Editorial

Adolescence as a unique developmental period
Natalia Jaworska, PhD; Glenda MacQueen, MD, PhD
Gaps exist between our understanding of adolescent brain
development and clinical research involving the treatment of
adolescents with emerging or established psychiatric disorders. In this editorial, we suggest that while basic research on
brain development during adolescence appears to be thriving,
our understanding of how to approach this developmental
window from a clinical and policy perspective is lagging.

Defining adolescence: How does it challenge
clinical approaches?
In the broadest sense, adolescence refers to the period marking the transition from childhood to adulthood. Historically,
this typically spans from 12 to 18 years of age, which roughly
corresponds to the time from pubertal onset (i.e., specific hormonal changes) to guardian independence (i.e., the legal definition of “adulthood” in many countries1). Adolescence frequently co-occurs with puberty, a biological phenomenon
defined by a constellation of events that are driven by increases in adrenal and gonadal hormones, including the development of secondary sex characteristics and modulations
in muscle and fat.2 It is associated with a period of increased
risk-taking behaviours as well as increased emotional reactivity.3 This is typically coincident with changes in the social
and school environment, such as spending less time with
parents and more with peers, as well as an increase in autonomy. These behavioural changes occur in the context of developmental changes that are influenced by both external environmental and internal factors that elicit and reinforce
behaviours. Adolescence is temporally confined but not
fixed; as Casey and colleagues3 have suggested, it should be
conceptualized as a developmental period rather than a
temporal snapshot as it is highly variable behaviourally and
developmentally.
Recent work has expanded the definition and timeframe of
adolescence to include young adulthood, often up to about
25 years of age. While this encompasses some of the neural
changes that occur beyond 18 years of age, it creates challenges in the clinical approaches to adolescents and the pol
icies that guide them. It also exacerbates the challenges of
both studying and treating young people throughout this
time, as the brains, behavioural profiles and social demands
and roles of a typically developing 12-year-old and those of a

24-year-old are strikingly different. The expanded definition
of adolescence is, however, consistent with both a biological
and sociological phenomenon known as the prolongation of
adolescence. This refers to earlier pubertal onset, particularly
in girls.1,4 Similarly, in terms of the social/personal respon
sibility associated with adult roles, adolescence has extended
into the early 20s, with more individuals delaying traditional
adult responsibilities (e.g., starting a family or full-time employment, buying property) in contemporary societies.

