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Abstract

Cigarette craving, one hallmark sign of nicotine dependence, is often measured in laboratory settings
using cue reactivity methods. How lab measures of cue reactivity relate to real world smoking
behavior is unclear, particularly among non-treatment seeking smokers. Within a larger study of
hormonal effects on cue reactivity (N=78), we examined the predictive relationship of cue reactivity
to smoking, each measured in several ways. Results indicated that cue-evoked craving in response
to stressful imagery, and to a lesser extent, in vivo smoking cues, significantly predicted smoking
behavior during the week following testing. However, this predictive relationship was absent upon
controlling for reactivity to neutral cues. Nicotine dependence may moderate the relationship between
cue reactivity and actual smoking, such that this predictive relationship is less robust among highly
dependent smokers than among smokers low in nicotine dependence. The question of whether cue-
elicited craving predicts smoking among smokers not in treatment is best answered with a qualified
yes, depending on how craving is manipulated and measured. Our findings highlight important
methodological and theoretical considerations for cue reactivity research.
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[. Introduction

Cue-elicited craving for tobacco has long been considered one driving influence on continued
smoking (Shiffman, 1991; Tiffany, 1990). One method to assess cue-elicited craving is via
real-time assessment within the smokers’ own environment. Such methods often reveal that
cue- elicited craving is a strong predictor of smoking (Shiffman et al., 2002; Shiffman, Paty,
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Gnys, Kassel, & Hickcox, 1996), thus supporting that methodology as a viable tool to measure
craving in the real world, and its relationship to actual smoking behavior.

Another common method to assess cue-elicited craving is based on the cue reactivity paradigm.
Within lab-based studies of cue reactivity, current users of a drug are presented with stimuli
that, over time, have been repeatedly paired with drug use. Cues can be related to the substance
itself (in vivo cues of the touch or smell of a cigarette, sight of a lighter), situationally associated
cues (alcohol, social situations of smoking, time of day), or affective cues (positive or negative
emotions, stress). One advantage of lab-based cue reactivity procedures is that they offer
greater potential for experimental manipulation of tobacco-specific cues. A meta-analysis of
cue-reactivity studies found robust effects for self-report of craving in response to cues, and a
somewhat smaller, though still meaningful effect size for physiological responses to cues
(Carter & Tiffany, 1999).

One question that persists about lab-based measures of cue-elicited craving is whether they
have any meaningful relationship with smoking behavior. Evidence for the link between cue
reactivity and smoking behavior comes from a small number of studies that have examined
cue reactivity and treatment outcome. These studies generally suggest a small but predictive
relationship between cue reactivity and smoking relapse (Abrams, Monti, Carey, Pinto, &
Jacobus, 1988; Niaura, Abrams, Demuth, Pinto, & Monti, 1989; Niaura et al., 1988; Shadel et
al., 1998; Waters et al., 2004), time to first lapse (Waters et al., 2004), or changes in smoking
level (Payne, Smith, Adams, & Diefenbach, 2006).

We are aware of few studies that have examined the relationship between cue reactivity and
smoking behavior among non-treatment seeking smokers, though some have examined analogs
of smoking behavior, such as desire to smoke (Payne, Smith, Sturges, & Holleran, 1996) or a
behavioral choice task for smoking (Sayette, Martin, Wertz, Shiffman, & Perrott, 2001). One
recent study examined the relationship between smoking, nicotine dependence and craving
among a large sample of non-treatment seeking regular smokers, pooled across a number of
smaller studies (Donny, Griffin, Shiffman, & Sayette, 2008). Results indicated that nicotine
dependence, but not craving, to be related to smoking behavior, measured distally in time as
the number of cigarettes per day prior to any cue exposure. In a much smaller study (n=10)
that focused on brain activity during cue exposure (Smolka et al., 2006), investigators noted
an association between craving and nicotine dependence, but failed to find an association
between craving and smoking behavior (i.e., cigarettes per day prior to any cue exposure).

The present study builds upon the literature above with an examination of cue-elicited craving,
its potential interaction with nicotine dependence, and their predictive relationship with
smoking behavior. In contrast to studies noted above, we examine two indices of smoking
behavior that are prospective and more proximal to cue reactivity testing: 1) smoking on the
day of cue reactivity assessment, and 2) smoking in the days following testing. Our primary
hypothesis was that cue-reactivity would predict both measures of smoking behavior. The
current study is based on an ongoing larger study examining gender and hormonal influences
on cue reactivity, portions of which of have been reported elsewhere (LaRowe, Saladin,
Carpenter, & Upadhyaya, 2007).

