
The Impact of Varenicline on Cue-Specific Craving Assessed in
the Natural Environment among Treatment-Seeking Smokers

Julie C. Gass, Jennifer M. Wray, Larry W. Hawk, Martin C. Mahoney, and Stephen T. Tiffany
State University of New York, University at Buffalo & Roswell Park Cancer Institute

Abstract
Rationale—Varenicline is believed to work, in part, by reducing craving responses to smoking
cues and by reducing general levels of craving; however, these hypotheses have never been
evaluated with craving assessed in the natural environments of treatment-seeking smokers.

Objectives—Ecological momentary assessment procedures were used to assess the impact of
varenicline on cue-specific and general craving in treatment-seeking smokers prior to quitting.

Methods—For 5 weeks prior to quitting, 60 smokers carried personal digital assistants that
assessed their response to smoking or neutral cues. During Week 1 (Baseline), participants did not
receive medication; during Weeks 2–4 (Drug Manipulation), participants were randomized to
receive varenicline or placebo; during Week 5 (Standard Therapy), all participants received
varenicline. Craving was assessed before each cue; cue-specific craving and attention to cue were
assessed after each cue.

Results—During all phases, smoking cues elicited greater craving than neutral cues; the
magnitude of this effect declined after the first week. General craving declined across each phase
of the study. Relative to the placebo condition, varenicline was associated with a greater decline in
general craving over the Drug Manipulation Phase. Varenicline did not significantly attenuate cue-
specific craving during any phase of the study.

Conclusions—Smoking cues delivered in the natural environment elicited strong craving
responses in treatment-seeking smokers, but cue-specific craving was not affected by varenicline
administered prior to the quit attempt. These findings suggest that the clinical efficacy of
varenicline is not mediated by changes in cue-specific craving during the pre-quit period of
treatment-seeking smokers.
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Most cigarette smokers report that they would like to quit smoking (Centers for Disease
Control and Prevention 2007), but most smokers who attempt cessation fail to maintain
abstinence (Hughes et al. 2008). Varenicline (Chantix) was approved by the FDA as
cigarette cessation pharmacotherapy in 2006 (Rollema et al. 2007) and functions principally
at the α4β2n acetylcholine receptor as both an antagonist and partial agonist, making it a
unique treatment option (Jorenby et al. 2006). Initial studies indicated that varenicline
produces higher short-term and long-term abstinence rates than other effective treatments
(e.g., bupropion; Nides et al. 2008). Although the mechanisms responsible for varenicline’s
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efficacy are not clearly established, one hypothesis is that varenicline may reduce the
experience of craving.

Craving is a salient experience for most smokers that is present before, during, and after
attempts at quitting (Tiffany et al. 2009). General (or background) craving levels have been
shown to predict post-quit relapse (e.g., Killen et al. 2006). In heavy, daily cigarette
smokers, craving is augmented during abstinence and can be detected within 30 minutes of
the person’s last cigarette (Schuh and Stitzer 1995), peaks within 3 to 6 hours, and is readily
reversed by the administration of nicotine (Teneggi et al. 2002; Tiffany et al. 2000).
Smoking related cues can also trigger craving. Cue-specific craving, which has been studied
comprehensively in laboratory-based studies, appears to operate somewhat independently of
abstinence-induced craving. For example, cue-specific craving is generally not augmented
during abstinence (Bailey et al. 2010; Drobes and Tiffany 1997; Maude-Griffin and Tiffany
1996; Tiffany et al. 2000) and is not specifically attenuated by nicotine replacement in
abstinent smokers (Tiffany et al. 2000).

In smoking treatment studies, varenicline has reduced cigarette craving relative to placebo
during abstinence from smoking (Gonzales et al. 2006; Nides et al. 2006; Patterson et al.
2009; Tonstad et al. 2006). This may be due to varenicline’s nicotine agonist properties,
which are theorized to attenuate abstinence-induced symptoms. Varenicline also functions as
a partial nicotine antagonist (by blocking nicotine binding). Consequently, those who smoke
while taking varenicline may experience a decrease in the positively reinforcing effects of
nicotine, with a corresponding weakening of the association between cigarette cues and
positive outcomes. This extinction may lead to a diminution in cue-specific craving
(Rollema et al. 2007).

