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Abstract

Introduction: Although the evidence is mixed, female smokers appear to have more difficulty quit-
ting smoking than male smokers. Craving, stress, and negative affect have been hypothesized as
potential factors underlying gender differences in quit rates.

Methods: In the current study, the cue-reactivity paradigm was used to assess craving, stress,
and negative affect in response to cues presented in the natural environment of cigarette smok-
ers using ecological momentary assessment. Seventy-six daily smokers (42% female) responded
to photographs (smoking, stress, and neutral) presented 4 times per day on an iPhone over the
course of 2 weeks.

Results: Both smoking and stress cues elicited stronger cigarette craving and stress responses com-
pared to neutral cues. Compared with males, females reported higher levels of post-stress cue crav-
ing, stress, and negative affect, but response to smoking cues did not differ by gender.

Discussion: Findings from this project were largely consistent with results from laboratory-based
research and extend previous work by measuring response to cues in the natural environment of
cigarette smokers. This study extends previous cue reactivity ecological momentary assessment
research by using a new platform and by measuring response to stress cues outside of the labora-
tory. Findings from this project highlight the importance of addressing coping in response to stress
cues in clinical settings, especially when working with female smokers.

Introduction

Most quit attempts end in relapse,' and there is evidence that female
smokers have more difficulty quitting smoking than male smokers.>*
This gender difference has often been observed in clinical trials,>®
but population-based evidence for gender differences in quit success
has been mixed.”® An appeal for research identifying mechanisms
related to these disparate cessation outcomes has been made in the

smoking literature.” Craving, stress, and negative affect (NA) have

been hypothesized as potential factors underlying gender differences
in quit rates.'”

Previous research has demonstrated gender differences in reac-
tivity to cues presented in the laboratory setting. Saladin et al."!
conducted a laboratory-based study examining gender differences
in response to smoking cues (holding and viewing a cigarette), stress
cues (listening to a description of a recent life event that the par-
ticipant identified as stressful), and neutral cues (holding and view-
ing a pack of pencils and an eraser while listening to a description
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of a neutral event participants had recently experienced). Findings
indicated that females reported more stress and higher levels of
craving in response to “stress cues” compared to males. Females
trended toward exhibiting more stress and higher craving levels after
smoking cues than males, but this difference was not statistically sig-
nificant. Few studies have examined gender differences in response
to stress cues, but consistent with the Saladin'' results, Colamussi
et al."? reported that females displayed a greater change in craving
from baseline to post-stress cues than males.

While more work has been done in the area of gender differences
in response to “smoking cues,” this literature is mixed. Some studies
have concluded that females report higher craving in response to
smoking cues (vs. neutral cues) than males'>'* while others report
equivalent levels of post smoking cue craving across genders.!>!¢
Taken together, the extant research on gender effects in cue reac-
tivity suggests that, though females may be more reactive to stress
cues than males, the evidence for gender differences in smoking cue
reactivity is less consistent.

The cue-reactivity paradigm has been used extensively in the
substance abuse literature to examine response to cues in laboratory
settings. One limitation of cue-reactivity research is that most has
been confined to the laboratory; as such, we do not know if findings
translate well to the day-to-day experience of smokers. Ecological
momentary assessment (EMA)'” has made it possible to bring the lab-
oratory into the natural environment of participants. This methodol-
ogy allows for data collection close in time to an event of interest and
enhances the ecological validity of data collection. New procedures
have used EMA to measure response to cues in the natural environ-
ment of cigarette smokers—this line of research demonstrates both
feasibility of the procedure and robust cue-specific craving effects
elicited by cues presented outside of the laboratory.!$-2

In the present study, we evaluated responses to smoking and
stress cues in the natural environment of smokers and examined
whether these responses differed between males and females. Based
on previous research, we hypothesized that female smokers would be
more reactive to stress cues (i.e., higher craving, stress, and NA) than
male smokers. Due to the mixed findings from laboratory-based
studies, we did not make a priori predictions related to gender dif-
ferences in response to smoking cues.

