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Abstract
Adolescence is a unique developmental period characterized by major physiological,
psychological, social, and brain changes, as well as an increased incidence of maladaptive,
addictive behaviors. With the use of magnetic resonance imaging techniques, researchers have
been able to provide a better understanding of adolescent brain maturation and how
neurodevelopment affects cognition and behavior. This review discusses adolescent brain
development and its potential influence on psychotherapeutic change. We focus on cognitive-
behavioral and mindfulness-based approaches for treating substance use and highlight potential
brain mechanisms underlying response to psychotherapy. Finally, we discuss integrative
neuroimaging and treatment studies and potential opportunities for advancing the treatment of
adolescent addictive behaviors.
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INTRODUCTION
Adolescence is a critical developmental period that is often associated with the emergence of
substance use and behavioral risk-taking. The prevalence of adolescent substance use and
associated negative outcomes emphasize the need for evidence-based treatments and
interventions in this population. Over the past decade, evidence-based treatments have been
developed specifically for adolescents (Deas, 2008; Waldron & Turner, 2008), and advances
in adolescent addiction psychotherapy are likely to stem from improved understanding of
developmental processes that may affect psychotherapeutic change. This review will present
the current research on adolescent brain development, potential mechanisms underlying
adolescent response to psychotherapy, and how neuromaturation might influence
psychotherapeutic change. Research on evidence-based treatments and neuroimaging studies
will be discussed, emphasizing therapeutic mechanisms and measurement of change using
neuroimaging. We conclude with suggestions for future research.
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ADOLESCENT SUBSTANCE USE
National survey data indicate that the prevalence of substance use increases markedly from
early to late adolescence, peaking during the transition into young adulthood (SAMHSA,
2011). Past year alcohol use rates increase from 29% to 65% between 8th and 12th grade,
with similar increases in illicit drug use from 16% to 38% (Johnston, O'Malley, Bachman, &
Schulenberg, 2010). Over a third (36%) of 8th graders and 71% of high school seniors have
consumed alcohol, and 21% and 48% of 8th and 12th graders, respectively, have at least tried
illicit drugs (Johnston et al., 2010). Together, these findings highlight that substance use is
normative during adolescence, yet this is a period of vulnerability for the emergence of
substance use disorders (SUD) (Rutherford, Mayes, & Potenza, 2010), as nearly 8% of
adolescents ages 12 to 17 and 21% of 18 to 25 year-olds meet diagnostic criteria for a SUD
(SAMHSA, 2011).

Although substance use is common during adolescence, it is concerning, as early initiation
increases the likelihood of developing a SUD (Grant & Dawson, 1997). Adolescent
substance use is associated with negative health, social, and behavioral outcomes, including
alterations in neurodevelopment (Newcomb & Locke, 2005; Squeglia, Jacobus, & Tapert,
2009a). Therefore, understanding adolescent brain development and the influence of
substance use on neuromaturation are important factors to consider when examining brain
mechanisms underlying adolescents’ response to psychotherapeutic intervention.

ADOLESCENT BRAIN DEVELOPMENT
Developmental advances during adolescence occur in the context of complex physiological,
psychological, and social transitions that interact and influence the dynamic brain changes
that lead to more efficient, advanced cognitive processing (Bava & Tapert, 2010; Gogtay et
al., 2004; Squeglia et al., 2009a). Specifically, synaptic refinement eliminates superfluous
neural connections, resulting in cortical volume and thickness reductions (Giedd et al., 1999;
Gogtay et al., 2004). Although this pruning process takes place at varying times across brain
regions (Wilke, Krageloh-Mann, & Holland, 2007), cortical reductions are most evident in
prefrontal and temporal cortices, as well as subcortical structures (Bava & Tapert, 2010;
Sowell et al., 2004). While cortical volume decreases across adolescence, white matter
volume increases, particularly in the prefrontal cortex, and is reflected in enhanced cortical
connections (Bava et al., 2010; Giedd, 2008). Both gray matter decreases and white matter
organization increases during adolescence are associated with increasingly efficient neural
activity (Huttenlocher & Dabholkar, 1997), allowing for improved cognitive processing
(Luna, Garver, Urban, Lazar, & Sweeney, 2004).