To date, two published studies have examined varenicline’s impact on cue-specific craving.
In a non-treatment study, Brandon et al. (2011) found that after two weeks of drug therapy,
varenicline reduced cue-specific craving relative to placebo following overnight abstinence.
Importantly, this study was limited by differential attrition whereby substantially more
participants in the varenicline condition relative to the placebo condition dropped out before
the final assessment. In another non-treatment study, Franklin et al. (2011) found that, after
drug administration, varenicline users showed a decrease in cue-specific craving from
baseline but placebo users did not. However, this study always presented neutral cues before
smoking cues, making it difficult to determine the extent to which increased craving was
specific to cue content.

Although craving in the natural environments of smokers is of greatest interest, nearly all
studies of cue-specific craving have taken place in laboratories; little is known about the
impact of smoking cues on craving in the natural environment of smokers. Ecological
momentary assessment (EMA) provides a method to address this limitation. Contemporary
studies with EMA have participants carry personal digital assistants (PDAs), which are used
to collect information about events and reactions in real time in participants’ natural
environments (Shiffman 2009). Recently, EMA procedures have been used to examine cue-
specific craving in the natural environment. Warthen and Tiffany (2009) developed the
CREMA (cue reactivity – ecological momentary assessment) procedure in which cigarette
smokers carried PDAs over an 8-day period. Photographs or imagery sentences containing
either smoking-related or neutral cues were presented on the PDAs several times each day.
Cue-specific craving effects in the natural environment were as large as those generated
through laboratory-based assessments; Wray et al. (2011) replicated and extended these
findings to in vivo cues. As CREMA distributes assessments over a broad range of contexts,
situations, and times, the resulting data are likely to produce a more representative sampling
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of cue-specific craving effects than those generated with assessments confined to laboratory
settings.

To date, CREMA has produced robust cue-specific craving effects in the natural
environments of non-treatment seeking smokers; this procedure has not been tested in
smokers enrolled in a treatment program. The current study examined cue-specific craving
using EMA with smokers enrolled in a smoking cessation trial of varenicline. Drug exposure
was manipulated by varying the duration of varenicline administration prior to the target quit
date (i.e., 4 weeks vs. 1 week of exposure). Cue-specific and general levels of craving were
assessed in the period leading up to the target quit date. We expected that the CREMA
procedure would yield a more sensitive index of varenicline’s impact on cue-specific
craving than available through conventional laboratory-based assessments of cue reactivity.

Method
Study Design

Sixty daily adult smokers (25 males/35 females) were recruited for a smoking treatment
study in Western New York. Eligible participants were at least 18 years of age and were
seeking smoking cessation treatment. Prior to their target quit date, participants were
randomized to receive either 1 or 4 weeks of varenicline and completed daily study
assessments (see Hawk et al. in press for detailed treatment methodology). Participants
carried PDAs that were used to collect data for 7 consecutive weeks over the course of the
study and received $20–$64 weekly based on degree of adherence with study procedures.

The general treatment procedures are depicted in Table 1. At Visit 1, participants attended
an orientation, completed initial health assessments, and were trained in the use of the
PDA1. Data were collected from participants for 7 consecutive days during an initial
Baseline assessment phase. Participants returned to the clinic for Visit 2 (Day 8) and were
randomized to receive active varenicline or placebo for the next 3 weeks (Drug
Manipulation Phase). Participants taking varenicline received 0.5 mg once daily for 3 days,
0.5 mg bid for 4 days, then 1.0 mg bid for the remainder of the study; those receiving
placebo were provided with identical appearing medication. At Visit 4 (Day 29), all
participants were given varenicline for 1 week before their quit attempt (Standard Therapy
Phase). Participants whose course of varenicline began at Visit 4 followed the same dosing
regimen as those who began varenicline at the second clinic visit. Visit 5 (Day 36) was on
the participant’s target quit date (TQD). After this session, participants were in the Post-
Target Quit Date (Post-TQD) phase for the remainder of the study. Data collected daily on
PDAs included Morning Assessments, Cigarette Logs, Smoking Symptom sessions, and
CREMA sessions. Participants completed a Morning Assessment each day before smoking
their first cigarette. During Cigarette Logs, participants were instructed to log each cigarette
smoked. Participants received an alarm that initiated a Smoking Symptom session two times
per day; data from this session and Cigarette Logs are not reported in this paper. Participants
also received daily alarms signaling CREMA sessions that involved cue manipulations two
times per day and were paid $1.50 for each CREMA session completed. In order to remain
in the study, participants were required to maintain a minimum weekly compliance rate of
3/7 morning assessments and 12/24 alarms. The data reported in this paper come from
CREMA sessions administered during the Baseline, Drug Manipulation, and Standard
Therapy phases. During these phases, participants were instructed to smoke as usual.

