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Abstract
Environmental cues (e.g., the sight of a cigarette) have long been recognized as important triggers
for craving in smokers. Available imaging technologies (e.g., fMRI) allow investigation of the neural
mechanisms for cue-induced craving, but there stands a need for a cue-delivery system compatible
with an MRI environment. We developed a standardized set of 24 high-resolution videos, 12
containing cigarette smoking scenes (e.g., lighting up), and 12 containing neutral scenes (e.g., reading
a book), each 30 seconds long, with comparable lighting, visual complexity, and background filmed
by a professional cinematographer. Study participants were 20 smokers (mean age=37.7 years, 50%
female). Each was exposed to the 24 videos in a random order under laboratory conditions. Dependent
measures included heart rate, blood pressure, skin conductance, skin temperature, and self-reported
craving (0–100) following each video. Overall findings indicated that smokers had greater reactivity
to the smoking videos than to neutral videos (p<.01). Follow-up univariate analyses revealed
significant cue effects on self-reported craving, galvanic skin response, and skin temperature.
Interestingly, exploratory examination of gender revealed that men had higher blood pressure and
skin temperature responses than women, and that women had higher responses when viewing videos
of women smoking than when viewing men smoking. Results support this set of videos as an effective
tool for investigation of cue-elicited craving, and raise the possibility of unique gender effects in cue
reactivity.
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Cigarette smoking continues to pose a major worldwide public health threat (American Cancer
Society [ACS], 2006). While some gains have been made in reducing the initiation of smoking
in various targeted groups, cessation rates have increased little in the past decade in spite of
numerous widely available intervention strategies (e.g., nicotine replacement) to smokers
(ACS, 2006). Indeed, estimates indicate that across the United States, of those who attempt to
quit, only 4.7% remain abstinent at one year post-cessation (ACS, 2006).

In considering the factors that make successful cessation so difficult, studies over the past
decade have pointed to a preeminent role of environmental cues (e.g., sight or smell of
cigarettes) that can trigger strong cravings or urges, long after the acute effects of nicotine
withdrawal have subsided (Carter & Tiffany, 1999). These cue-induced craving reactions have
been modeled reliably under laboratory conditions with smokers experimentally exposed to
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smoking paraphernalia. Theorists (Wikler, 1948; Stewart et al., 1984) have argued that the
phenomenon operates by the principles of classical conditioning, such that exposure to a cue
(the conditioned stimulus) after repeatedly being paired with the effects of the cigarette (the
unconditioned stimulus) elicits conditioned craving responses that are manifested in both
biological reactions (e.g., increased heart rate and blood pressure) and self-report measures
(i.e., craving). Empirical data have largely supported this conceptualization, as a number of
experimental studies (Lazev et al., 1999) have demonstrated that smokers can be conditioned
to display craving reactions to novel stimuli after repeated pairing with cigarettes. Effects of
cue exposure on cigarette cravings tend to be robust across a variety of modalities, including
in vivo exposures (e.g., handling one’s cigarette) and imaginal exposures (e.g., imaging a
scenario involving smoking) (Burton & Tiffany, 1997; Carter & Tiffany, 1999; Drobes &
Tiffany, 1997; Erblich & Bovbjerg, 2004; Shadel et al., 1998; Tiffany, 1990).