Although neuromaturation is linked to cognitive and behavioral advancements, brain
development and improvements in cognitive control do not occur in a linear manner, as
evidenced by adolescents’ propensity to engage in impulsive, risk-taking behaviors. Instead,
these behaviors appear to be related to asynchronous, nonlinear developmental changes in
brain structure and function (see Figure 1) (Casey, Jones, & Hare, 2008; Clark, Thatcher, &
Tapert, 2008; Somerville, Jones, & Casey, 2010). Based on both animal (Laviola, Adriani,
Terranova, & Gerra, 1999; Spear, 2000) and recent adolescent imaging studies (Geier,
Terwilliger, Teslovich, Velanova, & Luna, 2010; Hare et al., 2008; Somerville et al., 2010),
subcortical circuitry and projections (e.g., ventral striatum, amygdala, orbitofrontal cortex)
involved in motivation and reward develop early in adolescence relative to cortical (i.e.,
frontal) circuitry involved in top-down cognitive control. This imbalance in adolescent
frontolimbic circuitry has been associated with a heightened sensitivity to motivational cues
and immediate rewards, as well as an increased likelihood of engaging in behavioral risks,
including substance use (Casey & Jones, 2010; Galvan, Hare, Voss, Glover, & Casey, 2007;
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Somerville & Casey, 2010). Thus, temporal variations in adolescent brain development
likely contribute to the behavioral disinhibition and affective dysregulation that is
characteristic of adolescence, substance use, and psychopathology (Rutherford et al., 2010;
Tessner & Hill, 2010).

EFFECTS OF SUBSTANCE USE ON ADOLESCENT BRAIN AND COGNITIVE
FUNCTION

Given the brain changes occurring during adolescence, exposure to neurotoxins, such as
alcohol and illicit drugs, may interrupt neurodevelopment and associated cognitive and
behavioral functioning. The potentially adverse effects of substance use on the developing
adolescent brain have been seen in neuroimaging studies of white matter microstructure
(Bava et al., 2009; Jacobus et al., 2009; McQueeny et al., 2009); brain morphometry
(Medina et al., 2008; Medina et al., 2009; Nagel, Schweinsburg, Phan, & Tapert, 2005);
brain functioning (Schweinsburg, Schweinsburg, Nagel, Eyler, & Tapert, 2011; Squeglia,
Schweinsburg, Pulido, & Tapert, 2011; Tapert et al., 2007) and neuropsychological
functioning among adolescent substance users (Medina et al., 2007; Squeglia, Spadoni,
Infante, Myers, & Tapert, 2009b; Tapert, Granholm, Leedy, & Brown, 2002).

Advances in neuroimaging techniques have provided considerable information on the neural
consequences of substance use among adolescents. For example, magnetic resonance
imaging (MRI) has examined structural differences in hippocampal and prefrontal cortex
volumes (brain areas associated with memory, and executive functions of planning,
inhibition, self-regulation, respectively) and indicate that heavy drinking adolescents show
smaller hippocampal (De Bellis et al., 2000; Nagel et al., 2005) and prefrontal (Medina et
al., 2008) volumes than non-drinking controls. Similarly, diffusion tensor imaging (DTI), a
neuroimaging technique that characterizes white matter integrity by examining water
molecule diffusion in white matter tissue, indicates that heavy drinking adolescents show
abnormal white matter tissue integrity in the corpus callosum (De Bellis et al., 2008) and in
frontal, cerebellar, temporal, and parietal regions (McQueeny et al., 2009).

