa & Clark, 1993). Several
cognitive factors also underlie the generation and maintenance of SAD, including negative
interpretations of ambiguous or benign social cues, a negative mental representation of the
self as seen by others, expectations for negative evaluation, and intense focus on one’s own
physical signs of anxiety (e.g., sweating, averted eye gaze) (Heimberg et al., 2010). In line
with cognitive-behavioral models of SAD (Heimberg et al., 2010), cognitions about social
fears could include thoughts such as, “Kids at school will laugh at me if I start talking to
them” or “No one wants to hang out with me after the bad presentation I gave in class.”
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SAD is one of the most common mental disorders (Kessler, 2003). A national
epidemiological study documented that 8.6% of 13–18 year olds meet lifetime criteria for
SAD (Burstein et al., 2011). The risk for developing SAD increases dramatically in late
childhood and early adolescence, but the risk for SAD onset then decreases dramatically by
age 25 (Wittchen et al., 1999). Indeed, if SAD goes untreated in childhood or adolescence,
then there is a high likelihood that it will persist into adulthood (Kessler, 2003). That said, as
common as SAD is to emerge in adolescence, for many adolescents it can be transient and
not persist into adulthood. Finally, SAD in adolescence also frequently co-occurs with other
mental disorders. The most common disorders comorbid with SAD are other anxiety
disorders and mood disorders (e.g., depression), and with more moderate frequency,
Oppositional Defiant Disorder and later substance use (Lopes & Albano, 2013).

Treatments for pediatric SAD with the most empirical support include CBT and
pharmacotherapy (e.g., selective serotonin reuptake inhibitors; SSRIs) (Lopes & Albano,
2013). CBT for SAD is typically given in a group setting to provide exposure to social
situations and the ability to practice social skills in real time. In general, this type of
exposure is expected to lessen anxiety. Goals of CBT are to provide social skills training
(e.g., making eye contact, turn taking in conversations), create opportunities for role playing
within a group, with a therapist, and at home, and target cognitions about social fears that
are exaggerated, overgeneralized, and/or catastrophic in nature. Group CBT for adolescents
with SAD has proven effective with methods such as social skills training, cognitive
reframing, and problem-solving (Albano et al., 1995). SSRIs also improve functioning in
youth with SAD (Beidel et al., 2007), however, CBT increases social skills and social
competence to a greater extent (Hayward et al., 2000).

3. Early-life behavioral inhibition
Much research has focused on a fearful temperament in studies of the etiology of anxiety
disorders, with most evidence linking it to SAD. Different temperament profiles reflect an
individual’s early-life predisposition towards certain behavioral and physiological responses
tied to affective reactions, such as fear, to novel stimuli (Fox et al., 2005; Kagan, Reznick,
Snidman, et al., 1988; Rothbart & Derryberry, 1981). One well-studied classification of
temperament linked to adolescent SAD is BI in infancy and early childhood. Found in about
15% of the population, BI is characterized by a heightened sensitivity to novelty and threat,
fear of and wariness towards unfamiliar stimuli, and a tendency to withdraw from unfamiliar
social situations (Fox et al., 2001; Perez-Edgar & Fox, 2005).

Although BI is not a psychiatric illness, a subset of children with early-life BI develops
SAD, whereby the association persists over decades. Both retrospective and longitudinal
characterizations of behaviorally inhibited temperament in early childhood have been linked
to SAD in middle childhood and adolescence (Biederman et al., 2001; Chronis-Tuscano et
al., 2009; Hirshfeld-Becker et al., 2007; Schwartz et al., 1999). For example, longitudinal
maternal-reported and behavioral evidence suggests that early-life BI increases the odds of
having SAD in adolescence by four-fold, and doubles the chance for any anxiety disorder
(Chronis-Tuscano et al., 2009). The association between BI and later anxiety problems is
especially strong when BI remains stable across development (Chronis-Tuscano et al., 2009;
Hirshfeld et al., 1992). Thus, a benefit to examining adolescent SAD and early life BI is the
identification of common behavioral and biological mechanisms that elicit similar reactions
to feared social situations across development.

