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Abstract
Transdermal nicotine almost doubles tobacco cessation rates; however little is known about what
happens to smokers during the quit process when they are wearing the nicotine patch and
confronted with high-risk smoking triggers. This is particularly important for smokers with
psychological disorders who disproportionately represent today’s smokers and have more trouble
quitting. Using a mixed between- and within-subjects design, smokers with anxiety disorders (n =
61) and smokers without any current Axis I disorders (n = 38) received transdermal nicotine (21
mg) or a placebo patch over two assessment days separated by 48 hours. Urge to smoke was
evaluated during a 5-hour patch absorption period (reflecting general smoking deprivation) and
during imaginal exposure to theoretically high-risk triggers containing smoking cues, anxiety cues,
both, or neutral cues. No differences were observed between smokers with and without anxiety
disorders. Significant Patch X Time and Patch X Cue Content interactions were found. Both patch
conditions experienced an increase in urge during the deprivation period, but post-absorption urge
was significantly higher in the placebo condition, suggesting that transdermal nicotine attenuated
the degree to which urge to smoke increased over time. During the cue reactivity trials, when
participants received the nicotine patch, they experienced significantly lower urge in response to
both smoking-only and neutral cues, but not when anxiety cues were present (alone or in
combination with smoking cues). These data suggest that transdermal nicotine alleviates urge only
under certain circumstances, and that adjunctive interventions are likely necessary to address
smoking urges in response to spikes in distress among smokers trying to quit.

Every year, approximately 443,000 people die from diseases related to cigarette smoking,
accounting for $193 billion annually in health-care expenditures and lost productivity
(Dube, McClave, James, Caraballo, Kaufmann & Pechacek, 2010). Despite widespread
public health education and prevention efforts, the prevalence of smoking has reached a
plateau with 19.3% of the U.S. population still smoking (King, Dube, Kaufman, Shaw &
Pechacek, 2011). However, rates of smoking are higher among those with psychological
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disorders (e.g., Lasser et al., 2000; Kalman, Morissette & George, 2005), and data are
accumulating to suggest that those with anxiety disorders are disproportionately represented
among smokers (Morissette, Tull, Gulliver, Kamholz & Zimering, 2007; Zvolensky,
Schmidt & Stewart, 2003). This is notable given that individuals with histories of anxiety
disorders experience more severe withdrawal symptoms after quitting smoking (Breslau,
Kilbey & Andreski, 1992; Weinberger, Desai & McKee, 2010) and have more difficulty
quitting (Piper et al., 2010a). Thus, in a group already challenged by mental health
symptoms, cigarette smoking may lead to additional health-care expenses and associated
costs in social, health, and occupational functioning. Efforts to assist those with anxiety
disorders to quit smoking and manage symptoms of withdrawal are greatly needed.

Nicotine replacement therapy (NRT) is often recommended for smoking cessation with the
rationale of slowly tapering nicotine and curbing physiological withdrawal symptoms that
smokers experience during their quit attempt (Tonnensen, 1997). NRT might be particularly
important for patients with anxiety disorders who continue to smoke to avoid nicotine
withdrawal symptoms that are uncomfortable and mimic their anxiety symptoms. Common
nicotine withdrawal symptoms include nervousness, restlessness, somatic complaints,
insomnia, and difficulty concentrating (West, Ussher, Evans & Rashid, 2006) and are
notably worse in those with anxiety disorders (Breslau et al., 1992). Evidence suggests that
transdermal nicotine can double quit rates (Fiore, Smith, Jorenby & Baker, 1994; Rose,
Herskovic, Behm & Westman, 2009). However, despite these positive outcomes and the
common use of NRT products, relatively little is known about the immediate effects of
transdermal nicotine on urge and anxiety responses when smokers are faced with high-risk
triggers to smoke, and no studies have been published to date that explore these effects
among smokers with anxiety disorders.

One means of evaluating whether transdermal nicotine attenuates self-reported craving is
through cue reactivity paradigms. Cue reactivity paradigms assume that drug users will react
to stimuli that are associated with drug use, and that elevation in urge is a laboratory-
induced proxy for high-risk-for-relapse situations (e.g., Drummond, Tiffany, Glautier &
Remington, 1995). Cue reactivity paradigms allow for the systematic examination of craving
in response to internal or external drug cues, and elicit robust increases in self-reported
craving (Carter & Tiffany, 1999). Elevated cue reactivity is particularly relevant in light of
findings by Waters et al. (2004) in which cue-provoked craving in response to cigarette
stimuli predicted relapse to tobacco use during smoking cessation treatment using high-dose
transdermal nicotine, but not when using a placebo patch. Although craving can operate
independently of drug use behavior, these data suggest the importance of evaluating cue
reactivity during transdermal nicotine use among smokers who are sensitive to tobacco- and
mood-related cues, especially smokers with anxiety disorders. The interested reader is
referred to Tiffany and Wray (in press) for additional discussion on the clinical significance
of drug craving.

Studies have examined the influence of transdermal nicotine during cue reactivity
procedures among smokers without psychological disorders. In a placebo-controlled
laboratory assessment study, Tiffany, Cox and Elash (2000) found that, regardless of patch
type, general craving ratings increased across all participants over the course of the
assessment procedures (6 hours in duration), but more so in the placebo condition than with
transdermal nicotine. In contrast, negative affect increased in the placebo condition, but
remained stable in the nicotine condition, suggesting a benefit of transdermal nicotine in
attenuating general negative affect. With respect to cue reactivity, as expected, cigarette
stimuli elicited greater craving and negative affect than neutral stimuli. However, compared
to placebo, transdermal nicotine did not reduce craving in response to smoking cues. Thus,
transdermal nicotine appeared to only assist craving related to general deprivation.
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Expanding on findings by Tiffany et al. (2000), Morissette, Palfai, Gulliver, Spiegel and
Barlow (2005) examined the contribution of imaginal mood cues (alone and in combination
with smoking cues) on both craving and anxiety during transdermal nicotine. Consistent
with other studies (e.g. Maude-Griffin & Tiffany, 1996), mood cues elicited similar levels of
craving as explicit smoking cues, highlighting the importance of understanding the impact of
other internal and external cues in eliciting craving beyond direct smoking stimuli.
Consistent with Tiffany et al. (2000), transdermal nicotine attenuated craving during general
deprivation. Although a significant Patch X Smoking Cues X Anxiety Cues was statistically
significant, follow-up analyses by cue type revealed that there was no benefit of nicotine
over placebo in alleviating craving during the cue reactivity procedures. Moreover,
transdermal nicotine did not alleviate anxiety during general deprivation or during the cue
reactivity trials. Notably, this study included college smokers without psychological
disorders, and it is not known whether smokers with anxiety disorders would respond
differently to smoking and mood cues during transdermal nicotine. Findings among smokers
without psychological disorders could be nonsignificant with respect to transdermal
nicotine’s ability to alleviate anxiety because smokers without psychological disorders
might have a restricted range in anxious mood. Furthermore, the subjective experience of
cue reactivity and/or withdrawal may be different among clinically-anxious smokers,
compared to their counterparts without psychological disorders.

