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ABSTRACT

Introduction: Anxiety sensitivity (i.e., AS; the degree to which one believes that anxiety and its related sensations are harmful)
is a stable trait that is associated with habitual smoking. Yet, the mechanisms linking AS and smoking are unclear. A promising
hypothesis is that high-AS individuals are more sensitive to the acute subjective reinforcing effects of smoking and are, therefore,
more prone to tobacco dependence. This study examined trait AS as a predictor of several subjective effects of cigarette smoking.

Methods: Adult non-treatment-seeking smokers (N = 87; 10+ cigarettes/day) completed a measure of AS during a baseline
session. Prior to a subsequent experimental session, participants were asked to smoke normally before their appointment. At the
outset of that visit, each participant smoked a single cigarette of their preferred brand in the laboratory. Self-report measures of
affect and cigarette craving were completed before and after smoking, and post-cigarette subjective effect ratings were provided.

Results: AS predicted greater increases in positive affect from pre- to post-cigarette (5 = .30, p = .006) as well as greater smok-
ing satisfaction and psychological reward (8 = .23 to .48, ps < .03). Each of these effects remained statistically significant after
adjusting for anxiety symptom severity. AS did not predict the degree of negative affect and craving suppression or post-cigarette
aversive effects.

Conclusions: These findings suggest that positive reinforcement mechanisms may be particularly salient etiological processes

that maintain smoking in high-AS individuals.

INTRODUCTION

Anxiety disorders are particularly prevalent in smokers and
are believed to play an etiological role in smoking behavior
(Morissette, Tull, Gulliver, Kamholz, & Zimering, 2007). One
means of elucidating the role of anxiety in tobacco dependence is
to investigate the influence of psychological vulnerability factors
that underlie anxiety-related conditions (rather than anxiety dis-
orders per se) on smoking (e.g., Brown, Lejuez, Kahler, Strong,
& Zvolensky, 2005; McLeish, Zvolensky, & Bucossi, 2007).
Anxiety sensitivity (AS) is one such vulnerability factor
consistently linked with smoking. AS—the extent to which
an individual believes that anxiety and anxiety-related sensa-
tions have harmful consequences—is a relatively stable, yet
malleable, cognitive characteristic that predisposes an indi-
vidual to the development and maintenance of anxiety psy-
chopathology (Reiss, Peterson, Gursky, & McNally, 1986).
AS is associated with a number of characteristics indicative
of more severe tobacco dependence, such as early lapse and
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relapse (e.g., Brown, Kahler, Zvolensky, Lejuez, & Ramsey,
2001; Zvolensky, Bernstein, et al., 2007; Zvolensky, Stewart,
Vujanovic, Gavric, & Steeves, 2009). Many relations between
AS and smoking variables remain, even after statistically
controlling for anxiety symptoms (Zvolensky et al., 2009;
Zvolensky, Vujanovic, et al., 2007), which suggests that AS
may play a unique role in smoking behavior.

AS is associated with higher accuracy in estimating
changes in physiological reactivity. (Stewart, Buffett-Jerrott, &
Kokaram, 2001). Accurate interoception may enhance subjec-
tive response to physiologically aversive stimuli (e.g., stress),
which could generate more anxiety in high-AS individuals.
Accurate interoception could also enhance subjective responses
to physiologically rewarding stimuli, such as smoking. Given
that smoking has a wide variety of reinforcing effects, greater
sensitivity to the subjective effects of smoking in high-AS
smokers could promote more frequent smoking.

To our knowledge, only two studies have examined the effect
of AS on the subjective effects of smoking. Evatt and Kassel
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(2010) examined baseline AS as a moderator of the effect of
smoking on subjective stress and state anxiety. They found that
smoking reduced anxiety in high-AS individuals during an
induced stressful situation (speech preparation), but notin a non-
stress situation. Low-AS smokers reported smoking-induced
anxiety reductions in both conditions (Evatt & Kassel, 2010).
In a separate study, Perkins, Karelitz, Giedgowd, Conklin, and
Sayette (2010) reported that AS predicted increased smoking-
induced changes in some measures of state positive and nega-
tive affect and an item measuring cigarette reward (“How much
do you like this cigarette?”’) under certain conditions of stress
or smoking abstinence (Perkins et al., 2010).

