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To the Editor:
Anxiety disorders are the most common psychiatric conditions, affecting as many as 1 in 10
individuals. The diagnosis of anxiety disorders peak during adolescence, a period
characterized by pronounced changes in the ability to regulate emotional thoughts and
behavior. These changes occur in parallel with development of frontolimbic circuitry
captured by the “imbalance model” of adolescence (Figure 1A). Clarifying the nature of
neurobehavioral changes during this developmental phase may provide important insight
into both the etiology and treatment of anxiety disorders.
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Current Practice
Cognitive behavioral therapy (CBT) is the only evidence-based behavioral treatment for
anxiety disorders. Yet 40% to 50% of patients do not improve with this treatment (1),
underscoring the need to predict who will respond to this treatment. A primary therapeutic
component of CBT involves exposure exercises in which a patient is systemically
desensitized to anxiety triggers through repeated exposures. Desensitization is based on
principles of classical fear learning and extinction. Recent advances in our understanding of
the development of fear extinction provide reason to investigate whether exposure therapy is
best suited for all age groups.

A Matter of Timing
Author Manuscript

The imbalance model of adolescence links structural and functional brain changes in brain
circuitry mediating emotional reactivity and regulation to their behavioral consequences.
The amygdala, a subcortical structure that mediates fear learning and reactivity, appears to
be functionally mature early in life. In contrast, the prefrontal cortex, involved in emotion
regulation, continues to develop well into young adulthood. These distinct region-specific
developmental trajectories may lead to an imbalance in how these structures drive behavior
during adolescence. As a result, teenagers show elevated emotional reactivity that is more
difficult to regulate (2). With age and experience, connectivity between these regions
strengthens, allowing for top-down modulation of emotional responses. Failure to regulate
emotional responses correlates with symptoms of anxiety in healthy and anxious youth (2,3),
highlighting a common reduction in amygdala regulation in both typical adolescence and
anxiety disorders.
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Translational Mouse and Human Studies
In our laboratories, human and rodent studies shed light on the development of mammalian
fear circuitry. In mice, fear is measured by quantifying the characteristic “freezing” in
reaction to a potential threat. Mice of various ages were fear conditioned by pairing a neutral
tone with a mild electrical shock. On subsequent days, the mice were exposed to the
conditioned tone without the shock and freezing gradually decreased in a process known as
extinction. These studies demonstrated a striking attenuation in extinction learning during
adolescence. Both preadolescent (23-day-old) and adult (70-day-old) mice showed a greater
decrease in freezing than adolescent (29-day-old) mice (Figure 1B) (4).
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Fear neurocircuitry is highly conserved across species, enabling the translation of basic
animal work to humans. In our human fear-induction paradigm, participants were
conditioned by pairing the presentation of a colored square with an unpleasant sound.
During extinction the following day, the conditioned colored square was presented
repeatedly without the aversive sound. We quantified fear extinction by comparing
physiologic conditioned responses during early and late extinction trials. As in rodents,
healthy human adolescents showed significantly less extinction learning than children or
adults (Figure 1C).
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Reduced abilities to acquire and maintain extinction learning are thought to confer
vulnerability to anxiety (5). Taken together, our cross-species results indicate that
adolescents show diminished fear extinction learning. Other studies have shown that
adolescent retention of this learning is also compromised (6).

Clinical Patterns
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Our data suggest the hypothesis that the efficacy of extinction-based exposure therapies
might be reduced in adolescence. To date, no study has been designed to specifically assess
age differences in the efficacy of exposure therapy in anxious patients. As a proof of
concept, we examined a subset of data from a large-scale placebo-controlled trial of anxious
children and adolescents assigned to CBT or pill placebo (1). We quantified an effect size of
the benefit of CBT-only treatment versus placebo for each age group. Anxiety symptoms
were measured in children and adolescents after 12 weeks of CBT or placebo. A second
published study provided an estimate of CBT’s effect size versus placebo in adults (7).
Comparing response rates for CBT across age groups reveals a nonsignificant pattern in
which adolescents show reduced treatment efficacy (Figure 1D). However, it is important to
note that the Child/Adolescent Anxiety Multimodal Study was not designed to test our
hypothesis. The CBT component of this study included many elements in addition to
exposure, and the patient population had far fewer adolescents than children. Although it is
impossible to segregate the benefits of anxiety-management training from the effects of
exposure-therapy in this study (1), these data provide an effect size for estimating the sample
size that would be needed to test our hypothesis with exposure-therapy alone.

Author Manuscript

Our findings in rodent and human laboratory studies demonstrate the power of basic
research to uncover patterns of potential clinical importance in psychiatry. Developmental
changes in fear extinction circuitry and function have potential relevance for any treatment
that incorporates exposure therapy. Although it has been suggested that anxiety syndromes
in children may be more likely than adolescents to remit spontaneously (8), we highlight that
they may also be more responsive to therapy. We hope that our findings lead to more precise
psychiatric treatments by defining the optimal period for treating individuals with anxiety
disorders. Such an approach is necessary to translate laboratory findings into better
treatments.
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Figure 1.
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Fear extinction learning and improvement of anxiety by age. (A) Representative illustration
of frontolimbic circuitry, highlighting the earlier developing limbic areas (red) and later
developing prefrontal cortex (green) suggested by the imbalance model of adolescence
(Reproduced with permission from McPhee) (9). (B) Adolescent (P29) mice show
diminished extinction learning relative to adults (P70) and preadolescents (P23). (C) Human
adolescents (mean age: 13.9 ± 1.47 years, n = 25) show diminished fear extinction learning
as indexed by skin conductance responses (SCR) compared with adults (mean age: 22.8 ±
2.57 years, n = 28) and children (mean age: 8.8 ± 1.78 years, n = 30) (4). (D) A similar
pattern emerges when the effect size of cognitive behavioral therapy (CBT) relative to
placebo is calculated separately for children (CBT: children, mean age: 9.46 ± 1.36 years, n
= 90; adolescents, mean age: 14.34 ± 1.74 years, n = 49; placebo: children, mean age: 9.20 ±
1.31 years, n = 50; adolescents, mean age: 14.55 ± 1.64 years, n = 26) (1) and adults (7). All
results presented as mean ± SEM. ***p < .001 compared with other groups.
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