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Abstract
Purpose of Review Adolescence is a developmental period often characterized by heightened risk-taking and increased sensitivity to socially salient stimuli. In this report, we discuss how the developing brain serves as both a link between and a
susceptibility factor for, social contextual factors and risk-taking in adolescence.
Recent Findings Neural activity in regions related to affective processing, cognitive control, and social cognition, which continue
to develop across the adolescent years, shapes the relationship between adolescents’ social environment and their risk-taking.
Summary Examining neural patterns of adolescent brain development enriches our understanding of how adolescents’ complex
social environment modulates their risk-taking behavior, which may have implications for adolescents’ current and future
substance use.
Keywords Adolescence . Parent influence . Peer influence . Substance use . Brain development . fMRI

Introduction
Substance use rises markedly during adolescence [1]. By
twelfth grade, over 50% of adolescents have tried alcohol,
about 20% have reported using prescription medicine for
non-medical purposes, and approximately 40% have tried cigarettes [2]. The rise in substance use during adolescence poses
serious public health concerns and has detrimental implications to adolescents’ long-term well-being. Indeed, substance
use, misuse, and addiction are among the leading causes of
adolescent morbidity and mortality in the USA [3].
Furthermore, initiating substance use during adolescence
poses an increased risk for substance addiction and abuse of
multiple substances [4, 5]. The long-term consequences of
substance use in adolescence are manifold, including risk for
me nta l h e alth , po or a ca de mic p erf or m an c e, an d
neurocognitive problems [5–7].
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One likely reason for the rise in substance use during adolescence is the increased propensity for risk-taking that is
characteristic of the second decade of life. Cross-national reports of experimental and real-world risk-taking (e.g., healthrelated risks, antisocial risks) have demonstrated increases in
risk-taking across adolescence such that it peaks during late
adolescence [8]. Various biopsychosocial factors are thought
to contribute to adolescents’ propensity for risk. For instance,
puberty is thought to induce key hormonal changes that result
in the reorganization of dopaminergic pathways to rewardrelated brain regions [9]. In effect, adolescents evince a heightened sensitivity to rewards and an increased tendency to seek
out exciting, novel experiences [10]. In contrast to the developmental peak in reward-related brain regions is the
protracted development of prefrontal brain regions responsible for self-regulation, which continues developing into early
adulthood [11]. The developmental mismatch between reward
sensitivity and self-regulation is thought to be a key characteristic of risk-taking propensity in adolescence, placing youth
at risk for substance use. Indeed, heightened reward sensitivity
during adolescence is associated with substance use initiation
during adolescence, and high reward sensitivity coupled with
poor self-regulation predicts earlier onset of substance use
among adolescents [12, 13]. Together, findings indicate that
adolescents’ increased propensity for risk-taking may be a key
contributing factor to the onset of substance use during
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adolescence, and thus, studying adolescent risk-taking may
have implications for substance use.
Given the increased salience and importance of social contexts for adolescent decision-making, the social figures in adolescents’ lives have the potential to either amplify or inhibit
adolescents’ likelihood of risk-taking [14••]. In the following
sections, we provide insights from research on magnetic resonance imaging (MRI) studies that clarify the role of social
context on adolescent risk-taking. We first explore social and
contextual effects on adolescent risk-taking. Next, we discuss
functional changes that take place in the developing adolescent brain. Following, we review literature linking social context with adolescent brain development and function as they
relate to risk-taking behaviors, and discuss how adolescents’
social contexts may tune the developing neural systems to
confer either vulnerability or protection against risk-taking
during adolescence. We end with suggestions for future
research.

Social Context of Adolescent Substance Use
Risky behaviors, including substance use, do not occur in a
social vacuum. Social information often guides adolescent
decision-making, and indeed, most risk-taking occurs in a
social context [14••, 15••]. Two of the key social figures shaping adolescents’ behaviors include parents and peers. The
transition from late childhood to early adolescence parallels
a shift from susceptibility to parental influence to susceptibility to peer influence [16]. While parents continue to play an
important influence, adolescents spend more time with peers
than with parents and form more supportive and interdependent bonds with their peers [17, 18]. Thus, adolescents tend to
be sensitive to, and reinforced by, the norms and behaviors
endorsed by their peers (e.g., [19]). Additionally, young adolescents are more likely to conform to their peers’ perceptions
of risky behaviors than to adults’ perceptions [20]. This emphasizes that social norms deemed as high value by their peers
are incorporated into adolescents’ own set of values, which
ultimately guide their future behaviors.
Though adolescents increasingly gain independence from
their parents, parents remain integral social agents in their
lives, and adolescents continue to seek guidance from their
parents [21]. In particular, parents exert important influences
on adolescents’ decisions, especially when those decisions are
related to moral and ethical values, which may help adolescents determine which behaviors are socially acceptable and
which are not (e.g., [22]). This is evident with respect to parental modeling of risky behaviors, as adolescents are more
likely to partake in the same risky behaviors that their parents
engage in [23, 24]. As such, contrary to popular belief that
peers have stronger influence over adolescents’ behaviors