The current study aimed to determine whether smokers with and without anxiety disorders
responded differentially to transdermal nicotine during both general deprivation (i.e., in the
absence of explicit smoking/mood cues) and when faced with theoretically high-risk triggers
to smoke (i.e., during cue reactivity trials). With respect to general deprivation, it was
hypothesized that, in keeping with prior studies, nicotine would have a beneficial effect over
placebo. However, it was anticipated that smokers with anxiety disorders would have a
reduced response to transdermal nicotine (cf. Piper, Cook, Schlam, Jorenby and Baker,
2010b), as withdrawal symptoms were anticipated to be worse in the anxiety disorders group
than in the nonpsychiatric group, particularly when receiving placebo. With respect to the
cue reactivity trials, although Morissette et al. (2005) found a significant Patch X Cue
Content interaction, they did not find absolute differences between nicotine and placebo
when evaluating differences by cue type. Thus, we anticipated that no differences would be
observed by patch type with respect to cues. However, we hypothesized that different
patterns would be observed by diagnosis such that those with anxiety disorders would
respond more strongly to the mood cues. Moreover, although nicotine was expected to
alleviate withdrawal symptoms in both groups, it was not anticipated that nicotine would
alleviate anxiety symptoms, which would contribute to greater urge during both general
smoking deprivation and the cue reactivity trials. A better understanding of these complex
relationships may help in the development of more effective treatments and relapse
prevention programs for the disproportionate number of smokers with anxiety disorders.

Method
Participants and Design

Smokers with and without anxiety disorders were recruited through advertisements in local
newspapers and websites in the Boston area. Participants were screened by telephone to
determine initial eligibility. Final eligibility was determined during the first assessment day.
Eligibility criteria were as follows: 1) 18 years of age or older; 2) English speaking; 3) daily
moderate to heavy smoking (10–40 cigarettes per day [cpd]) for at least one year; 4) CO
level 8 ppm or higher; 5) willingness to wear the nicotine patch; 6) willingness to deprive
themselves of smoking for the duration of the assessment (about 7 hours); 7) diagnosis of an
anxiety disorder or free of current mental health diagnoses; and 8) any participants with
anxiety disorders who were taking anxiolytics or antidepressant medications were required
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to be on a stable dose (i.e., for a period of 3 months; see also exclusion #5), and still meet
full diagnostic criteria.

Participants were excluded based on the following criteria: 1) use of the nicotine patch
within the last year (to protect the medication blind); 2) current plan to quit or change their
smoking, or change in their amount of smoking in the past month (to minimize fluctuation in
daily smoking); 3) current psychosis, severe depression, or suicidality; 4) patch
contraindications (history of skin problems or an allergy to adhesive tape; diagnoses of heart
disease, a recent heart attack, irregular heartbeat, or high blood pressure [defined as 140/90
or higher]); 5) current use of medications to control smoking craving, short acting “as
needed” anxiety medications (e.g., Wellbutrin, PRN benzodiazepines or beta blockers), or
over the counter diet medications; or 6) currently pregnant or breastfeeding, or not using a
reliable form of birth control. In addition, because smokers with polysubstance dependence
may have different smoking patterns and urge reactions than smokers without additional
addictive behaviors, participants were excluded if: 1) they engaged in daily heavy drinking
(5+ drinks/day for men; 4+ drinks/day for women) or drug use (aside from smoking) in the
past year; 2) were currently in treatment for substance abuse/dependence; 3) scored 8 or
higher on the Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 1992); or 4)
scored 10 or more on the Drug Abuse Screening Test (DAST; Skinner, 1982). Aside from
the exclusionary diagnoses described above, participants in the anxiety disorders group were
allowed to have other psychological disorders to foster generalizablity of the sample to
patients with anxiety disorders.

A total of 724 smokers were screened by telephone. Of these, 184 callers were deemed
initially eligible, of whom 138 were consented. The most common reasons for ineligibility at
the telephone screen level were: elevated score on AUDIT/DAST, smoking less than 10 cpd,
use of the nicotine patch within the last year, and currently considering quitting/changing
smoking. Final eligibility was determined during the course of the assessment by carbon
monoxide (CO) breath sample, blood pressure reading, and diagnostic interview (see
Procedure). A total of 99 participants met final eligibility criteria (61 with an anxiety
disorder; 38 without any current Axis I psychological disorder) and are included in the
current analyses. The most common reasons for ineligibility after the informed consent
process were: high blood pressure (n = 13), carbon monoxide level less than 8 ppm (n = 10),
and current diagnosis of a substance disorder (n = 9).

Procedure
All study procedures were approved by local Institutional Review Boards. Figure 1 depicts
the study procedures. Following verbal informed consent, potential participants were
screened by telephone to determine initial eligibility using a Medical and Smoking History
Form (MSHF), the AUDIT (Babor et al., 1992) and the DAST (Skinner, 1982). Based on the
telephone screen, those who were deemed initially eligible were scheduled for two
assessment sessions. They were asked to abstain from alcohol for 12 hours prior to each
assessment day, and instructed to drink caffeine and smoke as usual.

