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Abstract

Research on mechanisms of behavior change provides an innovative method to improve treatment
for addictive behaviors. An important extension of mechanisms of change research involvesthe
use of trandational approaches, which examine how basic biologica (i.e., brain-based
mechanisms) and behavioral factorsinteract in initiating and sustaining positive behavior change
as aresult of psychotherapy. Articlesin this special issue include integrative conceptual reviews
and innovative empirical research on brain-based mechanisms that may underlie risk for addictive
behaviors and response to psychotherapy from adolescence through adulthood. Review articles
discuss hypothesized mechanisms of change for cognitive and behavioral therapies, mindfulness-
based interventions, and neuroeconomic approaches. Empirical articles cover arange of addictive
behaviors, including use of acohol, cigarettes, marijuana, cocaine, and pathological gambling and
represent a variety of imaging approaches including fMRI, magneto-encephal ography, real time
fMRI, and diffusion tensor imaging. Additionally, afew empirical studies directly examined
brain-based mechanisms of change, whereas others examined brain-based indicators as predictors
of treatment outcome. Finally, two commentaries discuss craving as a core feature of addiction,
and the importance of a developmental approach to examining mechanisms of change. Ultimately,
tranglational research on mechanisms of behavior change holds promise for increasing
understanding of how psychotherapy may modify brain structure and functioning and facilitate the
initiation and maintenance of positive treatment outcomes for addictive behaviors.
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Currently, the gold-standard psychosocial interventions for addictive behaviors are only
moderately successful ininitiating and sustaining behavior change (e.g., Miller, Walters, &
Bennett, 2001), leaving a substantial proportion of the treated population facing significant
substance use problems even within 12 months post-intervention (e.g., Anton et al., 2006;
Hendershot et al., 2011; Magill & Ray, 2009). This modest success rate is due, in part, to our
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limited understanding of how and why psychotherapy works. One potential avenue to
improve outcomes is through examining mechanisms of change (e.g., http:/
commonfund.nih.gov/behaviorchange/). Not only can this research help elucidate therapy-
specific processes of change, importantly, it also provides an innovative avenue to modify
and improve intervention approaches, as well as ways to better achieve treatment goals
(Kazdin, 2007; Kraemer et al., 2002). While many researchers have discussed the
importance of considering both biology and behavior in therapeutic models and practice
(Goldstein et al., 2009; Hutchison, 2010; Potenza et a., 2011), to date, earnest
interdisciplinary interchanges and empirical integrative evaluations have been limited. This
isimportant because innovative trandational studies are vital to elucidating how basic
biological and behavioral factors interact to catalyze the initiation and maintenance of
positive behavior change in psychosocial addictions treatment.

Efforts to examine brain-based mechanisms underlying psychotherapeutic change fit into an
emerging conceptual framework, Research Domain Criteria (RDoC; Insel et a., 2010). This
framework proposes the use of brain circuits as an important level of analysisin an
ambitious attempt to integrate data across scale, from genes through self-report, and broader
social influences and developmental contexts, in order to understand the etiology and course
of mental health conditions (Insel et al., 2010). In this regard, to improve the effectiveness of
substance use treatment, the National Institutes of Health (NIH) are investing in trandlational
approaches, integrating and supporting brain science and addictions treatment research (e.g.,
RFA DA-10-003, RFA-NR-11-007; NIAAA-09-07; 2011 NIDA workshop on “Integrating
Neuroscience and Adolescent Substance Abuse Treatment”). In the timely context of these
recent developments, this special issue showcases emerging theoretical and empirical

trand ational approaches to addictions treatment.

Theterm “trandational,” asit is used here, refersto the integrated study of basic biological
mechanisms (e.g., brain-based factors) and behavior (e.g., treatment outcome, clinical
symptoms). Just as addiction can be conceptualized as a disorder involving learning and
memory, in which drug-related cues may be entrained through long-term neuroadaptive
changes (e.g., Koob & Volkow, 2010), psychotherapy can be considered a specialized form
of learning, which may involve specific neuroadaptive changes (Kandel, 1979, 1998). A
tranglational approach can help to illuminate changes, at the level of brain structure and
function, that are associated with treatment response and sustained behavioral change. In
particular, a key mechanism that may underlie psychotherapy effects involves neural
plasticity, that is, modifications in brain structure and circuitry that may occur as a result of
experience or learning (Bryck & Fisher, 2012; Cramer et a., 2011; Huttenlocher, 2002;
Keller & Just, 2009).

