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Abstract
Background—Current work in motivational interviewing (MI) has supported the role of in-
session client and therapist language in predicting post-intervention substance use outcomes. In
particular, a relationship has been found between specific therapist language (e.g., MI-consistent
behaviors), specific types of client speech (e.g., change talk; CT and counter-change talk; CCT),
and subsequent drinking outcomes. One hypothesis to explain this phenomenon is that CT is an
indication of a neurocognitive shift that happens during the course of the psychosocial
intervention. And, it is possible that this shift is responsible for catalyzing and maintaining
changes in drinking behaviors following MI interventions. To investigate this question, the effect
of CT on blood oxygen level dependent (BOLD) response during the presentation of alcohol cues
using fMRI was evaluated.

Methods—To examine changes in neural response to alcohol cues following client language, 10
adults with alcohol dependence (50% male; 40% Caucasian; 40% Hispanic; M age = 42.6; M
years of education = 13.3) were presented with CT and CCT derived from their pre-scan MI
session during the presentation of alcohol cues.

Results—Following CCT, there was significant neural response to alcohol cues in several key
reward areas (cluster-corrected p<.05, z > 2.3; orbitofrontal cortex, nucleus accumbens, anterior
insula, posterior insula, caudate, putamen). On the contrary, there were no areas of significant
activation during exposure to alcohol cues following CT.

Conclusions—These results indicate that CT may be effectively inhibiting activation in brain
regions that respond to the salience of alcohol cues. These findings provide preliminary biological
support of the psychosocial literature findings, highlighting the critical importance of change talk
during psychosocial interventions.
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Introduction
In the United States, approximately 17% of men and 8% of women engage in drinking that
is problematic enough to meet criteria for alcohol dependence at some point during their
lives (Hasin et al., 2007). Problem drinking results in significant morbidity and mortality
(79,000 deaths/year; CDC, 2008), and is the third leading lifestyle-related cause of death in
the nation (Mokdad et al., 2004). Despite the prevalence and profound consequences of
alcohol addiction, empirically-supported psychosocial alcohol interventions have widely
varying outcomes (Anton et al., 2006; ProjectMatchResearchGroup, 1998; Team, 2005); this
range indicates the need to gain a better understanding of key active ingredients and how
they may operate.

An understanding of the mechanisms that drive the efficacy of psychotherapy is emerging.
One promising avenue has involved deconstructing in-session client and therapist
statements. Amhrein, Miller, and colleagues have pioneered this work, demonstrating that
client statements uttered within motivational interviewing (MI)-based interventions (e.g.,
commitment language, “I will not use again”) positively predicted percent days abstinent at
12 months (Amrhein et al., 2003). Building upon this work, Moyers and colleagues (Moyers
et al., 2009; 2006; 2007) found evidence for a more sophisticated relationship between
therapist behaviors (e.g., MI-consistent behaviors, such as emphasis on patient autonomy),
subsequent client speech (e.g., Change Talk, CT; “I think that I need to cut back on my
drinking”) and long-term drinking outcomes (e.g., drinks per drinking day/drinks per
drinking week). Ultimately, they found that both Change Talk (CT), operationalized as
client speech in favor of behavioral change (e.g., “I need to stop drinking like this – it is
ruining my life”) and CounterChange Talk (CCT), operationalized as client language
supporting the status quo (e.g., “Drinking is not a problem for me”) significantly predicted
drinking outcomes up to 15 months post-MI intervention (CT negatively associated with
drinking, and CCT positively associated with drinking; Moyers et al., 2009; Moyers et al.,
2007). One hypothesis to explain this phenomenon is that CT is an indication of a
neurocognitive shift that happens during the course of the psychosocial intervention.
However, this neurocognitive shift had not yet been tested in an experimental context.

At present, the current alcohol intervention literature lacks the translational studies that
could help elucidate the neurobiological mechanisms that may mediate the link between
psychosocial active ingredients, such as Change Talk (CT), and behavior (such as craving).
Functional neuroimaging offers a unique opportunity to identify and test putative
neurobiological mediators and moderators (Hutchison, 2010). One set of neurobiological
mediators that seems particularly promising are those involved in the attribution of incentive
salience to cues. This network has been strongly implicated for its role in addiction, due to
its intimate involvement in incentive salience and subsequent perception of reward (e.g.,
Kalivas and Volkow, 2005; Robinson and Berridge, 2001). Key areas in this system include,
but are not limited to, the orbitofrontal cortex (OFC), nucleus accumbens, insula, caudate,
and putamen.