2. Methods
2.1 Participants

Adult smokers (> 10 cigs/day) ages 18-40 were recruited from general community for a
laboratory-based cue reactivity study. Once individuals completed a brief phone screen, those
who were potentially eligible presented at the laboratory for informed consent and final
assessment of eligibility. Exclusion criteria (and numbers excluded at the baseline visit on the
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basis of each) were as follows: a) any major psychiatric disorder within past month, including
substance use disorders, assessed via semi-structured clinical interviews (First, Spitzer,
Gibbon, & Williams, 2002) (10), b) use of psychotropic medication within one month (1), and
c¢) medical condition (e.g., hypertension, arrhythmia) or use of medications (e.g., beta-blockers)
that could affect physiological assessment of craving or cue reactivity (1). In addition, as the
parent study sought to evaluate the effects of menstrual phase on cue reactivity, women had
the added criteria of: d) not currently taking contraception or hormone replacement, e) being
devoid of Pre-Menstrual Dysphoric Disorder (PMDD), ) being post menarche and pre-
menopausal, g) having a regular menstrual cycle between 25 and 35 days, h) not post
hysterectomy, and i) not currently pregnant, with at least three months post parturition and
breast feeding for any prior pregnancy.

2.2 Procedure

2.3 Cues

Eligible participants participated in four laboratory-based cue reactivity sessions, each held
approximately one week apart and timed to coincide with distinct phases of the menstrual cycle
(Carpenter, Upadhyaya, LaRowe, Saladin, & Brady, 2006). Male participants were yoked to
women and also participated in all four sessions. For the remainder of this report, however, we
present data based on the first session only, as this time-point offers the greatest number of
participant observations for the current research question.

The cue reactivity sessions were held in the outpatient General Clinical Research Center
(GCRC). All participants were required to have smoked prior to each session (i.e., within 45—
60 minutes of the cue reactivity procedure) in an effort to control time since last cigarette.
Average carbon monoxide levels taken prior to initiation of study procedures indicate that this
manipulation was effective (mean = 21.6; SD = 14.5). Urine drug screens and pregnancy tests
were completed to confirm that the participant had neither used illicit drugs nor was pregnant,
after which participants initiated the cue reactivity procedure. Participants were exposed to
each of four cues (discussed below), presented in counterbalanced order. Each cue
administration lasted 90 seconds and was separated by a 10-minute nature show designed to
diminish any carry-over effects. Subjective measures of craving were assessed pre and post
each cue administration. Physiological measures of craving were collected prior to cue
presentation and during the entire cue administration. The entire cue reactivity session took
approximately 120 minutes.

Two active cues were administered with two parallel inactive/control cues (4 cues total).
Smoking cues consisted of in vivo manipulation of the participants” own brand of cigarettes
and a lighter. Standardized instructions for cue manipulation were delivered via headphones
(e.g., handling, smelling the cigarette). The relevant neutral cue consisted of a similar
manipulation of pencils/eraser. Negative affective cue presentation consisted of a personalized
stressful script composed in advance of the procedure by the participant him/herself (e.g., a
recollection of a recent, stress inducing event at work or home), again presented via
headphones. The relevant control for the affective manipulation was a neutral relaxed script,
again personalized to each participant and delivered via headphones.

2.4 Measures

Cue reactivity assessment included both subjective and physiological measures. Subjective
craving was assessed via the Questionnaire of Smoking Urges — Brief (Cox, Tiffany, &
Christen, 2001), a 10-item scale with 7-point Likert response format. The QSU includes two
factors: Factor 1assesses positive reinforcement (i.e., hedonic craving) and Factor 2 assesses
negative reinforcement (i.e., alleviation of negative affect/withdrawal). For total QSU and
factor scores, items were averaged to produce an average score (range 1-7). Physiological
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assessment of craving included both heart rate and skin conductance, measured prior to and
during each cue manipulation. Details of physiological assessment can be found in a prior paper
(LaRowe et al., 2007).

Throughout the study period, participants maintained a diary of smoking. They were provided
with a calendar in which they prospectively tracked the number of cigarettes smoked daily.
Diaries were collected and reviewed at the cue reactivity sessions. Thus, participants returning
for a subsequent study visit provided detailed smoking data for the day of and week following
the initial cue reactivity assessment (see analyses, below). Participants who failed to return
their completed diary (estimated to be <15% of entire sample) were asked to recall CPD
(cigarettes per day) for each of the seven days prior, an approach consistent with general time-
line follow back (TLFB) procedures (Sobell & Sobell, 1996).