A goal of this special issue wasto take afirst step toward integrating brain science and
addictions treatment research to begin to understand processes by which “active ingredients’
of psychotherapy might have an impact at a more basic biological level--the level of brain
structure and functioning. A rapidly expanding literature reviews brain-based changes
associated with the transition into and maintenance of addiction (e.g., Koob & Volkow,
2010; Naqgvi & Bechara, 2009; Everitt & Robbins, 2005; Robison & Nestler, 2011). In
contrast, substantially less is known about brain-based processes of psychotherapy change
for addictive behaviors. A handful of pioneering papers have proposed or examined models
of psychotherapy effects on brain functioning and structure in the treatment of mood and
anxiety disorders (e.g., Baxter et a., 1992; DeRubeis, Siegle, & Hollon, 2008; Felmingham
et a., 2007; Frewen, Dozois, & Lanius, 2008; Goldapple et al., 2004; Porto et a., 2009;
Roffman et al., 2005; Strauman et al., in press). Articles addressing brain-based mechanisms
of psychotherapy change in addictive behaviors have appeared more recently (e.g., Brewer
et al., 2010; Feldstein Ewing et al., 2011; Goldstein et al., 2009; Hutchison, 2010; Potenza et
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al., 2011), but the topic clearly warrants greater attention. In an effort to focus the special
issue on tranglational models and research, we refer the reader to other sources for in-depth
reviews of the neurobiology of addictive behaviors (e.g., Everitt & Robbins, 2005; Koob &
LeMoal, 2008; Koob & Volkow, 2010; Naqvi & Bechara, 2009; Sinha, 2008) and
methodological issues related to the use of neuroimaging in trandational research (e.g.,
Carrig, Kolden, & Strauman, 2009; Hari & Salmelin, 2011; Linden, 2008; Logothetis, 2008;
Walter, Berger, & Schnell, 2009).

This special issue of Psychology of Addictive Behaviors features conceptual reviews and
empirical research on brain-based mechanisms that may underlie risk for substance use and
effective psychotherapy interventions for addictive behaviors in adolescence through
adulthood. The review articles discuss hypothesized mechanisms of behavior change for
addictive behaviors associated with cognitive and behavioral therapies (Morgenstern,
Bechara, & Breiter, 2013; Wetherill & Tapert, 2013; Potenza et a ., 2013), mindfulness-
based interventions (Brewer, Elwafi, & Davis, 2013; Stanger, Budney, & Bickel, 2013;
Wetherill & Tapert, 2013; Witkiewitz, Lustyk, & Bowen, 2013), and neuroeconomic
approaches, focusing on contingency management (Stanger et al., 2013). The conceptual
reviews converge in referencing two overarching processing pathways that are relevant to
addictive behavior: “top-down” and “bottom-up” processing. Top-down processing refersto
therole of cognitive control circuitry (which may involve, for example: orbitofrontal cortex,
dorsolateral prefrontal cortex, and anterior cingulate cortex) in modulating the processing of
sensory information (e.g., craving and response to reward). Bottom-up processing refers to
the primacy of sensory information processing and salience of drug cues (circuitry relevant
to the incentive salience system may involve, for example: the insula, ventral tegmental
area, putamen, and caudate) relative to modulation of sensory processing by cognitive
control systems. The interplay of top-down and bottom-up processes dynamically influences
the onset, maintenance, and effective treatment of addictive behaviors. Ideas proposed in the
conceptual reviews with regard to how specific interventions impact top-down and bottom-
up processes may be controversial, but aim to provide heuristic frameworks to guide testing
of novel concepts regarding brain-based psychotherapy mechanisms of change.

Empirical articlesin the special issue cover arange of addictive behaviors, including alcohol
use (Houck, Moyers, & Tesche, 2013; Monnig et a., 2013; Xiao et a., 2013), smoking
(Hartwell et al., 2013; Krishnan-Sarin et al., 2013; Wilson, Sayette, & Fiez, 2013),
marijuana use (Feldstein Ewing et a., 2013), co-occurring acohol and marijuana use
(Chung, Pajtek, & Clark, 2013; Jacobus et al., 2013), cocaine dependence (Worhunsky et al.,
2013), pathological gambling (Potenza et al., 2013), and risk for substance use (Banich et
al., 2013). The studies also represent a variety of imaging approaches: fMRI to examine
task-related brain functioning and treatment outcome (e.g., cue-elicited craving: Feldstein
Ewing et a., 2013; Wilson et al., 2013; Stroop color word task: Krishnan-Sarin et a., 2013;
Worhunsky et al., 2013; lowa gambling task: Xiao et al., 2013), and pilot studies of
magneto-encephal ography (MEG) (Houck et a., 2013) and real time fMRI (Hartwell et al.,
2013) to examine stimulus-related regional brain activity. Other studies examined brain
structure (i.e., integrity of white matter tracts) using diffusion tensor imaging (DTI) asa
predictor of risk taking behavior in youth (Jacobus et al., 2013), a correlate of current or
remitted alcohol use disorder (Monnig et al., 2013), and as a predictor of adolescent
treatment outcome (Chung et a., 2013).

Given the early stage of research on neuroimaging mechanisms of behavior change for
addictive behaviors, many of the empirical studiesin the issue characterized brain
functioning or structure associated with addictive behavior (e.g., Monnig et al., 2013; Xiao
et a., 2013) or examined brain-based indicators as predictors of treatment response more
generaly (e.g., Chung et al., 2013; Krishnan-Sarin et al., 2013; Worhunsky et a., 2013).
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Although these studies do not directly address mechanisms of psychotherapy change, they
do indicate specific impairments in brain structure and functioning associated with addictive
behaviors that could be used to match individuals to specific interventions based on the
nature and severity impairment. A few cutting-edge studiesin the special issue examined the
effect of specific intervention components on brain functioning (e.g., client change language
as an “active ingredient” of motivational interviewing in Feldstein Ewing et al., 2013, and
Houck et al., 2013; self- versus other-focusing coping among smokersin Wilson et .,

2013; effects of real time feedback on modulation of regional brain activation in response to
smoking cuesin Hartwell et al., 2013). The specia issue's data-based papers report some
intriguing preliminary findings that warrant replication and extension.