Through examining potentially critical neurobiological mechanisms, it may be possible to
better understand how psychosocial interventions like motivational interviewing work (MI;
Miller and Rollnick, 2002), which may ideally subsequently contribute to the improvement
of intervention efficacy. To take a first step in this direction, we employed an fMRI
paradigm to examine neural structures activated after exposure to alcohol cues (e.g., Filbey
et al., 2008a) following client statements in order to directly test the extent to which CT
reduces cue-elicited activation of these neural substrates. Based upon prior research in this
area (e.g., Filbey et al., 2008a; Hutchison, 2010), we posited that CT would operate by
reducing the ability of alcohol cues to access mesocorticolimbic structures and initiate
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craving. Thus, we hypothesized that CT would be associated with activation in cortical
regions associated with reward (e.g., OFC, nucleus accumbens, insula, caudate, and
putamen).

Materials and Methods
Participants

This study was a component of a larger translational study (PI: last author) investigating the
relationship between biological risk factors and response to a psychosocial and
pharmacological intervention for alcohol dependence. With institutional review board
approval, 13 treatment-seeking volunteers in the southwest were recruited through local
advertisements (newspaper and radio) to participate in a study for those interested in quitting
drinking. All participants provided informed written consent. To participate, interested
adults had to be between the ages of 21 and 55 years, have a primary diagnosis of alcohol
dependence, be within 21 days of their last drink, have been drinking >14 drinks per week
(female) or >21 drinks per week (male) during 4 consecutive weeks within three months of
beginning the study, have a CIWA score less than 8 (indicating no need for medical detox),
and have a breath alcohol level of 0 at each session. Exclusion criteria included taking
antipsychotics or anti-convulsants, being pregnant as indicated by a pregnancy test, meeting
criteria for psychotic disorder, bipolar disorder, or major depression with suicidal ideation,
and having a history of injury to the brain or brain related medical problems.

Of the 13 participants, 3 were excluded due to technical problems with the imaging data
(e.g., n=3 incomplete scan), leaving a total sample size of 10. Participants included 5
females and 5 males, with an average age of 42.6 (SD = 5.93; see Table 1). This sample self-
identified as Caucasian (40%; n = 4), Hispanic (40%; n = 4), African-American (10%, n =
1), and multiracial (10%, n = 1). In terms of employment, 30% of the sample reported being
employed full time, 30% half time, and 40% were unemployed. Most of the sample had a
modest income; 60% earned less than $20,000/year (<$19,999 = 60%, $20,000-$59,999 =
40%). Additional demographic characteristics are presented in Table 1.

Measures
Participants completed several questionnaires, including a demographic questionnaire, a
clinical assessment of alcohol dependence (Structured Clinical Interview for DSM-IV;
SCID; First et al., 1997), an evaluation of the quantity and frequency of drinking (Alcohol
History Questionnaire as employed in Filbey et al., 2008a; example items included, “In the
past month, what is the average number of drinks you've had each time you've drank?”), an
evaluation of hazardous drinking (Alcohol Use Disorders Identification Test; AUDIT;
Babor, 2006), an evaluation of alcohol dependence symptoms (Alcohol Dependence Scale;
ADS; Skinner and Horn, 1984), and an fMRI-based (in scanner) evaluation of subjective
urge for drinking (the Alcohol Urge Questionnaire; AUQ; Bohn et al., 1995).

Procedures
Assessment Procedures—At baseline, all participants completed a baseline packet that
included demographics, drinking, and craving measures. Immediately upon completion of
the baseline measures, all participants completed their intervention session.

Intervention Session—Following a manualized motivational interviewing (MI) approach
created by Feldstein Ewing and Moyers (2008), the intervention condition was delivered by
a PhD level therapist (first author; e.g., Feldstein Ewing et al., 2009), The MI condition
included a single one-hour session, which consisted of an open-ended exploration of
participants' drinking behaviors, a values clarification task (Miller et al., 2001), and an
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overview of the session and evaluation of the participant's post-session drinking goals (e.g.,
the “what next” exercise). The therapist relied on MI-consistent approaches (see Moyers et
al., 2007), including reliance on reflections, open-ended questions, affirmations, and
summary statements, with the goal of decreasing resistance, demonstrating accurate
empathy, developing discrepancy between ideal and current alcohol use, and supporting
self-efficacy (Miller and Rollnick, 2002). In addition, the therapist employed reflections and
empathic, open-ended questioning to develop participants' ambivalence regarding current
drinking, and to elicit statements for change.

