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Abstract

Introduction: Anxiety sensitivity (AS), defined as the extent to which individuals believe anxi-
ety and internal sensations have harmful consequences, is associated with the maintenance and
relapse of smoking. Yet, little is known about how AS interplays with negative affect during the
quit process in terms of smoking behavior. To address this gap, the current study examined the
dynamic interplay between AS, negative affect, and smoking lapse behavior during the course of
a self-guided (unaided) quit attempt.

Methods: Fifty-four participants (33.3% female; Mage = 34.6, SD = 13.8) completed ecological
momentary assessment procedures, reporting on negative affect and smoking status via a
handheld computer device, three times per day for the initial 14 days of the self-guided cessa-
tion attempt.

Results: As expected, a significant interaction was observed, such that participants characterized
by high levels of AS were at a higher risk of smoking on days when negative affect was high (rela-
tive to low). Results also revealed a significant interaction between AS and daily smoking lapse
behavior in terms of daily change in negative affect. Participants characterized by high levels of AS
reported significant increases in same-day negative affect on days when they endorsed smoking
relative to days they endorsed abstinence.

Conclusions: This study provides novel information about the nature of AS, negative affect, and
smoking behavior during a quit attempt. Results suggest there is a need for specialized inter-
vention strategies to enhance smoking outcome among this high-risk group that will meet their
unique “affective needs”

Implications: The current study underscores the importance of developing specialized smoking
cessation interventions for smokers with emotional vulnerabilities.

© The Author 2015. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved. 1188
For permissions, please e-mail: journals.permissions@oup.com.


http://www.oxfordjournals.org/
mailto:kirstenjlangdon@gmail.com?subject=

Nicotine & Tobacco Research, 2016, Vol. 18, No. 5

1189

Introduction

Anxiety symptoms and disorders are associated with the mainte-
nance and relapse of smoking.! One promising means of elucidat-
ing the role of anxiety in cigarette use is to investigate the influence
of transdiagnostic psychological vulnerability factors; factors that
underpin anxiety-related conditions on smoking. Anxiety sensitiv-
ity (AS), defined as the fear of anxiety and internal (interoceptive)
states,” is one such transdiagnostic factor. AS is a relatively stable,
yet malleable,® cognitive-based individual difference factor.? AS is
empirically and theoretically distinguishable from anxiety symptoms
as well as other negative affect states such as depressive symptoms.*

There is strong evidence for the role of AS in the maintenance
of smoking and smoking cessation failure. Specifically, AS is posi-
tively correlated with smoking motives to reduce negative affect’ and
beliefs that smoking will reduce negative affect.® Importantly, high
AS is related to greater odds of early smoking lapse and relapse dur-
ing quit attempts.”® These observed AS-smoking relations are not
better explained by smoking rate, gender, other concurrent substance
use (eg, alcohol, cannabis), panic attack history, or trait-like nega-
tive mood propensity.® Consistent with this account, a recent study
found that AS explained (mediated) the association between emo-
tional disorders (ie, anxiety and depressive disorders) and nicotine
dependence, barriers to cessation, and severity of problematic symp-
toms while quitting.” Such findings underscore the importance of
incorporating AS in theoretical models addressing smoking cessation
among emotionally vulnerable smokers.

There is relatively little empirical information on the impact of
AS on the expression of negative affective states during periods of
abstinence. Negative affect has been posited to play a central role
underlying smoking motivation. According to this theoretical per-
spective, the degree to which smoking alleviates affective distress is
a critical determinant of the negatively reinforcing power of smok-
ing.!® Negative affect demonstrates unique relations to cessation out-
comes,'"!3 with negative affect states (particularly anxiety-related
symptoms), often cited as common antecedents to smoking lapse and
relapse."*!’ There is also some evidence that suggests smoking may
serves to reduce negative affect and improve negative mood states
following cigarette administration.'*'® For example, in a study of
nontreatment-seeking smokers, negative mood ratings were low-
est immediately after smoking compared with immediately before
smoking and at random times of day."” While limited, available
work suggests that AS is associated with the exacerbation of nega-
tive affect during cessation.'® Individuals characterized by higher
prequit levels of AS tend to experience an increase in negative mood
states (ie, irritability, frustration, anxiety, depression) during the ini-
tial period of cessation, relative to their low AS counterparts.'” Other
work indicates that high levels of AS are associated with increases
in positive affect after cigarette smoking,”® and smoking serves to
reduce anxiety following stress exposure among high AS smokers.?!