The findings of Evatt and Kassel (2010) and Perkins et al.
(2010) indicate that AS may moderate some reactions to smok-
ing, particularly during stressful situations. However, several
aspects of the relation between AS and the subjective effects
of smoking are still unclear. First, these two studies did not
account for the effect of baseline anxiety symptoms. Given that
AS and anxiety symptoms are correlated (Johnson, Stewart,
Rosenfield, Steeves, & Zvolensky, 2011; Zvolensky et al.,
2009), AS may simply be a proxy for anxiety symptoms, which
could account for AS-related variability in smoking effects.
Thus, it is important to explore whether AS predicts degree of
subjective effects of smoking after statistically covarying for
the effect of baseline anxiety symptoms. In addition, the assess-
ment of smoking effects in Evatt and Kassel (2010) and Perkins
et al. (2010) were restricted to a battery of subjective measures
mainly focused on state affect and brief single-item measures
of subjective smoking reward. It would be useful to explore AS
as a predictor of a wider variety of subjective reinforcing effects
that could maintain smoking behavior such as cigarette crav-
ing suppression, enjoyment of respiratory tract sensations, and
broad indices of psychological reward (e.g., irritability reduc-
tion, increase in wakefulness, concentration enhancement, hun-
ger satiation) (Cappelleri et al., 2007). Similarly, it would be
beneficial to assess whether AS is associated with degree of
aversive effects of smoking (e.g., dizziness, nausea), which may
serve to reduce risk of dependence (Cappelleri et al., 2007).

In this study, we examined trait AS as a predictor of several
subjective effects of cigarette smoking in non-treatment-seek-
ing smokers following a period of normal smoking. This para-
digm is useful for identifying stable individual differences in
smoking reinforcement and reward that may serve to maintain
smoking behavior under typical conditions (Perkins, Karelitz,
Giedgowd, & Conklin, 2012). Given prior empirical reports and
theory indicating that AS is associated with greater interoceptive
abilities (Evatt & Kassel, 2010; Leyro, Zvolensky, Vujanovic, &
Bernstein, 2008; Perkins et al., 2010), we hypothesized that AS
would predict greater negative affect reduction, positive affect
enhancement, and psychological reward from smoking after sta-
tistically controlling for covariance with anxiety symptoms. Due
to the paucity of prior research and theory on AS and aversive
effects, respiratory tract sensations, and craving suppression, we
did not articulate any hypotheses regarding these relations.

METHODS

Participants and Procedure

Recruitment and Sample Demographics
Participants were recruited from the community via newspaper
and online advertisements to take part in a study on individual

differences in tobacco deprivation effects (data collection
2009-2012). This report is a secondary analysis focusing on
data collected as part of a cigarette administration procedure
that took place during a particular portion of the study protocol
(see Procedure section). Inclusion criteria were: (a) >18 years
old; (b) regular cigarette smoking for 2+ years; (c) currently
smoking 10+ cigarettes/day; (d) normal or corrected-to-nor-
mal vision; and (e) fluent in English. Exclusion criteria were:
(a) current DSM-1V substance dependence other than nicotine
dependence; (b) current DSM-IV mood disorder or psychotic
symptoms; (c) breath carbon monoxide (CO) levels <10 ppm
at intake (used as a biochemical verification of smoking level
to prevent the entry of individuals who may overreport their
level of smoking in order to participate in the study); (d) use
of non-cigarette forms of tobacco or nicotine products; (e)
use of psychiatric medications; and (f) currently pregnant.
Of the 141 participants who enrolled in the study, 38 were
ineligible and 16 dropped out following the baseline session,
leaving a final sample of 87 for analyses. Participants were
compensated $200 for completing the study. The University
of Southern California Internal Review Board approved the
protocol.

Procedure

Overview

Following a telephone screen, participants attended a baseline
session involving informed consent, breath CO analysis, psy-
chiatric interview, and measures of demographics, smoking
characteristics, and affective characteristics. Participants then
attended two counterbalanced (deprived and non-deprived)
experimental sessions. Procedures were identical for both ses-
sion types except for the inclusion of a cigarette administration
procedure at the outset of the non-deprived session. Participants
were also instructed to smoke normally prior to arriving to the
laboratory for the non-deprived session. The current report
references only the cigarette administration procedure during
participants’ non-deprived sessions as they did not complete
a cigarette administration procedure during deprived sessions.