Notably, this session also included the MI-based “talking into and out of change exercise”
(Feldstein Ewing and Moyers, 2008) from which CT and CCT statements were pulled for
the fMRI session. Consistent with prior studies (e.g., Moyers and Martin, 2006), a minimum
of 5 CT and CCT statements were consistently generated in this exercise during every MI
session within this study. All sessions were audio-recorded with participant approval to
gather the requisite statements for the neuroimaging paradigm.

Scan Session—Within one week of their MI session, all participants were scheduled for
an fMRI scan session. Before scanning, participants abstained from alcohol for 24 hours,
from caffeine and cigarettes for the preceding 2 hours, and had a confirmed breath alcohol
level of .000 at the start of their session. Participants were compensated $60 for their
participation.

Cue Exposure with Client Statements: Once comfortable with the fMRI procedures,
participants were inserted into the bore of the magnet for a high-resolution structural scan
collected for image registration and normalization. All participants underwent a high-
resolution anatomical scan (see Imaging Parameters), a volume set-up to establish ideal
audio settings above the scanner noise, and an fMRI scan. The fMRI task was designed to
assess the effects of salient client statements on cue-elicited craving for alcohol. CT and
CCT statements were taken from each participant's MI session (e.g., CT statements
regarding their motivation to change; “I need to stop drinking like this”) and CCT statements
regarding their reasons for drinking; “Drinking is not a problem for me.”) Specifically,
through the counterbalanced “Talking into and out of change exercise” within the MI
session where participants were prompted to provide five reasons for changing and five
reasons for staying the same (see Feldstein Ewing and Moyers, 2008), five different 14-
second CT statements and five different 14-second CCT statements were taken from each
participant's MI session. Thus, in the scanner, participants were simultaneously presented
with their own CT and CCT statements by sight (seeing the written words of their
statements) and sound (hearing their own audio-recorded voice from their session) followed
by alcohol cues from a cue-exposure task as developed in previous fMRI-based cue-
exposure studies (e.g., Filbey et al., 2008a; Hutchison et al., 2008).

To assess the effects of CT and CCT statements on cue-elicited craving, participants were
pseudorandomly presented with a single run of each of the 4 statement/cue combinations.
Each of the 4 runs consisted of 10 × 60 second trials (TR 2s/volume; 1 run=10 trials×60
seconds/30 TRs per trial=300 TRs/5 minutes). These included (1) CT/alcohol, (2) CCT/
alcohol, (3) CT/control, and (4) CCT/control. Each statement was presented to the
participants two times yielding 10 CT and 10 CCT statements per participant for the entire
experiment. For a single run, each trial started with a 16 second audio clip (recorded from
participant's MI session) simultaneously presented with a visual presentation (seeing the
written words) of a CT or CCT statement, followed by the cue-exposure period (see Figure
1). The cue exposure period followed methods described in Filbey et al. (2008a).
Specifically, a continuous taste delivery of a total of 1 ml of liquid (i.e., participant's favorite
alcoholic beverage or an isocaloric control beverage, specifically, litchi juice) was delivered
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for 24 seconds through small teflon tubing using a computer-controlled gustometer. The
exposure period was followed by a 16-second washout period. Then, participants were asked
to rate their subjective urge to drink alcohol on a scale from 1 (no urge at all) to 4 (very high
urge) using a fiber optic 4-button box. It should be noted that several studies have used
similar administration procedures to examine the brain regions associated with the
rewarding value of juice (e.g., Pagnoni et al., 2002). Consistent with previous studies (e.g.,
Filbey et al., 2008a;Hutchison et al., 2008), the administration of this small amount of liquid
(∼ ¼ teaspoon) did not present difficulties for the subject. The inclusion of both taste stimuli
enabled the comparison of brain activation during an alcohol cue versus activation during
exposure to a control cue. It also enabled examination of the effect of CT and CCT
statements on cue-elicited activation of the reward areas.