2.5 Analyses

3. Results

Analyses were restricted to those participants who completed the first cue reactivity session
and who provided complete smoking diaries (N=78). Subjective and physiological measures
of craving were analyzed as predictors of smoking behavior in two ways. First, each measure
in response to the two active cues (smoking in vivo; stressful script) each in isolation (i.e.,
without any control for neutral or relaxing cues; hereafter called ‘absolute craving’) was
analyzed in a regression model predicting smoking. Thus, average QSU scores post smoking
cue and post stressful cue served as measures of subjective craving. For physiological data, we
examined the percent change from baseline in both heart rate and skin conductance, as defined
in the following formula: ([maximum value during cue — pre-cue value]/pre-cue value) x 100.
Second, these same analyses were conducted again, this time controlling for response to the
appropriate control cue (neutral or relaxed cue); hereafter called “differential cue reactivity’.
All analyses controlled for presentation order of cues.

Criterion variables within the regression analyses consisted of both CPD on the day of the first
cue reactivity session and the average for the 7-day period following the cue reactivity session.
The former CPD measure may be viewed as a proximal measure of smoking behavior, but one
that is potentially disrupted by the occurrence of the laboratory cue reactivity assessment (i.e.,
atwo hour block in which the participant could not smoke). However, while the overall number
of cigarettes smoked on the day of cue reactivity assessment may have been somewhat deflated,
our measure still represents the total number of cigarettes smoked that entire day (not just up
to the point of testing), as captured by the TLFB procedures. The latter CPD measure is more
distal in time but serves as an estimate of smoking behavior that was unaffected by cue
reactivity assessment, and thus possibly may be a more ecologically valid estimate (7 day
average, unaffected by study procedures).

Average age for the sample (n=78) was 29 (SD = 6); 60% were male, 83% were Caucasian,
and 14% were African American. Almost all participants (99%) had completed high school;
62% had completed college. Participants were moderately dependent on tobacco (average
FTND score = 4.8; SD = 2.0), smoking an average of 19.3 (SD = 7.9; range 10-40) cigarettes
daily, with an average of 11.1 years (SD = 5.5) of regular smoking. Forty-four percent lived
with another smoker, and 17% used non-cigarette tobacco in addition to cigarettes. The average
number of cigarettes smoked on the day of cue reactivity testing was 18 (SD = 8.5; range 1 —
44), whereas the average cigarettes smoked per day for the week following cue reactivity testing
was 19 (SD = 7.2; range 6.9 — 38.7).

We first established a basic cue reactivity effect, to ensure that our ‘active’ cues effectively
elicited craving. This was the case. Participants reported significantly greater subjective
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craving (total QSU scores) in response to both the in vivo smoking cue (Mean = 4.6, SD = 1.4)
and the stressful imagery cue (Mean = 4.4, SD = 1.2) than to either of their control cues (Mean
= 3.9, SD = 1.4 for neutral in vivo cue; Mean = 3.7, SD = 1.5 for relaxed imagery cue; p <.001
for both comparisons).

Results for absolute craving (unadjusted for response to control cues) and its relationship to
smoking are presented in Table 1. Two significant associations between craving and smoking
on the day of cue reactivity were identified: greater QSU Factor 1 craving (hedonic craving)
and higher heart rate in response to the stressful imagery cue were both predictive of greater
smoking. A number of subjective craving measures were predictive of smoking in the week
following the cue reactivity assessment. Total craving (QSU) scores in response to both the in
vivo smoking cue and the stressful imagery cue were significantly and positively associated
with increases in smoking. Specifically, for every 1-point increase in craving in total QSU in
response to the stressful imagery, there was a 1.7 increase (95% CI: 0.3 -3.0; p =.02) in
average number of cigarettes/day. Whereas the relationship between responses to the in vivo
cue and smoking behavior appeared to be marginally driven by QSU Factor 2 (alleviation of
negative affect/withdrawal), responses to the stressful imagery and smoking behavior were
driven by both QSU factors (see Table 1). As with smoking on the day of cue reactivity
assessment, higher rate in response to the stressful imagery also predicted smoking for the
week following assessment.