The special issue aso includes two commentaries, which discuss craving as a core feature of
addiction (Thayer & Hutchison, 2013), and the importance of a developmental approach to
examining mechanisms of treatment change for addictive behaviors (Boyce & Lynne-
Landsman, 2013). The commentary by Thayer and Hutchison (2013) provides a compelling
integration of findings across empirical studies of craving in the special issue. Specifically,
Thayer and Hutchison (2013) suggest that multiple interventions to address craving will
need to be developed, each of which targets a specific neurobiological vulnerability (e.g.,
neural systems associated with incentive salience and cognitive control). In addition to the
need for targeted interventions, the commentary by Boyce and Lynne-Landsman (2013)
highlights the importance of a developmental perspective, particularly in the context of on-
going brain development in adolescence into young adulthood, for understanding risk for
addictive behaviors and guiding the design of developmentally sensitive interventions.
Boyce and Lynne-Landsman (2013) also discuss the importance of cross-discipline
collaboration in conducting translational research across the lifespan, and the critical role of
NIH in supporting these pioneering efforts. Taken together, the special issue's articles
provide an interdisciplinary foundation for future empirical evaluation of psychotherapy
mechanisms of change for addictive behaviors.

An important theme across the special issue articlesisthe plasticity of brain structure and
functioning, specifically as aresult of environmental factors such as heavy substance use
and psychotherapy, both of which have potential to produce sustained brain-based and
behavioral changes (Etkin et al., 2005; Koob & Volkow, 2010). The basic concept that
learning, which occurs in the context of psychotherapy, might be associated with a changein
brain functioning (e.g., change in activation, patterns of regional connectivity) and brain
structure (e.g., greater white matter integrity) has only begun to be explored. The following
paragraphs briefly review mechanisms of neural plasticity to provide a context for
discussing future directions for studying brain-based mechanisms of treatment change for
addictive behaviors.

Mechanisms of neural plasticity operate at multiple levels, and may involve, for example,
alterations in network efficiency and activation thresholds, within and across neural systems,
such as the cognitive control and incentive salience systems (Cicchetti & Blender, 2006;
Koob & Volkow, 2010). Further, whereas short-term modulations may occur at neural
synapses, longer-term changes may be reflected in brain structure and functioning (Cicchetti
& Blender, 2006; Markham & Greenough, 2004). One recent study, however, observed
regional microstructural changesin white matter detected by DTI after only two hours of
task-related training (Sagi et ., 2012), possibly reflecting rapid, activity-dependent
structural changes (i.e., swelling) in astrocytes that are associated with learning (Johansen-
Berg, Baptista, & Thomas, 2012). Alternatively, certain learning or psychotherapy effects
may not be observable at the level of brain structure and functioning covered by the methods
used in the special issue articles, such as MRI, DTI, or fMRI (Markham & Greenough,
2004; Zatorre, Fields, & Johansen-Berg, 2012). Findings may depend on the specific fMRI
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task used, including whether no task-related activation (i.e., resting state), isanalyzed (Li et
al., 2009). In addition, some neural systems may be more plastic or responsive to
psychosocial intervention than others, on-going brain development and neurotoxic effects of
chronic substance use on the brain may impact response to interventions, and each
component of an intervention may involve a different time course for specific effects
(Cicchetti & Blender, 2006; Markham & Greenough, 2004). Effects of sustained abstinence
from a substance, which may occur in the absence of an intervention (e.g., natural recovery)
also need to be considered when examining changesin brain structure and functioning (Mon
et a., 2011). We are only beginning to see how learning sculpts the brain at cellular through
systems levels (Zatorre et al., 2012). Future efforts need to consider how psychotherapy, asa
specialized form of learning, might impact specific brain-based mechanisms (i.e.,
functioning, structure), and the anticipated time course and duration of these effects (cf.
reading intervention for children: Meyler et al., 2008).

Understanding how psychotherapy interventions work at the level of brain functioning and
structure also requires a high degree of specification of the “active ingredient” (e.g., client
talk in support of behavior change, Feldstein Ewing et al., 2011) in relation to specific
targets of change (e.g., decreased reactivity to drug cues), and hypothesized brain-based
mechanisms of change (e.g., increase in cognitive control systems). Studies of the effects of
specific types of treatment (e.g., behavior therapy, mindful ness-based relapse prevention) on
brain functioning (e.g., DeVito et al., 2012) need to be complemented by research that uses a
micro-intervention strategy (Strauman et al., in press). Micro-interventions focus on the
time-limited application of a specific therapeutic technique (e.g., eliciting client change
talk), derived from an explicit model of therapeutic change (e.g., motivational
enhancement), to more precisely test predictions about how and for whom an intervention
component works (Feldstein Ewing et a., 2011; Strauman et al., in press). A micro-
intervention approach permits greater specificity in establishing links between theory, a
well-defined “active ingredient,” hypothesized brain-based mechanisms, and key outcomes
(cf. alcohol cue-exposure intervention: Vollstadt-Klein et al., 2011; specialized spelling
intervention for children: Gebauer et al., 2012; proposed micro-mechanisms of mindfulness:
Vago & Silbersweig, 2012). Micro-intervention strategies have the advantage of greater
precision through targeting smaller units of cause (e.g., éliciting client change talk) and
effect (e.g., reduced drug-related cue reactivity), whereas studies of a specific type of
treatment (e.g., cognitive behavior therapy) may have greater external validity, and can
usefully indicate the overall effects of integrated intervention components delivered as a
standardized “ package” on brain functioning and structure.