One possible mechanism linking BI and SAD stems from the extreme reactivity to and fear
of novel and unknown stimuli and events, particularly of a social nature displayed in both
conditions. The unfolding characterization of BI emerges as heightened reactivity to novelty
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and negative affect detected as early as 4 months (Fox et al., 2005; Fox et al., 2001), which
relates to inhibited behavior with others in childhood (Calkins et al., 1996). Work has shown
that BI in toddlerhood predicts social avoidance during free play with unfamiliar peers at
age four (Rubin et al., 2002) and behaviorally inhibited children are quiet and socially
avoidant in unfamiliar social situations at age seven (Kagan, Reznick, & Snidman, 1988).
When infants with a BI temperament reach the school-age years they are socially reticent
with peers (Coplan et al., 1994; Rubin et al., 2009). As behaviorally inhibited children’s
environments expand to include a broader range of social experiences, it is reasonable to
expect, that for many of these youth, their heightened reactivity to unfamiliar or threatening
stimuli will generalize to unfamiliar or threatening people. Indeed, later in childhood and
adolescence, early-life BI relates to heightened attentional vigilance toward and greater
difficulty disengaging from socially threatening stimuli (Bar-Haim et al., 2007; Perez-Edgar
et al., 2011). Given the link between BI in early childhood and SAD in adolescence,
consideration of key biological and social adolescent transitions that confer risk for SAD is
important, as these contexts of change likely interact with stable temperament profiles
rooted in early life. As such, early-life BI may act as a diathesis for SAD.

It is important to note that although for some children early tendencies associated with BI
culminate in overt SAD, many pathways exist from early BI. Although the stability of BI
has been established in several longitudinal studies (e.g., Gest, 1997; Rothbart, 1988),
stability estimates are generally moderately-sized. Some children with BI in infancy and
early childhood grow out of their inhibited, socially reticent behavior and become non-
inhibited in middle childhood and adolescence (Degnan & Fox, 2007; Fox et al., 2001).
Another subset of children with BI does not develop impairing levels of anxiety. In either
scenario, certain social experiences may direct the child’s social development trajectory
towards adaptive behavior and minimize impairing social avoidance. Indeed, evidence has
demonstrated that behaviorally inhibited preschoolers who received non-maternal childcare
were less likely to later exhibit anxious behaviors around peers (Almas et al., 2011).
Similarly, just as SAD is common in adolescence, in many cases it does not persist into
adulthood. Thus, examining individual differences in both the degree and stability of BI may
be useful for understanding why some cases of SAD are adolescence-limited while others
are stable into adulthood.

Nonetheless, as discussed earlier, the converse has been shown, as SAD has been reported in
adolescents characterized in childhood as non-inhibited (Hirshfeld-Becker et al., 2007) and
BI has been associated with anxiety disorders more generally, not just with SAD (Maack et
al., 2012). Moreover, a number of individual difference and contextual factors have been
found to moderate the association between early BI and later social anxiety problems.
Stronger associations have been observed in females (Essex et al., 2010), children with
insecure attachment styles (Muris et al., 2011; Nachmias et al., 1996), high parental trait
anxiety (Muris et al., 2011), domineering parenting style and high maternal intrusive control
(Rubin et al., 2002; Williams et al., 2009), and significant exposure to maternal stress (Essex
et al., 2010).

It is also important to draw distinctions between BI and SAD. One perspective holds that BI
reflects a core biologically-based system (the behavioral inhibition system, or BIS) that
resolves conflicts among competing goals (e.g., approach-avoidance conflict) by inhibiting
prepotent behavior, attending to and modulating emotional arousal toward threat-relevant
information, and assessing risk (Corr, 2002). Whereas SAD is characterized chronic
impairment in functioning and atypical interpretation and response to specific social threats,
BI is thought to represent a hyperactive end of an individual differences spectrum in general
defensive approach that is rooted in temperament (McNaughton & Corr, 2004). High BIS
scores, for example, may render individuals vulnerable to the cognitive biases experienced
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by individuals with SAD, but such biases are not a prerequisite for BI. However, typical BIS
scores and normative social anxiety serve similar purposes in assessing the risk involved in
approaching a reward.

Overall, a picture has emerged depicting the sensitivity of not only fear-avoidance neural
circuitry but also reward neural circuitry underlying motivated action and learning in those
with early-life BI and in adolescents with SAD. This picture also has particular relevance for
the social domain in which BI and SAD have behavioral profiles in common. As children
experience heightened sensitivity to social feedback during adolescence, behaviorally
inhibited children may be at particular risk for experiencing hypersensitivity to aversive
social outcomes, a profile that also characterizes SAD. Thus, in our conceptual model of risk
for SAD, we stipulate that normative anxiety resulting from a multitude of changes in
adolescence may become especially pronounced in a subset of individuals with stable, early-
life BI (Figure 1).

4. Fear-avoidance systems, SAD, and BI
Although our primary focus here is on the link between appetitive-motivational systems and
SAD, it is important to consider that established, biologically-based explanations for anxiety
(Davis, 1992; LeDoux, 2007) and BI (Kagan, 1996) involve the neural networks implicated
in “avoidance” responses to feared stimuli. Considerable research drawing on cross-species
models delineates the amygdala, located in the medial temporal lobe, and regions of the
ventral prefrontal cortex (vPFC), as key substrates underlying how the brain processes and
responds to signals of danger in one’s surroundings (Adolphs et al., 1995). The amygdala
facilitates responses to salient stimuli either positive or negative in valence and mediates
emotional responses (Kim et al., 2011). Within the vPFC, the lateral portion is involved in
attention control and related processes and the medial portion is implicated in controlling
flexible and adaptive motivational responses, such as acquisition of fearful responding, fear
extinction, as well as approach and reward-driven behaviors (Dolan, 2007; Murray et al.,
2007).