Imaging Parameters: fMRI images were collected using a 3T Siemens Trio whole body
scanner equipped with Sonata gradient subsystem (40 mT/m amplitude, 200 μs rise time,
100% duty cycle). A 12-channel receive head phased array coil combined with body coil
transmission to achieve greater sensitivity in cortical areas was employed. fMRI scans were
collected using a gradient echo, echoplanar sequence with ramp sampling correction using
the intercomissural line (AC-PC) as a reference (TR: 2.0 s, TE: 27ms (39ms for 1.5T), α:
70°, matrix size: 64×64, 32 slices, voxel size: 3×3×4 mm3). Because the orbitofrontal cortex
(OFC) is involved in the craving/reward system and can suffer from severe signal drop-out
caused by susceptibility effects, a tilting acquisition was applied. The high resolution
anatomical MRI scan was collected with a T1-weighted multi-echo Magnetization Prepared
Rapid Gradient Echo or MPRAGE (MEMPR) sequence with the following parameters: TR/
TE/TI = 2300/2.74/900 ms, flip angle = 8°, FOV = 256×256 mm, Slab thickness = 176 mm,
Matrix = 256×256×176, Voxel size =1×1×1 mm, Number of echos = 4, Pixel bandwidth =
650 Hz. Total scan time = 56 min. With 4 echoes, the TR, TI and time to encode partitions
for the MEMPR are similar to that of a conventional MPRAGE, resulting in similar GM/
WM/CSF contrast. The fMRI task was presented using a rear projection to a mirror system
the subject views while in the head coil. Responses were recorded using a fiber-optic pad
that has four response buttons. Stimulus presentation was delivered using E-Prime.

fMRI Data Preprocessing: Before statistical analysis, the first seven volumes of each EPI
run were discarded to allow the MR signal to reach steady state. The remaining volumes in
each participant's time series were motion corrected using FSL's (FMRIB's Software
Library, www.fmrib.ox.ac.uk/fsl) McFLIRT Version 5.0 [Motion Correction using FMRIB's
Linear Image Registration Tool (Jenkinson et al., 2002)].

fMRI Data Analyses: fMRI data analyses employed FEAT (FMRI Expert Analysis Tool)
Version 5.63, part of FSL using the following pre-statistics processing: non-brain tissue/
skull removal using BET (Brain Extraction Tool; Smith, 2002); spatial smoothing using a
Gaussian kernel of FWHM 8 mm; mean-based intensity normalization of all volumes by the
same factor; highpass temporal filtering (Gaussian-weighted least-squares straight line
fitting, with sigma = 50.0 s). Time-series statistical analysis employed FILM (FMRIB's
Improved Linear Model) with local autocorrelation correction (Woolrich et al., 2001). The
analyses modeled the activation of the mesocorticolimbic structures after the initial swallow
prompt until the end of the washout period (see Filbey et al., 2008a). Explanatory variables
(e.g., exposure periods for alcohol or control cues during CT or CCT condition,) were
created by convolving the stimulus timing files with a double gamma hemodynamic
response function in FEAT. A multiple linear regression analysis was performed to estimate
the hemodynamic parameters for the different explanatory variables and a corresponding t-
statistic indicates the significance of the activation of the stimulus. To determine the
difference in response to alcohol cues following CT and CCT, BOLD response to alcohol
cues was then contrasted between CT and CCT conditions. Statistical maps were then
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registered to the Montreal Neurological Institute (MNI) template using FLIRT (FMRIB's
Linear Image Registration Tool; Jenkinson et al., 2002; Jenkinson and Smith, 2001).

Group-level analyses were carried out using a mixed effects analysis with FLAME
(Beckmann et al., 2003; Woolrich, 2004). To control for multiple comparisons, a cluster-
threshold of p < .05, z = 2.3 was employed. Specifically, a Z statistic threshold was first
used to define contiguous clusters (e.g., z > 2.3). Then, each cluster's estimated significance
level (from GRF-theory) was compared with the cluster probability threshold (e.g., p < 0.05;
see Smith, 2004). Notably, a height threshold of z = 2.3 (or one-tailed p < 0.01) was applied
simply to determine contiguous clusters (e.g., clusters also had to be compared with the
cluster probability threshold). For visualization and display of significant activation, the z-
maps were overlaid on the T1 canonical MNI template using MRIcro visualization software
(Rorden and Brett, 2000).