A brain-based approach to understanding mechanisms of psychotherapy change has
limitations. Neuroimaging remains costly, and studies of treatment process require repeated
scans over time; studies typically include small, carefully selected samples, which limit
external validity. Greater attention needs to be given to analyses of brain circuitry (cf.
Worhunsky et a., 2013), rather than examining isolated regions of activity. In addition to
studies of stimulus-related brain activation (e.g., cue reactivity studies: Feldstein Ewing et
al, 2013; Wilson et a., 2013), research is needed to better characterize the functional
connectivity of the addicted brain “in resting state” (i.e., default mode network, e.g.: Ma et
al., 2011). Few studies have examined change at the molecular level as aresult of
psychotherapy (cf. depression: Hirvonen et al., 2011). Integration of data, across scale from
molecules to behavior (Carandini, 2012; Zatorre et al., 2012) and across modalities (e.g.,
fMRI, DTI, EEG), represents an important future direction. Although neuroimaging may
provide brain-based biomarkers to facilitate diagnosis, predict treatment response, and track
treatment progress (Berkman, Falk, & Lieberman, 2011; Etkin et a., 2005; Reske & Paulus,
2011), these biomarkers need to demonstrate “ added value,” due to cost, in relation to
traditional, less expensive, measures for day-to-day clinical utility. Thereliability and
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validity of neuroimaging methods also warrants attention (e.g., Bennett & Miller, 2010;
Desmond & Chen, 2002), with corresponding caution used to prevent premature translation
to clinical practice (Desmond & Chen, 2002). Finally, despite the importance of the
interpersonal context in which psychotherapy typically occurs, few studies have examined
simultaneous brain activity of individuals engaged in socia interaction (e.g., using fMRI:
Hasson & Honey, in press) to understand how interpersonal interactions may modify an
individual's brain response, and help to shape that person's thoughts and behavior (e.g.,
interactions between therapist and client, or parent and child; Davidson & McEwen, 2012).

Addiction involves long term neuroadaptive changes in brain structure and circuitry.
Effective treatment likely requires an equal and opposite effect for sustained recovery.
Brain-based research on mechanisms of treatment change holds promise for increased
understanding of how psychotherapy, as a specialized form of learning, can modify brain
structure and functioning to facilitate sustained positive treatment outcomes. Specifically,
brain-based research could inform the matching of patients to specialized intervention based
on nature and severity of brain-related impairments in structure and functioning (Hutchison,
2010); could guide the optimal content, intensity, and duration of interventions to promote
sustained behavior change based on tracking changes in brain functioning and structure over
time; and could inform the design of more effective interventions for youth in the context of
on-going brain development.

Efforts to leverage neural plasticity (e.g., “brain training”) to promote health are gaining
momentum in the fields of cognitive science (Chein & Schneider, 2012), education (e.g.,
Berkman, Graham, & Fisher, in press; Diamond & Lee, 2011; Keller & Just, 2009),
substance use prevention (Fishbein, 2011), and the treatment of psychopathology (e.g.,
Vinogradov, Fisher, & de Villers-Sidani, 2012) and addictive behaviors (e.g., Potenza et al.,
2011). Emerging technologies, based on brain science, such as neurofeedback (e.g., Siegle,
Ghinassi, & Thase, 2007; neurofeedback using real time fMRI: Caria, Sitaram, &
Birbaumer, 2012; Weiskopf, 2012), and neuromodulation (e.g., transcranial magnetic
stimulation, transcrania direct current stimulation, which involve non-invasive brain
stimulation), may be useful as adjuncts to therapy (e.g., Brunoni et a., 2012; Vallar &
Bolognini, 2011), but are not without critics or skepticism. Developmentsin brain science
will increasingly inform mental health interventions, and typically involve cross-discipline
collaboration not only due to the complexity of psychotherapy processes of change, but also
the need to integrate data across scale, from “neurons to neighborhoods’ in order to facilitate
sustained positive behavior change (Shonkoff & Phillips, 2000).

This special issue addresses a number of empirically supported treatments for the addictions
from atrandational perspective. We thank the contributors and reviewers for fostering a
cross-disciplinary exchange of ideas, a collaboration across fields that is essential to
increased understanding of brain-based mechanisms of psychotherapy change. We hope that
the special issue continues to stimulate dial ogue between fields and to spark ideas for the
design of innovative brain-based treatments for addictive behaviors.

Acknowledgments

Supported by: NINR NR013332-01 and NIAAA K02 018195

References

Anton RF, O'Malley SS, Ciraulo DA, Cisler RA, Couper D, Donovan DM, Gastfriend DR, Hosking
JD, Johnson BA, LoCastro JS, Longabaugh R, Mason BJ, Mattson ME, Miller WR, Pettinati HM,
Randall CL, Swift R, Weiss RD, Williams LD, Zweben A. Combined pharmacotherapies and

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Feldstein Ewing and Chung Page 7

behavioral interventions for alcohol dependence: the COMBINE study: a randomized controlled
trial. JAMA. 2006; 295(17):2003-2017. [PubMed: 16670409]

Banich, MT.; DeLaVega, A.; Anrews-Hanna, JR.; Seghete, KM.; Du, Y .; Claus, ED. Psychology of
Addictive Behaviors. 2013. Developmental trends and individual differencesin brain systems
involved in intertemporal choice during adolescence.