than do parents, parents continue to exert meaningful influence on adolescent risky behaviors.
In effect, both peers and parents can have meaningful impacts on adolescents’ decisions to engage in substance use.
Adolescents are more likely to engage in substance use if their
parents or peers engage in substance use, including alcohol,
cigarettes, and marijuana use [23–26]. Longitudinal trends
demonstrate that parental alcoholism predicts greater consumption of alcohol in adolescents over time, and peers’ initial
alcohol use predicts adolescents’ alcohol use 3 years later [27,
28]. Therefore, parents and peers are salient social figures who
shape adolescent substance use behavior, both concurrently
and longitudinally.
In addition to the direct influence of parents’ and peers’
own substance use, adolescents’ social context includes
broader influences; for instance, early life experiences are often shaped by the family context (e.g., maternal depression,
childhood neglect) while school experiences are often guided
by the peer context (e.g., hostile peers). These broader social
contexts, beyond the direct parent and peer influences, have
implications for adolescent adjustment, including risk-taking
and substance use behaviors. This review therefore encompasses a diverse range of social influences to best reflect the
complexity of adolescents’ social context.

Brain Development in Adolescence
The effect of adolescents’ social contexts on their risky
decision-making is related, in part, to various changes in brain
development, with respect to both structure and function.
These neurobiological changes are not only tuned by adolescents’ social experiences but also serve to modulate associations between adolescents’ social contexts and their risky behaviors. In particular, adolescence is a period of developmental neuroplasticity, during which the brain is reorganizing and
changing with experience in response to environmental and
sociocultural inputs [29]. Neurodevelopmental changes occur
in regions involved in affective processing (e.g., ventral striatum (VS), amygdala), cognitive control (e.g., ventrolateral
prefrontal cortex (vlPFC)), and social cognition (e.g., medial
prefrontal cortex (mPFC)) that render adolescents more sensitive to socially salient inputs such as social rewards, and more
flexible in their ability to engage in inhibitory control [30–32].
Such changes in brain function may underlie adolescent
risk-taking behavior. For example, adolescents at risk for substance use show elevated VS activation when anticipating
rewards and blunted prefrontal activation while engaging in
cognitive control [33, 34]. Furthermore, earlier onset of substance use is associated with enhanced coupling between reward and cognitive control neural systems, positing that reward plays a key role in these adolescents’ goal-directed behaviors [35]. Such neural processes may be enhanced or
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dampened under different social contexts. For instance, risktaking in the presence of peers recruits neural regions involved
in reward sensitivity (e.g., VS), whereas in the presence of
parents, VS activation is blunted and connectivity between
affective and social cognitive regions is enhanced, indicating
that the same risky behavior elicits divergent neural activation
under different social contexts [36–38].
Given the relevance of brain development to understanding
adolescent risky behaviors, the following sections will focus
on recent empirical research that examines the role of adolescent brain development in the relationship between social contextual influences and risky behaviors in youth. We review
studies that demonstrate how the brain can serve as both a
mechanism (i.e., mediator) and a susceptibility factor (i.e.,
moderator) of social contextual influences on risky behaviors
in adolescence. The mediation model identifies neural functions that serve as a biological mechanism linking social contextual influences to risk-taking behavior, whereas the moderation model identifies neural functions that enhance or blunt
the interplay between social contextual influences and risktaking behavior.

