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Abstract
Many cigarette smokers appear to experience ambivalence about smoking, defined as the
simultaneous co-occurrence of a strong desire to smoke and a strong wish to quit smoking.
Research suggests that this ambivalence about smoking affects how smokers respond to cigarette-
related stimuli, but many important questions remain about precisely how smoking ambivalence
influences cognitive and affective processing during cigarette cue exposure. We used functional
magnetic resonance imaging (fMRI) to address this knowledge gap by examining the relation
between self-reported ambivalence about smoking and cue-reactivity in quitting-motivated
smokers presented with an opportunity to smoke. Eighty-two quitting-motivated cigarette smokers
completed a measure assessing their ambivalence about smoking. Subsequently, participants
initiated an attempt to quit smoking and underwent an fMRI session, during which they were
asked to hold and view a cigarette. Consistent with hypotheses, results indicated that self-reported
smoking ambivalence was negatively correlated with cigarette-related activation in brain areas
linked to reward-related processing, motivation, and attention (i.e., rostral anterior cingulate and
medial prefrontal cortex, caudate nucleus, visual cortex). Self-reported ambivalence was not,
however, correlated with activation in brain regions related to conflict processing. This pattern of
results is discussed with respect to the process of change for those attempting to quit smoking.
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Cigarette smokers exhibit a variety of affective, cognitive, and physiological responses when
presented with smoking-related stimuli (Carter & Tiffany, 1999). The particular pattern of
these reactions is thought to depend in large part upon intentions regarding cigarette use
(Tiffany, 1990; Wertz & Sayette, 2001; Wilson, Sayette, & Fiez, 2004). For heuristic
purposes, most theory and research attempting to explicate the effects of smoking intentions
on cue-reactivity has employed a broad distinction between smokers with and without an
explicit aim to quit smoking. This categorization has proven useful, as findings suggest that
smokers who indicate that they do not have plans to stop smoking and those who are
actively trying to quit respond differently to cigarette cues in ways that are both
conceptually and clinically meaningful (McDermut & Haaga, 1998; Munoz, Idrissi,
Sanchez-Barrera, Fernandez, & Vila, 2011; Wilson, Sayette, & Fiez, 2012). For instance,
Munoz and colleagues (2011) found that female smokers with high motivation to quit
smoking exhibited a stronger startle reflex during exposure to cigarette-related cues than
female smokers with low motivation to quit smoking.

Notwithstanding the utility of juxtaposing those with clear intentions to continue or to quit
smoking, many smokers exhibit complex motivational states that do not fit neatly into this
dichotomy (e.g., Hughes, Keely, Fagerstrom, & Callas, 2005). In particular, a significant
proportion of smokers appear to experience strong ambivalence about smoking, defined as
the simultaneous co-occurrence of a strong desire to smoke and a strong wish to quit
smoking (Centers for Disease Control and Prevention, 2009; Fong et al., 2004; Stritzke,
McEvoy, Wheat, Dyer, & French, 2007). Further, research suggests that this ambivalence is
expressed when smokers are exposed to cigarette cues (Breiner, Stritzke, & Lang, 1999;
Curtin, Barnett, Colby, Rohsenow, & Monti, 2005; Griffin & Sayette, 2008). For instance,
Breiner and colleagues (1999) found that smokers who were trying to quit simultaneously
endorsed strong inclinations to smoke and to avoid doing so when presented with cigarette-
related pictures. More recently, Griffin and Sayette (2008) observed that non-quitting
smokers who displayed ambivalent facial expressions (i.e., the concurrent display of
expressions related to both positive and negative affect) while holding a lit cigarette had
significantly higher scores on self-report measures of smoking ambivalence than did those
who did not display ambivalent facial expressions.

