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Abstract

The onset of adolescence, and more specifically the advent of pubertal maturation, represents a key developmental
window for understanding the emergence of psychopathology in youth. The papers in this special section
examine normative differences in the neurobiology of stress and emotional functioning over the peripubertal
period. The work in this special section helps to fill in gaps in our understanding of key mechanisms that may contribute
to increased vulnerabilities in behavioral and psychiatric morbidity during this developmental period.

The onset of adolescence, and more specifically
the advent of pubertal maturation, represents a
key developmental window for understanding
the emergence of psychopathology in youth.
The beginning of adolescence is a time of dra-
matic physical, social, cognitive, and emotional
changes. These include rapid physical growth;
the onset of sexual maturation; increases in
risk taking and sensation seeking; burgeoning
romantic and sexual interests; increased self-

consciousness; early experimentation with al-
cohol and other substance use; and increasing
rates of accidents, suicide, reckless behavior,
depression, anxiety, and bipolar disorders.
Not only do morbidity and mortality rates rise
sharply across this developmental interval, but
also the roots of many adult-onset health prob-
lems can be traced to patterns of behavior that
can be identified in adolescence. Clearly, the
period of transition into adolescence reveals
complex issues that have enormous implica-
tions for public health.

The scope of these problem behaviors that
emerge at this time spans the boundaries of nor-
mal and pathological development and inter-
weaves elements of physical health, behavioral
health, and developmental psychopathology.
For example, a tendency toward increased risk
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taking and sensation seeking may, on the one
hand, represent a set of normative developmental
changes in adolescence. On the other hand,
these maturational shifts in motivation also con-
tribute to early pathways for a wide array of
risky behaviors with significant health conse-
quences such as smoking, substance use, reck-
less behavior, and increased vulnerabilities to
some psychiatric disorders. Another dimension
to the complexity of these issues is the increas-
ing recognition of the need to understand the
interplay between biological and social factors
that can tip the balance at key points along tra-
jectories toward pathological outcomes such as
adolescent depression, anxiety, bipolar disor-
der, substance use disorders, eating disorders,
suicide, aggression, and the high rates of fatal
accidents that occur during this period of devel-
opment.

Progress in understanding the develop-
mental roots of these problems, and ultimately,
in identifying optimal leverage points for early
intervention, will require slicing through these
levels of complexity with well-focused scien-
tific investigations. Some of the most compelling
questions aim at mechanistic understanding. For
example, there is increasing recognition of the
importance of Gene�Environment�Develop-
ment interactions and their relevance to adoles-
cent vulnerabilities (e.g., Caspi et al., 2005).

However, as illustrated in this special sec-
tion, there are equally compelling issues (with
respect to long-term clinical and social policy
relevance) focusing on questions about specific
developmental windows that may render par-
ticular neurobehavioral systems relatively
more vulnerable. More specifically, as high-
lighted by the papers in this special section,
there appears to be emerging evidence for in-
creased emotional and stress reactivity in early
adolescence, which may have roots in neurobe-
havioral changes at puberty. Although only two
of the papers tested the role of pubertal matura-
tion directly, all four papers focus on the devel-
opmental interval when pubertal maturation is
accelerating (and in one case the data show
that girls demonstrate the increased reactivity
on an earlier time course than boys, consistent
with the hypothesis that puberty-specific
changes may underpin at least some aspects
of these alterations in emotional response).

Why, one might ask, is this particularly rel-
evant to understanding the development of psy-
chopathology during adolescence? As noted by
several theorists, the onset of puberty appears
to present a crucial transition point that heralds
the onset of increased risks in adolescence.
Although psychosocial factors associated with
adolescence continue to receive attention as
components of proposed adolescent vulnerabil-
ity, clinical investigators are increasingly focus-
ing attention on puberty-associated neuro-
biological maturational changes in systems
underlying stress and emotional functioning.
This journal has been active in publishing theo-
retical and empirical articles encouraging this
focus (e.g., Alloy, Abramson, Walshaw, Key-
ser, & Gerstein, 2006; Keshavan & Hogarty,
1999; Walker, Sabuwalla, & Huot, 2004).