Cigarette Administration Procedure

This procedure was performed at the outset of the non-
deprived session in a laboratory facility with a ventilation
system to clear smoke. Following an alcohol breath test (par-
ticipants with breath alcohol content > 0.00 were resched-
uled), participants completed pre-cigarette assessments (i.e.,
CO, Positive and Negative Affect Schedule [PNAS], Tobacco
Craving Questionnaire [TCQ]J). They were then instructed to
smoke a cigarette of their preferred brand inside the labora-
tory. In order to approximate typical smoking conditions,
participants were not given additional instructions regarding
the timing or frequency of puffing. Experimenters observed
participants while they smoked to ensure that all individu-
als complied with the instructions. Smoking topography
data were not collected. Immediately after participants extin-
guished the cigarette, they completed post-cigarette assess-
ments identical to the pre-cigarette assessments except for the
inclusion of an additional Cigarette Evaluation Questionnaire
(CEQ; see Experimental Session Measures section). As previ-
ously reported, subjective measures during the ad lib smoking
of a single cigarette following normal smoking have high reli-
ability (Perkins et al., 2012).
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Baseline Session Measures

Structured Clinical Interview for DSM-1V Non-Patient Edition
The Structured Clinical Interview for DSM-IV was used to
assess psychiatric diagnoses for eligibility purposes (First,
Spitzer, Gibbon, & Williams, 2002).

Fagerstrom Test of Nicotine Dependence

The Fagerstrom Test of Nicotine Dependence (FTND) is a
well-validated six-item measure of nicotine-dependence sever-
ity (Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991).

Smoking History Questionnaire

An author-constructed smoking history questionnaire was
used to assess basic information including number of ciga-
rettes smoked per day, age of smoking onset, and other relevant
smoking characteristics.

The Anxiety Sensitivity Index

The Anxiety Sensitivity Index (ASI; Reiss et al., 1986) is a
16-item questionnaire measuring the extent to which one fears
the potential negative consequences of anxiety-related symp-
toms and sensations (e.g., “It scares me when I feel shaky”).
Items were rated on a 5-point Likert scale ranging from O (very
little) to 4 (very much), and a total score was computed. The
ASI has three lower order factors (physical, psychological, and
social concerns) that all load on a single common global fac-
tor (Zinbarg, Barlow, & Brown, 1997). Here, we utilized the
total ASI score because: (a) it represents the global AS factor
and thus incorporates general sensitivity to a variety of anxiety-
causing situations that may each influence smoking; and (b) we
wished to reduce the number of statistical tests performed and
corresponding type-I error rates. The ASI total scale has been
shown to possess good psychometric properties and exhibits
excellent discriminant validity from trait anxiety and other
constructs (McNally, 2002; Peterson & Heilbronner, 1987;
Zvolensky, Kotov, Antipova, & Schmidt, 2005). The internal
consistency of the ASI in this sample was good (Cronbach’s
a =.85).

The Mood and Anxiety Symptom Questionnaire—Short Form
Anxious Arousal Subscale

The Mood and Anxiety Symptom Questionnaire (MASQ;
Watson et al., 1995) is a self-report measure of affective symp-
toms in the past week. Participants indicate how much they
have experienced each symptom on a 5-point Likert-type scale
(1 = not at all to 5 = extremely). Only the 17-item Anxious
Arousal subscale (MASQ-AA) was used in this report as it
addresses symptoms of somatic tension and arousal (e.g.,
felt dizzy) specific to anxiety that are psychometrically dis-
tinct from other forms of emotional distress (e.g., depres-
sion) (Watson et al., 1995). The Cronbach’s « in this sample
was .83.