Baxter LR Jr. Schwartz M, Bergman KS, Szuba MP, Guze BH, Mazziotta JC, Alazraki A, Selin CE,
Ferng HK, Munford P, et al. Caudate glucose metabolic rate changes with both drug and behavior
therapy for obsessive-compulsive disorder. Archives of General Psychiatry. 1992; 49(9):681-689.
[PubMed: 1514872]

Bennett CM, Miller MB. How reliable are the results from functional magnetic resonance imaging?
Annals of the New Y ork Academy of Science. 2010; 1191(2010):133-155.

Berkman ET, Falk EB, Lieberman MD. In the trenches of real-world self-control: Neura correlates of
breaking the link between craving and smoking. Psychological Science. 2011; 22(4):498-506.
[PubMed: 21378368]

Berkman, ET.; Graham, AM.; Fisher, PA. Child development perspectives. Training self-control: A
domain-general trandational neuroscience approach. in press

Boyce, CA.; Lynne-Landsman, SD. Psychology of Addictive Behaviors. 2013. Integrating
trandational neuroscience to improve drug abuse treatment for adolescents.

Brewer JA, Bowen S, Smith JT, Marlatt GA, Potenza MN. Mindfulness-based treatments for co-
occurring depression and substance use disorders: what can we learn from the brain? Addiction.
2010; 105(10):1698-1706. [PubMed: 20331548]

Brewer, JA.; Elwafi, HM.; Davis, JH. Psychology of Addictive Behaviors. 2013. Craving to Quit:
Psychological Models and Neurobiological Mechanisms of Mindfulness Training as Treatment for
Addictions.

Brunoni AR, Nitsche MA, Bolognini N, Bikson M, Wagner T, Merabet L, Edwards DJ, Valero-Cabre
A, Rotenberg A, Pascual-Leone A, Ferrucci R, Priori A, Boggio PS, Fregni F. Clinical research
with transcranial direct current stimulation (tDCS): challenges and future directions. Brain
stimulation. 2012; 5(3):175-195. [PubMed: 22037126]

Bryck RL, Fisher PA. Training the brain: practical applications of neural plasticity from the
intersection of cognitive neuroscience, developmental psychology, and prevention science.
American Psychologist. 2012; 67(2):87-100. [PubMed: 21787037]

Carandini M. From circuits to behavior: a bridge too far? Nature Neuroscience. 2012; 15(4):507-509.

CariaA, Sitaram R, Birbaumer N. Real-Time fMRI: A Tool for Local Brain Regulation.
Neuroscientist. 2012; 18(5):487-501. [PubMed: 21652587]

Carrig MM, Kolden GG, Strauman TJ. Using functional magnetic resonance imaging in psychotherapy
research: a brief introduction to concepts, methods, and task selection. Psychotherapy Research.
2009; 19(4-5):409-417. [PubMed: 19544187]

Chein M, Schneider W. The Brain's Learning and Control Architecture. Current Directionsin
Psychological Science. 2012; 21:78-84.

Chung, T.; Pajtek, S.; Clark, DB. Psychology of Addictive Behaviors. 2013. White Matter Integrity as
aLink in the Association Between Motivation to Abstain and Treatment Outcome in Adol escent
Substance Users.

Cicchetti D, Blender JA. A multiple-levels-of-analysis perspective on resilience: implications for the
developing brain, neura plasticity, and preventive interventions. Annals of the New Y ork
Academy of Science. 2006; 1094:248-258.

Cramer SC, Sur M, Dobkin BH, O'Brien C, Sanger TD, Trojanowski JQ, Rumsey JM, Hicks R,
Cameron J, Chen D, Chen WG, Cohen LG, deCharms C, Duffy CJ, Eden GF, Fetz EE, Filart R,
Freund M, Grant SJ, Haber S, Kalivas PW, Kolb B, Kramer AF, Lynch M, Mayberg HS,
McQuillen PS, Nitkin R, Pascual-Leone A, Reuter-Lorenz P, Schiff N, Sharma A, Shekim L,
Stryker M, Sullivan EV, Vinogradov S. Harnessing neuroplasticity for clinical applications. Brain.
2011; 134(Pt 6):1591-1609. [ PubMed: 21482550]

Davidson RJ, McEwen BS. Social influences on neuroplasticity: stress and interventions to promote
well-being. Nature Neuroscience. 2012; 15(5):689-695.

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Feldstein Ewing and Chung

Page 8

DeRubeis RJ, Siegle GJ, Hollon SD. Cognitive therapy versus medication for depression: treatment
outcomes and neural mechanisms. Nature Reviews. Neuroscience. 2008; 9:788—-796.