The above analyses were unaffected by gender. They were, however, moderated by level of
nicotine dependence, primarily for subjective craving in response to the stressful imagery cue.
We removed one item from the FTND (Heatherton, Kozlowski, Frecker, & Fagerstrom,
1991) that pertained to cigarettes smoked per day (which would artificially confound outcome
of smoking behavior, since cigarettes smoked per day was our main outcome), leaving a revised
scale with a range of 0-7. The revised FTND was then entered into a similar regression, in
addition to the predictor variables (and their interaction). With regard to general craving (i.e.,
total QSU scores), the interaction between craving in response to the stressful imagery cue and
nicotine dependence was marginally significant for smoking behavior both on the day of the
cue reactivity session (p = .07) and for the week following (p = .09). The interaction between
craving for negative reinforcement (i.e., QSU Factor 2) and nicotine dependence was
significant, for both smoking on the day of cue reactivity assessment (p = .04) and for the week
following (p = .05). Figure 1 graphically depicts these relationships using a median split on
the revised FTND (0-3 vs. 4-7). For both outcomes, smoking behavior increased as negative
reinforcement craving increased, but only among those participants with low nicotine
dependence. For participants with high levels of nicotine dependence, there was no relationship
between craving and smoking. We further examined if this moderating effect of nicotine
dependence was a function of differential responding to cues, and indeed it was. Participants
with high levels of nicotine dependence reported significantly greater craving than did those
with low levels of nicotine dependence for all but one cue (p <.02). Thus, smokers high in
nicotine dependence had greater ambient craving, irrespective of cue presentation.

Results for differential cue reactivity (controlling for response to neutral cues) are presented
in Table 2. There were no significant associations between cue-elicited craving and smoking
behavior, either on the day of cue reactivity testing or for the week following. We examined
the ability of all cues (including the control cues) to predict smoking, and in each case, the
active cues accounted for a larger percent variance in smoking behavior. Neither gender nor
nicotine dependence moderated the relationship between differential cue-elicited craving and
smoking behavior.
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4. Discussion

This study examined cue-elicited craving and smoking behavior among non-treatment seeking
smokers. Our primary findings can be summarized as follows: 1) cue-elicited craving,
particularly when measured in response to stressful cues, predicted smoking, 2) however,
differential cue reactivity (i.e., craving in response to active cues adjusted for response to
inactive cues), is not predictive of smoking, 3) these relationships may be moderated by
nicotine dependence, and 4) physiological cue reactivity is less predictive of smoking than is
subjective craving. Interpretation of these results rests on several key measurement issues,
many of which have been highlighted previously (Sayette et al., 2000).

First, there was little indication that cue reactivity was predictive of smoking behavior when
that behavior was operationally defined as number of cigarettes smoked on the day of cue
reactivity testing. The two-hour testing procedure may have interrupted the natural rhythm of
smoking for that day: 21% of participants smoked 10 cigarettes or less on the day of cue
reactivity testing vs. 8% of participants who averaged 10 CPD or less for the week following.
In contrast, cue reactivity (unadjusted for control cues) in the lab was generally predictive of
smoking in the days following testing.

Second, reactivity to the in vivo smoking cue had little predictive effect. Previous studies,
including those within our lab using identical methodology, have established that in vivo cues
are potent elicitors of craving even among non-treatment seeking smokers (Shadel, Niaura, &
Abrams, 2001; Upadhyaya, Drobes, & Thomas, 2004; Upadhyaya, Drobes, & Wang, 2006).
Though our in vivo cue was an effective elicitor of craving, it may have been less potent relative
to a lit cigarette (institutional constraints on smoking precluded the use of a lit cigarette cue).
A less potent smoking cue may ultimately diminish any relationship to smoking behavior. In
contrast, the personalized stress cue (again, unadjusted for control cues) was a significant
predictor of smoking behavior. Prior research on affective manipulation is mixed, with some
studies showing that such cues reliably elicit craving (Niaura et al., 1998) and others not
(Conklin & Tiffany, 2001).

Third, physiological measures of cue reactivity were less predictive of smoking behavior than
were subjective measures. This is largely consistent with the greater cue reactivity literature,
which suggests that cue reactivity effects on physiological measures are small (Carter &
Tiffany, 1999). A number of criticisms have been drawn against physiological assessment of
craving (see Sayette et al., 2000). Foremost, physiological processes are not exclusive to
motivation/craving for drug use. It is unclear what clinical and theoretical meaning should be
assigned to observed changes in physiological processes. Future research in cue reactivity will
need to carefully consider if and how to include physiological assessment of craving. The
results of this study would suggest that physiological proxies of craving are not predictive of
smoking.

Fourth, consistent with some previous research (Donny et al., 2008; Payne et al., 1996), the
present study suggests that nicotine dependence may moderate the relationship between cue-
elicited craving and smoking behavior. At least among non-treatment seekers, cue reactivity
procedures may be most sensitive among smokers with low to moderate nicotine dependence.
Since highly dependent engage in smoking behavior under very diverse stimulus conditions,
they are likely to have higher levels of ambient craving, irrespective of environmental cues
(Shiffman & Paty, 2006), and thus may be less responsive to cues presented in a laboratory-
based cue reactivity protocol. Our data support this interpretation.