Notably, although these models are based on
the idea that normative neurobiological changes
impact systems that underlie stress and emotion
functioning, the evidence that such changes are
observed normatively is relatively sparse.

Models of normal adolescent brain develop-
ment increasingly emphasize interactions be-
tween neural systems underpinning cognitive
control functions and those that are more reactive
to social and affectively salient stimuli. This pro-
vides a general framework for considering the
dramatic changes in social and emotional do-
mains in early adolescence, which place new de-
mands on the still-maturing neural systems that
are critical for mediating arousal, orientation, at-
tention, and affect, as well as for regulating and
integrating these affects in line with long-term,
goal-directed behaviors (the maturation of cog-
nitive control; see Dahl, 2004; Ernst, Pine, &
Hardin, 2006; Nelson, Leibenluft, McClure, &
Pine, 2005; Steinberg et al., 2006).

Yet, one of the core hypotheses, puberty-
specific changes in affective systems, has re-
ceived surprisingly little empirical investiga-
tion. As highlighted by the papers in this special
section, this is beginning to change.

The four studies in this special section provide
data that begin to fill key gaps in the literature.
Each examines peripubertal changes in neurobi-
ological functioning. The focus of these studies
is on changes in emotion and stress systems.

The first paper by Silk et al. (2009) examines
pupillary and behavioral response to emotional
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words in a sample of youth in two stages of pu-
berty: pre- to early and mid- to late. The pupil
becomes more dilated in response to stimuli
that require greater cognitive load or that have
greater emotional intensity reflecting activity
of corticolimbic circuits involving the anterior
cingulate cortex, amygdala, and midbrain retic-
ular formation. Pupil dilation thus provides a
peripheral index of brain activation in response
to a specific stimulus. Silk et al. (2009) demon-
strate that, controlling for participants’ age,
mid-/late pubertal children evidence a greater
peak pupillary reactivity to these words than
do pre-/early pubertal children. The mid-/late
pubertal subjects also report greater emotional-
ity during the laboratory visit and remember
more emotion words during free recall.

The second paper by Quevedo, Benning,
Gunnar, and Dahl (2009) examines affective in-
fluences on two reflexes: eye-blink startle and
postauricular (PA) reflex as measures of the de-
fensive and appetitive motivational systems, re-
spectively. The design of the study (focusing on
youth that were the same age, but varied on
pubertal maturation) is particularly important
as a way to disentangle puberty-specific mat-
urational changes. They examined emotion
modulation (pleasant, neutral, and aversive pic-
tures) of these reflexes in 12- and 13-year-old
adolescents who were selected to be pre-/early
or mid-/late pubertal. Compared to pre-/early
pubertal children of the same age, mid-/late
pubertal adolescents exhibited higher ampli-
tude eye-blink startles and emotion modulation
of the PA reflex. Furthermore, only among the
mid-/late pubertal subjects were individual dif-
ferences in emotion modulation of the appeti-
tive reflex associated with self-reports of behav-
ioral and personality characteristics.

The third and fourth papers by Stroud et al.
(2009) and Gunnar, Wewerka, Frenn, Long, and
Griggs (2009), respectively, focus on whether
the reactivity of stress sensitive neurobiological
systems increase over the transition to adoles-
cence. This question is critical because it has
been argued that heightened risk for psychopa-
thology in adolescence not only involves height-
ened emotionality, but also heightened stress re-
sponses to emotional provocation. Although
previous work in this area has primarily focused
on basal activity of stress-sensitive systems, both

Stroud and colleagues (2009) and Gunnar and
colleagues (2009) expose participants to stress-
evocative tasks to examine normative changes in
stress reactivity at the transition to adolescence.
Stroud et al. (2009) demonstrate increases in ac-
tivity of the hypothalamic–pituitary–adrenal
(HPA) axis to a performance stressor and in-
creases in sympathetic reactivity to a social re-
jection stressor among older (13- to 17-year-
olds) versus younger (7- to 12-year-olds) partic-
ipants. Similarly,Gunnarandcolleagues (2009),
using a performance stressor (Trier Social Stress
Test), found significant changes in HPA reactiv-
ity around the transition to adolescence, and fur-
ther showed that pubertal stage correlated with
increased HPA activity. In contrast to Stroud and
colleagues (2009), however, they found that sym-
pathetic activity, measured using the preejection
period, was increasingly modulated with age.