1Training protocol available from Stephen Tiffany
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Materials
PDAs (Palm Tungsten E2) were programmed using a modified version of the Purdue
Momentary Assessment Tool software (Weiss et al. 2004). Participants did not have access
to other PDA functions. This software package was used in two previous CREMA studies
that were successful in generating cue-specific craving (Warthen and Tiffany 2009; Wray et
al. 2011).

Procedures
Participants were consented at Visit 1; they then completed self-report questionnaires that
included demographic and smoking history information. Participants were told to begin
logging cigarettes smoked immediately following Visit 1. They were also told to initiate a
Morning Assessment the morning after their first clinic visit and to complete one each day.
CREMA and Smoking Symptom session alarms began the following day during a
participant’s chosen 12-hour time period. For example, a participant could have alarms
occur between 700 and 1900 hours. Although alarms were only administered during this 12-
hour period, participants were instructed to log all of their cigarettes, even those smoked
outside of the twelve-hour CREMA and Smoking Symptom assessment period.

The PDA alarm assessments were delivered on full days between clinic visits. Between
Visits 3 and 4 as well as 5 and 6, there were 13 days each of alarm assessments. CREMA
sessions and Smoking Symptom sessions were delivered until Visit 5. On 29 of the 31 days
of data collection, two of the four alarms signaled CREMA sessions and two of the four
alarms signaled Smoking Symptom sessions. On the first and tenth day of the 13-day
assessment block (i.e., between Visits 3 and 4) one CREMA and three Smoking Symptom
sessions were delivered. After Visit 5, only Smoking Symptom sessions were delivered.
Table 2 shows the number of CREMA sessions and Smoking Symptom sessions
administered between each visit. Study procedures were approved by the Roswell Park
Cancer Institute Institutional Review Board.

Assessments
CREMA Sessions—Each day, 2 CREMA session alarms were distributed across the 12-
hour period and never occurred within 30 minutes of each other. At the beginning of each
CREMA session, participants completed assessments that included the Craving
Questionnaire (an assessment of craving with a rating scale from 1–5 comprised of the items
“Nothing would be better than smoking a cigarette right now,” “All I want right now is a
cigarette,” “I crave a cigarette right now,” and “I have an urge for a cigarette,” α=.95
{Carter and Tiffany 2001}) as well as two mood items (results from the mood items will not
be reported in this paper). The Craving Questionnaire has been used previously in several
studies of cue-specific craving and has produced robust cue-specific craving effects (e.g.,
Carter and Tiffany 2001; Warthen and Tiffany 2009; Wray et al. 2011).

The cue manipulation was delivered following baseline questions. Cues were delivered
through two modes of presentation: photographs and in vivo. Each of these modes consisted
of two types of stimulus content: smoking related and neutral. We used a total of 60
photographs (30 smoking related and 30 neutral) selected from our previous CREMA
research (48 photos; Warthen and Tiffany 2009; Wray et al. 2011) as well as 12 new
photographs chosen for this study. The new photos were taken from the same source as the
original photo set (http://www.sxc.hu/). Participants were shown a photograph depicting
either smoking (e.g., cigarettes, lighters) or neutral content (e.g., pencils, flowers), or they
were instructed to take out and hold a single cigarette or a non-smoking related neutral
object (e.g., keys). Participants were instructed to look at the cue until an alarm sounded 10
seconds after the onset of the trial. At this point during photographic trials, the photograph
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was removed from the screen. During in vivo trials, participants were instructed to return the
cigarette to the pack and hide the pack out of sight or put the neutral object out of sight.
Participants then responded to post-cue assessments, including the Craving Questionnaire
and mood items, and were asked how carefully they looked at the photograph/object, their
level of distraction during each trial, and, on in vivo trials, whether or not they held an
object/cigarette. A second cue trial of the same cue type and mode was then administered
using the same procedures and assessments described for the first cue presentation. When
the second trial was completed, participants were informed that they had earned $1.50 for
completing the CREMA session.