Neural Mechanisms of Social Contextual
Influences on Risk-Taking
Investigations of the brain as a mediator of social context
focus on how social influences may operate in part through
neurobiological mechanisms to impact risky behavior, potentially elucidating how negative social experiences lead to escalated risky behaviors in youth. For instance, adolescents’
experiences of chronic peer victimization are associated with
greater risky behaviors, both concurrently in an experimental
task and longitudinally in real-world antisocial behavior [39•].
The relationship between peer victimization and risk-taking is
mediated by heightened activation in the amygdala during
risk-taking, suggesting that chronically victimized youth
may become more sensitive to the affective value of high
risks, thereby heightening their proclivity to engage in risky
and antisocial behaviors [39•]. Similarly, hostile school environments, including higher prevalence of delinquent peers at
school, are related to adolescents’ social deviance, and this
relationship is mediated by activation in the subgenual anterior cingulate cortex (subACC), a brain region involved in affective regulation, during social exclusion [40•]. The mediating role of the subACC suggests that hostile school environments may make adolescents increasingly sensitive to hostility and more susceptible to future social stimuli, thereby pushing them to affiliate with negative peers and engage in deviant
behaviors [40•]. Furthermore, negative peer affiliations during
adolescence have long-term implications for risk-taking during adulthood. For example, negative peer affiliation at age 20
is related to greater delay discounting at age 25 [41••]. Delay

discounting characterizes a stronger preference for smaller,
immediate rewards rather than larger, delayed rewards, and
serves as a proxy for risky behaviors. This longitudinal relationship is mediated by resting state frontostriatal functional
connectivity, a neural circuit involved in impatience and temporal discounting due to greater reward-driven executive functioning [41, 42]. This finding posits that poor peer relationships during late adolescence may have long-lasting implications for their neurocognitive functions [41••]. Together, these
findings demonstrate that various types of negative peer experiences are linked to risky behaviors via altered neural activation and functional connectivity.
Emerging evidence also reveals that aspects of the family
context may influence youth’s risky behavior via altered neural patterns. For example, high family conflict is associated
with longitudinal increases in risk-taking, which is mediated
by longitudinal increases in vlPFC activity during cognitive
control [43]. Longitudinal increase in vlPFC activation is
thought to be a phenotype that characterizes heightened susceptibility to risk-taking, suggesting that poor family dynamics place adolescents at risk for heightened risk-taking behavior via changes in the cognitive control system [44]. Similarly,
high family conflict is associated with longitudinal increases
in real-life risk-taking, which is mediated by longitudinal increases in functional coupling between the anterior insula (AI)
and VS when making safe decisions during risk-taking under
maternal presence [45•]. This demonstrates that poor family
relationships may lead to a dysregulated integration of reward
information from the VS by AI, which in turn, may lead to
heighted risk-taking behavior [45, 46].
Simultaneously, more positive family relationships serve to
reduce adolescent risk-taking via changes in neural processing.
For example, greater positive parent-child relationship quality is
linked to longitudinal declines in risk-taking behavior, which is
mediated by longitudinal declines in VS activation during risktaking [47]. This suggests that risk-taking is a less rewarding or
salient experience for adolescents within a positive family environment, and thus, positive interactions with family members
may serve as a protective factor against risky behavior by reducing the reward value of engaging in such behavior [47]. One
aspect of the family environment that is often understudied is
the important role of siblings on adolescent risky behavior.
Indeed, sibling relationships have unique implications on adolescent adjustment such that greater closeness among siblings is
linked to lower externalizing symptoms, which is mediated by
stronger AI activation during safe decision making [48•]. Given
the insula’s role in integrating affective signals, this finding indicates that positive sibling relationships may enhance the affective
salience of safe choices that may mitigate externalizing behaviors
[48•]. In sum, positive and negative family contexts can differentially shape adolescents’ risky behaviors over time, which may
be guided by changes in neural development in brain regions
involved in cognitive control and reward value.
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Other social contextual factors that stem from family and
caretaking environments, including early life stressors and
childhood adversity, also relate to risk-taking via modulated
brain activation. Greater childhood adversity (e.g., emotional
neglect from a caretaker) is related to higher externalizing
symptoms in early adolescence, which is associated with later
substance use such as alcohol and marijuana [49•]. This relationship is mediated by greater ACC activation during cognitive control, which posits that childhood adversity may
dysregulate ACC functioning, a region that is critical for inhibitory processing and conflict monitoring [49•]. Similar patterns emerge later in development as well. For example, adolescents who experience more stressful life events (e.g., injury
or death in family) are more likely to form alcohol dependence
later in life [50]. This relationship is mediated by reduced
mPFC activation during reward anticipation and receipt, indicating that social stressors during adolescence may disrupt
reward circuitry, thereby placing youth at higher risk for substance use [50]. Together, alterations in affective and cognitive
control neural regions may link experiences of social stressors
to later risky behaviors across development. In summary, social influence from family and peer contexts can determine
how adolescents make risky decisions via dysregulated neural
development.