Neural activity implications of adolescent substance use have been measured using
functional magnetic resonance imaging (fMRI), which measures changes in blood oxygen
level-dependent (BOLD) signal. Overall, adolescent heavy drinkers show aberrant frontal
and parietal neural responses during spatial working memory (Squeglia et al., 2009a; Tapert,
Pulido, Paulus, Schuckit, & Burke, 2004), verbal encoding (Schweinsburg, McQueeny,
Nagel, Eyler, & Tapert, 2010), and inhibition (Tapert et al., 2007) tasks. Similarly,
adolescent marijuana users show increased activation in right frontal and parietal areas
during tasks that require attentional control compared to non-using controls (Abdullaev,
Posner, Nunnally, & Dishion, 2010), suggesting that marijuana users exert more effort when
trying to self-regulate (Dishion, Felver-Grant, Abdullaev, & Posner, 2011). Adolescent
substance use also has been linked to disadvantaged attention (McQueeny et al., 2009;
Tapert, Baratta, Abrantes, & Brown, 2002), memory (Brown, Tapert, Granholm, & Delis,
2000; Squeglia et al., 2009b), and executive functioning (Giancola & Moss, 1998; Hanson,
Cummins, Tapert, & Brown, 2011; Thoma et al., 2011). Together, these findings suggest
that the deficits observed among substance using adolescents may reflect pre-existing
cognitive and behavioral deficits, pre-existing deficits that may have been exacerbated by
substance use, or consequences of substance use on brain maturation.

EVIDENCE-BASED TREATMENT FOR ADOLESCENT SUBSTANCE USE
Evidence-based treatments generally refer to treatment approaches that are validated by
scientific evidence (SAMHSA, 2011). Historically, evidence-based treatments for adults
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with substance use disorders have been applied to adolescents without considering the
complex, developmental differences between adolescents and adults. Adolescents in
substance use treatment differ from adults in important factors that affect treatment outcome.
Specifically, adolescents often show lower intentions and readiness to change substance use
behaviors (Melnick, De Leon, Hawke, Jainchill, & Kressel, 1997; Ramo, Prochaska, &
Myers, 2010), which may be related to adolescents being referred to treatment by external
pressure (e.g., criminal justice system, school, family) (SAMHSA, 2010). Furthermore,
adolescents typically have shorter duration of use and lower prevalence of dependence
(Deas, Riggs, Langenbucher, Goldman, & Brown, 2000) and often present to treatment with
co-occurring psychopathology (Waldron & Turner, 2008). Adding to the complexity of
providing treatment to adolescent substance users is the interaction between adolescent brain
development and substance use. Given these differences, clinical researchers have modified
evidence-based treatments for adults with substance use disorders to address the needs of
adolescents and have developed substance abuse treatments tailored to adolescent substance
users (Deas, 2008; Winters, 1999).

Adolescent psychotherapies differ in approach and therapeutic mechanisms, but typically
involve motivational interviewing (MI), behavioral therapy, cognitive-behavior therapy
(CBT), mindfulness, or family-based approaches. A comprehensive description of each
treatment is beyond the scope of this review; however, a brief description of each approach
is warranted. MI enhances motivation to make changes in substance-related behaviors
through the use of empathy, developing discrepancy, minimizing resistance to change, and
supporting self-efficacy for change (Colby et al., 1998; Miller & Rollnick, 2002). CBT
approaches address substance use by providing training in identifying patterns of use (e.g.,
triggers and consequences) and ways to cope with the desire to use drugs (Carroll, 1998;
Kaminer, Burleson, Blitz, Sussman, & Rounsaville, 1998). Mindfulness-based approaches
help individuals recognize triggers and craving while also focusing on one’s present
experiences with acceptance (Bowen et al., 2009). Family-based interventions foster change
in the adolescent’s family and social environment through skills training and interpersonal
relationships (Barton & Alexander, 1981; Liddle, Dakof, Turner, Henderson, & Greenbaum,
2008; Szapocznik, Kurtines, Foote, Perez-Vidal, & Hervis, 1986; Szapocznik, Kurtines,
Foote, Perez-Vidal, & Hervis, 1983). Empirical evidence supports the efficacy of these
psychotherapies for adolescent substance use, but a recent meta-analysis indicates that no
treatment is clearly superior to another (Waldron & Turner, 2008).