Cues presented during CREMA sessions were counterbalanced and randomized across
participants, with each photographic cue utilized only one time per participant. Each cue
category (photographic neutral, photographic smoking, in vivo neutral, and in vivo smoking)
was presented the same number of times across the study; additionally, each cue category
was presented no more than once every 2 consecutive days. Each session consisted of the
presentation of two successive cue-trials of the same type and mode of presentation.
Participants had the opportunity to complete a total of 60 CREMA sessions.

Results
Data Reduction

For each of the 5 weeks of CREMA data collection, responses to the four items of the
Craving Questionnaire before stimulus presentation were collapsed to produce an average
general (pre-cue) rating. These ratings were then averaged across all sessions within each
week for each participant. Responses to the Craving Questionnaire given after each of the
two stimulus presentations within each session were averaged to generate post-cue ratings
for each session within each week and then averaged across each of the four stimulus
categories. Ratings of focus and distraction following each cue were similarly collapsed to
form a single scale - attention to cue. Therefore, each participant who completed the study
had 5 weeks of pre-cue and post-cue data (1 week of Baseline, 3 weeks of Drug
Manipulation, and 1 week of Standard Therapy). Following the methods of Carter and
Tiffany’s meta-analysis (1999), cue-specific craving was indexed as the difference between
craving rated post-smoking cue and craving rated post-neutral cue. Mixed-design ANOVAs
were conducted to analyze the effect of drug (placebo and varenicline), sex (male and
female), week (1, 2, 3, 4, and 5), stimulus type (smoking and neutral), and mode of
presentation (photo and in vivo) on post-cue craving and attention to cue. For pre-cue
craving, mixed-design ANOVAs were conducted to analyze the effect of drug, sex, and
week.

Participant Characteristics
Of the 60 participants enrolled at the Visit 1, 59 remained in the study through week 5. One
participant dropped out between weeks 4 and 5. Three participants were missing entire
weeks of data due to lost or malfunctioning PDAs. Participants missing a full week of data
were excluded from analyses for the Phase in which they missed a week. Thirty-two
participants (14 male) were randomized to receive varenicline and 28 participants (11 male)
were randomized to receive placebo during the Drug Manipulation Phase of the study. On
average, participants were 47.7 (SD=9.3) years old, had been smoking 27 years (SD=11.6),
and had made 5.5 lifetime quit attempts. Their average Fagerström Test of Nicotine
Dependence score was 5.2 (SD=2.7). During the baseline week, participants smoked an
average of 17.7 cigarettes per day (SD=5.6). None of these characteristics varied
significantly between the conditions.
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CREMA Sessions
Participants completed an average of 51.25 (89.4%) CREMA sessions. Of the total sessions,
3 (0.4%) photographic neutral, 6 (0.8%) photographic smoking, 10 (1.4%) in vivo neutral,
and 37 (4.8%) in vivo smoking were excluded because participants indicated that they had
not viewed a photo or handled an object or cigarette. On average, participants indicated that
they had last smoked a cigarette 37 minutes prior to the start of each CREMA session.

Pre-Cue Results
Pre-Cue Craving Ratings

Week 1—As we anticipated, an ANOVA on craving rated before cue presentations
collected from the Baseline Phase (week 1) revealed no baseline differences between the
two drug conditions, F (1, 56) = 0.23, p = 0.64, ηp

2 = 0.00. There was no significant main
effect for sex nor was there a significant sex by drug interaction.