Written informed consent was obtained at the first visit. Each participant engaged in two
exposure sessions scheduled two days apart. Each assessment day lasted approximately 7
hours and began at 8:30 a.m. Each day was identical, except for the diagnostic interview or
standardized measures, which were completed on opposite days during the 5-hour patch
absorption period in a counterbalanced fashion (see below).

At the beginning of the first assessment day, smoking status was verified by a carbon
monoxide (CO) monitor and blood pressure was taken. Average CO on Day A was 16.48
(SD=8.47); no significant differences were observed between CO on Day A versus B
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(M=16.80, SD=8.28). Female participants were given a pregnancy test. Participants then
smoked one cigarette and waited a standardized deprivation period of 30 minutes, during
which pre-patch absorption measures were completed. Following the 30-minute deprivation
period, participants were randomly given either the nicotine (21 mg) or placebo patch.
Whichever patch was given during the first day, the alternate was assigned on the second.
The randomization was preassigned so that patch status was double-blind between the
investigator and participants. The patch was applied to the upper portion of the dominant
smoking arm. The placebo patch looked identical to the nicotine patch. Because the placebo
patch did not smell like the nicotine patch, study personnel applied all patches, and covered
them with gauze and tape so participants could not manipulate the patch or get the smell on
their fingers. Participants then waited a 5-hour patch absorption (nicotine) or deprivation
(placebo) period (hence forth referred to as the patch absorption period). A period of 2–4
hours is needed for nicotine levels to become constant (personal communication, Jenny
Flannigan, M.D., December 14, 1999). The 5-hour absorption period was chosen to ensure
that nicotine fully absorbed across participants. During the 5-hour absorption period, either
an abbreviated version of the Anxiety Disorders Interview Schedule for DSM-IV (ADIS-IV,
non-lifetime version; Brown, DiNardo & Barlow, 1994) was administered to evaluate
current diagnoses of anxiety and related disorders versus current status of no mental health
disorders, or participants completed several trait questionnaires about their smoking and
anxiety, as described below. During the remaining time of the 5-hour absorption periods,
participants were allowed to read a magazine, book, or watch a movie (containing no
smoking cues) to minimize boredom. During the last 15 minutes of each 5-hour absorption
period, participants completed identical measures to those completed prior to the absorption
period (i.e., during the 30-minute deprivation period).

The cue exposure scenarios were those validated previously by Morissette et al. (2005).
Following the 5-hour absorption period, participants were seated in a reclining chair. A
white noise machine was used to minimize outside noise. Participants listened to and
imagined each of the scenarios with their eyes closed. For demonstration purposes, a
practice imaginal scenario was first presented over headphones along with post exposure
measures. Eight standardized imagery scenarios were then presented in the same manner.
Four types of scenarios were presented that varied in cue content: smoking plus anxiety
cues, anxiety cues alone, smoking cues alone, and neutral cues. Two scripts of each type
were used for a total of 8 scripts. Script presentation was counterbalanced. Based on
procedures used by Tiffany and colleagues (e.g., Tiffany et al., 2000), each script sequence
consisted of a 30-second baseline period, a 50-second script presentation period, and a 30-
second active imagery by the participant terminated with the word “stop”. The participant
was then asked to open his/her eyes and complete post-exposure trial questionnaires.

Following presentation of the imaginal scenarios, the patch was removed and participants
completed post-assessment measures. Participants were not informed whether they received
a nicotine or placebo patch after Day 1 in order to maintain the blind; as a safety precaution,
all participants were instructed not to smoke for a period of 4 hours following removal of the
patch. At the end of Assessment Day 2, participants were debriefed about the nature of the
study, the blind was broken, and they were paid up to $150 for completing both assessment
days.

Experimental Measures
Screening Instruments—The MSHF was designed for the current study and included
questions about patch contraindications and diagnostic status designed to determine initial
eligibility. The AUDIT is a 10-item measure of alcohol intake, dependence, and adverse
consequences. A standard cut-off of 8 is indicative of potential alcohol problems. The
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AUDIT has demonstrated good sensitivity and specificity, test-retest reliability and internal
consistency (Reinert & Allen, 2002). The DAST is a 28-item measure that quantifies drug
misuse (Skinner, 1982). Approximately 92% of individuals with drug abuse scored greater
than 10. The DAST has good internal consistency (alpha = 0.92) and concurrent validity
with frequency of drug use over 12 months.

Pre- and Post-Patch Absorption Measures—Participants completed pre- and post-
patch absorption questionnaires during the 30-minute deprivation period and during the last
15 minutes of the 5-hour absorption period. These questionnaires were administered to gain
a baseline measure of symptoms prior to patch administration and prior to the exposures.
The absorption period also represented a period of general tobacco deprivation (i.e. in the
absence of cues) when participants were either nicotine deprived (placebo condition) or not
(nicotine condition). The Questionnaire of Smoking Urges (QSU-32; Tiffany & Drobes,
1991) is a 32-item measure with two factors that demonstrate good internal consistency and
are moderately intercorrelated: 1) desire to smoke/anticipation of pleasure; and 2)
anticipation of relief of negative affect/withdrawal and urgent desire to smoke. Chronbach’s
alphas for the current study for Factors 1 and 2 were all above .90 across Days A and B and
pre- and post-absorption. The Brief Questionnaire of Smoking Urges (QSU-Brief; Cox,
Tiffany & Christen, 2001) was administered along with the QSU-32 so that there was a
consistent measure of urge across the study, as the QSU-32 would not have been feasible to
use during the cue reactivity trials. The QSU-Brief is a 10-item, brief version of the
QSU-32, and was also administered for comparability with the cue-reactivity ratings (see
below). The QSU-Brief has high internal consistency and a similar factor structure as the
QSU-32 (Tiffany & Drobes, 1991). Chronbach’s alphas for the current study were all
above .93 across Days A and B and pre- and post-absorption. The Shiffman-Jarvik
Withdrawal Scale-Short Version (SJWS; Shiffman & Jarvik, 1976) is a 15-item scale that
has four factors capturing smoking withdrawal symptoms: craving, physical symptoms,
psychological symptoms, and stimulation/sedation. Chronbach’s alphas for the current study
for the craving subscale were all above .80 across Days A and B and pre- and post-
absorption. The physical symptom subscale performed less well with respect to internal
consistency, likely due to this scale only having 3 items (Chronbach’s alphas ranging from .
66 to .78 across Days A and B and pre- and post-absorption). Likewise, Chronbach’s alphas
for the psychological subscale ranged from .67 to .81. Chronbach’s alphas were not
calculated for the stimulation/sedation subscale as it only includes one item. Despite low
internal consistency, reporting on certain subscales the SJWS was retained for comparability
across studies, as this measure is commonly used in the literature.