Whereas many treatments have now proven to be effective, the exact brain-based
mechanisms underlying successful therapeutic change remain poorly understood. In
adolescent substance use treatment, neural mechanisms of change are likely related to the
intervention approach employed and the neurobiological circuitry associated with substance
use, specifically the incentive motivation and cognitive control networks (Bechara, 2005;
Hutchison, 2010; Kalivas & Volkow, 2005). As previously mentioned, these neural
networks develop at different rates during adolescence and are associated with motivation,
reward, and regulatory control. Therefore, we focus on CBT and mindfulness, which
provide training in self-regulation (Bowen, Chawla, & Marlatt, 2011; Brewer, Bowen,
Smith, Marlatt, & Potenza, 2010; Carroll, 1998) to consider brain mechanisms underlying
adolescents’ response to substance use treatments.

CBT for substance use (for treatment manual see Carroll, 1998) is a short-term,
psychotherapeutic approach that relies on 1) functional analysis to identify the substance use
patterns, specifically antecedents and consequences of use, and 2) skills training to
recognize thoughts, feelings, and situations that place individuals at risk for substance use,
to avoid these situations, and to cope with these situations by using cognitive and behavioral
strategies (Carroll, 1998; Carroll & Onken, 2005). Treatment modules focus on
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psychoeducation, coping with craving, increasing motivation and commitment to abstain
from use, drug refusal/social skills, and problem solving (Carroll, 1998). During CBT for
substance abuse, individuals learn to 1) identify triggers of craving (i.e., strong desire to
use), 2) avoid triggers (e.g., avoiding persons and places where drugs were used; getting rid
of drug paraphernalia), and 3) cope with craving by using distraction, talking about craving
with supportive family and friends, going with the craving, recalling the negative
consequences of drug use, and using self talk. Thus, CBT can be viewed as a method that
helps improve cognitive control over automatic urges and emotions by helping individuals
attend to their environment, self-monitor their thoughts and feelings, and regulate emotions
and urges in order to resist the desire to use.

Mindfulness, or “paying attention in a particular way: on purpose, in the present moment,
and non-judgmentally” (Kabat-Zinn, 1990), has become a popular intervention for the
treatment of SUDs. Mindfulness-based approaches, including mindfulness-based stress
reduction (MBSR) (Kabat-Zinn, 1982), mindfulness-based cognitive therapy (MBCT)
(Teasdale et al., 2000), and mindfulness-based relapse prevention (MBRP) (Bowen et al.,
2011), emphasize the importance of maintaining attention on one’s immediate experience
and adopting an attitude of acceptance toward the experience (Brewer et al., 2011). Like
CBT, mindfulness training for substance use helps individuals recognize emotional,
cognitive, and situational cues associated with substance use, develop coping skills, and
enhance self-efficacy (Bowen et al., 2009). Mindfulness-based treatments for substance use
focus on psychoeducation, bringing awareness to triggers and craving, practicing
mindfulness in life and high-risk situations, acceptance and skillful action, seeing thoughts
as thoughts, and self-care and balance (Bowen et al, 2011). As such, mindfulness-based
approaches have been hypothesized to increase awareness, self-regulation, and tolerance of
craving and relapse (Bowen et al., 2009; Brewer et al., 2011).