Taken together, prior findings suggest that ambivalence about smoking affects responses to
cigarette cues and that smokers vary in the degree to which they are ambivalent (Breiner et
al., 1999; Griffin & Sayette, 2008). Little is known, however, about the extent to which
specific cognitive and affective reactions to cigarette cues are associated with varying levels
of ambivalence. Addressing this knowledge gap may shed important light on the
mechanisms that underpin the natural process of change for quitting smokers, as increases in
ambivalence about smoking are thought to play a key role in motivating unassisted cessation
attempts (Armitage & Arden, 2007; Lipkus, Green, Feaganes, & Sedikides, 2001; Lipkus et
al., 2005; Stritzke et al., 2007). For example, Lipkus and colleagues (2005) found that self-
reported ambivalence about smoking prospectively predicted intentions to quit smoking
eight months later in a sample of teenage smokers. Efforts to tease apart the potentially
subtle cognitive and affective processes associated with ambivalence using self-report
instruments are challenging, as these ratings often require participants to filter their
responses through consciousness and impose language on what may be a non-verbal
experience. Self-reports thus can be vulnerable to distortions and biases (Nisbett & Wilson,
1977; Schwarz, 1999). fMRI provides a complementary approach to assessment that permits
investigation of diverse mental processes. Developing a better understanding of the links
between smoking ambivalence and cue-reactivity also may help to elucidate the active
components of smoking cessation interventions, particularly those that attempt to increase
the motivation to quit smoking by fostering ambivalence about the behavior (Miller &
Rollnick, 2002).
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Additionally, studying smoking ambivalence as it relates to cue-reactivity has the potential
to uncover important information about the nature of drug craving itself. The affect
associated with craving often is assumed to be negative (Tiffany, 1992). Emerging research
suggests, however, that craving states vary in affective valence, and that episodes of craving
can in fact be accompanied by positive affect under certain conditions (Baker, Morse, &
Sherman, 1986; Sayette, 2004; Sayette et al., 2003). It is likely that ambivalence about
smoking plays a key role in shaping the affective tone of craving experiences. That is, those
who have an unambiguous desire to smoke may be particularly likely to experience a state
of craving tinged with positive affect when exposed to cigarette-related cues and an
imminent opportunity to smoke. Indeed, smokers may be motivated to “indulge” their urge
under such circumstances (Sayette, 2004). In contrast, smokers with a strong ambivalence
regarding smoking may be prone to experiencing a state of craving marked by negative
affect (e.g., frustration) when faced with cigarettes cues and a chance to smoke (Baker et al.,
1986; Sayette, 2004). Examining cue-reactivity in smokers with varying levels of
ambivalence therefore may yield insight into the (presumably) different roles that positively
and negatively charged craving states play in maintaining cigarette use.

In the present study, we examined the relation between self-reported ambivalence about
smoking and cue-reactivity in quitting-motivated smokers presented with an opportunity to
smoke. The primary aim of the study was to investigate the degree to which ambivalence
about smoking affects appetitive motivational responses to a cigarette cue. We predicted that
individuals with low levels of smoking ambivalence (i.e., those with a high desire to smoke
during the smoking cue exposure coupled with relatively low momentary interest in
abstaining1) may be motivated to indulge or savor their urge when presented with a cigarette
and an imminent opportunity to smoke, as discussed above. Accordingly, we hypothesized
that smoking ambivalence would negatively correlate with signals reflecting positive
anticipatory processing, such as activation in regions linked to reward-related and
motivational functions (i.e., striatum, medial prefrontal cortex [MPFC], and orbitofrontal
cortex [OFC]; Franklin et al., 2007; Goldstein & Volkow, 2002; O’Doherty, 2004) and the
allocation of attention (e.g., visual cortical regions; Pessoa & Engelmann, 2010).

A second objective of the study was to examine whether self-reported ambivalence about
smoking was associated with activation in brain areas that play a role in conflict-related
processing. While at first glance this may appear to be a straightforward rationale, in fact
there are contradictory theories and data associated with the putative link between conflict
and ambivalence. In accord with the model advanced by Curtin et al. (2006), one might
predict that, to the extent that elevated self-reported ambivalence about smoking engenders
subjective discord in the face of cigarette cues and an opportunity to smoke, ambivalence
should positively correlate with activation in brain regions supporting the detection of
conflict (in particular, the dorsal portion of the anterior cingulate cortex [ACC]; Botvinick,
Cohen, & Carter, 2004; Cunningham, Raye, & Johnson, 2004) and the deployment of
cognitive control (e.g., dorsolateral prefrontal cortex [DLPFC] and ventrolateral prefrontal
cortex; Cunningham, Johnson, Gatenby, Gore, & Banaji, 2003; Kane & Engle, 2002).

Alternatively, ambivalence about smoking may not be tightly linked to neural activity
signifying conflict and its resolution, as research indicates that attitudinal ambivalence is not
always associated with subjective dissonance (Newby-Clark, McGregor, & Zanna, 2002;