Weeks 2–4—Pre-cue craving from the Drug Manipulation Phase (weeks 2–4) was
analyzed in a similar manner, with the additional within-subjects factor of week (2, 3, and 4)
included. We did not find a significant main effect across the varenicline or placebo
conditions, F (1, 54) = 0.22, p = 0.64, ηp

2 = 0.00, or a significant sex effect. A significant
effect of week was found, F (2, 108) = 7.03, p < .01, ηp

2= 0.12. Contrast testing revealed
that craving was significantly higher during week 2 than during week 4, F (1, 54) = 11.98, p
< .001, ηp

2= 0.18. Craving levels were not significantly different between weeks 2 and 3, or
weeks 3 and 4 (p > .05). The interaction between drug condition and week approached
significance, F (2, 108) = 3.15, p = 0.052, ηp

2 = 0.12. Follow-up analyses indicated that
there was a significant main effect of week for those on varenicline, F (2, 58) = 9.15, p < .
001, ηp

2 = 0.24, but not for those on placebo (p > .05). Contrast testing revealed that craving
was significantly higher during Week 2 than Week 3, F (1, 28) = 8.83, p = <.001, ηp

2 =
0.24, but was not significantly different between Week 3 and Week 4.

Week 5—During the Standard Therapy Phase (week 5), we did not find a significant main
effect of drug condition, F (1, 55) = 1.64, p = 0.21, ηp

2= 0.03, or sex, nor any significant
interactive effect.

Change in Craving Over Weeks—Inspection of the means (Table 3) suggested that pre-
cue craving decreased systematically across phases of the study. Data from weeks 2–4 were
collapsed to produce an average Drug Manipulation Phase craving rating, which was then
compared to the Baseline and Standard Therapy Phases. Analyses revealed a significant
effect of phase, F (2, 110) = 24.10, p < .001, ηp

2= 0.30. Contrast tests revealed a significant
decline in pre-cue craving from Phase 1 to Phase 2, F (1, 55) = 8.91, p < .01, ηp

2= 0.14, and
from Phase 2 to Phase 3, F (1, 55) = 20.59, p < .001, ηp

2= 0.27.

Relationship between craving and smoking levels—Although participants were not
instructed to restrict their smoking level, analyses from this study (Hawk et al. in press)
suggest that women receiving active varenicline reduced their smoking levels compared
women in the placebo group. As such, we tested whether smoking level moderated the effect
of treatment condition on craving during this critical Drug Manipulation Phase of the study.
Using regression analyses to control for the effects of Baseline Phase craving and cigarettes
smoked, smoking level was not significantly related to craving in the varenicline group (β =
0.18, t{31} = 0.96, p > .05) nor the placebo group (β = 0.04, t{27} = 0.21, p > .05) during
the Varenicline v. Placebo Phase of the study, suggesting that the relationship between drug
condition and craving was not moderated by differential levels of smoking in our sample.
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Cue-Specific Craving Results
Post-Cue Craving Ratings

Week 1—During the Baseline Phase, participants reported significantly greater craving
after smoking cues than after neutral cues, F (1, 54) = 85.66, p < .001, ηp

2= 0.61, indicating
that cue-specific craving was robust during this portion of the study (see Figure 1). There
was not a significant main effect of drug condition, F (1, 54) = 0.00, p = 0.96, ηp

2=0.00, nor
was there a significant drug condition by cue type interaction, F (1, 54) = 1.46, p = 0.23,
ηp

2= 0.03, signifying that no drug group differences existed at baseline. There were no other
significant main or interactive effects of drug condition, mode, or sex (ps > .05).

Weeks 2–4—During the Drug Manipulation Phase, smoking cues continued to elicit
significantly greater craving than neutral cues, F (1, 46) = 27.74, p < .001, ηp

2= 0.38. There
was also a significant effect of week, F (2, 92) = 4.89, p < .05, ηp

2 = 0.10. Examination of
post-cue craving across those weeks indicated that post-cue craving during week 2 was
significantly higher than post-cue craving during week 4, F (1, 46) = 7.71, p < .01, ηp

2=
0.14. Craving was also significantly higher during week 3 than during week 4, F (1, 46) =
5.64, p < .05, ηp

2= 0.11. There was no significant main effect of drug condition, F (1, 46) =
0.01, p = 0.93, ηp

2= 0.00, nor was there a significant drug condition by cue type interaction,
F (1, 54) = 0.61, p = 0.44, ηp

2= 0.01. Further, there were no significant main or interactive
effects of drug condition, mode, or sex on post-cue craving (all ps>.05).