Desmond JE, Chen SHA. Ethical issuesin the clinical application of fMRI: Factors affecting the
validity and interpretation of activations. Brain and cognition. 2002; 50:482-497. [PubMed:
12480492]

DeVito EE, Worhunsky PD, Carroll KM, Rounsaville BJ, Kober H, Potenza MN. A preliminary study
of the neural effects of behavioral therapy for substance use disorders. Drug and Alcohol
Dependence. 2012; 122(3):228-235. [PubMed: 22041256]

Diamond A, Lee K. Interventions shown to aid executive function development in children 4 to 12
years old. Science. 2011; 333(6045):959-964. [ PubM ed: 21852486]

Etkin A, Pittenger C, Polan HJ, Kandel ER. Toward a neurobiology of psychotherapy: basic science
and clinical applications. Journal of Neuropsychiatry and Clinical Neuroscience. 2005; 17(2):145—
158.

Everitt BJ, Robbins TW. Neural systems of reinforcement for drug addiction: from actions to habits to
compulsion. Nature Neuroscience. 2005; 8(11):1481-1489.

Feldstein Ewing SW, Filbey FM, Hendershot CS, McEachern AD, Hutchison KE. Proposed model of
the neurobiological mechanisms underlying psychosocial acohol interventions: the example of
motivational interviewing. Journa of Studieson Alcohol and Drugs. 2011; 72(6):903-916.
[PubMed: 22051204]

Feldstein Ewing, SW.; McEachern, AD.; Y ezhuvath, U.; Bryan, AD.; Hutchison, KE.; Filbey, FM.
Psychology of Addictive Behaviors. 2013. Integrating Brain and Behavior: Evaluating
Adolescents Response to a Cannabis Intervention.

Felmingham K, Kemp A, Williams L, Das P, Hughes G, Peduto A, Bryant R. Changesin anterior
cingulate and amygdal a after cognitive behavior therapy of posttraumatic stress disorder.
Psychologica Science. 2007; 18(2):127-129. [PubMed: 17425531]

Fishbein, D. Advancing the prevention of substance abuse viatranglational research. RTI Press;
Research Triangle Park, NC: 2011.

Frewen PA, Dozois DJ, Lanius RA. Neuroimaging studies of psychological interventions for mood
and anxiety disorders: empirical and methodological review. Clinical Psychology Review. 2008;
28(2):228-246. [PubMed: 17602811]

Gebauer D, Fink A, Kargl R, Reishofer GK, K. Purgstaller C, Fazekas F, Enzinger C. Differencesin
brain function and changes with intervention in children with poor spelling and reading abilities.
PloS one. 2012; 7:€38201. [PubMed: 22693600]

Goldapple K, Segal Z, Garson C, Lau M, Bieling P, Kennedy S, Mayberg H. Modulation of cortical-
limbic pathwaysin major depression: treatment-specific effects of cognitive behavior therapy.
Archives of General Psychiatry. 2004; 61(1):34-41. [PubMed: 14706942]

Goldstein RZ, Craig AD, Bechara A, Garavan H, Childress AR, Paulus MP, Volkow ND. The
neurocircuitry of impaired insight in drug addiction. Trendsin Cognitive Science. 2009; 13(9):
372-380.

Hari R, Salmelin R. Magnetoencephal ography: From SQUIDs to neuroscience Neuroimage 20th
Anniversary Special Edition. Neuroimage. 2011

Hartwell, KJ.; Prisciandaro, JJ.; Borckardt, J.; Li, X.; George, MS.; Brady, KT. Psychology of
Addictive Behaviors. 2013. Real-Time fMRI in the Treatment of Nicotine Dependence: A
Conceptual Review and Pilot Studies.

Hasson U, Honey CJ. Future trends in Neuroimaging: Neural processes as expressed within real-life
contexts. Neuroimage. in press.

Hendershot CS, Witkiewitz K, George WH, Marlatt GA. Relapse prevention for addictive behaviors.
Substance Abuse Treatment, Prevention, and Policy. 2011; 6:17.

Hirvonen J, Hietala J, Kajander J, Markkula J, Rasi-Hakala H, Salminen JK, Nagren K, Aalto S,
Karlsson H. Effects of antidepressant drug treatment and psychotherapy on striatal and thalamic
dopamine D2/3 receptors in major depressive disorder studied with [11C]raclopride PET. Journal
of psychopharmacology. 2011; 25(10):1329-1336. [PubMed: 20829308]

Houck, JM.; Moyers, TB.; Tesche, CD. Psychology of Addictive Behaviors. 2013. Through a Glass
Darkly: Some Insights on Change Talk via Magnetoencephal ography.

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Feldstein Ewing and Chung Page 9

Hutchison KE. Substance use disorders: realizing the promise of pharmacogenomics and personalized
medicine. Annua Review of Clinical Psychology. 2010; 6:577-589.

Huttenlocher, P. Neural plasticity: The Effects of Environment on the Development of the Cerebral
Cortex. Harvard University Press, Cambridge, MA: 2002.

Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, Sanislow C, Wang P. Research
domain criteria (RDoC): toward a new classification framework for research on mental disorders.
American Journal of Psychiatry. 2010; 167(7):748-751. [PubMed: 20595427]

Jacobus, J.; Thayer, RE.; Trim, RS,; Bava, S.; Frank, LR.; Tapert, SF. Psychology of Addictive
Behaviors. 2013. White Matter Integrity, Substance Use, and Risk Taking in Adolescence.