Results

Alcohol Use: Based upon the SCID, all of the adults in this sample met criteria for alcohol
dependence. In addition, this sample evidenced heavy drinking as demonstrated by their
scores on the alcohol dependence scale (ADS; M = 16.8, SD = 8.89; note: total score ≥ 9 is
predictive of alcohol dependence), the alcohol use disorders identification test (AUDIT; M =
23.5, SD = 6.21; note: total score > 8 is indicative of harmful or hazardous alcohol use), and
their average quantity of use per drinking occasion (see Table 1). Specifically, in the past
month, this sample drank an average of 9.50 (SD = 5.04) drinks per drinking day.

In-Session Client Statements and Alcohol Cue Responsivity
Main Effects of Change Talk (CT) and CounterChange (CCT) on response to
alcohol cues
Change Talk (CT): There was minimal activation during the CT condition, highlighting the
participants' response to alcohol cues after seeing and hearing their statements in support of
changing their drinking behavior (e.g., “It is time to stop drinking.”). Specifically, no
significant activation emerged in the reward networks. However, significant activation
emerged in the postcentral gyrus, precentral gyrus, and superior temporal gyrus (cluster
corrected p < .05, z = 2.3, 1 cluster, total number of voxels = 1,321; see Table 2 and Figure
2a).

CounterChange Talk (CCT): There were widespread areas of activation during the CCT
condition, highlighting the participants' response to alcohol cues after seeing and hearing
their statements in support of sustaining their drinking behavior (e.g., “I deserve a drink.”).
Specifically, significant activation emerged in reward areas, including the OFC, nucleus
accumbens, insula (anterior and posterior), caudate, putamen, along with other salient and
relevant areas including the thalamus, posterior cingulate, anterior cingulate gyrus (ACG),
and supplemental motor area (SMA; cluster corrected p < .05, z = 2.3, 1 cluster, total
number of voxels = 42,740; see Table 3 and Figure 2b).

Summary: Together, these data highlight that exposure to alcohol cues following CT did
not result in reward area activation, whereas no such effect was found following CCT (i.e.,
reward areas were activated in response to alcohol cues).
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Comparison of Change Talk (CT) versus CounterChange (CCT) on response
to alcohol cues
Change Talk vs. Counterchange Talk (CT>CCT): In the comparison of response to
alcohol cues following CT vs. CCT, no significant activation emerged, indicating that there
were no areas where the response to CT was greater than the response to CCT (see Table 2
and Figure 2c).

CounterChange Talk vs. Change Talk (CCT>CT): Significant activation emerged in this
analysis, whereby response to alcohol cues following CCT demonstrated significant
activation in the insula (anterior and posterior), thalamus, posterior cingulate, ACG, and
SMA (cluster corrected p<.05, z = 2.3, 1 cluster, total number of voxels = 81,778; see Table
4 and Figure 2d), indicating that the response to alcohol cues following CCT was greater
than the response to alcohol cues following CT. Contrary to expectations, no activation
emerged in striatal areas (i.e., nucleus accumbens, putamen, and caudate).

Associations between subjective ratings for Alcohol During CT and CCT and
response to cues—To evaluate how this neural activation is related to behavior, we
examined the correlation between the subjective urge for alcohol (see Figure 2e and 2f)
following exposure to alcohol in the CT and CCT conditions and BOLD response to alcohol
cues. In terms of subjective ratings, participants reported an average urge of 2.20 (SD = .
926) after the CT condition and 2.43 (SD = .940) after the CCT condition. No significant
correlation emerged between subjective urge ratings in the CT condition (see Table 5 and
Figure 2e), indicating that there was no significant association between behavior and neural
response to cues in the CT condition. In contrast, significantly correlated areas of activation
emerged between subjective urge for alcohol and neural response to cues following CCT in
several areas, including the insula (anterior and posterior) and cingulate gyrus (cluster
corrected, p < .05, z = 2.3, 3 clusters, total number of voxels = 14,126; see Table 5 and
Figure 2f), indicating a significantly positive association between subjective urge to drink
and the neural response to alcohol cues following CCT, such that brain activation increased
with subjective urge during the CCT condition following the alcohol exposure.