Accumulating evidence has now suggested that exposure to cues associated with addictive
agents can trigger increased fMRI activity in key areas of the brain, in particular, the richly
dopaminergic regions. Studies, primarily among cocaine addicts (e.g. Kosten et al., 2006), but
also among alcoholics (e.g. Hermann et al., 2006) and smokers (McClernon, Hiott, Huettel, &
Rose, 2005; Smolka et al., 2006; Lee, Lim, Wiederhold, & Graham, 2005; McBride, Barrett,
Kelly, Aw, & Dagher, 2006; Lim et al., 2005), have revealed increased activity in the anterior
cingulate gyrus, the orbitofrontal cortex, the temporal lobe, nucleus accumbens, the amygdala,
and the ventral striatum in response to drug cues presented under laboratory conditions. The
rapid development of this literature has engendered an acute need for alternative sets of cues
that are compatible for presentation in an MRI environment. Progress, however, is hampered
by methodological difficulties with traditional cue exposure in the MRI setting. Indeed, there
is a need for the development of multiple cues to be delivered in rapid succession to avoid
habituation effects as observed by other fMRI studies investigating the auditory cortex
(Pfleiderer, Ostermann, Michael, & Heindel, 2002; Michael, Ostermann, Sörös, Schwindt, &
Pfleiderer, 2004; Rabe, Michael, Kugel, Heindel, & Pfleiderer, 2006; Straube, Weiss, Mentzel,
& Miltner, 2007), as well as several studies of visual processing (Breiter et al., 1996; Fischer
et al., 2000; Wright et al., 2001).

To date, the few fMRI studies that have employed smoking cues, have used photographs as
cues (McClernon, Hiott, Huettel, & Rose, 2005; Smolka et al., 2006) while others have used
virtual reality (Lee et al., 2005) and a limited set of video clips (McBride et al., 2006; Lim et
al., 2005). While still photographs may be useful in eliciting craving, videos containing
smoking stimuli may provide contextually richer and more realistic cues that may more
accurately represent real world cue-exposures. Indeed, a number of studies have demonstrated
that the use of videos is associated with better attention to stimuli (Huston & Wright, 1983;
Reeves et al., 1985; Singer, 1980), and that exposure to videos produces neurophysiological
changes that mimic the effects of actually engaging in that behavior. Thus, video cue
presentations are preferable.

To our knowledge, though, only three studies have reported on the use of video cues to elicit
cigarette craving (McBride et al., 2006; Lim et al., 2005; Shadel, Niaura, & Abrams, 2001).
As expected, in these studies of smokers, exposure to smoking-related videos elicited craving
reactions that were similar in magnitude to previously reported reactions using in vivo cues.
These studies do not, however, report the development of multiple brief videos that would be
necessary for the repeated contrasts of an fMRI study without risking habituation to the same
video. In addition to fMRI research, the availability of multiple video cues might well be useful
in other types of studies that involve repeated-measures designs susceptible to habituation
effects. The purpose of the research described here was to develop multiple smoking video
cues that would be useful for the conduct of fMRI studies, as well as other studies in which
cue habituation effects are a concern.
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Accumulating evidence also points to the importance of examining the unique challenges that
men and women face at all stages of smoking behavior (e.g., US Department of Health and
Human Services, 2004; Perkins, 2001). For example, evidence has suggested that women
demonstrate craving and withdrawal symptoms that are generally more refractory to nicotine
replacement therapies (e.g., Hatsukami et al., 1995). Other studies have found that women are
less likely to successfully quit than men are (Wetter et al., 1999). In a recent meta-analysis,
Cepeda-Benito et al. (2004) found that women benefited less from nicotine replacement
therapy, but benefited more from non-pharmacological treatments, than did men. Hence,
gender is an important factor to consider when evaluating smoking behaviors, cue-induced
craving, and cessation-related variables. Few studies, however, have examined the effects of
gender on cue-elicited craving. In this study, we recruited an equal number of men and women
to explore possible gender effects.

Based on the considerations, we hypothesized that compared to neutral video cues, smoking
video cues would elicit stronger: 1) self-reported cravings; and, 2) psychophysiological
reactions. We also explored the possibility that men and women may differ in the magnitude
of these cue-induced effects.

Method
Overview

Working with a professional cinematographer, we developed a set of 30-second smoking video
cues and a set of neutral cues. These video cues were tested for their ability to elicit an urge to
smoke in a sample of 20 current smokers under laboratory conditions. Participants completed
standard self-report measures of cigarette craving before the first and after each subsequent
video cue presentation, and were monitored continuously for psychophysiological variables
(e.g., skin conductance) throughout the session to provide an objective indicator of reactivity.