1Our predictions assume that relatively high smoking ambivalence is characterized by a high desire to smoke and a high desire to
abstain from smoking, while relatively low smoking ambivalence is characterized by a high desire to smoke and minimal desire to
refrain from smoking. Low ambivalence about smoking also, of course, may be associated with a low desire to smoke and a high
desire to abstain from smoking. However, given the nature of the sample (i.e., moderate-to-heavy cigarette smokers enrolled prior to
the initiation of a quit attempt) and the observation that most participants smoked when given the opportunity to do so (see Wilson et
al., 2012, in press), we believe that the aforementioned assumption is valid.
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Priester & Petty, 1996). Moreover, recent findings suggest that ambivalence can moderate
responses to appetitive stimuli in reward-related brain areas without concomitantly affecting
activity in brain regions implicated in conflict-related processing. Specifically, Frankort and
colleagues (Frankort et al., 2011) found that, relative to non-overweight women, overweight
women exhibited less activation in several brain areas linked to appetitive motivational
processing (e.g., MPFC and OFC) – but did not exhibit elevated activation in areas
associated with conflict detection and cognitive control – when viewing pictures of high-
calorie palatable foods. The authors proposed that overweight women may have avoided the
high-calorie images because of their ambivalence about eating such food, and that this
avoidance appeared to be relatively non-effortful (e.g., automatically shifting their gaze
from the food cues; see also Werthmann et al., 2011). Given the phenomenological and
neurobiological similarities between cue-elicited craving for food and addictive substances
(Kassel & Shiffman, 1992; Volkow & Wise, 2005), highly ambivalent smokers might
exhibit a pattern of neural responses to cigarette cues that is similar to those observed in
overweight individuals presented with food stimuli. That is, compared to those with low
levels of smoking ambivalence, participants with elevated smoking ambivalence may exhibit
dampened activation of reward-related brain regions during cue exposure insofar as they
approach such stimuli in a guarded manner; at the same time, smoking ambivalence may be
unrelated to activity in conflict- and control-related regions if the processes that result in
attenuation of reward-related responses are largely automatic or non-demanding. In other
words, in order to experience conflict during cue exposure there needs to be a sufficient
level of reward processing. If a participant, due to a desire to quit, has steeled herself to
withstand the allure of a smoking cue then there may not be evidence of any conflict. An
important feature of the present study is its inclusion of functional magnetic resonance
imaging (fMRI), which provided the opportunity to elucidate associations between
ambivalence, reward-related processing, and conflict and cognitive control that may be
difficult to detect using other methods.

Method
Participants

Participants were drawn from two separate fMRI studies. The goal of Study 1 (Wilson et al.,
2012) was to examine the effects of quitting motivation and smoking opportunity on neural
responses to a smoking cue; the study included both male and females and smokers who
were and who were not motivated to quit smoking. The goal of Study 2 (Wilson, Sayette, &
Fiez, in press) was to determine whether different neural mechanisms support self-focused
and other-focused coping strategies for coping with a smoking cue coupled with the
opportunity to smoke; the study included male smokers who were motivated to quit
smoking. For both studies, participants had to report smoking an average of 15 to 40
cigarettes per day for the past 24 months, had to be right-handed, and had to pass an MRI
safety screening. In order to identify quitting-motivated participants for enrollment,
recruitment materials for both studies solicited inquiries from smokers who were planning
on quitting smoking in the near future and who were interested in entering smoking
cessation treatment, but did not explicitly offer treatment as a component of the study. We
selected only those participants from Study 1 and from Study 2 who reported that they were
motivated to quit smoking and who were presented with a smoking cue and an opportunity
to smoke during the study. This composite sample included a total of 82 participants (25
from Study 1 and 57 from Study 2; 12 female).2 As expected, the gender distribution of the
sample selected from Study 1 differed significantly from that of Study 2, λ2(1, N = 82) =

2A total of 26 quitting-motivated participants were included in Study 1 (Wilson et al., 2012). One of these participants was not
included in the present composite sample because they failed to complete the smoking ambivalence scale.
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32.1; p < .001. Samples selected from Study 1 and Study 2 did not differ in age, cigarettes
per day, years of formal education, or level of nicotine dependence (as assessed with the
Fagerstrom Test for Nicotine Dependence [FTND]; Heatherton, Kozlowski, Frecker, &
Fagerstrom, 1991) (p’s > 0.2; see Table 1). Written informed consent was obtained from all
participants and all procedures were approved by the local Institutional Review Board.
Individuals were paid US$100 for their participation.

Materials
Baseline assessment measures—During a baseline assessment, basic demographic
information and information regarding smoking patterns were assessed with standard forms
(Sayette, Martin, Wertz, Shiffman, & Perrott, 2001). Participants also completed
questionnaires assessing a variety of constructs, including current and past smoking
practices, level of nicotine dependence, smoking abstinence self-efficacy, trait self-control,
positive and negative affect, and tendency to respond in a socially desirable manner. These
data are not a focus of the present study (for additional details, see Wilson et al., 2012).