Although promising, past work on AS and negative affect is lim-
ited in two key ways. First, prior studies have yet to comprehensively
examine these processes simultaneously, and instead, have modeled
them largely separately as distinct processes. Therefore, it is unclear
how AS may interact with negative affect in relation to cessation out-
come during a quit attempt. It is possible that smokers with higher
levels of AS may be more likely to experience smoking lapse during
a quit attempt, especially when experiencing subjectively high levels
of negative affect. Likewise, research has yet to evaluate how daily
smoking behavior (smoking vs. abstinence) during a quit attempt,
in the context of elevated AS, may impact the subjective experience
of negative affect. That is, the impact of AS on negative mood states

likely may vary as a function of daily smoking lapse status during
the quit attempt. Addressing these gaps in the literature is critical
to understand how AS, negative affect, and smoking behavior may
synergistically function to promote poor cessation outcomes.

Second, the AS-smoking literature has yet to incorporate meth-
odological advances in ambulatory Ecological Momentary Assessment
(EMA) of negative affective states in “real time.”?> EMA methodologies
provide investigators with the capability to complete fine-grained mon-
itoring of theoretically-relevant processes (eg, negative affect, smoking
lapse behavior) and in real-world environments with personally-rel-
evant cues and triggers to examine variability over time.?* Applying
EMA to this program of work may yield key insights into the affective
and drug-state mechanisms linking AS to early lapse and relapse.

The aim of the present investigation was to examine, in the context
of a self-guided (unaided; no psychosocial or pharmacological interven-
tion) quit attempt, prequit levels of AS in terms of the interplay with
daily experiences of abstinence-induced negative affect and smoking
lapse behavior during the 14 days of a quit attempt. First, the main
and interactive effects of prequit AS and time were tested in the pre-
diction of between-day changes in negative affect. It was hypothesized
that higher prequit levels of AS would be associated with: (1) greater
intensity of negative affect experienced on quit day (intercept); and (2)
increases in negative affect across the quit period (slope). Second, the
main and interactive effects of prequit AS and between-day smoking
lapse behavior (smoking vs. abstinence) were tested in terms of the pre-
diction of between-day changes in negative affect. It was hypothesized
that AS would significantly interact with daily smoking status to predict
same-day negative affect, such that participants characterized by high
levels of AS would experience significant decreases in same-day nega-
tive affect on days when they endorse smoking (relative to days they
endorse abstinence). Third, the main and interactive effects of prequit
AS and between-day changes in negative affect were tested in terms of
the prediction of same-day smoking lapse behavior (smoking vs. absti-
nence) during the quit attempt. Here, it was hypothesized that AS would
significantly interact with between-day changes in negative affect during
the quit period to predict same-day smoking lapse behavior, such that
participants characterized by high levels of AS would be at significantly
higher risk of smoking on days when negative affect was high.

Methods

Participants

An initial 84 participants met eligibility criteria for study enrollment
and were scheduled to engage in an unaided quit attempt. Study
inclusion criteria included: (1) being between 18 and 65 years of
age; (2) being a regular daily smoker for at least 1 year; (3) smoking
an average of at least 8 cigarettes per day (verified via expired carbon
monoxide [CO] breath analysis; >8 ppm); (4) reporting motivation
to quit smoking of at least 5 on a 0-10 point scale; (5) being inter-
ested in making a serious unaided quit attempt; and (6) not hav-
ing decreased the number of daily cigarettes smoked by more than
half in the past 6 months. Participants were excluded from the study
based on evidence of: (1) limited mental competency (not oriented
to person, place, and/or time) and the inability to give informed,
voluntary, written consent to participate; (2) pregnancy or the pos-
sibility of being pregnant (by self-report); (3) current use of nicotine
replacement therapy and/or smoking cessation counseling; (4) cur-
rent or past history of psychotic-spectrum symptoms or disorders;
(5) current substance dependence (excluding nicotine dependence);
(6) active suicidality; and, (7) any current use of psychotropic medi-
cation, taken as needed.
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Of the 84 eligible persons, 26 did not attend their scheduled quit-
day appointment. An additional four participants were excluded from
the analyses due to equipment malfunction and/or participants’ failure
to return the PDA device. Thus, the final sample was comprised of 54
participants (33.3% female; M, =34.6,5D = 13.8). The racial com-
position was 86.3% white, 7.8% black or African American, 3.9%
“mixed,” and 2.0% Asian. In terms of smoking characteristics, partici-
pants reported smoking their first cigarette at 14.6 (SD = 2.8) years of
age and being a daily smoker for 15.4 years (SD = 12.9). Participants
reported smoking an average of 15.9 (SD = 10.2) cigarettes per day
upon study entry, and endorsed an average of 3.2 on the Fagerstrom
Test for Nicotine Dependence,? indicating low-moderate levels of
nicotine dependence. Regarding prior cessation behavior, participants
endorsed an average of 3.2 past “serious” quit attempts (SD = 2.5).