Evidence from fMRI research has pinpointed hyper-activation of the amygdala in
association with adolescent SAD and early-life BI. The amygdala has been a key region of
interest in this line of work because of its role in perceiving salience and attending and
disengaging to threat cues, including those of a social nature. Amygdala response has been
probed primarily with the use of stimulus sets of faces depicting emotional expressions or as
part of emotionally evocative social contexts. Studies of facial emotion encoding have found
amygdala hyperactivation in adolescents with BI in early childhood (Perez-Edgar et al.,
2007) and adolescents with GAD and/or SAD (Beesdo et al., 2009; McClure et al., 2007)
versus control groups when they attend to fearful relative to neutral faces. A similar pattern
of amygdala hyperactivation has been observed when adults who were behaviorally
inhibited children viewed novel versus familiar faces (Schwartz et al., 2003). Another line of
work has focused on attentional bias to social threat (e.g., looking longer and taking longer
to disengage from angry versus neutral faces). Measured behaviorally, attentional bias to
threat has been found in younger relative to older anxious individuals (Ladouceur et al.,
2009) and in adolescents with a history of BI (Perez-Edgar et al., 2010). With regard to
neural function, heightened amygdala response to rapid exposures of social threat cues has
been observed in anxious relative to control adolescents (Monk et al., 2008) and stronger
negative connectivity between amygdala and insula response to angry versus neutral faces
has been found to moderate the association between early BI and later internalizing
problems (Hardee et al., 2013). Finally, work that leveraged the very social context that
elicits fear in SAD has shown amygdala hyperactivation in socially anxious versus healthy
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adolescents when anticipating being evaluated by unknown peers with whom participants
expressed disinterest for a social interaction (Guyer et al., 2008).

Although anxious adolescents tend to fixate on rather than avoid threatening stimuli, biased
allocation of attention toward threat is thought to influence downstream avoidance processes
(e.g., initial hypervigilant threat detection, followed by withdrawal from the threat). Greater
activation of the ventrolateral PFC (vlPFC) to angry compared to neutral faces has been
found among anxious relative to non-anxious adolescents when threat cue presentations
were prolonged (Monk et al., 2006). Although group differences in amygdala response to
angry faces were not found during these longer threat cue durations, vlPFC activity was
negatively associated with anxiety severity, such that greater vlPFC response was associated
with lower symptom severity. Thus, vlPFC response to social threats after an initial
orienting period may not be directly yoked to anxiety symptoms, but might modulate
activity in fear-avoidance neural regions that generate anxiety. Interestingly, in the study of
social evaluation anticipation, positive functional connectivity between the vlPFC and
amygdala was found in socially anxious versus healthy adolescents when anticipating
evaluation from undesirable peers, suggesting a possible role for the vlPFC in modulating
avoidance of stimuli associated with the threat of social retaliation (Guyer et al., 2008).
Thus, anxiety, and particularly SAD, in adolescence appears to involve heightened attention
to social cues, both exogenous (e.g., threatening facial expressions) and endogenous (e.g.,
cues that indicate social rejection), via avoidance neural circuitry.

Overall, these findings implicate heightened amygdala response and vlPFC response to
displays of social fear, social unfamiliarity, vigilance to social threat, and anticipation of
social evaluation, underscoring the amygdala as a neurobiological mechanism underlying
social-cognitive biases that may initiate or maintain SAD and BI. As depicted in Figure 1,
we propose that the cognitive mechanisms described in this section mediate avoidance
behaviors in SAD. Hypervigilance and biased attentional allocation toward threat may lead
socially anxious individuals to avoid situations in which they could potentially humiliate or
embarrass themselves. Whether this hyperactive fear-avoidance circuitry precedes
adolescence is as yet unknown and warrants further investigation.

5. Appetitive-motivational systems, SAD, and BI
5.1. Approach-relevant neural circuitry

Recent data from several studies show that behaviorally inhibited and socially anxious
adolescents also have elevated neural activation in networks that coordinate motivated
behavior and reward processing (Bar-Haim et al., 2009; Guyer et al., in press; Guyer et al.,
2012a; Guyer et al., 2006; Haber & Knutson, 2010; Hardin et al., 2006; Helfinstein et al.,
2011; Helfinstein et al., 2012; Lahat et al., 2012; Perez-Edgar et al., 2013). These networks
include the basal ganglia and their projections from frontal cortical regions (e.g., the vPFC),
the hippocampus, amygdala, and anterior cingulate cortex (ACC). Several structures
comprise the basal ganglia including the striatum, globus pallidus, subthalamic nucleus, and
substantia nigra. The striatum, in particular, has strong connections to cortical and limbic
regions and its own functionally distinct structures. The dorsal striatum encompasses the
caudate and putamen, which connect mainly to motor and cognitive areas of the PFC. The
ventral striatum primarily contains the nucleus accumbens and projects to regions of the
PFC implicated in emotion and motivation (Fareri et al., 2008).