The Center for Epidemiologic Studies Depression Scale

The Center for Epidemiologic Studies Depression Scale
(CESD) is a 20-item self-report scale that measures past-week
depressive symptomatology for general population samples
and has shown good psychometric properties (Radloff, 1977;
Shafer, 2006).
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Experimental Session Measures

Positive and Negative Affect Schedule

The PANAS (Watson, Clark, & Tellegen, 1988) assesses posi-
tive affect (10 items, e.g., enthusiastic, strong; Cronbach’s o for
change [post-cigarette — pre-cigarette] = .62) and negative affect
(10 items, e.g., distressed, upset; a change = .66). Participants
were instructed to respond based on how they feel “right now”
on a scale ranging from 1 (not at all) to 5 (extremely).

Tobacco Craving Questionnaire—Short Form

The TCQ is a 12-item questionnaire that measures tobacco
craving via four subscales: (a) emotionality—smoking to avoid
negative affect (o change = .77); (b) expectancy—smoking in
anticipation of positive affect (a change = .89); (c) compulsiv-
ity—inability to regulate tobacco intake (a change = .63); (d)
purposefulness—motivated decisiveness to smoke for positive
effects (o change = .54; Heishman, Singleton, & Pickworth,
2008). Participants were instructed to respond based on how
they feel “right now” on a Likert-type scale ranging from 1
(strongly disagree) to 7 (strongly agree). The TCQ’s internal
consistency, criterion validity, and factorial validity have been
supported in prior work (Heishman et al., 2008).

Cigarette Evaluation Questionnaire

The CEQ is a self-report measure of the acute effects of smok-
ing that includes five subscales: smoking satisfaction (two
items: “Was it satisfying?” “Did it taste good?”; a = .86); psy-
chological reward (five items: “Did it calm you down?” “Help
you concentrate?” “Make you feel more awake?” “Reduce
hunger?” “Make you feel less irritable?”; a = .88); aversion
(two items: “Make you nauseated?” “Make you dizzy?”;
o = .53); enjoyment of sensations in the respiratory tract (one
item), and craving reduction (one item; Westman, Levin, &
Rose, 1992). Responses were provided on a visual analog 100-
mm scale, and participants were instructed to rate effects from
the cigarette they just smoked. Psychometric properties of the
CEQ including the factorial validity of its subscales have been
previously established (Cappelleri et al., 2007).

Statistical Analysis

Following calculation of descriptive statistics, all variables
were checked for normality, and transformations to approxi-
mate normality were applied when appropriate. Then, Pearson
or point-biserial correlation coefficients were calculated to
examine the relation of ASI scores to baseline session variables
(demographic characteristics, MASQ-AA, CESD, FTND),
pre-cigarette measures (CO, PANAS, and TCQ), and nicotine
and tar yields for participants’ brand of cigarettes they smoked
during the cigarette administration procedure based on publi-
cally available data (FTC, 2008). Because there were no sig-
nificant correlations between ASI scores and baseline variables
other than the MASQ-AA scale (see Results section), these
variables were not included as covariates in the primary analy-
ses. CO levels, PANAS, and TCQ scores were compared from
pre- to post-cigarette assessments using paired-samples ¢ tests
to examine smoking effects in the overall sample.

To address the study’s primary aim, linear regression mod-
els were generated that included anxiety measure(s) as the
primary predictor(s) and a smoking effect variable as the out-
come. Separate models were calculated for each outcome. For
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each outcome, we tested three separate models that included:
(a) ASI as the primary predictor; (b) MASQ-AA as the sole
predictor to compare the effects of ASI to a general measure
of anxiety symptoms; and (c) ASI and MASQ-AA scores as
simultaneous predictors to examine whether the predictive
validity of AS for predicting smoking effects is incremental
to shared variance with anxiety symptoms. For CO, PANAS,
and TCQ variables, models included the change score (post-
cigarette rating minus pre-cigarette rating) as the outcome and
respective pre-cigarette rating as a covariate. Because the CEQ
was administered only at the post-smoking assessment, models
predicting CEQ outcomes included only anxiety variables as
predictors. All tests were two-tailed and employed a signifi-
cance level of .05.