As assessed by the Structured Clinical Interview for DSM-IV-TR
Axis I Disorders-Non-Patient Version (SCID-I/NP%), 35.3% of the
sample met criteria for current (past month) Axis I psychopathology.
Approximately 41.0% of the sample endorsed drinking alcohol at
least 2-3 times per week. In terms of hazardous drinking, 36.1%
of male participants scored at least 9 on the Alcohol Use Disorders
Identification Test (AUDIT?), while 33.3% of female participants
endorsed at least 8 on the AUDIT. Approximately 56.0% of the sam-
ple endorsed some level of marijuana use within the past 30 days.

Measures

Screening and Descriptive Measures

Structured Clinical Interview for DSM-IV-TR Axis I Disorders,
Non-Patient Version

Diagnostic exclusions and prevalence/incidence of current (past
month) Axis I diagnoses were assessed via the SCID-I/NP.** The
SCID-I/NP follows the DSM-IV-TR (APA, 2000) diagnosis guide-
lines and demonstrates good psychometric properties.?”-*® Interviews
were audio-taped and the reliability of a random selection of 10% of
interviews was checked for accuracy.

Marijuana Smoking History Questionnaire

The Marijuana Smoking History Questionnaire is a self-report
instrument that includes items pertaining to both lifetime and past
30-day marijuana smoking rate, age of onset at initiation, years of
being a regular marijuana smoker, and other descriptive information
(eg, number of attempts to discontinue using marijuana).”’

Alcohol Use Disorders Identification Test

The AUDIT, developed by the World Health Organization, was
employed to assess frequency of alcohol consumption and alcohol
use problems.?® The AUDIT has evidenced excellent psychometric
properties in past work.* Internal consistency was adequate in the
present sample (o = .83).

Smoking History Questionnaire

The Smoking History Questionnaire is a self-report measure used to
collect descriptive information regarding smoking history (eg, onset
of regular smoking), pattern (eg, number of cigarettes consumed per
day), past quit attempts (eg, how many times in your life have you
made a serious quit attempt), and problematic symptoms experienced
during quitting (eg, weight gain, nausea, irritability, and anxiety.’"-»

Motivation to Quit Smoking
The Motivation to Quit Smoking measure is based on the stages
of change research conducted by Prochaska and colleagues to

determine a participant’s pre-cessation motivation to quit smok-
ing.** This measure was used for screening and participant selection
purposes. Specifically, participants were required to endorse at least
a § on a 0-10 point scale, indicating serious interest in quitting
smoking (“I often think about quitting smoking, but have no plans
to quit”).

Primary Measures

Fagerstrom Test for Nicotine Dependence

The Fagerstrom Test for Nicotine Dependence (FTND) is a six-
item scale designed to assess gradations in tobacco dependence.?
The FTND is a revision of the Fagerstrom Tolerance Questionnaire
(FTQ%). Although the FTND has demonstrated questionable psy-
chometric properties, including poor internal consistency," it
remains one of the most commonly used measures of nicotine
dependence. Consistent with this account, internal consistency of
the FTND in the current sample was o = .51.