Manipulation Check: To determine whether the observed results were unique to alcohol or
simply a response to all appetitive cues, the effects of CT and CCT in the context of the
appetitive control (litchi) were examined. In evaluating this relationship [Alcohol
(CCT>CT) vs. Litchi (CCT>CT)], the difference between the talk conditions was found to
be greater for alcohol than for litchi, with significant difference emerging in the insula
(anterior and posterior), caudate, anterior cingulate, cingulate gyrus, precuneus and SMA. In
addition, in the second contrast [Litchi (CCT>CT) vs. Alcohol (CCT>CT)], a significant
difference only emerged in a non-reward area, specifically, the mid-temporal gyrus.
Together, these data indicate that the significant patterns that emerged during the talk
conditions were specific to alcohol.

Discussion
The goal of this study was to provide a preliminary investigation of the biological basis for
the pattern of response observed during an empirically-supported alcohol intervention
(motivational interviewing; Miller and Rollnick, 2002). Prior research has highlighted the
importance of reward areas in addiction (see Kalivas and Volkow, 2005; Robinson and
Berridge, 1993). It was therefore proposed that salient client statements (e.g., change talk;
CT) might be involved in behavior change through activation of the reward network during
high-risk situations (e.g., when alcohol is present). Using sight (having participants view the
written words of their statements) and sound (replaying their own voice) clients were re-
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presented with their in-session CT and CCT statements during an fMRI alcohol cue-
exposure paradigm. Significant differences emerged in response to the alcohol cues, such
that participants evidenced significant activation during the CCT condition, but not during
the CT condition (See Figure 2). These results suggest that CT may effectively inhibit
activation in salient reward areas during high-risk situations (e.g., when presented with
alcohol).

In this preliminary study, following presentation of the CCT statements, or statements in
favor of maintaining the status quo (e.g., “Drinking is not a problem for me”), the pattern of
brain response to the alcohol cues paralleled that observed in heavy drinking and alcohol
dependent adults (Filbey et al., 2008a; Filbey et al., 2008b). More specifically, during the
client statements in favor of sustaining their alcohol use, we found significant activation in
key reward areas (e.g., OFC, anterior insula, posterior insula, striatum, thalamus). These
areas are highly relevant to the ability to manage urges to drink during high-risk situations
(e.g., when alcohol is present). In addition, they map onto the areas observed during prior
craving studies [(e.g., OFC; Hermann et al., 2006; Myrick et al., 2004) (e.g., ACG; insula;
posterior cingulate; thalamus; Filbey et al., 2008a)]. Furthermore, they are consonant with
the broader research highlighting the role of these areas in addiction (more broadly, Kalivas
and Volkow, 2005; Robinson and Berridge, 2001), craving (e.g., thalamus = George et al.,
2001; Modell et al., 1990); (e.g., SMA = Smolka et al., 2006), and relapse (e.g., insula =
Paulus et al., 2005). Moreover, these areas have been implicated in coding the motivational
significance of stimuli (e.g., OFC = Ernst et al., 2002), evaluating positive and negative
outcomes (e.g., OFC = Ernst and Paulus, 2005; Volkow et al., 2002), and are likely to be
involved in error monitoring and detection (e.g., AC = Garavan and Stout, 2005).

In contrast, after presentation of the CT statements, no areas of activation emerged in
response to the alcohol cues. As these areas were significantly activated during the CCT,
this differential pattern of activation suggests that CT is significantly inhibiting the
activation of salient reward areas. This is notable, as prior research has found that greater
activation of these areas corresponds with greater alcohol use disorder severity (Filbey et al.,
2008a), indicating that the pattern of activation emerging during the CCT statements is a
profile of risk in terms of alcohol use. However, building upon prior work, this preliminary
study suggests that this profile of risk might not be static. Rather, it appears that targeted
components of psychosocial interventions are actually able to shift this profile within a very
brief period of time, subsequently suppressing the risk. This is compelling for several
reasons. First, it lends biological credence to the observed efficacy of MI in reducing risk for
drinking. Second, it builds upon important studies highlighting the role of treatment status,
motivation, context, and internal dialogue in the varying activation of salient reward areas
(e.g., Koeningsberg et al., 2010; Wilson, Sayette & Fiez, 2004). Similarly, it advances the
authors' current working model (Figure 3) and provides a foundation for more pinpointed
explorations regarding the directionality of internal and expressed motivation for change in
therapy, and subsequent behavior. Finally, it suggests an important avenue for future
research; understanding how to sustain the profile observed during CT. Specifically,
investigations of how to continue client CT thoughts outside of the context of a
psychotherapy session are likely to be key to successful drinking reductions.