Smoking ambivalence—Ambivalence about smoking was assessed using a scale
developed by Lipkus et al. (2001). Participants rated how strongly they agreed with the
following six self-descriptive statements using a scale anchored by 1 (strongly disagree) and
6 (strongly agree): (1) “I have strong feelings both for and against smoking”; (2) “I have
conflicting thoughts and feelings about smoking; sometimes I think smoking is good, while
at other times I think smoking is bad”; (3) “My gut feeling and my thoughts do not seem to
agree on whether I should smoke”; (4) “I find myself feeling torn between wanting and not
wanting to smoke”; (5) “My gut feeling about whether to smoke agrees perfectly with what
my mind tells me” (reversed scored); and (6) “I have equally strong reasons for wanting and
not wanting to smoke.” A total score indexing smoking ambivalence was obtained by
averaging responses to these items. This scale has demonstrated good internal consistency
(see Lipkus et al., 2001; Lipkus et al., 2005) and scores on the measure have been found to
correlate with desire to quit smoking (Lipkus et al., 2001; Lipkus et al., 2005) and to predict
relapse in those attempting to quit smoking (Menninga, Dijkstra, & Gebhardt, 2011).

Cue exposure task—Participants completed a cue exposure procedure adapted from
prior research (Wilson, Sayette, Delgado, & Fiez, 2005). Each run of the task began with a
48-s resting baseline epoch during which participants were asked to relax and remain still.
After this initial baseline period, an object was placed in the participant’s left hand and
prerecorded instructions identifying the object were delivered via intercom. Participants
were instructed to passively view the object, which they held for a period of 74 s. To allow
participants to see what they were holding, a live video feed from a camera focused on their
left hand was projected onto a visual display positioned inside the magnet’s bore (viewed
using a mirror placed above the participants’ eyes). Participants completed three runs of the
cue exposure task, during which they held a small notepad, a roll of electrical tape, and a
cigarette (one of their preferred brand) in the first, second, and third runs, respectively. Upon
presentation of the cigarette, a prerecorded message was delivered via intercom informing
participants that they would be removed from the scanner in 40-sec and would be able to
smoke immediately if they chose to do so. Participants verbally rated their urge to smoke on
a scale from 0 (absolutely no urge to smoke at all) to 100 (strongest urge to smoke I’ve ever
experienced) at the conclusion of the second and third runs of the cue exposure task.

Because there is evidence that exposure to smoking cues affects behavioral and neural
responses to subsequently presented items (for review, see Sayette, Griffin, & Sayers, 2010),
the order in which objects were presented was fixed in the aforementioned sequence. The
notepad and roll of tape were control objects designed to elicit relatively small changes in
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affect/craving. The first run served as a practice run that allowed participants to acclimate to
the task and was excluded from analyses. Before the third run, participants in Study 2 were
instructed to utilize the coping strategy that they previously had been trained to use as soon
as the cigarette was placed in their hand and to continue doing so until the run concluded.
Those in Study 1 were instructed to passively view all objects, including the cigarette.

Procedure
Participants completed two sessions, which are described in detail elsewhere (see Wilson et
al., 2012; Wilson et al., in press). Briefly, for both Study 1 and Study 2, those deemed
eligible based upon a telephone screening were scheduled for an initial baseline session
during which questionnaires and behavioral working memory assessments were
administered. The behavioral working memory assessment consisted of the operation–word-
span task (Turner & Engle, 1989), the Digit Span subtest of the Wechsler Adult Intelligence
Scale–Third Edition (Wechsler, 1997b), and (for Study 1 only) the Spatial Span subtest of
the Weschler Memory Scale–Third Edition (Wechsler, 1997a). For Study 2, participants also
were trained to use either a self-focused or an other-focused strategy for coping with
smoking cue exposure (see Wilson et al., in press). At the conclusion of the session,
quitting-motivated smokers were referred for treatment at one of two randomly assigned no-
cost smoking cessation programs in the community. They telephoned their assigned program
to enroll while still in the laboratory. Participants did not receive treatment during the course
of the present study and details regarding their utilization of treatment were not collected.
Participants then were scheduled for the fMRI-based experimental session (held within two
weeks of the baseline session). For all participants included in the present analyses, the
experimental session was scheduled to coincide with the first day of an attempt to quit
smoking. Specifically, participants were instructed to initiate a cessation attempt 12 hrs
before the onset of the experimental visit.