The appetitive-motivational system involves several cortical-subcortical connections linked
to reward-driven approach, reward valuation, and goal-directed cognitive control. The
striatum and nucleus accumbens receive dopaminergic inputs from the substantia nigra and
ventral tegmental area of the midbrain, respectively, and are involved in associating
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motivationally salient stimuli such as rewards and punishments with anticipated outcomes to
guide approach or avoidance behavioral responses (Haber & Knutson, 2010; Mattfeld et al.,
2011). Connections between the striatum and orbitofrontal cortex have been implicated in
continuous reward valuation and in the adjustment of behavioral responses based on errant
predictions of aversive and appetitive events (Seymour et al., 2004). Furthermore, the ACC,
vPFC, and dorsolateral PFC are involved in goal-directed cognitive control processes such
as goal planning, regulating motivation, and controlling flexible and adaptive motivational
responses (Kim, 2013; Nelson & Guyer, 2011). As such, striatal structures have been main
regions of interest in research on substance addiction (Hasler & Clark, 2013; Koob &
Volkow, 2010), depression (Diener et al., 2012; Forbes et al., 2006), and basic drives for
primary rewards such as food, sex, and warmth (Sescousse et al., 2013). Numerous studies
have identified the striatum as part of the appetitive-motivational neural system that
responds during reward processing (Hardin et al., 2009). Specifically, fMRI studies
implicate the striatum in generating approach responses during the anticipation of receiving
monetary incentives, along with enhanced motor performance coordinating motivated
behavior (Bjork et al., 2004; Knutson et al., 2001; Knutson et al., 2000). The degree of
striatal activation has been found to increase with the salience of the reward cue (Zink et al.,
2004) and in reinforcing action leading to rewards (Tricomi et al., 2004). A growing
literature points to striatal circuitry in processing social cues and situations, a focus relevant
to both BI and SAD. For example, studies have linked striatal response when attributing
salience to social stimuli such as human faces (Hare et al., 2005) and social motivations such
as romantic attachment (Bartels & Zeki, 2000) and peer acceptance (Guyer et al., 2012b).

5.2. Alterations in approach circuitry
Hyperactive striatal responses in BI and SAD may reflect anxiety during the anticipation of
uncertain outcomes inclusive of both nonsocial incentives and social evaluation or
interactions, and during social stress more generally. For example, adults with SAD show
striatal hyperactivation during public speaking (Lorberbaum et al., 2004), and adolescents
with BI show hyperactivation when anticipating social evaluation (Guyer et al., in press).
Anxiety symptoms and disorders in general, including social anxiety, have been linked with
enhanced dopamine signaling in the striatum among individuals with the Met allele of the
catechol O-methyltransferase (COMT) gene (Hariri, 2011; Olsson et al., 2005; Stein et al.,
2006). Hyperactivation in the caudate has been observed in adolescents with BI during
incentive anticipation, and this altered functioning is especially pronounced in adolescents
with a genetic polymorphism (DRD4) that modulates dopamine uptake in striatal regions
(Perez-Edgar et al., 2013). Thus, identifying specific patterns of striatal functional response
during performance-based or social situations could reveal pathophysiological traits
common to both adolescent SAD and BI. As such, consideration of approach-related neural
circuitry could provide clues for understanding why adolescents experience heightened
vulnerability to SAD and for developing treatments for adolescent SAD that leverage
elicitation of this neural circuitry. As discussed below and in our model of adolescent risk
for SAD (see Figure 1), aberrant information processing of social reward cues may escalate
the risk for SAD at a time when increased sensitivity to rewarding experiences such as peer
acceptance typically occurs.

5.2.1. Reward anticipation—The groundwork for addressing reward processing and
adolescent risk for SAD comes from several studies that used incentive-based performance-
eliciting measures. One such measure, the Monetary Incentive Delay (MID) task (Knutson
et al., 2000), assesses individual differences in behavioral and neural responses to
performance-contingent rewards. In the task, subjects are shown visual cues that indicate
potential monetary gain, loss, or no change. After a delay, a target is presented and subjects
win money (gain trials) and avoid losing money (loss trials) by responding to the target
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within a set time. This task has been widely used and reliably elicits striatal activation
during the anticipation of these outcomes (Knutson & Cooper, 2005).