Week 5—During week 5 (Standard Therapy), participants continued to report significantly
greater craving after smoking cues relative to neutral cues, F (1, 54) = 15.37, p < .001, ηp

2=
0.24. There was not a significant main effect of drug condition, F (1, 54) = 0.65, p = 0.42,
ηp

2 = 0.01 nor was there a significant drug condition by cue type interaction, F (1, 54) =
1.16, p = 0.29, ηp

2= 0.02. There were no other significant main or interactive effects of drug
condition, mode, or sex (ps > .05).

Changes in Cue-Specific craving over weeks—Examination of data across all weeks
(Table 4) suggested that cue-specific craving effects declined systematically across each
phase of the study. Exploratory analyses of post-cue-craving from the three phases revealed
a significant Cue Type by Phase interaction, F (2, 110) = 15.86, p < .001, ηp

2= 0.22. Follow-
up analyses showed that cue-specific craving was higher in the Baseline Phase than during
both the Drug Manipulation Phase, F (1, 55) = 20.46, p < .001, ηp

2= 0.27, and the Standard
Therapy Phase, F (1, 55) = 19.93, p < .001, ηp

2= 0.26. The Drug Manipulation Phase was
not significantly different than the Standard Therapy Phase (p >.05).

Cue-Specific Craving controlling for Pre-Cue Craving—In some cue-reactivity
research, cue-specific craving has been indexed as the difference between pre-cue to post-
cue craving. To examine cue-specificity defined in this fashion, mixed-design ANOVAs
were conducted on change in craving (from pre to post-cue craving). In these analyses, we
continued to see strong cue-specific craving effects across the five weeks (Fs ranging from
14.18 to 62.02, ps < .001), but, as in the previous analyses, there were no significant effects
of varenicline on cue-specific craving (Fs ranging from 0.16–2.14, ps > .05).

Attention to Cue
Across all weeks, attention to cue was rated significantly higher during photographic cue
trials than during in vivo cue trials, F (1, 43) = 18.39, p< .001, ηp

2= 0.30. A significant cue
mode by drug condition interaction revealed that photographic cues elicited greater attention
in the placebo group (ηp

2= 0.33) than in the varenicline group (ηp
2=0.27). There was also a

significant effect of week on attention, F (4, 172) = 9.84, p< .001, ηp
2= 0.19; attention to cue
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increased from week 1 to week 2, F (1, 43) = 18.35, p< .001, ηp
2= 0.29, and significantly

increased again from week 2 to week 3, F (1, 43) = 4.12, p< .05, ηp
2= 0.09. Attention did

not increase significantly after week 3. There were no other significant main or interactive
effects.

Discussion
This study evaluated the impact of varenicline on general and cue-specific craving in the
natural environment of treatment-seeking smokers over the period leading up to their target
quit date. We found no significant differences between varenicline and placebo on general
(pre-cue) levels of craving; however, a probe of the nearly significant week by drug
interaction during the Drug Manipulation Phase revealed that craving showed a significant
early decline when participants began taking active doses of varenicline (this decline was
not observed in the placebo condition). This is consistent with several previous studies that
have found varenicline to significantly reduce general levels of craving relative to placebo
(Brandon et al. 2011; Gonzales et al. 2006; Jorenby et al. 2006, Patterson et al. 2009;
Tonstad et al. 2006; West et al. 2008). Results of the current study extend the findings of
earlier treatment studies by including multiple assessments during the pre-quit period; other
varenicline studies have focused more extensively on craving rated after the quit date or
after abstinence and no study had multiple pre-quit craving assessments in the natural
environment. Furthermore, the current study assessed craving using EMA at random time
points, suggesting that pre-quit exposure to varenicline has an impact on craving in the
natural environment of treatment-seeking smokers.

During each of the five weeks of assessment, smoking cues elicited significantly greater
craving than neutral cues. However, we found no evidence that varenicline significantly
affected cue-specific craving during any phase of the study. Previous studies of cue-specific
craving and varenicline have yielded mixed results. Brandon et al. (2011) found a significant
difference in cue-specific craving between participants receiving varenicline versus placebo.
Limitations in that study as well as methodological differences from the current
investigation may account for the discrepant results. In Brandon et al. (2011), participants
were not treatment-seeking smokers, data was not collected in the smokers’ natural
environment, and, participants were overnight-abstinent at the time of cue presentation and
assessment. Participants in our study were assessed at random times in their natural
environment, and, consequently, their recent exposure to cigarettes varied.