Measures Completed During the 5-Hour Absorption Period
Clinician Assessments: The ADIS-IV, non-lifetime version (Brown et al., 1994) was
administered by the first author or trained research assistant to assess for current diagnoses,
including the full range of anxiety and mood disorders, substance disorders, psychosis, and
other related disorders (e.g., somatoform, hypochondriasis, etc) based on diagnostic criteria
from the DSM-IV (APA, 1994). Research assistants were trained to diagnostic criterion and
were required to perfectly match diagnoses with a licensed clinical psychologist on three
interviews. After completion of training, all interviews continued to be reviewed and
supervised by a licensed clinical psychologist (the first author). The ADIS-IV has good to
excellent diagnostic agreement (Brown, DiNardo, Lehman & Campbell, 2001).

Self-Report Indices: Several self-report indices were administered at the beginning of the
5-hour period to assess smoking characteristics and anxiety/mood symptomatology. These
measures were not likely to be influenced by deprivation during the 5-hour period, as they
were completed at the beginning of the deprivation period when smokers would not have
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been significantly deprived, and the measures did not assess momentary smoking or mood
states, but rather ongoing characteristics. The Fagerström Test for Nicotine Dependence
FTND (Heatherton et al., 1991) is a commonly-used 6-item instrument to quantify nicotine
dependence, and has satisfactory internal consistency (α=.61), as well as convergent validity
with biochemical indices of heaviness of smoking (Heatherton et al., 1991). The Affect
Intensity Measure (AIM; Larsen & Diener, 1987; 40 items) measures the strength of
affective reactions and has very good test-retest reliability and good convergent validity with
daily mood intensity, suggesting its utility for measuring emotional response intensity.
Chronbach’s alpha in the current study was .91. The Anxiety Sensitivity Index (ASI; Reiss,
Peterson, Gursky & McNally, 1986; 16 items) assesses beliefs that anxiety-related
symptoms will lead to negative somatic, mental, or social consequences (Reiss, 1991) and
has high internal consistency and test-retest reliability. Chronbach’s alpha in the current
study was .91. The Questionnaire Upon Mental Imagery (QMI; Sheehan, 1967; 35 items)
evaluates a person’s ability to engage in imagery in seven sensory modalities: visual,
auditory, cutaneous, kinaesthetic, gustatory, offactory, organic. Chronbach’s alphas in the
current study ranged from .83 to .94 across subscales.

Pre- and Post-Exposure Trial Measures—Following each of the 8 exposure trials,
participants completed the QSU-Brief and subjective Likert ratings of Anxiety and
Vividness of Imagery to assess response to the exposure trials. For all Likert scales,
participants circled a number between 0–100, listed in 10-point intervals (0, 10, 20, etc.).
Single-item Likert variables were chosen due to the repetitive trials and need for brevity.
Notably, single-item ratings of anxiety are common in the anxiety literature and have
practical value in that they are relatively intuitive in nature (Burisch, 1984; Carver, Meyer &
Antoni, 2000).

Post Experimental Session Measures—To evaluate post-assessment withdrawal
symptoms, participants completed the SJWS at the end of each assessment day. In addition,
following Assessment Day 2, participants completed ratings to assess maintenance of the
double-blind.

Data Analytic Procedure and Power Analysis
Cue reactivity ratings from the eight scenarios were combined and averaged to form
dependent measures of responses to the four cue types (smoking plus anxiety, anxiety,
smoking, neutral). The primary data analytic strategy focused on the effects of patch type on
cue reactivity measures in smokers with and without anxiety disorders. A series of 2 X 2 X 4
(Diagnosis X Patch X Cue Content) ANOVAs were conducted with diagnostic group
(anxiety/no anxiety disorder) as a between-subjects factor, and patch condition (nicotine/
placebo) and cue content (smoking plus anxiety, anxiety, smoking, neutral) as within
subjects factors. As appropriate, degrees of freedom were adjusted using Greenhouse-
Geisser estimates of sphericity. A modified Bonferroni technique was used to control for
error related to conducting multiple follow-up contrasts, which involves a progressive
loosening of the critical alpha value that is less stringent than the Bonferroni (Holland &
Copenhaver, 1988).

Previous studies using meta-analysis to examine the effect of drug cues versus neutral cues
on urge response have consistently demonstrated large effect sizes in smokers (Carter &
Tiffany, 1999). Because of lack of research in this area, the study was powered to detect a
medium effect size. Accounting for a medium effect size (f = .25 and power of .80), a total
sample size of 80 was required for a mixed between- and within-subjects ANOVA.
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Results
Between Groups Differences

No significant differences were observed between diagnostic groups on demographic
variables. Females represented 40.4% of the sample. Participants were largely not of
Hispanic/Latino origin (90.9%). With respect to race, 65.3% were Caucasian, 24.5% African
American, 1% Native Hawaiian or other Pacific Islander, 1% American Indian or Alaskan
Native, 5.1% more than one race, and 3.1% of other racial background. On average,
participants were 39.4 years old (SD = 11.8) and had completed 13.8 years of education (SD
= 2.2).