Summary, Limitations, and Future Directions
This study is an important first step towards understanding the basic biological substrates
underlying effective psychosocial interventions. However, there are a number of limitations.
First and foremost, while this pilot study had a good representation of age, gender, and
ethnicity, it had a very limited sample size. Thus, replication with a larger, and more diverse,
sample is important for clarifying several questions. For example, we found that the BOLD
signal and subjective urge was correlated in the CCT trials but not the CT trials. This finding
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may imply that CT weakens the connection between BOLD response and subjective urge.
Alternatively, there may not have been adequate power in the current study to determine the
direction and strength of the correlation in the CT condition. Similarly, this sample included
only alcohol dependent adults who were actively seeking intervention. An interesting and
important next step would be to evaluate this paradigm with a broader range of alcohol users
(from heavy drinkers through those with alcohol dependence), as well a sample with a range
of motivation to change (from non-treatment-seekers, to those who may be mandated to
treatment against their will, such as DWI offenders), in order to determine whether the same
effects are still observable. Second, a future study might include a control group (such as a
sample of social drinkers (e.g., < 14 drinks/week; Myrick et al., 2008), a non-change talk
placebo control condition (e.g., random statements), and an evaluation of test-retest
reliability. These additions would help highlight whether the observed activation (or lack
thereof) is directly attributable to alcohol dependence, the nature of change talk, and the
robustness of CT and CCT in fMRI across sessions. Third, while research studies have
indicated that the function of client talk is likely to be comparable across different types of
interventions (e.g., Imel et al., 2008), future studies would benefit from the examination of
client change statements within the context of other types of psychosocial interventions.
Finally, the behavioral research findings and these preliminary integrative data suggest that
CT may be integral in the efficacy of a psychosocial alcohol intervention. A final
informative step would be to evaluate the relationship between these psychosocial
mechanisms (e.g., CT), their genetic underpinnings (e.g., Hutchison, 2010), and their
subsequent role in catalyzing and maintaining behavior change.
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Figure 1.
Schematic of a single trial of the fMRI paradigm. In each of the 4 runs, participants were
presented with either CT or CCT (1 type of talk during each run) with either exposure to
alcohol or an isocaloric control

* Runs were counterbalanced in order of presentation (e.g., CT/alcohol, CT/litchi,
CCT/alcohol, CCT/litchi).

* TR 2s/volume

* 1 run = 10 trials × 60 seconds / 30 TRs per trial = 300 TRs/5 min

* CT and CCT presented via audio (replay of their voice) and visual (written text of
their statements)
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Figure 2.
Areas of significantly positive correlation between [a] ChangeTalk (CT) and [b]
CounterChange Talk (CCT) with BOLD response to alcohol taste cues (vs. control cues)
(cluster-corrected p<.05, z=2.3), between [c] Change Talk vs. Counterchange Talk
(CT>CCT), [d] and CounterChange Talk vs. Change Talk (CCT>CT), and BOLD response
to alcohol taste cues (vs. control cues) (cluster-corrected p<.05, z=2.3), and between
subjective ratings for alcohol during [e] Change Talk (CT) and [f] CounterChange Talk
(CCT) with BOLD response to alcohol taste cues (cluster-corrected p<.05, z=2.3). Right
side represents right hemisphere activations.
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Figure 3. Proposed model
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Table 1

Demographic Characteristics of Participating Sample (N = 10).

Mean (SD) Range

Gender Male = 5 (50%)

Female = 5 (50%)

Self-Reported Race/Ethnicity Caucasian = 4 (40%)

Hispanic = 4 (40%)

African-American = 1 (10%)

Multi-racial = 1 (10%)

Employment status Unemployed = 4 (40%)

Part-time = 3 (30%)

Full-time = 3 (30%)

Current Income 0-9,999 = 4 (40%)

10-19,000 = 2 (20%)

20-29,000 = 1 (10%)

30-39,000 = 1 (10%)

40-49,000 = 1 (10%)

50-59,000 = 1 (10%)

Age 42.6 (5.93) 35.00-52.00

Years of Education 13.3 (2.00) 10.00-16.00

Alcohol Dependence Symptoms (ADS) 16.8 (8.89) 6.00-32.00

Hazardous Drinking Symptoms (AUDIT) 23.5 (6.21) 11.00-31.00

Average Drinks per Drinking Day 9.50 (5.04) 2.00-21.00
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