That varenicline appears to operate on general levels of craving but not on cue-specific
craving suggests that different psychological processes may govern these different
manifestations of craving. Human and animal studies on learning have found that goal-
directed learning (outcome-response) and stimulus-directed learning (stimulus-outcome) can
activate different behavioral profiles (Hogarth et al. 2010; Ostlund and Balleine 2008).
Addiction researchers have proposed a dual-process model that includes both stimulus-
outcome and outcome-response contingencies as processes that operate independently
(Rescorla and Solomon 1967; Tiffany 1990). Considering these theories, one could
conceptualize general craving as activating a goal-directed pathway--that is, general craving
is influenced by a smoker’s current satiety and the current incentive value of the cigarette
outcome. Cue-specific craving, on the other hand, has been shown to be robust to
manipulations of satiety (Bailey et al. 2010; Drobes and Tiffany 1997; Maude-Griffin and
Tiffany 1996; Tiffany et al. 2000). In our study, varenicline reduced levels of general
craving compared to placebo; suggesting that varenicline may operate in part by reducing
the incentive value of a cigarette by diminution of the outcome representation. Conversely,
cue-specific craving was not altered by varenicline administration, supporting the hypothesis
that cue-specific craving is a dissociable entity from general craving.
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To date, no studies have directly compared the effects of varenicline before and after the
target quit date. Varenicline may function differently in smokers who are preparing for
cessation than in those who have already quit. Smokers who have quit are more likely to
experience abstinence-based craving, which varies as a function of time since last cigarette
(Schuh and Stitzer 1995), and thus may be more sensitive to the effects of varenicline.
Laboratory-based cue-reactivity studies of varenicline have typically required some period
of abstinence prior to the cue assessment (e.g., a 12-hour period; e.g., Brandon et al. 2011);
even studies that do not require a period of abstinence interposed an extended interval
between the last cigarette smoked and time that craving is rated (>60 minutes; Franklin et al.
2011). In such studies, this interval may be long enough to generate some degree of
abstinence-induced craving. In the current study, the average interval reported between the
last cigarette smoked and the subsequent cue-reactivity assessment was 37 minutes; as such,
participants were not likely to experience much abstinence-induced craving.

Participants reported paying greater attention to photographic cues than in vivo cues in this
study, which was perhaps due to the novelty of these cues. This difference was observed
regardless of smoking or neutral cue content. We found that this effect was more
pronounced for those in the placebo condition. This unanticipated finding may suggest that
varenicline suppresses attentional processing of both smoking and non-smoking stimuli.
However, the fact that there was no difference in craving between photographic and in vivo
cues suggests that these attentional effects had no impact on craving.

Analyses of the smoking data from this study (Hawk et al. in press) indicate that varenicline
had an impact on smoking rates such that women who received varenicline reported
smoking significantly fewer cigarettes than women receiving placebo during both the Drug
Manipulation Phase and the Standard Therapy Phase. Among men, varenicline had no
impact on smoking rates during any pre-quit phase of the study. In the current study, those
on varenicline reported a small decrease in general craving during the Drug Manipulation
Phase relative to those on placebo. Changes in smoking levels complicate interpretations of
changes in craving to the extent that a decrease in smoking could be associated with either
increases or decreases in craving. That is, lower levels of craving may result in reductions in
smoking, or lower smoking levels might trigger increased craving. In the latter case, an
overall impact of varenicline on craving might be overshadowed by a simultaneous increase
in craving generated by reductions in smoking. While a direct test of these possibilities was
not possible, craving ratings and smoking levels were not significantly associated,
suggesting that they operated independently of one another. A better test of these
relationships could be produced through procedures in which smoking level is held constant
or a substantially larger sample could be used to tease apart the complex of associations
across craving and smoking levels.