Several neuroimaging studies paired fMRI with the MID task and similar incentive-based
tasks to examine associations between approach-related neural circuitry and SAD or risk for
SAD (focusing on BI) in adolescents (Bar-Haim et al., 2009; Guyer et al., 2012a; Guyer et
al., 2006; Helfinstein et al., 2011). The first of these studies (Guyer et al., 2006) used the
MID task to assess brain function during the anticipation of monetary gains and losses in
three striatal substructures: the caudate, putamen, and nucleus accumbens. Key findings
showed greater activation across these striatal structures in behaviorally inhibited versus
non-inhibited adolescents, such that the more salient the outcome (i.e., the more money to
gain or lose), the greater the striatal activation. Additionally, valence of the potential
outcome did not modulate striatal activation, as both groups had similar activation levels to
potential gains and losses. The group difference in striatal response demonstrated that
adolescents with early-life BI process reward stimuli differently than non-inhibited
adolescents. This may reflect an uncertainty of reinforcement or altered processing of
reward-prediction error given the caudate and nucleus accumbens activation patterns
documented. As such, behaviorally inhibited adolescents may experience not only
heightened reward sensitivity, but also heightened vigilance toward evaluating their reward-
contingent performance. Additionally, that the salience of reward magnitude but not reward
valence modulated striatal activity suggests the potential receipt of rewards and avoidance of
losing rewards may be equally salient events for behaviorally inhibited adolescents.
Furthermore, the heightened motivation to respond to highly salient stimuli in BI may be
fueled by a strong desire to avoid failure. This suggestion is supported by recent research
that used a social evaluation task in which adolescents with and without BI anticipated
receiving either rejection or acceptance feedback (Guyer et al., in press). In this task,
adolescents with but not without BI showed putamen hyperactivation during the anticipation
of feedback, a result we view as analogous to the putamen hyperactivation observed for
high-gain and high-loss trials in the MID task, and which we also interpret as suggesting a
strong desire to avoid failure – in this case, social failure.

Demonstrating the same patterns of heightened striatal sensitivity to increasingly salient
rewards in adolescents with SAD as seen in adolescents with early-life BI was an essential
next step in confirming striatal function as a neurophysiological mechanism shared by
clinically-impairing SAD and risk for SAD. This gap was addressed in a study that used the
MID task to compare striatal function in healthy adolescents, adolescents diagnosed with
SAD, and adolescents diagnosed with GAD (Guyer et al., 2012a). As with the BI sample,
increasing caudate and putamen response in adolescents with SAD, but not healthy
adolescents or adolescents with GAD, was observed as a function of increasing incentive
magnitude (for gains and losses) during anticipation. These results suggest that SAD
involves heightened sensitivity to incentives relative to other forms of anxiety such as GAD,
but similar to an early life risk factor, namely BI (Guyer et al., 2006). Given that BI is a risk
factor both for GAD and for SAD, the finding of similar activity in the caudate and putamen
during reward anticipation in the BI and SAD samples suggests that heightened striatal
response may be a key neurobiological property for SAD but not for other anxiety disorders
among youth with BI.

5.2.2. Role of agency in reward anticipation—An important question remained
regarding the role of the striatum during reward anticipation, as it was unclear whether
adolescents with SAD or risk for SAD were simply more sensitive to anticipated rewards in
the absence of active decision-making or whether this heightened striatal sensitivity would
emerge when exerting agency over their actions. The latter proposition aligns with the
heightened performance monitoring hypothesis referred to earlier. To address this question,
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a study of adolescents with early life BI used an fMRI task that manipulated performance
contingency during incentive processing (Bar-Haim et al., 2009), separating reward-
contingent performance monitoring and anticipation of reward to test for dissociation
between these processes as indexed by striatal response. As expected, adolescents with BI
relative to adolescents without BI history showed increased nucleus accumbens activation
when the reward outcome was contingent on their action (Bar-Haim et al., 2009). No group
differences were observed, however, for non-contingent or motor trials. These results
highlight an association between early childhood BI and increased striatal activity in
adolescence when agency is involved in anticipating rewards. Taken together, the findings
from Guyer et al. (2006) and Bar-Haim et al. (2009) underscore the heightened concerns
about performance experienced by socially inhibited individuals, and an approach-avoid
conflict related to generating the approach behaviors necessary for performing well and the
avoidance behaviors related to a fear of performing poorly.

