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raditional attempts to characterize the brain
pathophysiology associated with mental illnesses
have relied on relating symptoms to a static
snapshot of abnormal brain structure or function. Over the
last few decades, however, it has become increasingly clear
that many or most psychiatric disorders are the consequence
of atypical brain development.1 As such, the pathophysiology
of mental illnesses may be better understood by character-
izing the dynamic changes in brain structure or function that
unfold over time and ultimately result in psychiatric symp-
toms. One important concept that has emerged out of studies
that have examined longitudinal trajectories resulting in
mental illnesses is the concept of equifinality—that multiple
different trajectories can result in the same symptoms in
adolescence or adulthood.2 If proved to be true, equifinality is
a fundamentally important principle because it suggests that
even if two patients have the same symptoms, the cascade of
brain changes that ultimately resulted in these symptoms
differed. Potentially diverse monitoring and treatment stra-
tegies would be required to detect and treat patients with the
same set of symptoms. There would be no “one-size fits all”
approach to screening and treating patients, and clinicians
would ultimately have to learn to identify and alter multiple
different risk trajectories.

In the current issue of JAACAP, Smith et al.3 test whether
there are multiple neurodevelopmental trajectories that result
in elevated symptoms of anxiety during adolescence. Anxiety
disorders are the most common form of psychiatric illness in
children,4 and children with anxiety disorders are more likely
than their peers to develop a range of additional psychiatric
illnesses as adults, including depression and substance use
disorders.5,6 Thus, studies of aberrant trajectories that result
in increased levels of anxiety during adolescence have broad
applicability, because similar trajectories may manifest as
different disorders later in life. One well-established neuro-
developmental trajectory to increased symptoms of anxiety in
adolescence begins with high temperamental behavioral in-
hibition (BI) in the first few years of life. BI is characterized by
high reactivity and distress to novel stimuli,7 and longitudinal
studies indicate that high BI is one of the most potent known
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risk factors for developing an anxiety disorder later in life.8

Not all children with high BI go on to develop anxiety dis-
orders, however; children with high BI who also have altered
response to errors, increased attention to threat, and
decreased cognitive control later in childhood appear to be at
especially high risk.9 Conversely, young children with low BI
may also develop symptoms of anxiety in adolescence,
although it is not known whether the neurodevelopmental
trajectory to anxiety in adolescence is the same for children
with high versus low BI in early childhood.

Smith et al.3 tested whether the neurodevelopmental
trajectory for high anxiety during adolescence varies
depending on degree of BI in the first few years of life. To
address this issue, Smith et al. examined brain activity in
response to making an error in three different groups of
children from two different longitudinal cohorts. Children
from the first cohort had been assessed for BI at ages 2 and 3
years and were divided into those at ages 12 to 15 years who
had low BI (n ¼ 28) and high BI (n ¼ 27) during early
childhood. Children from the second cohort (n ¼ 78) had
not been assessed during early childhood, but these in-
dividuals were seeking treatment for anxiety between the
ages of 8 and 18 years. Smith et al. compared brain response
to error versus correct trials on the Eriksen Flanker Task
among the three groups and related error-related activity to
symptoms of anxiety. The main result was that the relation
between anxiety and brain response to error varied across
the three groups. For example, among adolescents with high
BI during early childhood, lower ventromedial prefrontal
cortex (vmPFC) activity following errors was associated with
increased anxiety, whereas among adolescents with low BI
during early childhood, higher vmPFC activity following
errors was associated with increased anxiety. Among
treatment-seeking adolescents, there was no relation be-
tween error-related activity in the vmPFC and anxiety.

These data provide intriguing evidence that the neuro-
developmental trajectory that results in high levels of anxiety
differs among adolescents who had low BI in early childhood,
adolescents who had high BI during early childhood, and
treatment-seeking adolescents. Although the evidence from
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this study is compelling, certain limitations leave open the
possibility for other explanations of the observed results.
These limitations are inherent to longitudinal studies of
modest sample size and underscore the need for larger, more
comprehensive longitudinal studies. The most notable limi-
tation was that the current levels of anxiety differed among
the three groups, and the level was much higher in the
treatment-seeking group. Moreover, the level of anxiety
symptoms in the children who had been assessed for BI was
in the normative range, with few children in the clinical
range. It is not clear whether the findings related to early
childhood BI trajectories would extend to adolescents with
anxiety in the clinical range. Related to this issue, the
comparison of the cohort that had been ascertained in early
childhood to the treatment-seeking cohort is complicated by
potential cohort effects such as local environment, recruit-
ment strategies, and bias based on children signing up for a
research study versus seeking clinical treatment. In part
related to this issue, the age range of the children in the two
different cohorts was not the same. Each of these issues could
contribute to the observed differences in the relation be-
tween error processing and anxiety in the BI versus
treatment-seeking cohorts.

Even in light of these modest limitations, however, this
study is important because it is one of the first to indicate that
different brainmechanismsmay be involved in the expression
of anxiety during adolescence based on prior history. More
fundamentally, this study provides some of the first evidence
for equifinality in anxiety symptoms in adolescents and is
consistent with work supporting equifinality in other symp-
tom domains.2 The most important next steps are to devise
longitudinal studies that are powered to track trajectories in a
single cohort, rather than relying on comparing multiple
cohorts. Because emerging evidence indicates that trajectories
may start in infancy,10 studies should start at the time of
birth, or even during the mother’s pregnancy. Sample sizes
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would need to be large enough (at least several hundred) so
that a sufficient number of children have clinically significant
anxiety in adolescence. Finally, such longitudinal studies
must track as many cognitive, emotional, social, and brain-
based measures as possible in order to understand the tra-
jectories and interactions of relevant constructs.

Such early-starting, comprehensive, longitudinal studies
would provide a better ability to predict risk for anxiety and
to intervene in a person-centered manner. We could then
test for deviations from the norm in multidimensional tra-
jectories that are known to result in anxiety. Interventions
could be tailored that specifically correct one or several
abnormal trajectories into a normative trajectory. These
interventions could include neurostimulation, brain training
techniques such as attention bias modification, parent
training, or psychotherapy. This research strategy could help
to usher in real personalized medicine for psychiatry.

The current study by Smith et al.3 provides some of the
first and best evidence that there are multiple different
trajectories that can result in the same symptoms of anxiety
in adolescence. It is now time to design definitive studies to
address this issue and to leverage these different trajectories
to devise person-centered treatments.
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