Participants
Participants (n=10 men and 10 women) were regular daily smokers recruited by advertisement
in New York City to participate voluntarily in a research study about smoking. In order to
qualify for study inclusion, participants had to have smoked an average of at least 10 cigarettes
per day over the previous 5 years. In addition, participants were required to have no previous
or current cancer, cardiovascular disease, emphysema, or other smoking-related illnesses, not
be currently attempting to quit smoking, and report no history of hospitalization or treatment
for other substance abuse. All participants provided informed consent prior to participation in
the study; all study procedures were approved by the Mount Sinai Medical Center’s
Institutional Review Board. Twenty percent of the sample reported being Caucasian, 20%
reported being African American, 50% reported being Hispanic, and 10% reported other ethnic
backgrounds. The mean age of the sample was 37.7 years of age (SD = 13.9). Forty percent of
the participants reported having household incomes of $40,000 or greater. Forty percent of
participants had a high school education or below, 40% had completed 8 some college, and
20% had completed college. As a group, participants had smoked for an average of 18.5 years
(SD = 13.3). They reported smoking a mean of 17.5 cigarettes per day (SD = 8.3) and had
attempted to quit smoking an average of 2 times (SD = 1.5). Their mean score on the Fagerstrom
Test for Nicotine Dependence (FTND) was 4.7 (SD = 1.6).

Materials and Measures
Participants completed demographic (age, gender, education level, income level) and smoking
history (cigarettes per day, years of smoking) questionnaires. In addition, participants
completed two standardized and psychometrically validated indices, the Fagerstrom Test of
Nicotine Dependence (FTND) (Heatherton, Kozlowski, Freck, & Fagerstrom, 1991), which
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assesses habit strength and the severity of dependence, and the Minnesota Nicotine Withdrawal
Questionnaire (MNWQ) (Hughes & Hatsukami, 1986), which assesses strength of withdrawal
symptoms experienced over the past 24 hours. Both instruments have been used extensively
in the literature and have strong psychometric properties (Heatherton, Kozlowski, Freck, &
Fagerstrom, 1991; Hughes & Hatsukami, 1986).

A five item 0–100 craving questionnaire was used to assess craving after each of the videos
(described below). The instrument assessed craving using a variety of descriptors, including
‘urge,’ ‘desire,’ and ‘craving,’ has been employed in a number of laboratory craving-induction
studies by our group and others (Hutchison, Niaura, & Swift, 1999; Erblich, Lerman, Self,
Diaz, & Bovbjerg, 2005), and evidenced high levels of internal consistency in the current
sample (alpha = 0.94).

Psychophysiological monitoring consisted of heart rate (HR), systolic and diastolic blood
pressure (SBP and DBP), galvanic skin response (GSR), and skin temperature (SKT). These
indices were recorded using the Biopac MP150 System (Goleta, CA) and analyzed using
AcqKnowledge 3.7.3 Lab Assistant software (Biopac Systems, Goleta, CA).

Twenty-four 30-second silent video clips (available from the authors on request) 12 with actors
performing cigarette smoking-related behaviors (e.g., lighting up) and 12 with neutral
behaviors (e.g., reading a book) were staged and filmed by a professional cinematographer.
Filming was performed so that the neutral and smoking related videos had comparable lighting
and visual complexity. In five of the smoking videos it was clear that female smokers were
depicted, six clearly had male actors, and one was ambiguous with respect to actor’s gender.
Of the 12 neutral videos 6 had male actors, 3 had female actors, and 3 were ambiguous.