5.2.3. Reward receipt—Given that heightened striatal activity during reward anticipation
is associated with motivated action in avoiding failure in BI (Bar-Haim et al., 2009), then
learning that one actually failed may be more salient in BI versus non-BI adolescents and
feature prominently in neural response during feedback processing. Recent work thus
probed beyond reward anticipation to examine BI-related differences in striatal response to
rewarding and punishing outcomes that followed performance (Helfinstein et al., 2011). It
was hypothesized that, although BI moderated the relationship between reward salience and
striatal activation during the anticipation of reward (Guyer et al., 2006), BI would moderate
the valence of the subsequent outcome (gain or loss) and striatal response to feedback
related to one’s actions. As expected, adolescents with versus without BI history showed
heightened caudate activation to punishment but not reward outcomes (Helfinstein et al.,
2011). Furthermore, group differences emerged in the ventromedial prefrontal cortex
(vmPFC), a region implicated in appraising a stimulus’s reward value (Kringelbach, 2005).
Specifically, non-BI adolescents showed greater vmPFC activation to reward versus
punishment outcomes, whereas for BI adolescents, vmPFC activity did not distinguish
between these outcomes.

The caudate and vmPFC findings reported in Helfinstein et al. (2011) have two key
implications for understanding risk for SAD as a function of neurally-based reward
processing. First, adolescents with BI history may experience the motivation to avoid an
aversive outcome to a greater extent than their non-inhibited peers. For example, because the
heightened response to negative outcomes in behaviorally inhibited adolescents occurred in
the caudate, a region known for hyper-responsiveness to appetitive stimuli in typical
individuals (Knutson et al., 2001), it may be that the reward circuitry usually recruited to
generate appetitive-motivational behavior is perturbed in youth with BI by eliciting
avoidance rather than approach representations of feedback upon learning the outcomes of
their motivated actions. Results from the social evaluative task discussed in section 5.2.1
lend further support to this suggestion. In this task, after anticipating social feedback,
participants received actual bids of acceptance and rejection from peers. Here, caudate
hypoactivation after the receipt of rewarding feedback (peer acceptance) was observed in
behaviorally inhibited relative to non-inhibited adolescents, further implicating a shift in the
caudate’s role away from reward responsiveness (Guyer et al., in press). A second key
implication of Helfinstein et al. (2011) is that the diminished vmPFC response to reward and
punishment feedback in adolescents with BI may signal a lowered capacity for
distinguishing between reward cue values. Because the vmPFC modulates striatal responses
(Haber et al., 1995), adolescents with BI may code aversive outcomes via reduced striatal
response that contributes to the muted discrimination between positive and negative
outcomes in the vmPFC. Nevertheless, it remains unknown whether muted response to
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reward in the vmPFC was a cause or a consequence of enhanced responding in the caudate,
given the bidirectional functional connections between the vmPFC and caudate.

6. Adolescence-specific vulnerability to SAD
6.1. Changes in appetitive-motivational processes

As depicted in Figure 1, we propose that vulnerability to SAD in adolescence is partially a
function of age-expectant changes in a distributed network of brain regions that modulate
reward motivation in normal adolescents and become altered in anxious youth. Adolescence
signals a time of increased exploration and risk-taking, behaviors that possibly evolved as
adaptive strategies for achieving autonomy and survival without parental protection, as well
as for finding mates for sexual reproduction. Longitudinal evidence points to increased
reward sensitivity from early to late adolescence (Urosevic et al., 2012). Some studies have
reported evidence of decreased striatal recruitment in adolescents relative to children and/or
adults during reward tasks (Bjork et al., 2004; Blum et al., 1996; Geier et al., 2010).
Increased risk-taking and approach behavior is interpreted through these data as reflecting a
deficiency in reward processing in the adolescent brain, thus ascribing a greater salience of
rewards to adolescents relative to adults. Other studies, in contrast, have reported evidence
of increased recruitment of reward-related brain regions in adolescents relative to children
and/or adults when anticipating or viewing reward cues (Ernst et al., 2005; Galvan et al.,
2006; Geier et al., 2010; Van Leijenhorst, Gunther Moor, et al., 2010; van Leijenhorst,
Zanolie, et al., 2010). These data suggest that increased risk-taking and approach behavior in
adolescence is attributable to enhanced, rather than deficient reward processing in the brain.
One study reported both striatal hypoactivity during response preparation in a reward task,
followed by striatal hyperactivity when anticipating feedback about the reward in
adolescents versus adults (Geier et al., 2010). Other work has reported a U-shaped pattern of
striatal activity across childhood, adolescence, and adulthood suggesting that adolescence
marks a phase of development that is highly sensitive to reward cues relative to earlier and
later developmental periods (van Leijenhorst, Zanolie, et al., 2010). Notably, a U-shaped
trajectory also characterizes hormonal levels in striatal regions, with an adolescent peak in
the transmission of dopaminergic signals that facilitate incentive motivation (Luciana et al.,
2012).

There is general agreement that the preponderance of data support striatal hyperactivity
versus hypoactivity in adolescence (Ernst et al., 2006; Galvan, 2010), and that these
neurobiological changes underlie behavioral change in reward valuation, goal-oriented
performance monitoring, and cognitive regulation of motivation. These insights into the
neural signature of reward processing among typical adolescents have provided some
impetus for examining appetitive-motivational systems among adolescents with or at risk for
SAD. Although these shifts are age-expectant and adaptive, in a subset of adolescents at
high risk for anxiety the changes in reward processing that accompany adolescence may
elicit hyperarousal and emotion regulation difficulties in the presence of performance-
contingent rewards.