Fifth, how craving and cue reactivity are defined is a central conceptual issue. It is unclear if
craving should be measured a) in isolation to a specific cue alone, b) relative to an independent
control/neutral cue (both of which we did in this study), or c) relative to a baseline control (i.e.,
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pre/post assessment), as done in prior studies (Tiffany, Cox, & Elash, 2000; Waters et al.,
2004). A legitimate rationale can be made for any or all of these measures of cue-elicited
craving and reactivity. Measures that contain some element of control, either via an
independent or a baseline control cue, may have the effect of diminishing the measurement of
cue-provoked craving. Diminished measurement of craving ultimately undermines any
relationship to smoking behavior. Our data clearly demonstrate this point: only unadjusted
craving was related to smoking behavior, while adjusted measures were not. The literature
lacks a consistent operational definition of craving and cue reactivity, and one recommendation
is that future studies define this clearly. Ideally, studies should analyze cue-elicited craving
and reactivity using multiple methods, as done here and elsewhere (Donny et al., 2008).

Each of the above interpretations should be considered in the context of our study limitations.
Responses to cue reactivity assessment were modest and lower than expected based on a prior
review (Carter & Tiffany, 1999). Greater responding to cues, or at least greater between-cue
variability of craving, may have led to stronger associations with cigarette smoking. Our
methods were such that each participant smoked a cigarette just prior to cue testing, and while
this had the benefit of equalizing all participants on time since last cigarette, it too may have
diminished cue reactivity. Deprivation prior to cue reactivity assessment can result in larger
effects (Carter et al., 2006). Further, while our sample size is large in the context of existing
cue reactivity studies, it may not have been large enough to adequately assess the predictive
relationship between cue reactivity and smoking behavior. Finally, readers should be mindful
that the current analysis was based on a larger parent study that focused on gender and menstrual
phase influences on craving and smoking. As such, study eligibility was fairly constrained,
and our study sample may not be representative of the larger population of non-treatment
seeking smokers.

There are abundant data on real-time assessment of craving and its association with naturally
occurring smoking behavior (Shiffman et al., 2002; Stone & Shiffman, 1994). Investigations
examining similar relationships between lab-based measures of craving/cue reactivity and real-
world smoking are more challenging. On one hand, the value of the cue reactivity paradigm
rests in part on its potential to prospectively predict important clinical markers of smoking
behavior (or other substance use). Thus, among treatment seekers, cue reactivity should reliably
predict relapse (Drummond, 2000a, 2000b). Evidence to date suggests this is the case (Niaura
etal., 1988; Shadel et al., 1998; Waters et al., 2004). Among non-treatment seekers, however,
the literature is less clear. Our results indicate the relationship between cue reactivity and
smoking behavior among non-treatment seeking smokers is complex and difficult to ascertain.
By definition, cue reactivity research isolates cues both in context and time, removing the
individual from his/her real-world smoking environment. Examination of the link between cue
reactivity at time 1 and smoking at time 2 is based to a great degree on the lag between these
observations. Additionally, it is possible that smokers who are not seeking treatment may
exhibit diminished cue reactivity as compared to smokers who are seeking treatment and who
may be at heightened sensitivity to environmental cues. We are unaware of any previous tests
of cue reactivity between treatment seekers vs. non-treatment seekers.

On the other hand, one might question the rationale for any prediction between lab-based
measures of cue reactivity and the quantity of cigarettes smoked. Cue reactivity may not be a
reflection of how much one smokes, but merely rather a marker of stimulus control; i.e., the
degree to which environmental cues trigger craving. Indeed, the ambiguous link between
craving, cue reactivity and smoking behavior among non-treatment seeking smokers does not
diminish the value of cue reactivity research as a whole. The cue reactivity model remains a
viable methodology to test treatments for smoking cessation (and other substances of abuse)
(cf. Tiffany et al., 2000; Waters et al., 2004). Prior to large and costly clinical trials, novel
treatments can be tested on the degree to which they effectively diminish craving. In addition,
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the cue reactivity model can be used as a treatment modality in and of itself, as in the case of
cue-exposure treatment (Conklin & Tiffany, 2002a, 2002b). Readers are cautioned not to
interpret the current study as a validity test of cue reactivity. Rather, this study should be
considered in the larger context of cue reactivity research, which has a long and sizable
literature of support.
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Figure 1.

Craving and nicotine dependence as predictors of smoking behavior, both on day of cue
reactivity testing (left panel) and week following cue reactivity testing (right panel). Fitted
regression lines indicate low dependence (solid line) and high dependence (dashed line). CR:
Cue Reactivity; FTND: Fagerstrom Test for Nicotine Dependence (revised to omit cigs/day
item)
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