Smokers had the following anxiety disorder diagnoses: 60.7% (37/61) social anxiety
disorder, 34.4% (21/61) obsessive compulsive disorder, 31.1% (19/61) specific phobia,
29.5% (18/61) panic disorder with and without agoraphobia, 19.7% (12/61) generalized
anxiety disorder, 14.8% (9/61) post-traumatic stress disorder, and 8.2% (5/61) anxiety
disorder not otherwise specified. Numbers do not add to 100% as it was common for
participants to have more than one disorder: 23.7% had one diagnosis, 33.9% had two
diagnoses, 18.6% had three diagnoses, and 23.8% had four or more diagnoses. In particular,
depressive disorders commonly co-occurred (32.8%; 20/61).

No group differences were observed between smokers with and without anxiety disorders.
Participants smoked an average of 19.1 cpd (SD = 6.5) for 13.6 years (SD = 10.2), and had
made 3.9 quit attempts (SD = 11.2). Average level of nicotine dependence from the FTND
was 3.9 (SD = 1.4).

Manipulation Checks
Double blind—Percent accuracy scores were calculated for participants and interviewers
for both Days A and B to determine whether or not they were able to accurately guess
whether the participant had received a nicotine or placebo patch. Participants and
interviewers were also asked to rate their confidence in guessing which patch the participant
received on a scale from 0 (no confidence) to 100 (absolutely confident). Participants
accurately guessed the patch type 52.5% of the time on Day A and 68.4% of the time on
Day B. However, participants were only moderately confident in their ability to guess
(average of 58.8 and 63.1 confidence on a scale from 0–100 for Days A and B,
respectively). Interviewers accurately guessed patch type 52.5% of the time on Day A and
51.6% on Day B. Interviewers were less confident in ability to guess than participants (43.1
and 41.6 for Days A and B, respectively). These data suggest that the blind was fairly well
maintained, particularly on Day A in which participants only had slightly more than a 50/50
chance of correctly guessing the patch. Participants were more successful at guessing the
blind on Day B, highlighting the importance of the counterbalance.

Vividness and Mental Imagery Ability—A Diagnosis X Patch X Cue Content
interaction was conducted to ensure that results could not be attributed to how clearly
participants were able to imagine the scenarios (i.e., ability to vividly imagine the scenarios
did not vary by diagnostic status, patch type, or script type). The overall 3-way interaction
was nonsignificant [F (2.9, 262.4) = .12, p = .94]. The Patch X Cue Content interaction was
also nonsignificant [F (2.9, 262.4) = 1.50, p = .22], suggesting equivalence of imagery
across scenarios by patch type. Thus, vividness was not used as a covariate in subsequent
analyses. Vividness scores across scripts ranged from 68.03 to 73.30 (SD range = 20.28 –
25.31) on a scale from 0–100, suggesting good levels of vividness. Smokers with and
without anxiety disorders did not differ on ability to engage in imaginal imagery as
measured by the QMI (all p’s > .22 for total and subscales).
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Anxiety Manipulation—To ensure the anxiety scenarios elicited sufficient anxiety, the
anxiety and neutral scripts for both Day A and Day B were compared. On both days, the
anxiety scenario elicited greater anxiety than neutral [t(98) = 12.72, p < .001 for Day A; t
(94) = 8.67, p < .001 for Day B]. Generally, the anxiety scenarios elicited moderate levels of
anxiety for Day A (mean = 48.4, SD = 26.4) and Day B (mean = 41.4, SD = 28.2), as
measured by the Likert anxiety scale (0–100). Notably, responses to the anxiety script
during Day B were significantly lower than Day A [t(94) = 2.72, p < .01], suggesting some
habituation in response to the anxiety content over time and highlighting the importance of
the counterbalance procedure used.

Between-Groups Differences
Table 1 depicts smoking characteristics and relevant measures of anxiety and affect
intensity. Comparisons were made between those with and without anxiety disorders on
relevant smoking characteristics. Contrary to expectations, smokers with anxiety disorders
did not smoke significantly more cigarettes per day than smokers without anxiety disorders
or have greater nicotine dependence levels. Smokers with anxiety disorders did not differ
with respect to reasons for smoking or ability to engage in mental imagery compared to their
counterparts without anxiety disorders; however, as expected, smokers with anxiety
disorders endorsed significantly greater affect intensity and anxiety sensitivity compared to
smokers without anxiety disorders.

Patch Absorption/Deprivation Period
Table 2 presents means and standard deviations of measures completed prior to and
following the patch absorption period to evaluate the effects of transdermal nicotine across
the 5-hour period of general tobacco deprivation, as well as at the post-experimental time
point after all cue reactivity trials had been completed. Between and within subjects
ANOVAs (Diagnosis X Patch X Time) were conducted. For the QSU-Brief and QSU32,
there were two levels of time (pre/post absorption). For the SJWS, there were three levels of
time (pre/post absorption and post-experiment). None of the Diagnosis X Patch X Time
interactions were significant, suggesting that the presence of an anxiety disorder did not alter
how participants responded to transdermal nicotine versus placebo over time. However,
significant Patch X Time (pre/post absorption) interactions were observed for QSU-Brief [F
(1, 92) = 15.25, p < .001, partial eta squared = .14], and QSU32 Factor 1 [F (1,93) = 11.38, p
= .001, partial eta squared = .11] and Factor 2 [F (1, 9) = 18.69, p < .001, partial eta squared
= .17]. In all cases, nicotine and placebo conditions significantly increased from pre- to post-
absorption (all p’s < .01). However, the nicotine condition experienced significantly lower
urge at the post-absorption time point compared to placebo (all p’s < .01).

Withdrawal symptoms (as measured by the SJWS) were also assessed at the close of the
experiment (in addition to pre/post absorption) to determine how symptomatic participants
were following the cue reactivity trials. As with urge, the 3-way interactions were not
significant, but the Patch X Time interactions were significant for the SJWS craving [F (1.6,
148.2) = 27.45, p < .001, partial eta squared = .23] and psychological symptoms [F (1.8,
170.1) = 15.18, p < .001, partial eta squared = .14]. A tendency was observed for a
significant Patch X Time interaction for physical symptoms [F (1.6, 153.3) = 3.21, p = .053,
partial eta squared = .03]. For the craving subscale, both nicotine and placebo conditions
significantly increased from pre- to post-absorption (all p’s < .001), but did not significantly
increase from post-absorption to post-experiment (all p’s > .16), suggesting that craving
reached a plateau in both conditions. However, nicotine and placebo conditions were
significantly different at each time point (pre-and post-absorption, and post-experimental).
As can be seen in Table 2, when participants received nicotine, the nicotine condition started
with significantly greater craving than placebo at pre-absorption (p < .05), but had
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significantly lower craving at both post-absorption (p < .001) and post-experiment (p < .
001), suggesting that although craving reached plateau in both conditions, it did not rise as
high when participants received nicotine compared to placebo.