Johansen-Berg H, Baptista CS, Thomas AG. Human structural plasticity at record speed. Neuron.
2012; 73(6):1058-1060. [PubMed: 22445333]

Kandel ER. Psychotherapy and the single synapse. The impact of psychiatric thought on neurobiologic
research. New England Journal of Medicine. 1979; 301(19):1028-1037. [PubMed: 40128]

Kandel ER. A new intellectual framework for psychiatry. The American Journal of Psychiatry. 1998;
155(4):457-469. [PubMed: 9545989)]

Kazdin AE. Mediators and mechanisms of change in psychotherapy research. Annual Review of
Clinical Psychology. 2007; 3:1-27.

Keller TA, Just MA. Altering cortical connectivity: remediation-induced changes in the white matter
of poor readers. Neuron. 2009; 64(5):624—631. [PubMed: 20005820]

Koob GF, Le Moal M. Addiction and the brain antireward system. Annual Review of Psychology.
2008; 59:29-53.

Koob GF, Volkow ND. Neurocircuitry of addiction. Neuropsychopharmacology. 2010; 35(1):217—
238. [PubMed: 19710631]

Kraemer HC, Wilson GT, Fairburn CG, Agras WS. Mediators and moderators of treatment effectsin
randomized clinical trials. Archives of General Psychiatry. 2002; 59(10):877-883. [PubMed:
12365874]

Krishnan-Sarin, S.; Balodis, IM.; Kober, H.; Worhunsky, PD.; Liss, T.; Xu, J.; Potenza, MN.
Psychology of Addictive Behaviors. 2013. An exploratory pilot study of the relationship between
neural correlates of cognitive control and reduction in cigarette use among treatment-seeking
adolescent smokers.

Li K, GuoL, NieJ, Li G, LiuT. Review of methods for functional brain connectivity detection using
fMRI. Computerized Medical Imaging and Graphics. 2009; 33:131-139. [PubMed: 19111443]

Linden DE. Brain imaging and psychotherapy: methodological considerations and practical
implications. European Archives of Psychiatry and Clinical Neuroscience. 2008; 258(Suppl 5):71—
75. [PubMed: 18985299]

Logothetis NK. What we can do and what we cannot do with fMRI. Nature. 2008; 453(7197):869—
878. [PubMed: 18548064]

MaN, LiuY, Fu XM, Li N, Wang CX, Zhang H, Qian RB, Xu HS, Hu X, Zhang DR. Abnormal brain
default-mode network functional connectivity in drug addicts. PloS one. 2011; 6(1):e16560.
[PubMed: 21298074]

Magill M, Ray LA. Cognitive-behavioral treatment with adult alcohol and illicit drug users: a meta-
analysis of randomized controlled trials. Journal of Studies of Alcohol and Drugs. 2009; 70(4):
516-527.

Markham JA, Greenough WT. Experience-driven brain plasticity: beyond the synapse. Neuron Glia
Biology. 2004; 1(4):351-363. [PubMed: 16921405]

Meyler A, Keller TA, Cherkassky VL, Gabrieli IDE, Just MA. Modifying the brain activation of poor
readers during sentence comprehension with extended remedial instruction: A longitudinal study
of neuroplasticity. Neuropsychologia. 2008; 46:2580-2592. [PubMed: 18495180]

Miller WR, Walters ST, Bennett ME. How effective is alcoholism treatment in the United States?
Journal of Studies on Alcohol. 2001; 62(2):211-220. [PubMed: 11327187]

Mon A, Delucchi K, Durazzo TC, Gazdzinski S, Meyerhoff DJ. A mathematical formulafor prediction
of gray and white matter volume recovery in abstinent alcohol dependent individuals. Psychiatry
Research. 2011; 194(2):198-204. [PubMed: 21903361]

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Feldstein Ewing and Chung Page 10

Monnig, MA.; Caprihan, A.; Yeo, RA.; Gasparovic, C.; Ruhl, DA.; Lysne, P.; Bogenschutz, MP;
Hutchison, KE.; Thoma, RJ. Psychology of Addictive Behaviors. 2013. Diffusion Tensor Imaging
of White Matter Networksin Individuals With Current and Remitted Alcohol Use Disorders and
Comorbid Conditions.

Morgenstern, J.; Bechara, A.; Breiter, HC. Psychology of Addictive Behaviors. 2013. The
contributions of cognitive neuroscience and neuroimaging to understanding mechanisms of
behavior change in addiction.

Nagvi NH, Bechara A. The hidden island of addiction: the insula. Trends in Neuroscience. 2009;
32(1):56-67.

Porto PR, OliveiraL, Mari J, Volchan E, Figueiral, Ventura P. Does cognitive behavioral therapy
change the brain? A systematic review of neurcimaging in anxiety disorders. Journa of
Neuropsychiatry and Clinical Neuroscience. 2009; 21(2):114-125.

Potenza, MN.; Balodis, IM.; Franco, CA.; Bullock, S.; Xu, J.; Grant, JE. Psychology of Addictive
Behaviors. 2013. Neurobiological considerations in understanding behavioral treatments for
pathological gambling.

Potenza MN, Sofuoglu M, Carroll KM, Rounsaville BJ. Neuroscience of behavioral and
pharmacological treatments for addictions. Neuron. 2011; 69(4):695-712. [PubMed: 21338880]

Reske, M.; Paulus, MP. The diagnostic and therapeutic potential of neuroimaging in addiction
medicine. In: Adinoff, B.; Stein, E., editors. Neuroimaging in Addiction. Wiley & Sons; New
York: 2011. p. 321-343.