Methods

Procedures

Participants were recruited from the Charleston, SC area through
the internet (i.e., Craigslist, broadcast emails), flyers, and friend
referrals. A brief phone screen was followed by an initial assessment
(baseline session). During this visit, participants provided informed
consent, received a physical exam (including medical history), pro-
vided a carbon monoxide (CO) sample, and responded to self-report
questionnaires. These measures included a smoking history form, a
demographics questionnaire, and the Fagerstrom Test for Nicotine
Dependence (FTND).?! The Mini-International Neuropsychiatric
Interview?? and the substance use disorder modules of the struc-
tured clinical interview for DSM-IV?} were administered by trained
interviewers.

Participants were included in the study if they were between
the ages of 18-45, smoked =5 cigarettes per day for at least the
past 6 months, had a CO level of =5 ppm at the baseline visit,
and had regular menstrual cycles between 25-35 days (females
only). Participants were excluded if they had a serious or unstable

medical or psychiatric disorder, used tobacco products other than
cigarettes, or were on medication that could interfere with psycho-
physiological monitoring. Females who were breast-feeding and
those who were taking either birth control or hormone replacement
medication that would affect menstrual cycle were excluded. Males
were excluded if they were post orchiectomy. The current research
project occurred in the context of a larger study examining gender
and sex hormone influences on the relationships between stress,
craving, and smoking behavior; the present results represent a lim-
ited subset of the findings to be derived from the larger study.

During the training session (Day 0), participants were given
an iPhone 4S equipped with cue reactivity ecological momentary
assessment (CREMA) software.'$2° Alternatively, participants could
download the CREMA application to their personal iPhone. This
is a second generation of software that was the result of a collabo-
rative effort between the smoking research groups at the Medical
University of South Carolina and the University at Buffalo; this soft-
ware was developed for implementation on the Apple iPhone and
therefore, overcame some of the technological obstacles associated
with the previous hardware platform (Tungsten, Palm). Data were
uploaded in real time using REDCap,?* which allowed research staff
to periodically check on compliance and provide feedback to par-
ticipants if they were not completing sessions regularly. Participants
were trained on iPhone operation; this included a tutorial video
with a practice CREMA session. Participants completed 14 days of
CREMA sessions, returning to the lab on Day 7 for a check-in visit
and again on Day 15 after having completed the CREMA portion
of the study.

CREMA sessions began the day after the training visit and
occurred 4 times per day over the course of 2 weeks. An alarm
indicated the start of a study session. Sessions were administered
pseudo-randomly; that is, one per each 3-hr block, with sessions
occurring at least 30 min apart. Three cue types were presented:
smoking photographs (pictures with smoking behavior or objects
such as lit cigarettes and people smoking), stress photographs
(unpleasant images from the standardized International Affective
Picture System [IAPS])* and neutral photographs (images devoid
of smoking or unpleasant content such as pencils and scissors).
Stressful images from the IAPS database were selected by investiga-
tors based on ratings of valence (unpleasant to pleasant; 1-9 scale)
and arousal (calm to excited; 1-9 scale). Images included in the cur-
rent study had valence ratings ranging from 2-3 (mean rating = 2.4)
and arousal ratings from 5-7 (mean rating = 6.1). Examples of
pictures chosen include images of violence, natural disasters, and
injury. Three smoking, three stress, and two neutral photographs
were presented per day, with a different photograph presented dur-
ing each study trial.

Participants had 15min to respond to a session after the initial
alarm signaled the start of a trial. Participants were instructed to
finish their cigarette if they were currently smoking and then pro-
vided baseline craving and mood ratings. The first photograph was
presented for 10 s, and participants were then asked to respond to
questions in relation to how they felt at the time they were viewing
the photograph. During each session, two trials were administered;
that is, participants saw two photographic cues and responded to a
set of questionnaires after each cue.

Post cue craving was assessed on a 5-point scale using the 4-item

craving questionnaire,*

with item order randomized during each
trial. Post cue stress was assessed on a 5-point scale using the item,

“How stressed did you feel?” Post cue NA was assessed using the
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items: “How sad did you feel?” “How worried/anxious did you
feel?” “How angry/hostile did you feel?” and “How frustrated did
you feel?”

Participants were compensated $1.25 for each CREMA session
completed. In addition, they received $100 for completing the screen-
ing assessment, $50 for the training visit, $50 for the Day 7 check in
visit, and $50 bonus for returning the iPhone and accessories.