Although there are many similarities between CBT and mindfulness for substance use, the
two therapeutic approaches differ in attentional focus. CBT encourages avoidance of cues/
triggers (Carroll & Onken, 2005; Marlatt & Donovan, 2005); whereas, mindfulness
encourages tolerance of cues and craving (Brewer et al., 2011). While differences may exist,
both treatments have been associated with reductions in substance use among adolescents
(Cavallo et al., 2007; de Dios et al., 2012; Dennis et al., 2004). In one of the first studies to
examine CBT for substance use with adolescents, Kaminer and colleagues (1998) randomly
assigned 32 adolescents (ages 13–18) to 12-weeks of group CBT or to 12-weeks of
interactional group therapy. Adolescents in the CBT intervention showed significantly
greater reductions in substance use from baseline to 3-month follow-up compared to youth
in the interactional group therapy condition. Similarly, Britton and colleagues (2010)
examined the effects of mindfulness among adolescents (ages 13–19) who completed a 6-
week intervention followed by 8-, 20-, and 60-week post-entry follow-up assessments. For
youth who completed the 60-week follow-up (n = 18), mindfulness was associated with
reductions in substance use and emotional distress.

These findings, which are consistent with the adolescent and adult substance use treatment
literature, indicate that CBT and mindfulness likely address developmental and psychosocial
needs of adolescent substance users. To date, the brain-based mechanisms of adolescent
psychotherapeutic change during substance use treatment remain unknown; however, recent
studies of CBT and mindfulness among adults in substance use treatment may provide
insight into potential brain-based mechanisms among adolescents and may help expand on
the most beneficial therapeutic elements.
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POTENTIAL BRAIN-BASED MECHANISMS OF CBT AND MINDFULNESS
FOR SUBSTANCE USE

Owing to advances in cognitive neuroscience and treatment outcome research, new
information on the neurobiological basis of substance abuse treatment response is coming to
light (for reviews see Ewing, Filbey, Sabbineni, Chandler, & Hutchison, 2011; Potenza,
Sofuoglu, Carroll, & Rounsaville, 2011; Richards, Lee, & Daughters, 2011). Examining and
understanding how changes in brain activity are associated with treatment response and
outcomes may provide mechanistic explanations for psychotherapeutic change. As described
below, recent neuroimaging studies provide great promise in understanding how CBT and
mindfulness for substance abuse affect neural circuitry (i.e., incentive motivation and
cognitive control networks) and cognitive processes associated with substance use.

CBT and mindfulness approaches train individuals to increase inhibitory control and
regulate automatic emotional responses, suggesting that these strategies might enhance
prefrontal cortex (cognitive control network) activity while attenuating limbic reactions
(incentive motivation network) associated with emotion and reward. Recent findings from
adult neuroimaging studies examining the effects of cognitive control over drug craving are
consistent with this formulation (Kober et al., 2010; Volkow et al., 2010). Using PET and 2-
deoxy-2[18F]fluoro-D-glucose, Volkow and colleagues (2010) measured brain glucose
metabolism among 24 cocaine abusers who watched a cocaine-cue video with and without
instructions to cognitively inhibit craving, as well as at baseline (without video). Brain
activation comparisons revealed lower metabolism in limbic brain regions (i.e., right
orbitofrontal cortex and right nucleus accumbens) when instructed to inhibit cue-induced
craving. Further, Kober and colleagues (2010) examined brain activity in 21 cigarette
smokers during a regulation of craving task and found increased activity in prefrontal
regions and decreased activity in several subcortical, reward-related regions (i.e., ventral
striatum, cingulate, amygdala, ventral tegmental area). Subjective craving was correlated
with brain activity, with associations between decreased craving and decreased activity in
the ventral striatum, and increases in craving and increased prefrontal activity. Association
between increased prefrontal activity and increases in craving was fully mediated by ventral
striatum activity. Thus, cognitive inhibition and control over cue-induced craving appears to
decrease brain activity in regions of the incentive motivation network associated with
emotional salience and reward.