Robison AJ, Nestler EJ. Transcriptional and epigenetic mechanisms of addiction. Nature Reviews:
Neuroscience. 2011; 12(11):623-637.

Roffman JL, Marci CD, Glick DM, Dougherty D, Rauch S. Neuroimaging and the functional
neuroanatomy of psychotherapy. Psychological Medicine. 2005; 35:1385-1398. [PubMed:
16164763]

Sagi Y, Tavor |, Hofstetter S, Tzur-Moryosef S, Blumenfeld-Katzir T, Assaf Y. Learning in the fast
lane: New insights into neuroplasticity. Neuron. 2012; 73(6):1195-1203. [PubMed: 22445346]

Shonkoff, P.; Phillips, D., editors. From Neurons to Neighborhoods: The Science of Early Childhood
Development. National Academies Press; Washington, DC: 2000.

Siegle GJ, Ghinassi F, Thase ME. Neurobehavioral therapiesin the 21st century: Summary of an
emerging field and an extended example of cognitive control training for depression. Cognitive
Therapy & Research. 2007; 31:235-262.

Sinha R. Chronic stress, drug use, and vulnerability to addiction. Annals of the New Y ork Academy of
Science. 2008; 1141:105-130.

Stanger, C.; Budney, AJ.; Bickel, WK. Psychology of Addictive Behaviors. 2013. A Developmental
Perspective on Neuroeconomic Mechanisms of Contingency Management.

Strauman, TJ.; Goetz, EL.; Detloff, AM.; MacDuffie, KE.; Zaunmuller, L.; Lutz, W. Journal of
Personality. Self-regulation and mechanisms of action in psychotherapy: A theory-based
translational perspective. in press

Thayer, RE.; Hutchison, KE. Psychology of Addictive Behaviors. 2013. Translational neuroimaging of
craving: Implications for addiction treatment.

Vago DR, Silbersweig DA. Self-awareness, self-regulation, and self-transcendence (S-ART): a
framework for understanding the neurobiological mechanisms of mindfulness. Frontiersin Human
Neuroscience. 2012; 6:296. [PubMed: 23112770]

Valar G, Bolognini N. Behavioural facilitation following brain stimulation: implications for
neurorehabilitation. Neuropsychological Rehabilitation. 2011; 21(5):618-649. [PubMed:
21604229

Vinogradov S, Fisher M, de Villers-Sidani E. Cognitive training for impaired neural systemsin
neuropsychiatric illness. Neuropsychopharmacology : officia publication of the American College
of Neuropsychopharmacology. 2012; 37(1):43—76. [PubMed: 22048465]

Vollstadt-Klein S, Loeber S, Kirsch M, Bach P, Richter A, Buhler M, von der Goltz C, Hermann D,
Mann K, Kiefer F. Effects of cue-exposure treatment on neural cue reactivity in alcohol
dependence: arandomized tria. Biological Psychiatry. 2011; 69(11):1060-1066. [PubMed:
21292243]

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Feldstein Ewing and Chung Page 11

Walter H, Berger M, Schnell K. Neuropsychotherapy: conceptual, empirical and neuroethical issues.
European Archives of Psychiatry and Clinical Neuroscience. 2009; 259(Suppl 2):S173-182.
[PubMed: 19876676]

Weiskopf N. Real-time fMRI and its application to neurofeedback. Neuroimage. 2012; 62(2):682—692.
[PubMed: 22019880]

Wetherill, R.; Tapert, SF. Psychology of Addictive Behaviors. 2013. Adolescent Brain Development,
Substance Use, and Psychotherapeutic Change.

Wilson, SJ.; Sayette, MA.; Fiez, JA. Psychology of Addictive Behaviors. 2013. Neura correlates of
self-focused and other-focused strategies for coping with cigarette cue exposure.

Witkiewitz, K.; Lustyk, MKB.; Bowen, S. Psychology of Addictive Behaviors. 2013. Retraining the
Addicted Brain: A Review of Hypothesized Neurobiological Mechanisms of Mindfulness-Based
Relapse Prevention.

Worhunsky, PD.; Stevens, MC.; Carroll, KM.; Rounsaville, BJ.; Calhoun, VD.; Pearlson, GD.;
Potenza, MN. Psychology of Addictive Behaviors. 2013. Functional Brain Networks Associated
With Cognitive Control, Cocaine Dependence, and Treatment Outcome.

Xiao, L.; Bechara, A.; Gong, Q.; Huang, X.; Li, X.; Xue, G.; Wong, S,; Lu, Z-L.; Pamer, P.; Wei, YJ;
Jia, Y .; Johnson, CA. Psychology of Addictive Behaviors. 2013. Abnormal Affective Decision
Making Revealed in Adolescent Binge Drinkers Using a Functional Magnetic Resonance Imaging
Study.

Zatorre RJ, Fields RD, Johansen-Berg H. Plasticity in gray and white: neuroimaging changesin brain
structure during learning. Nature Neuroscience. 2012; 15(4):528-536.

Psychol Addict Behav. Author manuscript; available in PMC 2014 June 01.