Upon arrival for the experimental session, participants reported the last time they smoked
and CO was measured to check compliance with deprivation instructions. Participants had to
have a CO level that was at least 50% lower than their baseline, a cutoff established based
upon research using similar samples and procedures (e.g., Sayette, Loewenstein, Griffin, &
Black, 2008). Participants then verbally rated their urge to smoke on a scale ranging from 0
(absolutely no urge to smoke at all) to 100 (strongest urge to smoke I’ve ever experienced).
Immediately before being placed in the scanner, participants were informed that they would
be given a break during the study, at which point they would be given the opportunity to
smoke a cigarette. After the collection of anatomical images, participants completed a
working memory task (for further details, see Wilson et al., 2012) and then the cue exposure
procedure. Additional urge ratings were collected immediately following the second and
third runs of the cue exposure task while participants were still holding the tape and
cigarette, respectively. Subsequently, participants were removed from the scanner and were
presented with the opportunity to smoke. (A total of 66 of the 82 participants included in the
present analyses chose to smoke when given the opportunity; those who chose not to smoke
were permitted to take a break.) After smoking or taking a break, participants completed
post-task questionnaires and were given an opportunity to participate in a follow-up study.
Finally, participants were debriefed and paid for their participation.

fMRI data acquisition—Scanning was conducted using a 3-Tesla head-only Siemens
Allegra magnet (Siemens Corporation, New York, NY) equipped with a standard transmit/
receive head coil. Prior to functional scanning, a 40 slice oblique-axial anatomical series
(3.125 × 3.125 × 3.0 mm voxels) was acquired parallel to the anterior commissure-posterior
commissure plane using a standard T2-weighted pulse sequence. Additionally, a high-
resolution (1 × 1 × 1 mm voxels) three-dimensional structural volume was collected using a
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magnetization-prepared rapid gradient-echo sequence. Next, functional images were
acquired in the same plane as the 40-slice anatomical series with coverage limited to the 38
center slices using a one-shot echo-planar imaging pulse sequence [TR = 2000 ms, TE = 25
ms, FOV = 20 cm, flip angle = 79°]. Heart rate was recorded during the acquisition of fMRI
data using pulse oximetry from the right middle finger (Invivo 4500 Pulse Oximeter, Invivo
Research Inc, Orlando, FL).

fMRI data analysis—Analysis of fMRI data was conducted using utilities from the
following software pages: Analysis of Functional NeuroImages (AFNI, Version 2.6; Cox,
1996), Automated Image Registration (AIR, Version 3.08; Woods, Cherry, & Mazziotta,
1992), FMRIB’s Software Library (FSL, Release 4.1; Smith et al., 2004), and the
NeuroImaging Software Package (NIS 3.5; Laboratory for Clinical Cognitive Neuroscience,
University of Pittsburgh, and the Neuroscience of Cognitive Control Laboratory, Princeton
University). Software integration and image format conversion was implemented using the
Functional Imaging Software Widgets graphical computing environment (Fissell et al.,
2003).

A series of preprocessing steps were employed to correct for artifacts and to account for
individual differences in anatomy prior to analyzing fMRI data. Functional images were
corrected for head motion and adjusted for drift within and between runs. Anatomical
images from each participant were co-registered to a common reference anatomy using a
six-parameter rigid-body automated registration algorithm and the transformation matrix
generated during this step then was applied to the participant’s functional images.
Subsequently, functional images were globally mean-normalized and smoothed using a
three-dimensional Gaussian filter (4-mm full width at half maximum). Group-based
statistical maps were transformed into MNI stereotaxic space (FSL’s MNI 152; T1, 1 × 1 ×
1 mm) for anatomical localization.

fMRI data were analyzed using a standard two-level random-effects general linear model
approach implemented on a voxel-wise (i.e., whole brain) basis. First, a parameter estimate
(i.e., beta weight) for activation during the cigarette cue was obtained for each participant.
As in our prior work (Wilson et al., 2005), data collected during the final 48-sec of the
control and cigarette cue exposure epochs were included in analyses; signal collected during
the initial 26-sec of exposure to cues was excluded from the model entirely to allow for
stabilization of responses associated with the instructions identifying the object and, for the
run in which the cigarette was presented, reminding participants that they would be given
the choice to smoke soon. These beta weight estimates were divided by the estimated run
baseline to convert them to units of percent change in order to facilitate interpretation and
were entered into a second-level regression model (an approach that has been used in several
published studies; e.g., see Campbell-Sills et al., 2011; Pagnoni, Zink, Montague, & Berns,
2002).

