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Abstract
Cigarette craving is an important contributor to cigarette smoking, and clinical approaches that focus
on regulation of craving are effective in reducing rates of relapse. However, a laboratory model that
targets the use of cognitive strategies to regulate craving is lacking. To develop such a model, twenty
heavy cigarette smokers (>12/day), twenty-two tobacco “chippers” (<6/day), and twenty non-
smoking controls completed this outpatient study, during which they were presented with
photographs of cigarettes and foods that have been previously shown to induce craving. During each
trial, participants were instructed to think of the stimulus in one of two ways: by focusing either on
the short-term consequences associated with consuming the item (e.g., it will taste good) or on the
long-term consequences associated with regular consumption (e.g., I may get lung cancer).
Participants reported significantly reduced food cravings when focusing on the long-term
consequences associated with eating. For cigarette-smoking participants, cigarette craving was
significantly reduced when focusing on the long-term consequences associated with smoking. This
latter finding confirms clinical data and extends it by highlighting the importance of cognition in the
modulation of craving. Future studies using this laboratory model could test the efficacy of different
cognitive strategies and develop targeted interventions for smoking cessation based on the regulation
of craving.
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1. Introduction
In the United States, there are more than 430,000 smoking-attributable deaths each year (Center
for Disease Control and Prevention, 2007), which has earned cigarette smoking the distinction
of being the leading preventable cause of disease and death in the United States. Despite this
fact, 60 million Americans smoke cigarettes, and nearly 40 million of them are daily smokers
(Substance Abuse and Mental Health Services Administration, 2008). Indeed, while
considerable efforts have been devoted to the development of smoking cessation treatments,
the modal outcome for these interventions is smoking relapse (Fiore et al., 2000; Piasecki,
2006).

Craving has long been considered an important contributory factor in cigarette smoking. Data
from clinical research have shown that the degree of craving for cigarettes increases prior to
relapse (Allen et al., 2008; Shiffman et al., 1996). Moreover, craving has been found to predict
relapse in several prospective studies (Catley et al., 2000; Killen and Fortmann, 1997;
O’Connell et al., 2004; Shiffman et al., 1997). One potent trigger for craving is exposure to
smoking cues, such as photos depicting others smoking (Carter and Tiffany, 1999; Conklin et
al., 2000; McBride et al., 2006; Mucha et al., 1999). Such cue exposure elicits both classically-
and operantly-conditioned craving responses (Kober et al., in press), renders smokers
particularly vulnerable to cigarette use (Tiffany, 1990), and increases the likelihood of relapse
in the context of smoking cessation (Bliss et al., 1989; Shiffman et al., 1996). Further, data
from experimental paradigms directly links increased cue-exposure to increased smoking
behavior (Payne et al., 1991).

Although craving is not the only factor that leads to drug use (e.g., Tiffany and Carter, 1998),
these data indicate that craving is associated with cigarette smoking, and further suggest that
cigarette smoking and relapse rates could be decreased by regulation of craving. This has not
been studied experimentally, but this idea is consistent with data showing that cognitive-
behavioral and relapse prevention approaches that include the use of cognitive strategies for
regulation of craving are effective at reducing craving across various substance use disorders
(Carroll, 1996; McCrady and Ziedonis, 2001). In cigarette smokers, cognitive coping strategies
have been shown to reduce craving as well as reduce instances of relapse during smoking
cessation (Bliss et al., 1989; Bliss et al., 1999; O’Connell et al., 2007; Shiffman et al., 1996).

The above suggest that the effective use of cognitive strategies can reduce both craving and
smoking behavior in cigarette smokers. Yet, a few important questions remain unresolved.
First, the modulatory effect of cognitive strategies on craving has not been studied in a
laboratory model under controlled conditions. Although a few laboratory studies have
demonstrated that craving predicts preferences for cigarettes over monetary rewards (Bisaga
et al., 2007) or the willingness to work for cigarettes (Willner et al., 1995), none have directly
examined the modulatory effects of specific cognitive strategies on craving. Second, the effects
of different cognitive strategies on craving have not been directly compared. Cognitive-
behavioral approaches to smoking cessation often include a component targeting regulation of
craving (McDonald et al., 2003; Piasecki and Baker, 2001; Shiffman, 1993), but they are not
designed to determine which specific strategies are most effective in reducing craving.
Addressing these two questions should contribute to our understanding of why specific
cognitive strategies are effective for curbing smoking behavior and could provide the basis for
developing targeted interventions for smoking cessation.