In contrast, psychological symptoms remained stable in the nicotine condition across all
time points (p’s > .52). Within the placebo condition, symptoms significantly increased from
pre-to post-absorption (p < .001), but stabilized from post-absorption to post-experiment (p
= .29). When comparing nicotine versus placebo over time, findings mirrored those with
craving. The nicotine condition had significantly higher psychological discomfort at pre-
absorption (p < .05), but significantly lower psychological discomfort at both post-
absorption and post-experiment (p’s < .01). These data suggest an added benefit in
attenuating psychological discomfort when participants used transdermal nicotine during
general deprivation and after being exposed to multiple high-risk cues.

Cue Reactivity Indices
Three-way ANOVAs were conducted to determine the influence of transdermal nicotine on
smoking urge and anxiety during the cue reactivity trials. Notably, post-absorption period
urge was not used as a covariate when analyzing urge because this would violate the
assumptions of ANCOVA. Average QSU-Brief and average anxiety scores are depicted by
patch condition and cue content in Figures 2 and 3, respectively.

Smoking Urge—A 2 X 2 X 4 (Diagnosis X Patch X Cue Content) ANOVA using the
QSU-Brief as the primary dependent variable was non-significant. However, the Patch X
Cue Content interaction was significant [F (3, 276) = 3.11, p < .05, partial eta squared = .
03], suggesting that urge response to cues differed based on whether the participant received
a nicotine or placebo patch. Follow-up comparisons were conducted to examine the nature
of the two-way interaction. Compared to placebo, when participants received nicotine they
described significantly lower urge in response to smoking and neutral cues (but not anxiety
plus smoking or anxiety-only cues; p < .01 and p < .001, respectively). Thus, transdermal
nicotine had some benefit in that urges were lower in response to smoking and neutral cues,
but not with respect to mood cues.

Within each patch condition, patterns were identical. Overall, all cue-content scenarios
elicited greater urge than neutral content, and scenarios containing anxiety cues (alone or in
combination with smoking cues) elicited greater urge than smoking cues alone (all p’s < .01
for nicotine and < .05 for placebo).

Notably, to evaluate whether anxiety sensitivity (vs. anxiety disorder) influenced urge
response to the cues by patch type, the three-way interaction was also conducted using high/
low anxiety sensititivity (Hi/low ASI X Patch X Cue Content). Anxiety sensitivity has
theoretical relevance given the potential overlap in anxiety and withdrawal symptoms and
associated fear of physical symptoms. The three-way interaction was nonsignificant (p = .
93), suggesting that anxiety sensitivity did not moderate the effect of patch type during the
cue reactivity trials.

Likert Anxiety—A 2 X 2 X 4 (Diagnosis X Patch X Cue Content) ANOVA using average
Likert anxiety as the primary dependent variable was conducted. As with smoking urge, the
3-way interaction was not significant, but the Patch X Cue Content interaction was
significant [F (3, 276) = 3.96, p < .01, partial eta squared = .04]. Follow-up comparisons
indicated that nicotine and placebo conditions only differed in response to the neutral script
(p = .001), suggesting that nicotine did not alleviate anxiety in response to anxiety or
smoking cue content alone or in combination. Within both patch conditions cue-content
scenarios elicited stronger anxiety than neutral content, and scenarios containing anxiety
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cues (alone or in combination with smoking cues) elicited stronger anxiety than smoking
cues only (all p’s < .001). In the nicotine condition, scenarios containing anxiety plus
smoking cues elicited equivalent levels of anxiety as anxiety cues only (p = .39); however,
unexpectedly, in the placebo condition, anxiety plus smoking cues elicited less anxiety than
anxiety-only cues (p < .05).

To further explore the relationship between diagnostic status and cue exposure, Diagnosis
(Anxiety/nonpsychiatric) X Cue (Anxiety/Neutral) interactions were conducted for both
Days A and B (i.e., collapsed across patch status). Both were nonsignificant, suggesting that
people with anxiety disorders responded with similar levels of urge in response to the
anxiety cues as those without psychiatric disorders. For both groups, moderate urge levels
were elicited by the anxiety cues (Day A: 56.3 vs. 43.1 for anxiety and nonpsychiatric,
respectively; Day B: 47.3 vs. 44.2 for anxiety and nonpsychiatric, respectively). Although
statistically nonsignificant, urge response was in the expected direction (i.e., higher in the
anxiety group).

As with urge, we evaluated whether anxiety sensitivity (vs. anxiety disorder) influenced
state-anxiety response to cue content by patch type. The three-way interaction (Hi/low ASI
X Patch X Cue Content) was nonsignificant (p = .66).

Discussion
The current study evaluated whether smokers with and without anxiety disorders responded
differently to transdermal nicotine during general tobacco deprivation as well as in response
to cue reactivity trials. A main strength of the study was the within-subjects element of the
design (i.e., comparing the same individuals when receiving nicotine and placebo). Although
findings were not moderated by anxiety disorder status, patch condition significantly
influenced craving and withdrawal symptoms over time and in response to the cue reactivity
trials. With respect to general tobacco deprivation (i.e., in the absence of specific smoking
triggers), both patch conditions experienced an increase in urge (QSU-Brief, QSU Factors 1
and 2) from pre- to post-absorption, but post-absorption urge was higher in the placebo
condition, suggesting that transdermal nicotine attenuated the degree to which urge to smoke
increased over time. Effect sizes were generally large. These findings are consistent with
both Tiffany et al. (2000) and Morissette et al. (2005).