As described above, the composite sample used in the present analysis included participants
drawn from two separate fMRI studies. Cigarette cue exposure was associated with robust
changes in neural activation in each study, as reported elsewhere (Wilson et al., 2012, in
press). In order to confirm that cue exposure was associated with comparable effects in the
combined sample used herein, we conducted a voxel-wise paired t-test (using AFNI 3dttest)
to contrast activation during the presentation of the cigarette cue and control cue. Results
from this analysis served as a manipulation check and are presented only briefly.

Our primary aim was to examine the relationship between ambivalence about smoking and
neural responses to a cigarette cue in quitting-motivated smokers who were presented with
an opportunity to smoke. In order to account for variability associated with coping
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instructions, two dummy code variables were created: self-focused coping (0 = not
instructed to engage in self-focused coping; 1 = instructed to engage in self-focused coping)
and other-focused coping (0 = not instructed to engage in other-focused coping; 1 =
instructed to engage in other-focused coping).3 Smoking ambivalence score was entered
along with these covariates into a multiple regression model with activation during cigarette
cue exposure as the dependent measure. (This analysis, unlike the manipulation check
described above, focused only on activation during cigarette cue exposure and did not
include activation during the control cue.) This approach allowed us to identify brain areas
for which activation during cigarette cue exposure was associated with smoking
ambivalence controlling for coping condition.

Based upon Monte Carlo simulations conducted using the AFNI AlphaSim utility, it was
determined that a combined per-voxel threshold of p < .005 and cluster-extent threshold of
11 or more contiguous voxels would yield a corrected cluster-wise false positive rate of p < .
05. These threshold parameters were applied to the group-based multiple regression
statistical map. A slightly more stringent threshold (a per-voxel threshold of p < .001 and
minimum cluster extent of 11 contiguous voxels) was applied to the statistical map
generated by contrasting activation during the cigarette cue and control cue, which proved to
be particularly robust.

Results
Smoking ambivalence ratings

Participants’ mean score on the ambivalence scale was 3.75 (SD = 0.83). Scores ranged
from 1.67 to 5.50. Ambivalence scores of participants drawn from Study 1 did not differ
significantly from those of participants drawn from Study 2 (p > .8).

Brain activation during cigarette versus control cue exposure
Regions exhibiting a main effect of cue are presented in Table 2. Activation was greater
during the presentation of the cigarette cue than the control cue in several areas, including
the prefrontal cortex, anterior and posterior cingulate, caudate nucleus, thalamus, and
cerebellum. Thus, our cue manipulation appears to have been effective. Greater activation
during the control cue relative to the cigarette was observed in the superior and middle
temporal gyri bilaterally.

Cigarette-related brain activation correlated with smoking ambivalence
As noted above, our main objective was to characterize the association between ambivalence
about smoking and neural activity during cigarette cue exposure in quitting-motivated
smokers who were presented with an opportunity to smoke. As summarized in Table 3,
significant effects were observed in the rostral ACC and adjacent medial frontal gyrus
(MFG), the caudate nucleus and thalamus bilaterally, and the cuneus and lingual gyrus.
Ambivalence about smoking was negatively correlated with cigarette-related activation for
each of these regions (see Figure 1), suggesting an inverse link between ambivalence and
reward processing. There were no significant positive correlations between smoking
ambivalence and brain activation during cigarette cue exposure.

In order to assess the specificity of observed associations, we examined the relationship
between self-reported smoking ambivalence and brain activation during control cue
exposure for the three regions listed above. Smoking ambivalence was not significantly

3The use of a single dummy code (0 = not instructed to cope, 1 = instructed to cope) yielded nearly identical results. Only results
obtained using two dummy code variables are reported.
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correlated with activity during presentation of the control cue for any of the brain areas (p’s
> .1), supporting the idea that ambivalence about smoking was uniquely related to neural
responses evoked in the presence of smoking cues and/or an opportunity to smoke.

Discussion
The overarching goal of this study was to examine the association between self-reported
ambivalence about smoking and cue-elicited neural activity in quitting-motivated smokers
presented with an opportunity to smoke. One key aim was to test the hypothesis that
heightened self-reported smoking ambivalence would be associated with dampened
activation of brain regions related to reward-related processing, motivation, and attention.
Related to this aim, our major finding was that, consistent with our prediction, smoking
ambivalence correlated negatively with the rostral ACC/MFG, dorsal striatum (caudate), and
visual cortex (cuneus/lingual gyrus) – regions that have been linked to smoking cue-
reactivity in several studies (Brody et al., 2004; Brody et al., 2002; Brody et al., 2007;
McBride, Barrett, Kelly, Aw, & Dagher, 2006; McClernon, Hutchison, Rose, & Kozink,
2007; McClernon, Kozink, Lutz, & Rose, 2009; McClernon, Kozink, & Rose, 2008;
Okuyemi et al., 2006; Smolka et al., 2006; Wang et al., 2007; Wilson et al., 2005; Wilson et
al., 2012). Of these brain areas, drug cue-related activation of the rostral ACC and adjacent
MFG has been particularly well-replicated in prior work (Kuhn & Gallinat, 2011; Wilson et
al., 2004).