We addressed these issues in a novel paradigm that combines elements of studies of cue-
induced craving and emotion regulation. Cigarette smoking and non-smoking participants were
first trained to use two cognitive strategies, adapted from studies showing that affective
responses can be modulated by consciously controlling how one cognitively appraises the
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meaning of affect-eliciting stimuli (Mischel et al., 1989; Ochsner and Gross, 2005). Participants
then completed a series of trials where these strategies were used to enhance or reduce their
craving for cigarettes, using cues that have been previously shown to induce craving in cigarette
smokers (Mucha et al., 1999). Photographs of high-calorie foods also were used as control
stimuli to determine whether smokers differed specifically in their craving for cigarettes.
Craving was operationally defined as ratings of subjective desire for food or cigarettes (on a
5-point scale) made at the end of each trial. Following previous studies of cue-induced craving,
we predicted that craving for cigarettes but not for food would increase linearly with self-
reported smoking. Following studies of emotion regulation, we predicted that craving for both
food and cigarettes would be increased or decreased by the use of cognitive strategies.

2. Methods
2.1 Participants

Sixty-two participants (24 female) completed a single session outpatient study. Their age
ranged from 18 to 44 years (mean age = 25.11, SD = 6.57). All gave informed consent in
accordance with the Columbia University Institutional Review Board.

Participants were divided into three groups based on self-reported cigarette use: Heavy
Smokers (Smokers; N=20) smoked at least 12 cigarettes a day, 7 days a week (Mean cigarettes
per week = 110.6; Range 84–175; SD = 32.90); Tobacco Chippers (Chippers; N=22) smoked
up to 5 cigarettes a day, at least 4 days a week (Mean cigarettes per week = 20.33; Range 8–
35; SD = 8.8). This group of long term, yet very light smokers has been characterized as non-
nicotine-dependent and as distinct from heavy cigarette smokers (Shiffman et al., 1994a;
Shiffman et al., 1994b). Further, Sayette and colleagues (Sayette et al., 2001) have shown that
this group is reactive to smoking cues, but reports lower cigarette craving compared to heavy
smokers. Finally, Non Smokers (N=20) never smoked cigarettes regularly. The groups differed
significantly in the average amount of cigarettes smoked per week (ps<.001) but did not differ
significantly in any demographic characteristics.

2.2 Task
This study was a 3 (Groups: heavy smokers, chippers, and non smokers) X 2 (Cues: Cigarettes
vs Food) X 2 (Strategies: NOW vs LATER) within-subjects design with group as a between-
subjects factor. Each trial began with a 2-second instructional cue (NOW or LATER) followed
by a 6 second presentation of a stimulus (either a picture of food or cigarettes). Instruction cues
directed participants to think about either the immediate consequence of consuming the
pictured substance (NOW cue) or the long-term consequences of repeatedly consuming the
substance (LATER cue). These strategies were developed based on prior work showing that,
in general, cognitive appraisals modulate experiential, neural, and physiological components
of affective responses (Ochsner and Gross, 2005), and specifically, that one can delay
consumption of appetitive stimuli by thinking about them in abstract terms rather than focusing
concretely on the experience of consuming them (Mischel et al., 1989). The former strategy is
one that is often used in cognitive-behavioral treatment for substance abuse. Importantly, to
minimize experimental demand the instructions did not include explicit information about the
experimental hypothesis for each condition. Following a brief delay, participants next indicated
how much they wanted to consume the food or smoke the cigarette at that moment using a 1
(not at all) to 5 (very much) rating scale that appeared on the computer monitor for up to three
seconds or until the participants made a response. Exposure to study stimuli and the order of
the instructional cues were counterbalanced across participants. A total of 100 trials lasting
approximately 17 seconds each were completed. Upon completion of the experiment
participants were paid $6 and debriefed.
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2.3 Strategy Training
Prior to beginning the task participants underwent a structured training session. During this
session, participants received strategy instructions (as detailed above), learned the cue-strategy
associations, and then viewed eight sample trials. Sample trials provided participants
experience with using both cognitive strategies while looking directly at food and cigarette
photographs. Note that the photographs used during the training session were not used during
the experimental session. The experiment began when the training session was complete and
participants indicated to the experimenter that the directions and procedures were understood.