Data Analysis

Trials were eliminated from analyses (1.8 %) if participants indicated
that they were unable to view the picture on the screen of the iPhone.
A general NA score was derived using the five NA items listed above.
Data of like trial types (i.e., smoking, stress, neutral) were collapsed
within participant. The general data analytic framework for this
study was repeated measures analysis of variance, with cue type as
a within-subjects factor and gender as a between-subjects factor.
A priori power analyses indicated that our sample size was sufficient
to detect even small main effects and interactions.

Results

The sample included in the current analysis consisted of 76 partici-
pants (42% female) who were predominately Black (49%) or White
(46%) and had completed at least a high school level of education
(76%). Participants averaged 29 years of age (SD = 7.6), smoked 16
cigarettes per day (SD = 7.7), were moderately dependent on nico-
tine (FTND M = 5.07, SD = 1.91), had been smoking for 12 years
(SD = 7.3), and had expired CO levels of 14.3 ppm (SD = 9.0)
at the screening visit. There were no baseline differences between
males and females on these or any other participant characteristic
variables. Further, males and females did not differ on pre-cue (base-
line) stress (male M = 1.67, SE = 0.10, female M = 1.82, SE = 0.13,
t = 0.89, p = .38), craving (male M = 2.23, SE = 0.11, female
M = 2.61, SE = 0.19, t = 1.76, p = .09), or NA (male M = 1.45,
SE = 0.07, female M = 1.62, SE = 0.11, ¢ = 1.48, p = .14) assessed
in the natural environment or on percentage of sessions completed/
missed (participants fully completed 81% of sessions, missed 17%
of sessions, and failed to complete the entire assessment for 2% of
sessions). There were no differences in time since last cigarette across
cue type (p = .69), gender (p = .36), or cue type X gender (p = .42)

Responses to Stress Cues

Responses to stress cues are depicted in Figure 1. Stress cues elicited
higher levels of stress than neutral cues, F (1, 74) = 79.28, p = .000,
n,’> = .52, and females reported higher overall post cue stress than
males, F (1, 74) = 4.30, p < .05, npz =.06. A cue type (stress vs. neu-
tral cue) by sex interaction indicated that females reported higher
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levels of stress after stress cues than males, F (1, 74) = 6.58, p < .05,
n,’=.08.

Stress cues elicited higher levels of NA than neutral cues, F (1,
74) = 107.59, p =.000,n? = .59, and females reported higher over-
all post cue NA than males, F (1, 74) = 4.42, p < .05, n’ = .06.
A cue type (smoking vs. neutral cue) by sex interaction indicated that
females reported higher levels of NA after stress cues than males, F
(1,74) = 4.53,p <.05, 1> = .06.

Stress cues elicited stronger craving than neutral cues, F (1,
74) =11.07,p =.001,n * = .13, and females reported higher overall
post-cue craving than males, F (1,74) =7.73,p < .01, n,>=.10.A cue
type (smoking vs. neutral cue) by sex interaction demonstrated that
females reported higher craving after stress cues than males, F (1,
74) = 12.59,p = .001, 12 = .15.

Responses to Smoking Cues

Smoking cues elicited higher levels of stress (M = 1.62, SE = 0.11)
than neutral cues (M = 1.41, SE = 0.07), F (1, 74) = 30.63, p = .000,
n,> = .29. There was no cue type (smoking vs. neutral cue) by sex
interaction (p = .17).

Smoking cues elicited higher levels of NA (M = 1.43, SE = 0.06)
than neutral cues (M = 1.31, SE = 0.06), F (1, 74) = 21.88, p = .000,
n,> = .23. There was not a statistically significant cue type (smoking
vs. neutral cue) by sex interaction (p = .06).

Smoking cues elicited stronger craving (M = 2.66, SE = 0.11)
than neutral cues (M = 1.79, SE = 0.09), F (1, 74) = 97.34, p = .000,
n,> = .57. There was no cue type (smoking vs. neutral cue) by sex
interaction (p = .82).

Discussion

This is the first study to examine gender differences in response
to smoking and stress cues in the natural environment of cigarette
smokers. Stress cues elicited stronger craving, higher stress, and
greater NA than neutral cues. Females were more reactive to stress
cues than males, reporting higher levels of post cue craving, stress,
and NA. Smoking cues elicited stronger craving, higher stress, and
greater NA than neutral cues, but response to smoking cues did not
differ as a function of gender.