In a recent examination of neural effects of CBT for substance use (Devito et al., 2012), 12
treatment-seeking, substance-dependent adults (SUD group) completed fMRI scanning
while completing a cognitive control task before and after 8-weeks of computer-assisted
CBT. Twelve healthy, non-using controls completed the same tasks under test-retest
conditions. Findings revealed that the SUD group demonstrated improved cognitive control
performance and attenuated BOLD response change in brain regions of the cognitive control
and incentive motivation networks, including the anterior cingulate cortex, right inferior
frontal gyrus, and the midbrain. These findings suggest that CBT cognitive strategies
improve cognitive control over automatic cue-related responses, and that this improvement
may be driven by enhanced recruitment of cognitive control networks that regulate limbic
reward-related functioning.

Whereas CBT strategies appear to enhance top-down cognitive control over limbic, reward-
related response to emotional and situational cues, a recent study suggests that mindfulness-
related psychotherapeutic change may operate through a different mechanism. Specifically,
47 meditation-naïve, treatment-seeking adult smokers viewed smoking and neutral images
during fMRI scanning, and were trained and instructed to view the images passively or with
mindful attention (Westbrook et al., 2011). During the mindful attention condition,
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participants were instructed to actively focus on their responses, while maintaining a
nonjudgmental attitude toward those responses, as opposed to a strategy to reduce craving.
Findings indicated that mindful attention reduced craving to smoking images, reduced
neural activity in the reward-related subgenual anterior cingulate cortex, and reduced
functional connectivity between the subgenual anterior cingulate cortex and other craving-
related regions compared to passively viewing smoking images. Thus, mindfulness may
operate through “bottom-up” processes; whereby, attention to present experience alters
incentive motivation network activity and decreases subjective drug craving. Although
neuroimaging has provided insight into potential brain mechanisms underlying adult
psychotherapeutic change, future research is needed to better understand psychotherapeutic
change among adolescents and to examine how brain development may affect
psychotherapeutic change processes.

ADOLESCENT BRAIN DEVELOPMENT AND PSYCHOTHERAPEUTIC
CHANGE

Based on the findings described above, both CBT for substance use and mindfulness-based
approaches appear to alter brain activity in prefrontal and limbic systems involved in
inhibitory control and reward. CBT strategies appear to help substance users overcome
biases toward substance-related cues by increasing prefrontal activity and inhibitory control
and by decreasing limbic activity (Devito et al., 2012; Kober et al., 2010; Volkow et al.,
2010). Although this hypothesis has not been confirmed among adolescent substance users,
we speculate that CBT for substance use may operate in a similar fashion among
adolescents; however, there are important neurodevelopmental issues to consider.
Depending on the stage of neurodevelopment, adolescents’ prefrontal circuitry is not fully
developed, which may affect psychotherapeutic change. For example, adolescents may have
a difficult time with increasing inhibitory control given that the prefrontal brain regions and
circuitry needed for adequate inhibitory control might not be fully developed or process
efficiently. With that in mind, adolescents may require additional sessions of CBT or an
adjunct treatment to enhance cognitive functioning in order to overcome developmental lags
in prefrontal brain development and associated cognitive abilities. Further, substance use
during adolescence interferes with prefrontal brain structure, function, and associated
executive cognitive functions, and as such, it may be helpful to use neuroimaging and
neuropsychological assessments when planning treatment for adolescent substance users.
These assessments would provide information about inhibitory, attentional, and emotional
reactivity that could prove useful in personalizing treatment for adolescents with varying
cognitive abilities and coping skills, which in turn could improve treatment outcomes.