On the one hand, there are several limita-
tions to these studies and clearly a need for
further well-controlled investigations in these
areas. More rigorous measures of puberty, mea-
sures of reproductive hormones, designs that
specifically disentangle puberty and age (such
as in Quevedo et al., 2009), and importantly,
longitudinal studies, will be needed to advance
understanding in these important areas. Studies
of high-risk samples followed through this mat-
urational interval as well as low-risk normal
controls would also increase the ability to an-
swer a deeper set of clinically relevant ques-
tions. On the other hand, we believe that taken
together, this body of work has broad signifi-
cance, pointing toward developmental changes
in stress responsiveness and emotional reactiv-
ity that may have puberty-specific neurobehav-
ioral underpinnings. Because these changes
were observed in healthy, low-risk children
they provide a basis for models positing that
puberty-specific changes in these systems
may heighten the risk for psychopathology in
vulnerable youth.

It is also important to consider these papers
within a broader context of related findings in-
dicating peripubertal changes in social/affec-
tive systems. For example, there are relevant
advances investigating adolescent increases in
sensation seeking, which appears to be linked
to pubertal maturation. As Steinberg et al.
(2008) have described, a deeper understanding

Special section editorial 3

https://doi.org/10.1017/S0954579409000017 Published online by Cambridge University Press

https://doi.org/10.1017/S0954579409000017


of adolescent risk taking may require separating
two overlapping and interacting domains: sen-
sation seeking versus impulsivity, which are
sometimes confounded (conceptually and
methodologically). A key dimension of sensa-
tion seeking centers on an affective or appeti-
tive domain; it is a bit like a hunger or desire
to experience novel, exciting, arousing experi-
ences, even if these entail some risks. In con-
trast, impulsivity has a primarily cognitive
dimension, related to the ability to inhibit
and delay action through cognitive control. In
many risk-taking situations (and measures)
these two overlap. Yet, some sensation seeking
is not impulsive (e.g., an adolescent who saves
up money to take hang-gliding lessons or goes
on a rock-climbing trip is being quite planful in
her pursuit of thrilling sensations). Similarly, a
great deal of impulsive behavior is not aimed at
achieving excitement (e.g., impulsively turning
off the alarm clock in the morning and falling
back asleep). Most relevant to the discussion
here, these two follow different developmental
trajectories. It appears that sensation seeking in-
creases during early adolescence (with some
evidence that this occurs in direct association
with onset of puberty (Martin et al., 2002;
Steinberg et al., 2008) with a peak in midado-
lescence, whereas impulsivity follows a rela-
tively linear decline from ages 10 through 30
(Steinberg et al., 2008). This provides another
example where delineating a deeper under-
standing of the puberty-specific changes (and
the underlying neural mechanisms of the nor-
mal developmental changes in relevant affec-
tive and motivational systems) can inform pre-
vention and early intervention strategies for
high-stakes issues such as adolescent risk tak-
ing and reckless behavior, which contributes
to high rates of mortality.