The precise functions supported by the rostral ACC/MFG remain a matter of debate. Indeed,
the region has been linked to a broad set of processes, including the appraisal of value/
salience (Bush, Luu, & Posner, 2000), emotion regulation (Ochsner & Gross, 2007), and
self-referential processing (Northoff et al., 2006). Notwithstanding the questions that remain
about the rostral ACC and MFG, converging evidence indicates that these areas play an
important role in affective and motivational processing, including reward-based decision-
making (Botvinick, 2007; de Greck et al., 2008; Marsh, Blair, Vythilingam, Busis, & Blair,
2007; Northoff & Hayes, 2011; Rogers et al., 2004). The current study extends past cue
reactivity research by indicating that the magnitude of cue-related activity in the rostral
ACC/MFG is modulated by self-reported ambivalence regarding smoking. Our results also
complement those obtained in one of the studies from which the present sample was drawn
(Wilson et al., 2012). Specifically, we previously found that among those expecting to
smoke, quitting-unmotivated and quitting-motivated smokers exhibited opposing patterns of
functional connectivity between the rostral ACC/MFG and a region of the prefrontal cortex
supporting processes that are critical for goal-directed behavior. Interestingly, findings from
our prior study suggested that quitting-unmotivated, but not quitting-motivated, smokers
may have engaged in positive anticipatory processing when presented with a cigarette cue
and an imminent opportunity to smoke (see Wilson et al., 2012).

The current results point towards a more nuanced picture concerning those who are trying to
quit smoking. Specifically, in line with research demonstrating that activation of the rostral
PFC/MFG tracks with the magnitude of expected rewards (e.g., Marsh et al., 2007), our
findings suggest that like those who are not trying to quit, ostensibly quitting-motivated
individuals with low levels of ambivalence about smoking also may engage in reward-
related processing during cue exposure when cigarettes soon will be accessible (e.g., self-
focused attention directed at the positive craving experienced in anticipation of the chance to
smoke). In contrast, quitting-motivated smokers with comparatively high levels of
ambivalence about smoking appear to be less likely to engage in reward-related processing
under such conditions.

Wilson et al. Page 9

Addict Behav. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



The notion that reward-related responding during cue exposure is influenced by equivocal
attitudes towards smoking is further supported by the negative correlation between self-
reported smoking ambivalence and activation of the dorsal striatum. The dorsal striatum is
critically involved in reward processing and reinforcement-based learning (Delgado, 2007).
Of particular relevance, dorsal striatal responses to cues associated with response-contingent
rewards increase with the magnitude of the potential reward (Delgado, Locke, Stenger, &
Fiez, 2003; Nieuwenhuis et al., 2005). Further, non-human animal (Ito, Dalley, Robbins, &
Everitt, 2002; See, Elliott, & Feltenstein, 2007; Vanderschuren, Di Ciano, & Everitt, 2005)
and human brain imaging (Volkow et al., 2006, 2008; Wong et al., 2006) research indicate
that the dorsal striatum plays a key role in cued drug-seeking behavior and cue-elicited
craving, respectively. The current results suggest that, as ambivalence about smoking grows,
smokers may be less likely to engage in the sort of appetitive motivational processes
supported by the striatum when cigarette cues and an opportunity to smoke are encountered,
and vice versa.

The second key aim of the study was to examine possible associations between self-reported
ambivalence and activation of brain regions linked to conflict processing. We did not find
significant associations between self-reported ambivalence and cue-related activation in
brain areas supporting conflict monitoring and the concomitant implementation of cognitive
control, such as the dorsal ACC and DLPFC (Botvinick et al., 2004; Kane & Engle, 2002;
Kerns et al., 2004; MacDonald, Cohen, Stenger, & Carter, 2000). While this single null
result cannot be taken as strong “evidence of absence,” the current findings raise the
possibility that verbally expressed smoking ambivalence may not be tightly linked with the
degree to which conflict is experienced during tempting situations. As discussed above,
smoking ambivalence may be associated with the degree to which smokers protect
themselves against or are negatively biased towards cigarette-related stimuli. Accordingly,
one explanation is that ambivalence was negatively associated with activation in reward-
related areas but unrelated to activation in regions associated with conflict and cognitive
control, because this negative bias resulted in the use of relatively automatic or unconscious
strategies for reducing the response to cues, such as spontaneous shifts of attention away
from the cigarette stimulus (cf. Brody et al., 2007; Frankort et al., 2011). Additional research
exploring this possibility (in particular, research that incorporates eye-tracking during cue
exposure) would be useful.