CREMA research has now consistently demonstrated that partic-
ipants will complete cue-reactivity sessions outside of the laboratory
over an extended period of time with good compliance. The current
study advanced previous CREMA work by using a new hardware
platform and real time data uploading, which allowed for feedback
to participants close in time to the CREMA sessions. In addition, this
is the first study to measure response to stress cues and to report gen-
der differences outside of the laboratory. The convergence of findings
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Figure 1. Stress (i), negative affect (ii), and craving (iii) ratings of female and male smokers in response to stress versus neutral cues.
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between laboratory-based studies and the present CREMA study
should bolster confidence about the authenticity of stress reactivity
differences between male and female smokers.

The gender differences found in response to stress cues using
CREMA methodology were consistent with the two laboratory stud-
ies investigating this question.''? These findings add to the body
of literature identifying potential factors (e.g., differential response
to nicotine, severity of withdrawal symptoms, response to nicotine
replacement therapy) that contribute to gender differences in rates
of smoking cessation.

Although there has been speculation around why females may be
more responsive to stress cues than males, little experimental work
has investigated this gender difference. Saladin et al.?” recently found
that females in the luteal phase of the menstrual cycle experienced
stronger post stress cue craving than males, while females in the fol-
licular phase experienced stronger post stress cue stress than males.
This preliminary evidence suggests that the moderating effects of
gender may be at least partially explained by menstrual cycle phase;
however, it is unlikely that this explains the gender effects found in
the current study, given that most women would have crossed over
from one phase to the next during the 2-week assessment period.

Previous research has explored potential reasons for gender dif-
ferences in smoking quit success rates. Some work has suggested that
females smoke more for nonpharmacological reasons than males,
and that cues may be a more important contributor to relapse for
females than males.?*?’ In terms of types of cues that might be espe-
cially important, our findings suggest that stress cues may be particu-
larly problematic for females as compared to males, while females
and males may struggle equally with heightened craving, stress, and
NA in response to smoking related cues.

Further, although this study did not examine the impact of
response to cues on smoking behavior, past research indicates that
smokers perceive stress to be a major contributor to relapse epi-
sodes,*” and quit rates have been shown to be lower among those
who are experiencing psychological distress.’! In addition, negative
mood induction has been associated with shorter latency to smoke
and greater puff volume in females as compared to males.’>** Taken
together, these findings suggest that stressful cues or situations may
make it difficult to resist smoking, and that this might be especially
important for females.

The present study highlights the potential value of modified
interventions for treatment seeking female smokers, focusing on
management of stress and craving that arises during negative emo-
tional experiences. Tailored interventions have been proposed to tar-
get aspects of cessation that may be especially difficult for females.
For example, strategies such as exercise, coping skills, and stress
management training have been used to help female smokers reduce
and cope with stress, while cognitive behavioral strategies have been
employed to help women effectively handle cues that have previ-
ously been paired with smoking behavior.’* Response to smoking
cues may be important treatment targets across genders, as both
craving and stress were enhanced after smoking cues were presented.

Several limitations of the current research should be noted. First,
the clinical significance of the findings merits further investigation,
especially given the relatively low levels of stress and craving elicited
by cues.’> However, post-smoking and stress cue craving, stress, and
NA were robustly elevated relative to these responses after neutral
cues, which supports the potential clinical value of these changes.
Further, it is notable that cues were able to increase craving, stress,
and NA when participants were outside of the laboratory setting,

where many environmental stimuli are present concurrent with cue
presentation. Second, we did not measure the relationships between
response to cues and smoking behavior, and thus we can only spec-
ulate about the potential impact that stress and craving response
to cues in the natural environment may have on cigarette smoking.
Finally, participants in this study were not seeking treatment; as
such, further investigation is needed to determine if these results are
generalizable to treatment-seeking smokers.

The current data extends laboratory findings in this area of
research by examining cue-elicited responses in the natural environ-
ment of smokers. This project advances CREMA research and dem-
onstrates that females are more responsive to cues in the natural
environment than their male counterparts. These findings highlight
the importance of addressing coping in response to stress cues in
clinical settings, especially when working with female smokers.
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