A second specific domain within the frame-
work of developmental social/affective neuro-
science where there is emerging evidence of pu-
berty-specific maturational changes in face
processing (Blakemore, 2008; McGivern, Ander-
sen, Byrd, Mutter, & Reilly, 2002). Children’s
recognition memory for unfamiliar faces steadily
improves from about ages 5 to 10, exhibits a
temporary decline in accuracy from about 11 to
12, and recovers to adult levels by about 16 years
of age (Carey, Diamond, & Woods, 1980). These

results have been interpreted as evidence fora tran-
sition in the prominent information-processing
strategy used to encode and remember faces that
may be tied to changes in lateralization in the brain
duringpuberty.More recently,brain imagingstud-
ies investigating the functional organization of
face-related activation in children and adolescents
have been converging on the finding that such or-
ganization only begins to look adultlike in middle
adolescence. For example, most functional mag-
netic resonance imaging (fMRI) studies of face
processing indicate that the fusiform face area is
still undergoing significant maturational changes
in early adolescence (Aylward et al., 2005;
Gathers, Bhatt, Corbly, Farley, & Joseph, 2004;
Passarotti et al., 2003; Scherf, Behrmann, Hum-
phreys, & Luna, 2007). There also are several stud-
ies indicating developmental changes during ado-
lescence that involve the broader face-processing
networks that include anterior temporal, prefron-
tal, and limbic regions such as the amygdala
(Baird et al., 1999; McClure et al., 2004; Nelson
et al., 2003; Thomas et al., 2001).

Another example of social/affective changes
linked to puberty is the strong evidence from
both animal and human studies that supports a
link between increasing levels of reproductive
hormones and sensitivity to social status (Ar-
cher, in press; Josephs, Sellers, Newman, &
Mehta, 2006; Mazur & Booth, 1998). These
data also fit with some anthropological perspec-
tives on risk taking in adolescence, which can be
viewed as an adaptive willingness to demon-
strate bravery to acquire more social status. Con-
sider, for example, an adolescent growing up in a
hunter–gatherer society who must make his first
successful kill of a dangerous animal with a
spear to attain adult status in his society, in this
case, a willingness to act boldly despite fear
and relative lack of skills and knowledge can
be a risky, but necessary, step to succeed. In-
deed, in many situations, it seems that adoles-
cents do not become more fearless after puberty
(e.g., in the Quevedo et al., 2009, paper fear/star-
tle responses increased at puberty), but rather it
may be that adolescents become more highly
motivated to act boldly despite their feelings of
fear. This may assist youth along the path of
learning to master their fears (and at times, to
transform these fears into “thrills”), particularly
when they perceive that acting in a brave or
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even reckless way might bring them increased
recognition by peers or more social status. These
findings support the idea that adolescents may be
more prone to peer and status-sensitive influ-
ences on risky decision making and that peer in-
fluences and other social context variables may
play an important role in explaining risky behav-
ior during adolescence as described by Steinberg
(2004).

Finally, one crucial line of investigation that
is progressing rapidly is work focusing on mat-
urational changes in reward-seeking during ado-
lescence, including both animal studies as well
as human studies including use of fMRI and
event-related potential to examine neural sys-
tems of reward in adolescence (Ernst et al.,
2005; Eshel, Nelson, Blair, Pine, & Ernst, 2007;
May et al., 2004; van Leijenhorst, Crone, &
Bunge, 2006). Currently, these studies converge
on one point: all have found differences in acti-
vation of relevant circuitry between adolescents
and adults. However, the studies diverge regard-
ing the direction of these differences and in the

specific neural systems involved. Most relevant
to the focus of this special issue, there are studies
underway looking at puberty specific changes in
neural systems of reward in youth who are
matched for age and grade level but vary on pub-
ertal maturation (see abstract by Forbes et al.,
2008). It seems likely that this line of studies
will contribute to understanding several aspects
of these maturational changes.

In summary, the papers (and commentary by
Spear) in this Special Section represent some
key preliminary steps in a very important direc-
tion: providing initial evidence in support of the
theory that early adolescence (and probably
some puberty-specific changes in affective
neural systems) contribute to increased reactiv-
ity and responsiveness to social and emotional
stimuli. If these findings are replicated and ex-
tended, they may provide evidence that early
adolescence is key period of vulnerability for
the emergence of social and emotional changes
leading to serious pathology; yet they may also
point to opportunities for early intervention.
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