While ambivalence was not significantly related to neural signals linked to conflict and
cognitive control during cue exposure, it is important to note that participants exhibited
greater activation in the dorsal ACC and DLPFC when presented with the cigarette than
when presented with the control cue. We therefore cannot rule out the possibility that
participants were experiencing a high degree of conflict during the study; indeed, we
specifically sought to induce such a reaction in those motivated to quit smoking by
presenting them with a cigarette and an opportunity to smoke. More broadly, the present
data suggest that the construct of conflict may operate at different levels; in some cases the
conflict is explicit such that the smoker recognizes both a desire to smoke and to refrain,
while in other cases the desire to quit may provide an overarching motivational context that
shuts down the desire to smoke altogether, such that conflict-related processes are not
affected. More research is needed to elucidate more precisely the relationship between
smoking ambivalence and the conflict-related constructs that have been the focus of
extensive attention in the cognitive neuroscience literature.

Certain study limitations should be mentioned. The cue exposure protocol that we used
consisted of a single presentation of each stimulus over a rather extended period of time.
Although this procedure has proven useful for eliciting robust cue reactivity in the scanner
(Wilson et al., 2005; Wilson et al., 2012, in press), it may be less sensitive for detecting
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dynamic changes in neural activation (e.g., rapid changes associated with fluctuations in the
implementation of cognitive control). In addition, the study relied upon a self-report
measure for assessing smoking ambivalence. It may be useful to examine the association
between cue-elicited neural activation and other indices of ambivalence about smoking, such
as facial reactions during cue exposure (Griffin & Sayette, 2008). It is also worth noting that
smoking ambivalence and cue reactivity were assessed on separate days (during the baseline
and experimental session, respectively). It thus is possible that levels of smoking
ambivalence endorsed by participants during the baseline session differed from the degree of
ambivalence experienced during cue exposure. Finally, while all participants included in the
current study indicated that they were motivated to quit smoking, most chose to smoke a
cigarette during the experimental session when presented with an opportunity to do so. As
discussed elsewhere (Wilson et al., 2012), unique features of the experimental design may
have contributed to the high proportion of ostensibly quitting smokers who chose to smoke a
cigarette during the study (e.g., participants could not readily “escape” from the highly
tempting opportunity to smoke due to the constraints of MRI environment, as they may do
under naturalistic conditions). It is conceivable, however, that participants’ motivational
state at enrollment may have shifted by the time of the experiment. While this possibility
cannot be ruled out, participants endorsed a high level of interest in quitting smoking at the
conclusion of the study. Although such data are subject to biases in self-report, they are at
least consistent with the idea that participants were in the intended state during the
experiment. Further, all quitting-motivated participants accepted a referral to a smoking
cessation program, supporting the validity of their self-reported intention to quit.

Notwithstanding these limitations, the use of fMRI allowed for a nuanced investigation of
associations among ambivalence, reward responding, and conflict-related processing that
may be difficult to achieve via more obtrusive methods, as noted above. Likewise, because
the study included a relatively large sample, we were able to extend prior behavioral
research and identify self-reported smoking ambivalence as an important moderator of
neural responses to cigarette cues. Specifically, smoking ambivalence appears to modulate
cue-related responses in brain regions linked to reward-related processing, motivation, and
attention, but not areas associated with conflict and cognitive control. Additional
investigation of the these effects would provide important data for understanding the nature
of smoking craving, as well as the process of change for those attempting to quit smoking.
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Highlights

• Quitting-motivated smokers were presented with a cigarette and a chance to
smoke

• We examined the relation between smoking ambivalence cue-elicited brain
activation

• Ambivalence negatively correlated with activation in areas linked to motivation

• Ambivalence was not correlated with activation in regions related to conflict
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Figure 1.
Cigarette-related brain activation associated with ambivalence about smoking (a). Brain
slice is nine millimeters above the anterior commissure–posterior commissure plane in MNI
stereotaxic space and is right-left reversed. Scatter plots depict the correlation between
ambivalence about smoking and activation during cigarette cue exposure in (b) the rostral
anterior cingulate/medial frontal gyrus, (c) caudate nucleus/thalamus, and (d) cuneus/lingual
gyrus.
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