RESULTS

Sample Characteristics

The sample (N = 87) was comprised of 67% men, and the aver-
age age was 43.7 (SD =9.9). The majority of participants identi-
fied their race as African American (63%) or Caucasian (37%).
About 14% of the sample were also identified as Hispanic/
Latino. On average, participants smoked 16.7 (SD = 7.2) ciga-
rettes a day, began smoking regularly at age 18.3 (SD = 3.8),
and had an FTND score of 5.4 (SD = 2.1). Regarding partici-
pants preferred brand of cigarettes smoked during the cigarette
administration procedure, the average tar and nicotine yields
were 15.1 (SD = 14.7) mg and 1.2 (SD = 0.3) mg per cigarette,
respectively. On average, participants reported smoking their
last cigarette 1.14 (SD = 2.53) hours prior to the beginning of
the cigarette administration procedure. On average, there were
moderate levels of emotional distress in the sample with promi-
nent between-participant variability (ASI, M [SD] =18.6 [10.1];
MASQ-AA, M [SD] =21.0 [5.3]; CESD, M [SD] = 9.5 [7.4]).

Associations of Anxiety to Baseline Characteristics and
Pre-Cigarette Assessments

ASI was not significantly associated with demographic
variables, FTND scores, time since last cigarette, or tar
and nicotine yield. ASI scores were significantly associ-
ated with MASQ-AA (r = .44, p < .0001), but not CESD
(r = .16, p = .14). Regarding pre-cigarette assessments, ASI
was significantly associated with TCQ-emotionality (r = .31,
p = .004), TCQ-purposefulness (r = .29, p = .006), and TCQ-
compulsivity (r=.30, p = .005), but was not significantly asso-
ciated with pre-cigarette TCQ-expectancy, PANAS-positive
affect, PANAS-negative affect, or CO.

Smoking Effects During the Cigarette Administration
Procedure

Descriptive statistics of smoking effects are reported in Table 1.
Paired-samples ¢ tests illustrated significant reductions from
pre- to post-cigarette ratings for all craving scales and nega-
tive affect in the overall sample (p’s < .0001). On average, the
change from pre- to post-cigarette levels of positive affect was
not significant.

Table 1 reports the results of regression models examining
ASI and MASQ-AA as predictors of the subjective effects of

smoking. Higher AS predicted higher ratings of smoking satis-
faction, psychological reward, and enjoyment of sensory tract
sensations, as well as higher smoking-induced enhancement
of positive affect. The strength of these relations was partially
diminished after controlling for anxiety symptoms, though
most relations remained statistically significant (see Table 1).
AS was not associated with other outcomes.

Anxiety symptoms (MASQ-AA) were not associated with
smoking effects after accounting for variance associated with
AS, with the exception of significant relations with higher
CO-boosts and lower reduction in TCQ-purposefulness.

DISCUSSION

Consistent with our hypotheses, AS predicted several acute
subjective reinforcing effects of smoking. It is unlikely that
these effects are explained by CO boost or the tendency for
high-AS individuals to smoke more potent cigarettes than
low-AS smokers, given that AS was not associated with FTC
estimates of the nicotine and tar yields of the cigarette brand
participants smoked during the cigarette administration pro-
cedure. Because AS was not associated with pre-smoking
CO levels or the self-reported time since a cigarette was last
smoked, it is also improbable that our findings are accounted
for by levels of recent tobacco exposure in high-AS smokers,
which would impact sensitivity to cigarette administration.
Rather, these findings indicate that individuals with higher AS
may be disproportionately sensitive to some positive reinforc-
ing effects of smoking.

This investigation extends previous findings demonstrating
that AS is associated with subjective effects of smoking (Evatt
& Kassel, 2010; Perkins et al., 2010) by examining a larger
battery of subjective effects. This approach proved to be use-
ful, as AS predicted a qualitatively unique profile of subjective
effects. AS was associated with greater smoking satisfaction,
psychological rewarding effects, enjoyment of the respiratory
tract sensations of smoking, and positive affect enhancement,
but not with degree of aversive effects, craving suppression,
or negative affect reduction. This pattern suggests that cer-
tain motivationally relevant psychopharmacological processes
(e.g., smoking-induced affect modulation) but not others (e.g.,
smoking-induced craving suppression) are disproportionally
prominent for high-AS smokers. Thus, these particular pro-
cesses may underlie the well-documented relation between AS
and persistent smoking (e.g., Brown et al., 2001; Zvolensky,
Bernstein, et al., 2007; Zvolensky et al., 2009).