Age-expectant changes in reward processing coincide with a number of other
neurobiological changes that may escalate risk for SAD. In our model of adolescent
vulnerability to SAD, we stipulate that neurobiological risk factors include both structural
and functional changes in cortical regions (including the PFC) and in subcortical regions
(including the striatum). Changes in striatal activity occur at a time when significant
reorganization takes place in a distributed neural network. Structural changes include
synaptic pruning, increased white matter in prefrontal regions, and increased synaptic
connectivity and integration (Giedd, 2008). Functional changes are marked by shifts from
more diffuse to more focal task-based activity and enhanced modulation of subcortical

Caouette and Guyer Page 11

Dev Cogn Neurosci. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



structures by the PFC (Blakemore & Choudhury, 2006; Giedd, 2008). Though this
reorganization ultimately functions to enhance efficiency and flexibility in cognitive tasks, it
occurs over a relatively protracted period that may continue into adulthood. In contrast,
subcortical structures that control motivation and emotion mature relatively early in
development (Lenroot & Giedd, 2006). A potential imbalance between the time courses of
cortical and subcortical neural circuitry development is one hypothesized mechanism of
adolescent vulnerability to disorders such as SAD (Paus et al., 2008). Risk avoidance,
emotion dysregulation, and impulsivity related to hyper-arousal are all indicators of SAD,
and these processes may become exaggerated at a time when heightened reward
responsiveness overrides the still-maturing regulatory mechanisms of the PFC.

6.2. Changes in the social environment
We also propose that changes in the social environment make an independent contribution to
SAD risk in adolescence (Figure 1). Altered avoidance and appetitive-motivational
processes may contribute to SAD onset within the context of a changing social landscape in
adolescence. Relative to peer interactions earlier in development, adolescents spend
significantly more time with peers relative to family (Steinberg & Morris, 2001).
Adolescence is also a period when interactions with peers are highly rewarding and
influential, which increases the salience and impact of both positive and negative aspects of
interacting with one’s peers (Rubin et al., 2006). As children move into middle and high
school, opportunities to create friendships and romantic relationships expand and youth are
exposed to more unfamiliar peers than at younger ages. This increased social exposure can
lead to timidity and fear of embarrassment and humiliation in the face of uncertain social
status. For some adolescents, the anxiety that comes with broadened social opportunities
may be extreme enough to lead to SAD, particularly for those with a temperamentally-based
bias towards reticence in social situations.

The conflict between approach and avoidance systems observed in youth with early-life BI
and youth with SAD in a monetary incentive context may also underlie motivational
conflicts in peer relations. For example, whereas typically developing adolescents have
enhanced sensitivity in reward-related neural networks that motivate approaching unfamiliar
peers with a bid for social affiliation and acceptance, socially anxious or at risk adolescents
may experience approach-avoid conflict in this situation, as they anticipate rejection but are
also highly invested in what their peers think of them (Lucock & Salkovskis, 1988). Such
conflict is likely driven by enhanced sensitivity in both approach and withdrawal motivation
systems. Furthermore, immaturity of the brain’s cognitive control networks could contribute
to negative attentional and interpretational biases among socially anxious adolescents,
making it difficult for them to process positive and negative social information (Weeks &
Howell, 2012). Resolving motivational conflicts in peer-driven environments can be
especially difficult when social cues are ambiguous (e.g., one cannot tell whether another
person thinks he or she is boring). In these instances, socially anxious adolescents are likely
to interpret social information as overly threatening and to generate negative self-
evaluations, and thus, avoid social bids with uncertain outcomes (Heimberg et al., 2010). As
such, heightened social anxiety in adolescence may not only be a function of age-typical
increases in social motivation, but it may also reflect difficulty in encoding the reward value
of social cues that arises from cognitive biases typical of SAD.