Procedures
All smokers participated in a 45-min session during which they were exposed to the 24 video
clips. Upon arrival for the study session, participants smoked one cigarette to standardize
deprivation levels and to prevent ceiling effects in craving, as previously described (e.g.,
Erblich & Bovbjerg, 2004). They then completed the questionnaires described above (FTND,
MNWQ). Subjects were then seated comfortably and psychophysiological measurement
devices were connected. Surface recording electrodes were attached bilaterally in the
subclavicular region for HR (from ECG wave) recording, on the palmar aspect of the thumb
and index fingers of the non-dominant hand for GSR recording, and on the non-dominant
middle finger for SKT. A wrist cuff placed over the radial artery of the non-dominant hand
measured SBP and DBP. Biopotentials were amplified using the Biopac MP150 system, and
digitized and acquired using Acknowledge 3.7.3 software (Biopac, Goleta, CA). Following
equipment placement, one pre-test craving assessment was taken. Participants then sat quietly
for 10 minutes to establish a stable psychophysiological baseline. Participants were then
presented with the 24 video clips in random order, followed each time by the craving
questionnaire. The video clips were displayed in full screen mode using Quicktime media
player software on a Dell desktop PC with a 24″ monitor that was placed immediately in front
of participants. After each craving assessment, there was a 60-second rest before proceeding
to the next video. Participants were offered $50.00 for their travel expenses, time and effort in
the study.

Data Analysis
Psychophysiological data points in the 30-second epochs corresponding to each video were
averaged to form composite HR, SBP, DBP, GSR and SKT values for each of the 24 videos.
To provide an indication of internal consistency across the cue responses, Cronbach’s alphas
were calculated for each outcome for each of the two sets of videos. Initial analyses indicated
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very high levels of internal consistency (alpha’s all > 0.92) for all outcomes (self-reported
craving, HR, SBP, DBP, GSR and SKT) in both sets of videos (neutral and smoking). In
addition, initial repeated measures ANOVAs conducted separately on the smoking and neutral
videos revealed no differences between individual videos and no order of presentation effects
across time. Similarly, there was no order of presentation effect when all 24 videos were
analyzed together (all ps > 0.15). As a result, no individual comparisons of videos were
warranted in the main analyses below. A multivariate ANOVA including all six outcomes,
followed by repeated measures ANOVAs for each of the outcomes (five psychophysiological
and one self-report), were computed, comparing neutral video responses to smoking video
responses (“Cue Type”). Background variables (e.g., demographics and smoking
characteristics) were considered as covariates in preliminary analyses.

Results
Background Variables

Preliminary analyses revealed some non-systematic correlations between Background
variables and outcomes (e.g., education was related to self-reported craving, and Fagerstrom
score was related to HR and DBP). To take a conservative approach, we included those
potentially confounding Background variables as covariates in the respective analyses (hence
the small variations in degrees of freedom reported below). Finally, because 50% of the sample
reported Hispanic ethnicity, we included a dichotomous ethnicity covariate (Hispanic vs. other)
to explore possible effects. To reduce Type II error probability in this small sample, only those
covariates found to be significant in the preliminary analyses were included in the respective
analyses.

Effects of exposure to smoking videos (Table 1)
To compare responses to the smoking videos and neutral videos (Cue Type) across all domains
(psychophysiological and self-report) a multivariate ANOVA was performed. As
hypothesized, findings indicated a significant multivariate effect of Cue Type; F (1, 18)=8.54,
p < 0.01. To further explore this significant effect, univariate ANOVAs were then conducted
for each of the six outcomes. Examination of results for self-reported craving (including
ethnicity and education as covariates) revealed a significant effect of Cue Type, F (1, 16)=5.46,
p < 0.05; cravings were significantly higher following smoking cues than following neutral
cues. Similarly, the smoking videos induced higher skin conductance levels than the neutral
videos (including ethnicity as a covariate); F (1, 17)=6.52, p < 0.05. Finally, there was a very
small but significant effect of Cue Type on skin temperature (including cigarettes per day as
a covariate); F (1, 16)=9.81, p < 0.01, which was slightly higher during smoking videos than
during neutral videos. While HR, SBP, and DBP all tended to be slightly higher during the
smoking videos than during the neutral videos, these small increases were not statistically
significant in the univariate models (F’s < 3, p’s > 0.15). There were no effects of ethnicity on
any of the outcomes.