We also extend results from previous studies that did not
control for AS as a possible proxy for anxiety symptoms, which
could account for all AS-related variability in smoking effects. In
the current study, AS showed comparatively stronger associations
with subjective smoking effects than with the relations between
anxiety symptom severity and smoking effects. Importantly, AS
predicted several subjective reinforcing effects of smoking over
and above covariance with anxiety symptoms. Thus, the current
results indicate that the fear and anticipation of anxiety symp-
toms prominent in AS, rather than experience of anxiety symp-
toms per se, accounts for variability in smoking effects.

Prior findings illustrate that AS is more strongly associ-
ated with self-reported motivation to smoke for negative affect
reduction than positive affect enhancement (Battista et al.,
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Table 1.

Prediction of Subjective Effects of Smoking by of Anxiety Sensitivity and Anxiety Symptoms

Descriptive statistics

Change Prediction by
Pre-cigarette Post-cigarette (post — pre) Prediction by ASI MASQ-AA
Subjective effect measure M (SD) M (SD) M (SD) B P B BP
Carbon monoxide (ppm)¢ 223 (11.5) 28.6 (12.3) 6.3(5.3) .06 -.06 SEEE s 34k
CEQ (range: 0-100)¢
Smoking satisfaction - 61.7 (27.2) - 2k 32wk .05 -.09
Psychological reward - 43.8(27.2) - AT Gk Dk .02
Aversion - 16.3 (18.4) - .09 .14 -.06 -12
Enjoy sensations in throat/chest? - 45.2 (33.7) - Q8H** 20% 27#* 18
Reduce craving for cigarettes? - 62.9 (34.2) - .16 13 13 .07
PANAS (range: 1-5)¢
Positive affect 3.46 (0.85) 3.47 (0.95) 0.00 (0.40) 30%* 25%% 23 12
Negative affect 1.43 (0.52) 1.26 (0.42) -0.17 (0.33) -.08 -.02 -.14 -13
TCQ (range: 1-7)d
Emotionality 2.98 (1.72) 1.91 (1.35) —-1.07 (1.53) .02 -.02 13 .14
Expectancy 4.61 (1.68) 2.50 (1.58) -2.12 (1.83) .06 .05 .06 .04
Compulsivity 2.80 (1.47) 1.88 (1.32) -0.91 (1.31) .03 -.04 .16 18
Purposefulness 4.13 (1.36) 2.51 (1.53) -1.62 (1.59) .10 .01 Q3% 22%*

Note. Ns vary from 84 — 87 due to missing data. ASI = Anxiety Sensitivity Index; CEQ = Cigarette Evaluation Questionnaire;
MASQ-AA = Mood and Anxiety Symptom Questionnaire-Anxious Arousal Scale.

?Regression models include ASI score as sole predictor and subjective effect as outcome.

"Model includes both AST and MASQ-AA Scale as simultaneous predictors.

“Models include MASQ-AA score as sole predictor and subjective effect as outcome.

dDependent variable is change score (post — pre) and model adjusted for corresponding pre-cigarette score.

*Dependent variable is post-cigarette score because the CEQ is designed to be administered only after cigarette.

*p < .05; ¥¥¥p < 01; ¥¥¥%p < 001; ***++*p < .0001

2008; Brown et al., 2001; Leyro et al., 2008). Thus, it is surpris-
ing that AS exhibited more consistent associations with meas-
ures indicative of positive reinforcement processes, including
smoking satisfaction, psychological reward, and positive affect
enhancement, than those indicative of negative reinforcement
processes (e.g., negative affect suppression) in this study.

It is important to note that participants were tested under typi-
cal conditions with no experimental manipulation to provoke
negative affect in this study. In contrast, prior results suggest
that relations between AS and smoking-induced negative affect
reduction may be more robust following experimental manipula-
tions designed to provoke pre-smoking negative affect, such as
stress and tobacco deprivation (Evatt & Kassel, 2010; Perkins
etal., 2010). Taken together, it is possible that negative reinforce-
ment processes maintain smoking behavior in high-AS individu-
als during situations characterized by high-state negative affect,
whereas positive reinforcement processes may maintain smok-
ing behavior in otherwise typical circumstances. This account is
consistent with the notion that high-AS smokers are more sen-
sitive to all types of interoceptive cues. Thus, in states of low
negative affect, high-AS smokers may perceive stronger changes
in smoking-induced reward as compared with smoking-induced
relief. Overall, the pattern of results across studies indicates that
smoking to modulate affect (either positive or negative) is likely
a central factor linking AS and tobacco dependence.