Understanding adolescent brain development
Many species are characterized by a developmental and behavioural transition from childhood (parental/conspecific
dependence) to full maturity and behavioural independ
ence. Animal studies are pivotal in helping us to understand the neural substrates associated with adolescence. The
manipulation of domains, such as genetics, that allow us to
gain insight into maturational processes are feasible only in
animal models.5 Neuroimaging studies, however, have also
provided us with new understanding of human brain development and activity during adolescence. This work complements animal studies and further emphasizes the fact
that adolescence is a unique period relative to both childhood and adulthood rather than a linear progression from
one to the other.
Morphometric analyses generally indicate that cortical
grey matter volume declines in many regions of the brain
from childhood throughout adolescence; the slope of this decline varies depending on the region. The grey matter volume of the mid-dorsolateral frontal prefrontal cortex
(DLPFC), for example, peaks in mid-adolescence, declines
and then stabilizes in early adulthood.6 White matter volumes show a more consistent linear increase from childhood
through adolescence, with maximum volumes evident in late
adolescence/early adulthood.7 The decreases in grey matter
during adolescence have often been interpreted as pruning of
redundant synapses,8 although there is relatively limited evidence for this interpretation.6 Another means of thinking
about the developmental trajectory in adolescents is that regions subserving higher-order cognitive functioning develop
and mature later than “primary” function regions. Finally,
the development of subcortical regions is also pronounced
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during adolescence, although this maturational process receives relatively little study in comparison to cortical de
velopment of frontal regions.3
Morphometric and imaging analyses have also been linked
with behavioural data in animal and human studies. Behaviourally, nonhuman adolescents tend to exhibit increased
novelty seeking, peer interactions and consummatory and hedonic behaviours.2 Similarly, human adolescents make risky
choices and exhibit greater emotional reactivity than either
children or adults.3 A primary cognitive feature defining the
progression throughout adolescence is the ability to control
impulses and delay gratification in favour of goal-directed
and more optimized outcomes and behaviours.3,4 Accumu
lating data indicates that adolescent behaviour is differentially
biased in motivationally charged contexts compared with
adult behaviour; correspondingly, sensitivity to rewards
peaks during adolescence.9 In a recent longitudinal study,
Braams and colleagues10 assessed a large sample of children
and young adults (age 8–27 yr) while measuring brain activity
in response to rewards. Their work confirmed a longitudinal
peak in nucleus accumbens (NAcc) activity in response to rewards in 15–17-year-old youths, but also demonstrated that
NAcc activity was associated with individual difference meas
ures in the drive for rewards. Pubertal development was
linearly related to NAcc activity in response to rewards.10
Finally, sensation seeking has been shown to follow a curvilinear trajectory that peaks at age 10–15 years, while impulsivity follows a more linear pattern, decreasing with age.4,9
Hare and colleagues11 found that adolescents exhibited
initially exaggerated amygdala activity in response to fearful facial expressions relative to children and adults; this
exaggerated activity was age-dependent, following a curvilinear pattern consistent with heightened emotional reactivity in adolescents. The extent to which this exaggerated response diminished over time was associated with anxiety
measures in the youth. This suggests that although exaggerated emotional reactivity is evident in adolescence, the maladaptive pattern of nondiminished amygdala activity is
associated with high levels of anxiety. Further, enhanced
amygdala activity in response to fearful faces was inversely
correlated with prefrontal cortex (PFC) activity, confirming
a modulatory/control role by higher PFC centres on the
amygdala.11
Van Duijvenvoorde and colleagues12 reported that learning
rate was associated with intrinsic connectivity between the
DLPFC and subcortical regions; this association increased
over time with increasing age in 8–25-year-olds. Simultaneously, decreased connectivity between the DLPFC and motor
areas was associated with better cognition and increased age,
which may be related to increasing motor inhibition and impulse control with age.12 Further, an age-related increase in
functional connectivity with the NAcc and other subcortical
structures (hippocampus and caudate), the insula and more
dorsal aspects of the anterior cingulate cortex were apparent.
There are, therefore, differences in adolescent brain structure
and connectivity that correspond with differences in emotional and cognitive function and that make adolescent
brains distinct from those of children and adults.
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Wanted: policy and clinical approaches tailored
to treating mental illness in adolescents
Adolescence is also a distinct developmental period during
which the incidence of many psychiatric illnesses rises dramatically; according to the National Comorbidity Survey Replication, three-quarters of psychiatric illnesses will onset by
age 24 years.13 The diagnostic criteria for mental illnesses in
adults are generally applied to adolescents, though the validity of this practice is questionable. Further, the treatment of
various psychiatric symptoms in adolescents is often extrapolated from treatment approaches used in adults. For example,
the treatment of adolescent depression and anxiety is based
almost entirely on what is known from adult studies, in which
the average age of patients is well beyond that of adolescents.
Treatment studies of adolescents typically include youth aged
12–18 years.14,15 In large clinical trials of adults with depression, the portion of patients aged 18–25 years is often low; in
the Sequenced Treatment Alternatives to Relieve Depression
(STAR*D) trial, this age group comprised only 12% of the
sample. Further, the average age of first onset of depression
for the entire sample was older than 25 years.16 Older adolescents and those who treat them are consequently left with virtually no information on treatment strategies for depression
specific to this developmental stage.
There is a need for further clinical research to inform treatment of young people with psychiatric illness. There is also a
need for developmental science to inform policies that are
relevant to youth, for example in approaches to substance
use and abuse. Preclinical studies on alcohol, nicotine and
cannabis, among other substances, suggest that the adolescent brain has differential sensitivity and response to these
commonly used substances.17–19 Policies focused on regulation of these substances do not appear to consistently consider the fact that exposure of the adolescent brain to such
substances may have long-lasting effects in ways that are not
apparent in adults. As Hill noted in a 2014 editorial in this
journal,20 the distribution of evidence-based documents to
policy makers is critical in guiding and influencing policy decisions regarding substance use and regulation.
Adolescence represents a period of strength and resilience,
yet psychiatric illness often begins during this developmental
timeframe. Despite the increased number of studies highlighting that adolescence is a distinct period of neural de
velopment with different brain sensitivity and responsivity,
few clinical or policy approaches have been tailored to adolescents. The developmental work highlighting that adolescence is a distinct developmental period should encourage
further clinical research specific to adolescents.
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