Neurobiological Susceptibility to Social
Contextual Influences on Risk-Taking
The above evidence highlights the potential for social experiences to shape developing neural circuitry, potentially creating
vulnerability for health-compromising or antisocial risk behaviors. In addition to such direct influences, a promising
theoretical framework, neurobiological susceptibility to social
context (also referred to as differential susceptibility theory
and biological sensitivity to context), also highlights that individual differences in neural endophenotypes, such as heightened reward sensitivity, may leave some youth more susceptible to the influence of their social environment [51–53]. That
is, social environmental factors may influence youth non-uniformly, such that susceptible endophenotypes may render
youth vulnerable to the influence of family and peer contexts,
whereas less susceptible endophenotypes are not influenced
by the social context. Moreover, consistent with differential
susceptibility theory, these effects may occur in a “for better or
for worse” fashion, such that the same youth who suffer most
in harsh social environments could thrive most in supportive
ones [54]. In other words, this theory emphasizes that positive
social context may, in fact, be an opportunity for positive
adjustment for youth at risk.
Most studies investigating susceptibility to the social environment have assessed the effects of the caregiving environment on youth adjustment as a function of genes or other

biological factors (e.g., vasovagal response, [53, 55, 56]).
This work has documented interactions between genetic factors associated with neurotransmitters (e.g., dopamine) and
parenting quality in predicting youth outcomes such as substance use and externalizing psychopathology (e.g., [57, 58]).
For example, findings suggest that youth with less efficient
dopamine-related genetic polymorphisms are more susceptible to both positive and negative caregiving environments,
with these youth showing poorer outcomes in contexts of
adversity but profiting the most from support [55].
Although these studies provide initial evidence of susceptibility patterns in adolescent youth, neural indices, such as
brain function and structure, may also represent optimal
endophenotypic markers of susceptibility to social influence,
as neural measures offer a summation of intrinsic biological
factors (e.g., genomic expression) and may shed light on specific cognitive, affective, and social processes involved [51].
Indeed, a small handful of studies have applied such models to
predict psychosocial outcomes in adolescents, with the majority of this initial work assessing internalizing presentations
such as depressive symptoms [59–63]. Like risk-taking behavior, depression sharply increases during the adolescent period and often co-occurs with risk behaviors such as substance
use [64]. One study observed that greater functional sensitivity to social exclusion in affective salience regions, such as the
AI and dorsal ACC, predicted lower levels of depressive
symptoms when adolescents reported having supportive
parent-adolescent relationships, but predicted higher levels
of depressive symptoms when adolescents reported having
conflictual relationships with their parents [60]. Furthermore,
adolescents with lower neural responsivity to social exclusion
were resilient, with these youth exhibiting low or average
levels of depressive symptoms. This work stresses that individual differences in neurobiological susceptibility during the
adolescent period may dictate the extent to which social influence, particularly salient social influences such as the parentadolescent relationship, may influence behavioral outcomes
during this time.
Although most work in this domain has focused on internalizing symptoms, the differential susceptibility framework
may be equally relevant for understanding the interplay between the social environment and brain functions on risk-taking. Indeed, one study documented individual differences in
neurobiological susceptibility to peer influence in predicting
adolescent risk behavior. Specifically, adolescents’ VS activity during the anticipation of social rewards and during the
avoidance of social punishments marked a pattern of neurobiological susceptibility to peer influence [65•]. Whereas negative perceived peer norms were associated with higher levels
of risk behavior for youth with high VS sensitivity, youth with
low VS sensitivity were resilient and exhibited lower levels of
risk behavior regardless of peer norms. This study provides
initial evidence of adolescent neurobiological susceptibility to
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social context, particularly for the association between peer
influences and emerging risk-taking, underscoring the promise of this framework for characterizing social and neural vulnerabilities. Together, this research suggests that neurobiological sensitivity may identify adolescents who are most at risk
within negative social contexts, and that redirecting or enhancing their social environment may have optimal consequences
for positive developmental trajectories.