Several study limitations should be considered. Because
we excluded smokers with current drug or alcohol dependence
and those taking psychiatric medications, our findings may not
extend to individuals with these comorbidities. Additionally,
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we did not test across-experimental conditions known to
increase smoking motivation, such as tobacco deprivation or
stress, and therefore cannot conclude that these results gen-
eralize across a wider variety of situations. Also, although
we included a relatively comprehensive battery of subjec-
tive measures, it would have been useful to examine if these
findings extended to behavioral and physiological indices of
smoking reinforcement, such as rate of tobacco self-adminis-
tration, willingness to pay or execute instrumental responses
for cigarettes, or imaging brain reward system activity during
smoking. Additionally, we did not utilize objective smoking
topography measures (e.g., puff volume, duration, frequency).
Thus, even though smoking-induced CO boost was not associ-
ated with AS, we cannot rule out the possibility that smok-
ing topography during cigarette administration differed as a
function of AS, which might have influenced the subjective
effects of smoking. Indeed, it is possible that high-AS indi-
viduals took longer puffs at greater velocity or smoked their
cigarettes more rapidly, which could have influenced the rate
of nicotine absorption and hence the subjective effects caused
by smoking. Furthermore, we did not include measures of trait
or state anxiety in this study. Therefore, we cannot clarify the
extent to which trait anxiety overlaps with AS with regards to
variation in smoking effects, nor can we determine how AS
moderates smoking-induced changes in state anxiety. Change
in pre- to post-cigarette ratings for positive affect was not sig-
nificant when averaged across the sample, which raises ques-
tions whether the methodology used in this study was ideal
for detecting smoking-induced positive affect enhancement.



Nicotine & Tobacco Research, Volume 15, Number 6 (June 2013)

Additionally, the null change in positive affect in the overall
sample must be taken into account when interpreting the relation
between AS and smoking-induced positive affect. Specifically,
this pattern indicates that high-AS smokers reported positive
affect improvement after smoking, whereas low-AS smokers
reported a worsening of positive affect. Concordant with the
current findings, Strong et al. (2011) found that changes in
positive affect before versus after smoking a cigarette did not
differ in the overall sample. However, inter-subject analyses
in that study showed associations between degree of smoking-
induced positive affect and relapse status. Thus, it is possible
that divergent positive affective reactions to smoking may help
explain clinically relevant inter-individual variability among
smokers.

Limitations notwithstanding, this study advances the lit-
erature by indicating that AS may be an important underly-
ing psychological vulnerability factor in the comorbidity
between anxiety-related conditions and smoking. Specifically,
this study yielded novel data suggesting positive reinforce-
ment processes may play a role in linking AS and smoking
behavior. Accordingly, it may behoove nicotine and tobacco
researchers studying AS to examine the extent to which high-
AS individuals are motivated to smoke for positive affect
enhancement, pleasure, stimulation, cognitive improvement,
and other positive reinforcement processes. Such mechanisms
could underlie risk of smoking onset, escalation, and mainte-
nance of tobacco dependence in high-AS individuals. From
a clinical perspective, the current findings suggest that high-
AS smokers who wish to quit may benefit from interventions
designed to increase access to healthy alternative reinforcers
(e.g., interpersonal relationships, physical activity) that pro-
vide subjective rewarding effects as a substitute for smoking.
Pending the replication and extension of this work along with
other research on the mechanisms linking AS and smoking,
novel smoking interventions that target AS as a risk factor for
smoking dependence could be developed (Feldner, Zvolensky,
Babson, Leen-Feldner, & Schmidt, 2008; Zvolensky,
Bernstein, Yartz, McLeish, & Feldner, 2008; Zvolensky, Yartz,
Gregor, Gonzalez, & Bernstein, 2008) that may help to off-
set the public health burden associated with anxiety-smoking
comorbidity.
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