Withdrawal symptoms were evaluated over time, not only prior to and following the general
tobacco deprivation period, but also at the end of the experiment after participants had
completed the cue reactivity trials. These assessment intervals served as a proxy for
understanding the early stages of patch administration, first in an environment designed not
to have explicit tobacco cues, and then following a period of protracted cue exposure.
Findings differed depending on the measure used. With respect to craving, both patch
conditions increased from pre- to post-absorption and leveled off from post-absorption to
post experiment. However, compared to placebo, the nicotine condition started with
significantly higher craving and ended with significantly lower craving at both post-
absorption and post-experiment (large effect), suggesting that when receiving nicotine
participants were at an advantage both going into and coming out of the cue reactivity trials.

Nicotine also appeared to benefit psychological symptoms. Whereas psychological
discomfort increased from pre- to post-absorption and stabilized by post-experiment within
the placebo condition, it remained stable across time in the nicotine condition and
significantly lower than placebo (large effect). In contrast, nicotine did not appear to any
beneficial effect over placebo on physical symptoms, and both conditions reported low
levels of physical symptoms. The absence of differences in physical symptoms is notable for
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an anxiety-disorders sample, given that anxiety patients are often highly sensitive to physical
withdrawal (or side effect) sensations that are reminiscent of their anxiety symptoms. These
data suggest that the patch was well tolerated physically by both smokers with and without
anxiety disorders.

With respect to the cue reactivity trials, when receiving the nicotine patch participants
experienced significantly lower urge in response to smoking-only and neutral cues, but not
when anxiety cues were present (alone or in combination with smoking cues). Although the
effect size was small, this finding contradicts Morissette et al. (2005) in which transdermal
nicotine did not alleviate urge during cue reactivity whatsoever. This discrepancy could be
due to differences in the sample (college smokers in Morissette et al., 2005), although
notably, both samples had similar levels of nicotine dependence as measured by the FTND.
Nonetheless, consistent across both studies and with the cue reactivity literature, scenarios
containing anxiety cue content elicited moderate levels of smoking urge. These data suggest
that, in addition to a platform of NRT, clinicians may need to incorporate other strategies to
aid smokers when they are confronted with mood-related cues. Although patterns in
response to the cue reactivity trials did not differ by anxiety disorder status, such strategies
may be particularly important for smokers with anxiety disorders.

Finally, smokers with and without anxiety disorders did not differ with respect to anxiety
response during the cue reactivity trials. As with urge, a significant Patch X Cue Content
interaction was observed, although the effect size was small. Follow-up comparisons
indicated that the nicotine condition experienced significantly lower anxiety in response to
the neutral scenario (but not other scenarios) compared to the placebo condition. This
finding is consistent with the literature on nicotine only being anxiolytic in the context of a
benign distractor (Kassel & Unrod, 2000). In the current study, the neutral script could have
served as a benign distractor thereby enabling transdermal nicotine to have an anxiolytic
effect. Again, although not moderated by anxiety disorder status, this anxiolytic effect
(likely occurring on a variable ratio schedule in daily life) may be particularly reinforcing
for smokers with anxiety disorders who are looking for any relief (even if momentary and
only in the context of neutral cues) of their anxiety. If true, this will require careful
coordination between smoking cessation and anxiety disorder treatments, as smokers with
anxiety disorders may have a harder time tapering off of transdermal nicotine due to these
reinforcing effects. Future research is needed to understand the conditions under which
different forms of NRT are anxiolytic, and how such affects might affect smoking cessation
treatments for smokers with and without psychological disorders.

The lack of differences in cue reactivity between smokers with and without anxiety
disorders is inconsistent with recent findings by Piper et al. (2010b). Specifically, in a
randomized, placebo-controlled clinical trial comparing placebo, buproprion SR, nicotine
patch, nicotine lozenge, buproprion SR + nicotine lozenge, or nicotine patch + nicotine
lozenge, Piper et al. found that smokers with a history of anxiety disorders had a reduced
benefit from smoking cessation pharmacotherapies compared to smokers without anxiety
disorders. However, a key difference between these studies is that the current study
evaluated smokers with current anxiety disorder diagnoses (versus lifetime history). Future
studies are needed to examine pharmacotherapy for smokers with current anxiety disorders
who have notoriously worse withdrawal symptoms. This should include studies examining
the influence of high-dose transdermal nicotine in those with anxiety disorders. High dose
nicotine (i.e., 42-mg) during initial abstinence has been demonstrated to increase comfort
and alleviate withdrawal and urge to smoke (Rohsenow et al., 2007). Studies should also
investigate the effects of different routes of nicotine administration in smokers with anxiety
disorders, including but not limited to faster acting products such as rapid-release nicotine
gum (Shiffman et al. 2009; Niaura et al., 2005). Finally, smokers with anxiety disorders may
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require alternative strategies beyond NRT to improve success rates in quit outcomes, and
this should be an aim of future research.

Of interest, although the blind was generally well maintained on Day A (52.5%), as
anticipated, participants were better at guessing the blind on Day B (68.4%). These data
raise the question as to whether nicotine expectancies could have played a role in response
to the scenarios. Prior studies have demonstrated that smokers hold expectancies for the
efficacy of NRT in reducing craving (Juliano & Brandon, 2004); future research is needed to
evaluate nicotine expectancies among clinical samples.

Several limitations should be noted regarding the findings of the current study. First,
although a strength of the study is the comprehensive and precise psychological assessment
of anxiety and related disorders, we did not systematically assess past history of all
psychological disorders. Consequently, differences between smokers with and without
current anxiety disorders may be clouded by a past history of those disorders within the
group without current anxiety disorders. Although the study initially attempted to recruit
participants with a never-history of a psychological disorder, the feasibility of such a
recruitment strategy was hampered by the fact that the majority of current smokers have past
or present psychological disorders. The fact that the smokers without anxiety disorders were
not a never-history of psychological disorders group may explain the unexpected absence of
differences between smokers with and without anxiety disorders on cigarettes smoked and
nicotine dependence.