2.4 Stimuli
To elicit craving responses pictures of cigarettes and fatty foods were collected from three
sources: prior research that has used similar photographic cues (Mucha et al., 1999; Simmons
et al., 2005; Sobik et al., 2005), pictures from the International Affective Picture System (Lang
et al., 1993), and images downloaded from public online sources. The final stimulus set
consisted of 100 pictures: 50 of each stimulus type. All images were rated equally desirable to
smokers in a separate pilot study.

2.5 Data analysis
Data were subjected to a 2 (Cue: Food vs. Cigarette cues) X 2 (Strategy: NOW vs. LATER)
X 3 (Group: Smokers vs. Chippers vs. Non Smokers) mixed ANOVA, with Cues and Strategy
as within participants factors, Group as a between participants factor. An alpha level of p<.05
was used to indicate statistical significance. Pairwise comparisons between conditions were
performed using t-tests to further clarify the nature of the observed effects.

3. Results
3.1. Craving Across Groups

We observed a significant main effect of Group on craving (F(2,59) = 18.32, p < .001), as well
as a significant main effect of Cue type (F(1,59) = 40.30, p < .001). These main effects were
qualified by a Group X Cue interaction, (F(2, 59) = 4.08, p < .05), indicating that although the
three experimental groups did not differ in their overall craving for food, they did differ in their
reported craving for cigarettes (Fig. 1A). Both smokers and chippers reported greater craving
for cigarettes than non-smokers (t(38) = 8.67, p< .001; t(40) = 7.21, p < .001, respectively).
Further, as expected based on prior work (e.g., Sayette et al., 2001;Shiffman et al.,
1994;Shiffman et al., 1995), smokers reported greater cigarette craving compared to chippers
(t(40) = 1.86, p = .035, one-tailed). Because we predicted that craving for cigarettes would be
linearly related to level of smoking (similarly to a “dose response function”) we subjected the
data to a linear contrast on cigarettes cues, and found that this pattern was significant (F(2,59)
= 38.01, p < .001). Further, a regression analysis showed that the number of cigarettes smoked
per week was a significant predictor of reported craving in both cigarette smoking groups (See
Fig. 1B; b = .005, t(40) = 2.22, p < .05). Amount smoked per week explained a significant
portion of the variance in reported craving (R2 = .11, F(1, 41) = 4.94, p<.05).

3.2. Effect of Cognitive Strategies
A significant main effect of Strategy was observed, indicating that all participants reported
greater desire to consume food and cigarettes when engaging in the NOW strategy compared
to the LATER strategy (F(1,59) = 72.00, p < .001; Fig. 1C). This main effect was not moderated
by the type of stimulus (Strategy X Cue interaction: F(1,59) = .06, p = .81). Consistent with
predictions, however, it was moderated by Group (Strategy X Group interaction: F(2,59) = 4.08,
p < .05) and further qualified by a three-way Group X Cue X Strategy interaction (F(2, 59) =
8.31, p=.001; Fig. 1D). This 3-way interaction reflects two patterns in the data: a) the difference
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in craving for food reported in the NOW vs. LATER was similar across groups, while b) the
difference in craving for cigarettes in NOW vs. LATER conditions varied across groups, such
that non-smokers reported significantly smaller NOW vs. LATER differences compared to
both smokers and chippers (t(38) = 4.81, p< .001; t(40) = 4.02, p < .001, respectively).
Importantly, the difference in reported craving for cigarettes in the NOW vs. LATER
conditions was equivalent for smokers and chippers (t(40) = .123, p=.9).