Whereas CBT for substance use appears to work through prefrontal-limbic circuitry changes
that improve inhibitory control and self-regulation, mindfulness-based approaches appear to
improve attention and change beliefs about use through “bottom-up” subcortically-based
changes (for a proposed conceptual model, see Figure 2). Similar to the research with CBT,
the neural mechanisms of mindfulness for substance use have yet to be confirmed among
adolescent substance users. Given the early development of limbic circuitry and projections,
mindfulness-based approaches may be ideal for targeting intermediate phenotypes of
affective dysregulation and stress that are characteristic of adolescence. According to a
recent review of mindfulness (Brewer et al., 2010), mindfulness training to shift attention
towards the present moment and acceptance of thoughts and sensations could help
adolescents gain a non-attached viewpoint and increase tolerance of unpleasant situations,
feelings, and stress that could lead to substance use. The recent finding that mindful
attention reduces craving among adult substance users by decoupling subcortical circuitry
(Westbrook et al., 2011) emphasizes the potential utility of mindfulness among adolescents
with highly responsive limbic systems.
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Overall, adolescents appear to have the cognitive capacity to engage in and benefit from
treatments and interventions for substance use. It is important to note, however, that some
adolescents may benefit from certain therapeutic approaches more than others and may
require additional adjunctive therapies to maintain abstinence. Adolescents with extensive
substance use histories may require a period of abstinence before engaging in treatment due
to the effects of substance use on cognition (Hanson et al., 2010; Medina et al., 2007).
Adolescent marijuana users may show deficits in verbal learning, working memory, and
attention tasks that can persist up to three weeks post last marijuana use (Hanson et al.,
2010). Given that these functions are required to successfully respond to various types of
treatments and are associated with prefrontal functioning, some adolescents may benefit
from a period of abstinence before initiating intensive psychotherapy. Adolescents with co-
occurring psychopathologies show worse outcomes and may require individualized
treatments targeting brain mechanisms underlying the comorbid disorders (Elkins, McGue,
& Iacono, 2007; Grella, Hser, Joshi, & Rounds-Bryant, 2001; Hawkins, 2009).

Gender differences during adolescent brain development are yet another factor to consider
when discussing neural mechanisms of therapeutic change and substance use (Hines, 2011).
In general, males have a higher rate of substance use and SUDs (Greenfield et al., 2007;
Grella, 2008); however, females are more likely to experience negative consequences from
substance use (Broome, Hurley, & Taber, 2010). Interestingly, females show earlier peaks in
cortical gray matter volume (Giedd et al., 1999; Lenroot & Giedd, 2010), as well as earlier
improvements in cognitive functioning (Vuontela et al., 2003), yet heavy drinking during
adolescence alters females’ cognitive functioning and brain activity more than males
(Squeglia et al., 2011). Together, these findings emphasize the need to personalize
treatments for adolescent substance users given the various factors that contribute to use and
the varying effects of brain development on cognition and emotion.

RESEARCH USING NEUROIMAGING AND TREATMENT TAILORED TO THE
NEEDS OF DEVELOPING ADOLESCENTS

In the following section we present a potential neurobehavioral treatment for adolescent
substance use as an example of how we can translate neuroimaging data to interventions and
treatments that target mechanisms underlying substance use while also addressing
adolescent neurodevelopment. Based on the neuropsychological and neuroimaging data
showing adolescent prefrontal deficits (e.g., attention, inhibitory control) contribute to
substance use, enhancing prefrontal functioning could remediate adolescents’ heightened
sensitivity to emotional, social, and reward-related cues, and thus, help treat substance use.
Although CBT for substance use appears to invoke such changes, a targeted approach, such
as cognitive training, may enhance changes and lead to sustained abstinence.