Second, because there were a significant number of necessary inclusion/exclusion criteria, a
large number of smokers were screened to identify the final sample, which affects
generalizability. The most common reason for ineligibility at the telephone screen level was
elevated AUDIT/DAST score, followed by those who were smoking less than 10 cpd. Thus,
participants were included who were smoking at a level appropriate to the patch prescription
(21 mg). Moreover, although other substance disorders co-occur at high rates with both
tobacco use (e.g., Monti, Rohsenow, Colby & Abrams, 1995) and anxiety disorders (Thyer,
Parrish, Himle, Cameron, Curtis & Nesse, 1986), smokers with other current alcohol or
substance disorders were excluded because poly-substance users may have different
smoking topography and potentially different responses to the cue reactivity trials.
Therefore, in this first study of cue reactivity among a sample of participants with clinical
anxiety disorders, we aimed to make the sample as homogeneous as possible with respect to
substance diagnoses, while focusing on a broad range of anxiety disorders. Notably, the
literature at the time of the design of this study was in its infancy, and thus a broad range of
anxiety disorders was targeted versus specific anxiety disorders now known to be strongly
associated with smoking. Sample size limitations precluded the analysis of effects by
specific anxiety disorder groups, but this should be an aim of future research given the
preponderance of data suggesting the strongest relationship between tobacco use/
dependence is among those with panic disorder (Morissette, Brown, Kamholz & Gulliver,
2005; Zvolensky et al., 2003) and PTSD (Beckham et al., 1997; Feldner et al., 2007).

Third, cue reactivity response was assessed following a relatively brief period of abstinence.
By design, this was to evaluate the experiences of smokers during the early stages of a
smoking quit attempt when using NRT and while being confronted with multiple cues. It is
unclear whether differences would emerge with longer periods of abstinence when those
with anxiety disorder might have a more severe withdrawal response compared to their
counterparts without psychological disorders. Alternatively, quitting smoking is known to
alleviate mental health symptoms (Parrott, 1995). Thus, future studies should evaluate cue
reactivity throughout a quit attempt to better understand why transdermal nicotine improves
quit rates. With respect to the repeated measurement of urge response to multiple cues, due
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to concerns about fatigue and demand effects, the QSU-Brief was not administered prior to
starting each exposure. Instead, it was assumed that one cue might influence the next and
scenarios were counterbalanced for order and sequence accordingly. This procedure was
also designed to be reflective of real world cue exposure during an early quit attempt, in
which cue reactivity does not always have a chance to return to baseline between exposures.

Finally, it should be noted that the anxiety scripts elicited only moderate anxiety. Anxiety
appeared to habituate over the experimental days, highlighting the importance of the
counterbalance procedure. This could be due to the fact that participants with anxiety
disorders who were taking anxiolytics or antidepressant medications were not excluded from
the study (although they were required to be on a stable dose and still meet current criteria
for an anxiety disorder). This was to ensure generalizability of the sample, but could have
minimized reactivity to the cues making it harder to observe between-groups differences.
Furthermore, although some studies have demonstrated that imaginal and in vivo smoking
cues elicit comparable levels of urge reactivity (Drobes & Tiffany, 1997), others have found
more robust findings with in vivo cues (Heishman, Lee, Taylor, & Singleton, 2010). Thus,
findings might have differed if in vivo smoking and anxiety cues were used. Future research
might also intensify anxiety cues by tailoring scenarios to the individual.

In summary, anxiety disorder status did not moderate the relationship between patch
condition and cue content on urge or anxiety reactivity. Despite the lack of significant
differences, findings have clinical importance for those with anxiety disorders who smoke at
higher rates and have more trouble quitting. Findings are encouraging in that those with
anxiety disorders tolerated transdermal nicotine well and responded similarly during general
deprivation and during cue reactivity as those without current psychological disorders. Still,
the findings suggest that transdermal nicotine may only be part of a successful smoking
cessation plan for smokers with anxiety disorders. The nicotine patch may be insufficient to
meet the needs of smokers attempting to quit, who may benefit from additional treatment
strategies that address mood-related triggers (e.g., emotional tolerance and coping skills,
reduction in interoceptive sensitivity). Consistently, Zvolensky and colleagues (2008)
present promising case series data regarding the development of an interoceptive exposure-
based smoking cessation program for smokers high in anxiety sensitivity. Moreover, McFall
et al. (2010) demonstrated that, among military veterans with PTSD, integrating smoking
cessation treatment into mental health care resulted in higher prolonged absence rates as
compared to those referred to specialized cessation treatment. Additional research is clearly
needed to determine best practices for smokers with anxiety disorders who are attempting to
quit.
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Figure 1.
Outline of Experimental Procedures During Days A and B.
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Figure 2.
Average QSU-Brief Scores by Patch Condition and Cue Content (All Smokers).
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Figure 3.
Average Anxiety Scores by Patch Condition and Cue Content (All Smokers).
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Table 1

Means (Standard Deviations) of Smoking Characteristics and Other Measures by Diagnostic Group Status

Index Anxiety (n=59) No Axis I disorders (n=38)

CPD 18.8 (6.06) 19.42 (7.14)

FTND 3.90 (1.26) 3.82 (1.45)

AIM * 3.81 (0.59) 3.54 (0.58)

ASI** 29.20 (12.87) 17.92 (9.60)

QMI total 2.88 (1.22) 2.69 (1.19)

Note: cpd = cigarettes per day; FTND = Fagerstrom Test for Nicotine Dependence (Heatherton et al., 1991; range of possible scores = 0 to 10;
higher scores indicate more physical dependence); AIM = Affect Intensity Measure (Larsen & Diener, 1987; range of possible scores = 1 to 6;
higher scores indicate greater intensity of emotions); ASI = Anxiety Sensitivity Index (Reiss et al., 1986; range of possible scores = 0 to 64; higher
scores indicate greater intensity of emotions); QMI = Questionnaire of Mental Imagery (Sheehan, 1967; range of possible scores = 1 to 7; lower
scores indicate more imagery vividness).

*
p < .05;

**
p < .001. N = 59 for anxiety disorders group due to missing data.
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