This was the first study to assess reactivity to smoking cues presented in smokers’ natural
environments in a treatment-seeking sample. Previous research with this procedure has been
restricted to cigarette smokers not attempting to quit (Warthen and Tiffany 2009; Wray et al.
2011). Our results indicate that even smokers enrolled in a treatment program showed
increased craving in response to smoking cues compared to neutral cues, an effect that
prevailed across multiple weeks. Further, we found that cue-specific craving was stronger
during the Baseline Phase than either the Drug Manipulation Phase or the Standard Therapy
Phase. Our previous CREMA research has not found that cue-specific craving declines over
time (Warthen and Tiffany 2009; Wray et al. 2011), but the current study differed from that
research in several important ways. Our sample consisted of treatment-seeking smokers who
were preparing to quit smoking while the previous studies assessed non-treatment seekers.
Additionally, the current study assessed cue-specific craving over 5 weeks, while the
previous studies examined only collected reactivity data for 8 days.
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There are several processes that might be responsible for the observed change in magnitude
of cue-specific craving over the course of the study. Because the decrease occurred between
Phase 1 (Baseline) and Phase 2 (Drug Manipulation), participants may have felt that, after
the Baseline week, “treatment had begun,” and, consequently, may have worked to actively
manage their responses to smoking related cues. Notably, participants received brief
cognitive-behavioral therapy with the onset of Phase 2, which may have provided tools and
skills to manage craving. It is also possible that participants habituated to the cues over
multiple presentations. Research on cue-exposure treatments provides evidence that repeated
exposure to smoking cues may lead to a reduction in craving over repeated trials during
laboratory sessions (Lee et al. 2004). Research has also suggested that reductions in craving
following repeated exposures of cigarette cues may mediate the link between the cue and
smoking behavior (O’Connell et al. 2011); however, investigations of cue-exposure therapy
have yielded only limited results when considering smoking behavior and relapse rates
(Conklin and Tiffany 2002).

General craving decreased systematically across each phase of the study as participants
approached their target quit date. In contrast, the decrease for cue-specific craving, was only
observed between Baseline and Drug Manipulation. Because the decrease in craving was
found across both drug conditions, it may be attributed to any number of factors, including
the brief therapy that participants received or their participation in a quitting program. Two
nicotine patch studies also found that craving decreased in the pre-quit period; the decrease
was larger for those wearing the patch than those not (Rezaishiraz et al. 2007; Rose et al.
2006). The decrease in cue-specific craving was not likely attributable to lack of attention
paid to the cue; attention actually increased during the early weeks of the study.

Limitations
Some limitations in the current study should be considered. First, the sample size (60
participants) was relatively small for a treatment study and may have precluded the detection
of significant drug effects. In contrast, however, repeated-measures analyses of certain
variables helped us to observe important significant outcomes of cue type, mode, and week.
Second, in exchange for analyses in the natural environment, the CREMA methodology
provides less experimental control than cue-reactivity studies conducted in the laboratory.
Participant compliance with study procedures was known to us only through self-report
rather than direct observation—for example, participants were expected to view an in vivo
object or cigarette, and, unless they indicated that they had not done so, we had to assume
compliance. Notably, however, participants were told during training that no penalty would
be given if a participant did not actually hold an object or cigarette. Finally, generalizability
of study findings may also be considered a limitation, as the demands of the CREMA
procedure may have reduced the number of smokers willing to participate. However, study
dropout was low, which suggests that the CREMA procedure was not excessively
burdensome to those who enrolled.

Summary
In this study, varenicline did not significantly reduce cue-specific craving prior to the quit
attempt when assessed in the natural environment. Varenicline did appear to have an early
impact on general craving among those who received an extended course of active
medication. Irrespective of drug condition, craving decreased over time; general craving
continued to decline across all phases of the study and cue-specific craving decreased
significantly in the early weeks of the study. In the first study ever study that utilized cue
reactivity and ecological momentary assessment in a clinical drug trial, we found robust cue-
specific craving that continued up through the participants’ target quit date. Overall, we
found strong cue-specific craving assessed in the natural environment of quitting smokers -
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these findings demonstrate the continued utility of the CREMA procedure for examining
cue-specific craving. Though the CREMA procedure was highly sensitive for the detection
of cue-specific craving, the study produced no evidence that varenicline had any impact on
cue-specific craving raving among smokers preparing to quit.
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Figure 1.
Average weekly craving reported after viewing neutral or smoking cues as a function of
drug condition.
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