Effects of participant’s gender on reactions to videos (Table 2)
To examine possible effects of gender, participant’s gender was added as a between-subjects
factor. The omnibus MANOVA across all outcomes failed to yield a significant Cue Type x
Gender effect; F (1, 18)=1.98, p > 0.10. Interestingly, though, exploratory examination of
univariate analyses revealed a significant Cue Type x Gender interaction for the SBP outcome.
Specifically, smoking videos induced slight increases in SBP among men, but slight decreases
among women; F (1, 16)=7.2, p < 0.05. Similar patterns of results were observed with regard
to DBP and skin temperature, although effects were only marginally significant; F ‘s = 3.90
& 3.29, 0.05 < p’s < 0.10.
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Effects of actor’s gender on reactions to smoking videos (Figures 1a–1c)
We also explored possible effects of actor’s gender on craving reactions by adding this within-
subjects factor (responses to the 6 male-acted smoking videos vs. the 5 female-acted smoking
videos, excluding data from the 1 ambiguous smoking video) into a follow-up ANOVA of
reactions to the smoking videos, controlling for responses to the neutral videos1. Perhaps most
interesting, were findings regarding the effects of the actor’s gender on reactions to the smoking
videos. While there were no main effects of Actor’s Gender on outcomes in a MANOVA or
in univariate models, there were significant Participant’s Gender x Actor’s Gender interaction
effects for self-reported craving, DBP and SBP; F ‘s = 8.45, 4.94, & 5.56, p’s < 0.01, 0.05, &
0.05, respectively. As depicted in Figures 1a–1c, women displayed substantially higher self-
reported craving reactions, as well as diastolic blood pressure and systolic blood pressure
responses, when viewing smoking videos with female actors, compared to responses when
viewing male actors. Men, on the hand displayed comparable levels of self-reported craving,
DBP, and SBP, regardless of the actor’s gender.

Discussion
Results of the present study are consistent with our goal of developing a set of videotaped
smoking cues. The smoking videos, as hypothesized, elicited significantly greater self-reported
craving reactions and psychophysiological responses compared to neutral cues. In particular,
exposure to the smoking videos resulted in elevated skin conductance and skin temperature,
as well as self-reported craving. Interestingly, there were no differences in cardiovascular
responses to the smoking and neutral videos, although upon separate examination of gender,
it was found that men, but not women exhibited elevations in blood pressure during the smoking
videos, compared to the neutral videos.

The significant reactivity results observed here are partially consistent with the broader
literature on smoking cue-reactivity. For example, Burton and Tiffany (1997) found that
although neither imaginal nor in vivo smoking cues elicited changes in skin temperature, in
vivo (but not imaginal) cues induced higher levels of skin conductance. Other studies found
that imaginal cues also elicited elevations in skin conductance (e.g., Cepeda-Benito & Tiffany,
1996). Finally, Drobes & Tiffany (1997) found that skin conductance was elevated during both
imaginal and in vivo cue exposures, but skin temperature was lowered. Results are also partially
consistent with a meta-analysis by Carter and Tiffany (1999), in which self-reported cigarette
cravings among smokers showed the largest effects of cue exposure and skin temperature the
smallest.

Variability in results from study to study continues to be an issue in this research area. Results
of the present study suggest one possible source of this variability —gender. Indeed, across all
videos, cardiovascular effects were only observed among men. Moreover, these effects were
found to be dependent on the gender of the actor in the videos, suggesting that such modifying
factors may need to be taken into account when analyzing cue-reactivity data. In addition, the
results raise the possibility of important gender differences in cue-reactivity that may have
implications in understanding gender-specific motivational processes. Specifically, it is
possible that compared to men, women may either perceive, or respond to, more detailed
contextual cues when confronted with smoking stimuli. While this supposition has broader
support from the cognitive psychology literature (Witkin, 1967; Kimura, 1999), additional
research to confirm the role of these processes in smoking cue-reactivity is warranted.