4. Discussion
These findings show that smokers, chippers, and non-smokers differ in their reported craving
for cigarettes but do not differ in their craving for control food stimuli. The data replicate
previous results that chippers report lower cue-induced cigarette craving than smokers (Sayette
et al., 2001) and that non-smokers report no significant craving for cigarettes, lending support
to the validity of the self-report measure of craving. The data extend previous findings
regarding craving in smokers and chippers by finding that the number of cigarettes smoked
per week predicted the level of reported craving, illustrating another association between
craving and smoking behavior. Finally, the data suggest that smokers do not differ from non-
smokers in the intensity of their desire in general, focusing attention on their ability to regulate
their desire for cigarettes.

Importantly, the data suggest that the intensity of craving is modulated by cognitive strategies
in a laboratory model. Subjective reports of craving for cigarettes were lower when cigarette-
smoking participants considered the long-term consequences associated with smoking, a
strategy that is often taught as a component of smoking cessation treatments. These data suggest
that smokers can use cognitive strategies to reduce their craving for cigarettes, which confirms
clinical findings that have demonstrated the efficacy of cognitive strategies in reducing craving
and preventing relapse during smoking cessation (Bliss et al., 1989; Bliss et al., 1999;
O’Connell et al., 2007; Shiffman et al., 1996).

Although our data suggest a modulatory role of cognition in craving, it does not directly link
craving to smoking behavior. Ongoing work in our laboratory will measure the effects of
cognitive strategies on both craving and smoking behavior. The present study was an initial
first step in creating a laboratory model for studying the effects on cognitive strategies on both
craving and smoking. As such, we relied on self-reports of craving, which may be subject to
experimental demand. Demand seems an unlikely explanation for the present findings,
however, given a) prior work showing that cognitive strategies like those used here modulate
autonomic and neural measures of affective responding in addition to self-reports (for reviews,
see Ochsner and Gross, 2005, 2008), and b) that our instructions minimized explicit reference
to expected behavioral outcomes. In addition, it is possible that the observed effects are due to
variations in smoking expectancy between conditions. However, this alternative explanation
is less likely because opportunity to smoke was equal across conditions in this within-subject
experiment.

In the future, an experimental model like the one described here could be useful in two ways.
First, it could be used to measure the relative efficacy of different cognitive strategies in
reducing craving and cigarette smoking, thereby aiding in the development of targeted smoking
cessation programs. Second, it could be used to investigate the neural mechanisms that underlie
the regulation of craving to determine whether smokers successfully recruit neural systems
required for the effective regulation of craving. This latter aim is especially important in light
of recent suggestions that substance-dependent individuals show impaired control over drug
taking that is related to disruption in prefrontal circuits associated with regulation (Volkow et
al., 2003).
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Figure 1.
(A) Mean craving reported by smokers, chippers, and non-smokers, on trials in which images
of food or cigarette were presented. The three experimental groups did not differ in their overall
craving for food. A significant linear trend was found for cigarettes across groups. (B) Number
of cigarettes smoked per week plotted against average cigarette craving reported (for smokers
and chippers only). Regression analysis showed that the number of cigarettes smoked per week
was a significant predictor of reported craving, and explained a significant portion of the
variance in reported craving. (C) Mean craving reported in NOW compared to LATER trials
across groups and stimuli; Overall, participants reported greater desire to consume food and
cigarettes when engaging in the NOW strategy compared to the LATER strategy. (D) Mean
craving reported by smokers, chippers, and non-smokers across all trial types. These data
represent a significant three-way Group X Cue X Strategy interaction. As shown, the difference
in craving for food reported in the NOW vs. LATER was similar across groups, while the
difference in craving for cigarettes in NOW vs. LATER conditions varied across groups.
Asterisks (*) indicate significant differences. * p<.05, ** p<.01, *** p<.001.
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