Cognitive training has been implemented among several populations (i.e., schizophrenia:
Eack et al., 2010; Hogarty, Greenwald, & Eack, 2006; Twamley, Savla, Zurhellen, Heaton,
& Jeste, 2008; acquired brain injury Powell, Letson, Davidoff, Valentine, & Greenwood,
2008; and aging-related deficits Barnes et al., 2009; Jean et al., 2010) and are typically used
to address prefrontal cognitive functioning abnormalities. Cognitive training approaches aim
to improve and correct cognitive and neurobiological weaknesses through practice and use
of new cognitive strategies (Bellack, Gold, & Buchanan, 1999; Twamley, Jeste, & Bellack,
2003; Twamley et al., 2008). In addition to improving prefrontal functioning and behavioral
outcomes, cognitive training has also been shown to produce neurobiological changes (Eack
et al., 2010; McNab et al., 2009), resulting in measurable changes in the brain. For example,
adults who participated in 35 minutes of daily working memory training over the course of 5
weeks showed significant increases in prefrontal and parietal dopamine binding potential, a
key neurotransmitter involved in cognitive functioning and reward (McNab et al., 2009). It
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should be noted, however, that the effects of restorative training approaches (e.g., memory
strategy training) show limited generalizability to other cognitive functions (Gates, Sachdev,
Fiatarone Singh, & Valenzuela, 2011). Thus, researchers have begun to integrate targeted
cognitive training with behavioral and environmental modifications to encourage global
behavioral change (Bryck & Fisher, 2012; Twamley et al., 2008). Thus, cognitive training
approaches may be ideal for addressing neural risk factors associated with addictive
behavior onset and escalation. Among adolescents, cognitive training could be used to
address cognitive control network weaknesses (e.g., frontoparietal circuitry) by having youth
complete computerized working memory and attentional training while also teaching youth
how to modify their behavior and environment to compensate for such weaknesses. With
repeated practice and modifications in environment, youth may show improved cognitive
functioning, self-regulation, and inhibitory control, which may reduce the likelihood and
intensity of substance use.

Neuroimaging can be used to measure treatment efficacy in producing neurobiological and
associated cognitive change. In fact, similar studies are being conducted among adult
populations and show working memory training improved delayed discounting among
stimulant users (Bickel, Yi, Landes, Hill, & Baxter, 2011), which may be correlated with
reduced substance use or decreased likelihood for relapse. Further, these findings are
particularly relevant given the recent study showing that high rates of delay discounting
predicted marijuana treatment outcomes in youth (Stanger et al., 2011). Future studies will
assess whether improved delayed discounting is associated with neurobiological changes
and improved treatment response to contingency management interventions. While there
may be other potential approaches to addressing the neurodevelopmental aspects of
adolescence, cognitive training approaches show great promise in producing cognitive,
neurobiological, and functional change.

SUMMARY AND FUTURE DIRECTIONS
Adolescent substance use continues to be a prevalent concern with long-term negative
consequences. Research has led to new, effective treatments for substance use; however,
given the developmental changes that occur during adolescence, treatments must be tailored
to meet adolescents’ needs. Cognitive neuroscience and treatment research has provided
important insight into adolescent brain development and brain-based mechanisms of
psychotherapeutic change during CBT and mindfulness treatments for adult substance use
disorders. This information can help researchers and practitioners select appropriate
cognitive and behavioral strategies for each adolescent. For example, by knowing that both
prefrontal circuitry and cognitive control continue to develop during adolescence,
researchers and clinicians may choose to employ therapeutic techniques known to increase
cognitive control and enhance prefrontal activity, such as CBT for substance use. Similarly,
mindfulness may be especially helpful for adolescents who have highly reactive limbic
systems and show significant deficits in self-regulation of emotion and behavior because
mindfulness attention appears to decouple limbic, reward-related circuitry, potentially
allowing for decreased emotional reactivity. Given the current neurobiological models of
SUDs and adolescent brain development and advances in understanding neural mechanisms
of adult psychotherapeutic change, future research may be able to personalize and fine tune
treatments to address the needs of the developing adolescent. Furthermore, given that
adolescents are undergoing significant biopsychosocial changes during adolescence and lack
of highly effective interventions for addictive behaviors among youth, it is time to focus
attention on developing and assessing developmentally-sensitive and neurobiologically-
focused treatments and interventions for adolescent substance users.
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Figure 1.
Neurobiological model depicting asynchronous, nonlinear development of prefrontal and
subcortical regions. Reprinted with permission from Somerville et al., 2010, Brain &
Cognition, 72, 124–133.
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Figure 2.
Conceptual model of psychotherapeutic change during adolescence
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