1Because three of the neutral videos were ambiguous with regard to the actor’s gender (and would have to be dropped from these analyses),
direct comparisons of actor’s gender between the smoking and neutral videos would have been confounded by number of exposures.
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The results of this study provide support for the use of video cues to elicit cigarette craving.
Findings are consistent with Shadel, Niaura, & Abrams, (2001), who found significant
reactivity effects with a single video. In this study, we found that multiple video cue
administration was feasible. There were no significant order effects, ruling out effects of
habituation to multiple cues, nor any trends of increasing craving across the passage of time.
In addition, all of the videos within each category (smoking, neutral) elicited comparable levels
of reactivity. These characteristics may be especially useful in neuroimaging studies, in which
exposures to more traditional cues are not feasible, and multiple exposures are desirable.
Moreover, in light of research from the cognitive neurosciences (Huston & Wright 1983;
Reeves et al., 1985; Singer, 1980), the use of videos is likely to be a more powerful approach
than photographs. Studies directly comparing the two modalities, though, would be needed to
confirm the superiority of video cues in this context.

Strengths of the study include the professional-quality development of the stimulus videos,
and the use of multiple videos, which is highly desirable for many typical neuroimaging
paradigms (Amaro & Barker, 2006). In addition, the study employed multi-method
assessments of reactivity (psychophysiological, as well as self-report), and included both men
and women, which allowed for analyses of gender effects, often not addressed in the literature.
The primary limitation of the study is the small sample size. In addition, given the single time
point assessment; formal test-retest reliability of these cue-exposures has yet to be established.
Gender effects were found in the univariate analyses, but not in the omnibus MANOVA model,
so results should be interpreted with caution. Also, because the neutral videos had more male
than female actors and more gender-ambiguous scenes, it was not feasible to directly compare
actor-gender effects across the smoking and neutral videos. Therefore, we cannot definitely
rule out the possibility that the actor-gender effects would have been observed even in response
to the neutral videos. Future research might productively focus on replication of current
findings in a larger independent sample, and ultimately, on the application of these video cues
in neuroimaging and other studies using repeated exposure designs, as well on developing
videos for other substance use paradigms (e.g., alcohol).
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Figure 1.
Figure 1a. Video cue-induced craving by genders of subject and actor.
Figure 1b. Video cue-induced DBP by genders of subject and actor
Figure 1c. Video cue-induced SBP by genders of subject and actor
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Table 1
Covariate-adjusted mean self-report and psychophysiological responses to neutral and smoking Videos:
Univariate models.

Dependent Variable Neutral Videos (Mean ± SE) Smoking Videos (Mean ± SE)
Self-reported Craving (0–100)* 39.2 (7.6) 49.5 (7.4)
Heart Rate (beats/min) 77.8 (2.6) 77.9 (2.7)
Systolic Blood Pressure (mmHg) 125.1 (2.5) 125.5 (2.7)
Diastolic Blood Pressure (mmHg) 70.5 (1.7) 70.7 (1.7)
Galvanic Skin Response (mmho)* 5.2 (0.7) 5.3 (0.7)
Skin Temperature (degrees F)** 87.8 (1.1) 87.9 (1.1)
*
p < 0.05,

**
p < 0.01
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Table 2
Effects of neutral and smoking videos by gender

Dependent Variable Men (Mean ± SE) Women (Mean ± SE)
Neutral Videos Smoking Videos Neutral Videos Smoking Videos

Self-reported Craving (0–100) 44.8 (10.3) 57.4 (9.5) 39.8 (10.7) 48.5 (9.8)
Heart Rate (beats/min) 78.8 (2.8) 78.1 (2.9) 76.9 (2.8) 77.8 (3.1)

Systolic Blood Pressure (mmHg)* 129.7 (2.8) 132.4 (2.6) 120.5 (2.8) 118.6 (2.6)
Diastolic Blood Pressure (mmHg)** 73.3 (2.3) 74.6 (2.3) 67.8 (2.3) 66.7 (2.3)

Galvanic Skin Response (mmho) 4.7 (1.1) 4.8 (1.1) 5.8 (1.1) 5.8 (1.1)
Skin Temperature (degrees F)** 89.2 (1.6) 89.4 (1.6) 86.5 (1.6) 86.4 (1.6)

*
p < 0.05

**
0.05 < p < 0.10
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