Future Directions
In this review, we discuss how the developing brain can serve as
a mediator and moderator of the link between social contextual
influences and adolescent risk-taking. These two bodies of work
have largely been conducted separately, with little consideration
of how neurodevelopment can serve as both a mediator and a
moderator. It is possible that relatively earlier social contextual
influences tune the developing brain, heightening neurobiological sensitivity for some (e.g., those exposed to high family conflict develop increases in functional coupling between the AI and
VS), which results in later risk-taking and substance use (i.e.,
mediational pathway) [45•]. This earlier tuning of the brain and
heightened neurobiological sensitivity may then serve to modulate later social contexts, making some youth even more susceptible to the influence of their social environment, whereas other
youth who are less neurobiologically sensitive are resilient to
their social context (i.e., moderational pathway; see Fig. 1).
Future research that utilizes longitudinal designs is key to
unpacking the complex ways that the brain and social context
interact which will allow us to examine the unfolding of these
mediational and moderational pathways over time.
Future research should also carefully assess the developmental timing of social contextual influences in order to identify whether neural mediators and moderators function differently at different developmental periods. For instance, mediation may be amplified during sensitive periods of development when the brain is particularly tuned to the social environment. Indeed, stressors have an undue influence on brain
development during early developmental periods. For instance, socioeconomic stressors in childhood predict altered
neural processing in adulthood, even if there has been a
change in SES later in life, suggesting that childhood may
be a sensitive period during which social stressors tune the
Fig. 1 Brain development as a
mediator between social influence
and risk-taking behavior (orange
arrows; e.g., [45•]), and as a
moderator on the effect of social
influence on risk-taking behavior
(blue arrow; e.g., [65•])

brain in ways that are not recoverable later in life [66, 67].
Moreover, some neural regions may be more or less susceptible to social contextual influences at different developmental
periods based on the timing of their structural and functional
development. For instance, the amygdala is an early developing brain region that may be particularly susceptible to input
from the environment early in life, whereas prefrontal regions
develop later in adolescence and therefore may be more susceptible during adolescence (see [68]). Thus, tuning of the
brain may occur in a region-specific manner, which may have
differential consequences for later behavioral and adjustment
outcomes. Future research should examine how social influences during individual periods within development (i.e., infancy versus childhood versus adolescence) result in differential outcomes on brain development and subsequent adjustment in adolescence and adulthood.
Finally, future research should utilize experimental designs
and randomized control trials to capture causal pathways to
inform interventions. Significant behavioral and neuroimaging research that has implemented experimental designs has
shown that adolescents are sensitive to both positive and negative social contexts. For instance, relative to older individuals, younger adolescents change their own attitudes after being exposed to prosocial and risky norms, and heightened
neurobiological sensitivity to peers and parents results in both
risky and prosocial behaviors, depending on the social norms
being modeled [21, 36, 37, 69, 70]. To date, differential susceptibility models have largely been correlational.
Experimental designs are important in order to identify whether the same adolescent high in susceptibility who is exposed to
maladaptive social inputs and suffers will benefit when exposed to adaptive social inputs. Experimental designs can
therefore identify how susceptible youth will respond to different social contexts, which will be important for
implementing interventions targeted at decreasing adolescent
risk-taking. Indeed, randomized controlled trials have shown
that youth with enhanced genetic sensitivity to context (e.g.,
risk allele of the D4 receptor) benefit the most from interventions that focus on improving their social context (e.g., [71]).

Conclusion
In summary, adolescents undergo a multitude of changes including heightened risk-taking behavior, resulting in
Neural Sensivity
e.g., VS-AI connecvity

Earlier Social Context
e.g., family conﬂict

Adolescent Social Context
e.g., peer substance use

Adolescent Adjustment
e.g., risk taking and substance use
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substance use engagement. Parallel with this behavior is
changes in youth’s social environment and neurobiological
transformations. Thus, adolescent risky behaviors are often
accompanied by various social inputs from their parents and
peers and are modulated by the brain in complex, interacting
ways. In this review, we discuss two ways in which the developing brain modulates social contextual influences on risktaking: first, we highlight the brain as a mechanism (i.e., mediator) that links social influence and risk-taking; and second,
we describe the brain as a susceptibility factor (i.e., moderator)
that differentiates the non-uniform effects of social influence
on risk-taking. These two models emphasize the key role of
neurobiological development in understanding adolescent
risk-taking in a social context; specifically, neural changes in
regions involved in affective processing, cognitive control,
and social cognition contribute to and modulate adolescent
risk-taking, which demonstrate the need to understand
neurodevelopment that uniquely characterizes adolescence in order to help unpack the complexity of adolescent development.
Substance use during adolescence has damaging consequences
on youth’s immediate and long-term well-being and adjustment,
and thus, understanding the neural underpinnings may elucidate
ways to direct youth towards positive developmental trajectories.
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