6.3. Conceptual model of adolescent vulnerability to SAD
Adolescence brings distinct contextual and biological changes that motivate social behavior,
but it also brings increased vulnerability for SAD. Thus, our model for understanding
adolescent vulnerability to SAD highlights the relationships among individual differences in
temperament (namely BI), changes in cortical and subcortical neural circuitry during
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adolescence underlying social and non-social information processing, and changes in the
social environment (Figure 1). The model stipulates that heightened risk for SAD in
adolescence is associated with approach-avoidance conflicts whereby the increased salience
of social reward is offset by extreme fear of humiliation, embarrassment, or lowered social
status. These conflicts are generated by normative changes in several, interacting processes
at multiple levels. At the biological level, changes in neural circuitry occur in threat-related
(i.e., amygdala and vlPFC) and reward-related (i.e., basal ganglia and vmPFC) systems.
These neurobiological mechanisms are associated with psychological processes that differ
between non-anxious adolescents and those with SAD or at risk for SAD, specifically
processing of threats and rewards of a social and non-social nature. The central motivational
conflict between increased desire in adolescence for peer acceptance and fear of
embarrassment or humiliation is driven by a number of cognitive factors described earlier,
such as anticipation of punishment (i.e., rejection), enhanced performance monitoring to
avoid failure, and enhanced processing of negative outcomes. Such a view is consistent with
behavioral evidence indicating that socially anxious individuals tend to expect rejection,
show heightened concern for their own appearance of anxiety, and display overly negative
interpretations of social outcomes (Heimberg et al., 2010).

Adolescent changes in neural and motivation systems occur within a changing social
context: more time is spent with peers, opportunities for social interactions expand, and
exposure to unfamiliar peers increases. The relationships among the changes occurring at
biological, psychological, and environmental levels may be moderated by individual
differences such as a behaviorally inhibited temperament in predicting SAD. Given the vast
research linking SAD with a multitude of contributing influences, our model is not
comprehensive. For example, many children who are not behaviorally inhibited develop
SAD. Although temperament is a strong factor, other developmental influences exist; yet the
model focuses on temperament because many of the findings on adolescent SAD in the
developmental cognitive neuroscience literature are linked with BI. Furthermore, pubertal
status is likely to modulate social fears and motivations, due to changing hormones and
changing physical appearance (Forbes et al., 2010; Sisk & Zehr, 2005). In spite of these
constraints, the model highlights key relationships of interest in developmental cognitive
neuroscience and its application to psychopathology. Furthermore, it generates hypotheses
for differentiating normative and atypical levels of social anxiety in adolescence.

The functional neuroimaging studies linking adolescent SAD and early life BI to approach-
related neural circuitry have made strides in characterizing hypersensitivity to rewards and
fear of failure related to performance (Bar-Haim et al., 2009; Guyer et al., in press; Guyer et
al., 2012a; Guyer et al., 2006; Helfinstein et al., 2011). To more fully establish a clinically
relevant relationship between striatal circuitry and SAD, tasks designed to probe constructs
linked specifically with social anxiety symptoms, such as extreme fear of social evaluation
and humiliation, ought to be used in conjunction with neuroimaging. Progress towards
understanding adolescent vulnerability for SAD has been initiated by pairing neuroscience
methodologies with social evaluation tasks by increasing the ecological validity of our
assessments of the processes that are tightly linked with risk for SAD, such as social
evaluation and social avoidance (Gunther Moor et al., 2010; Guyer et al., in press; Guyer et
al., 2012a; Guyer et al., 2008; Guyer et al., 2009; Lau et al., 2011).

7. Conclusions
Why is adolescence a period of heightened risk for a diagnosis of clinical social anxiety?
The preponderance of research points to a complicated and dynamic cluster of changes that
may confer this vulnerability: a history of behaviorally inhibited temperament that interacts
with changes in fear- and reward-related neural circuits, social information processing, and
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changes in the social environment. The present paper reviewed recent data to introduce
novel conceptual and methodological approaches to addressing this question: moving
beyond a focus solely on fear processing and incorporating constructs of reward processing,
integrating social tasks into established neuroimaging paradigms, and assessing neural and
behavioral change over time, or at least between multiple age groups, among those affected
by and at risk for SAD. The social world is an extremely complex environment. The more
that developmental cognitive neuroscience research can account for that complexity, the
more fully and effectively we can understand adolescent SAD and differentiate it from
typical anxieties that can be expected in adolescence.
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Highlights

Adolescence brings heightened risk for social anxiety disorder (SAD) onset.

Early-life temperament of behavioral inhibition is a documented risk for SAD.

Vulnerability to SAD reflects heightened salience of social and nonsocial rewards.

Avoidance-related (i.e., amygdala) and approach-motivational (i.e., striatum)
systems are associated with adolescent SAD and behavioral inhibition.

Caouette and Guyer Page 21

Dev Cogn Neurosci. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1. Conceptual model of adolescent vulnerability to social anxiety disorder (SAD)
Aberrant processing of social threat and reward in SAD becomes pronounced in
adolescence. Typically occurring changes in neural circuitry implicated in threat and reward
processing coincide with changes in the social environment that afford greater opportunities
for social reward from peers but also greater risk of humiliation and embarrassment in front
of unfamiliar others. These changes are mediated by cognitive psychological processes that
motivate approach and avoidance behaviors. Vulnerability to SAD in adolescence is viewed
as a result of conflict between increased salience of social reward and extreme fear of
humiliation or embarrassment. This vulnerability is moderated in part by a history of
inhibited temperament.
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