Anxiety Sensitivity Index-3

The Anxiety Sensitivity Index-3 (ASI-3) is an 18-item self-report
measure which assesses sensitivity to, and discomfort with, physi-
cal sensations.’® Participants are instructed to rate the degree to
which they believe the 18 statements apply to them (eg, “It scares
me when my heart beats rapidly”) on a Likert-type scale from 0
(“very little”) to 4 (“very much”). The ASI-3 was developed to
improve upon the factor structure of the original 16-item ASI.?
The ASI-3 has been psychometrically-validated for use among
daily cigarette smokers.>” Research has noted that when utilizing
a continuous measurement of AS, it is optimally derived from the
combined scores on the physical and cognitive subscales, while
omitting the items related to the social subscale.*’ Thus, the pre-
sent investigation utilized a composite score derived from these
two subscales (physical and cognitive). Internal consistency of
ASI-3 (combined score of the physical and cognitive subscales) in
the current sample was o = 0.91.

Positive and Negative Affect Schedule

In the present study, state-level negative mood was assessed prequit
and postquit using the well-established 20-item PANAS (Positive
and Negative Affect Schedule).! The negative affect subscale
(N-PANAS) consists of 10-items, and assesses general dimensions
of negative affectivity (eg, distressed; ashamed). In the present
investigation, the time-referent of the PANAS was changed from
generally to currently in order to capture state-level, as opposed
to trait-level, negative affect. Specifically, participants were pro-
vided with the following prompt: “please indicate to what extent
you are currently feeling [upset, nervous, etc.].” Two indices of
negative affect were utilized: (1) prequit negative affect and (2)
negative affect experienced during the cessation attempt. First,
participants completed daily ratings of the PANAS via online sur-
veys at the end of each day for 3 days prior to their scheduled quit
day (prequit negative affect). Prequit negative affect was measured
by calculating an average score across the 3 days prior to quit
day. Second, negative affect, as it occurred in the context of the
cessation attempt, was measured via EMA procedures (3x per day
for 14 days). Each emotion was rated using a five-point Likert
scale (1 = very slightly or not at all to 5 = extremely). The PANAS
is a well-established index with sound psychometric properties.*!
Internal consistency of the N-PANAS items in the current sample
at baseline was o = 0.85.
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Daily Smoking Behavior Status

Self-reports of smoking status were collected from participants
via EMA procedures (3x per day for 14 days). Specifically, at each
prompt, participants were asked “Have you smoked any cigarettes
since the last time you completed questions on the handheld?”
Reports of abstinence were verified by expired CO breath sample
(8 ppm cutoff) at in-person follow-up assessment points (quit day,
3, 7, 14). Expired air CO levels were assessed with a Vitalograph
Breathco CO monitor.* Detected values above the stated cutoff

scores were considered indicative of smoking.

Ecological Momentary Assessment

Participants completed daily assessments away from the laboratory,
in their regular daily environments, for the first 14 days of their ces-
sation attempt using a pocket PC mini-computer (palm-sized device)
utilized in past smoking research.?> Each palm pilot handheld was
preprogrammed to administer the selected self-report measures, over
the course of the first 14 days of the cessation attempt, at three ran-
dom intervals during the day, each day (between 10:00 AM and 7:00
PM). Using the EMA handheld mini-computer, daily smoking sta-
tus (smoked since last recording) and state-level (that day) negative
affect (N-PANAS) were assessed.

Apparatus

Throughout the initial 14 days of the quit attempt, participants were
instructed to carry with them the Palm Z22 Handheld PDA. Each
palm pilot was programmed with the Experience Sampling Program,
Version 4.0.# Experience Sampling Program is an open-source
software package designed to administer questionnaires, surveys,
or experiments via a palm pilot or compatible handheld com-
puter. Experience Sampling Program allows the researcher to cre-
ate a predetermined schedule of assessment, prompting participants
to answer and record their responses using the palm pilot device.
Participants responses were recorded and stored on the palm pilot
device throughout the duration of the study (eg, initial 14 days of
cessation), and were later accessible to download onto a computer
for analysis.

Procedure

Participants were recruited from two sites—University of Vermont,
Burlington, Vermont, United States (86.3%) and University of
Houston, Houston, Texas, United States (13.7% )—at which identi-
cal procedures were executed. Individuals who responded to adver-
tisements for a research study on “quitting smoking” were scheduled
for an in-person session to determine eligibility and collect baseline
data. The current study was conducted in accordance with The Code
of Ethics of the World Medical Association (Declaration of Helsinki)
for experiments involving humans. As such, upon arrival at the lab-
oratory, participants provided informed consent and were admin-
istered the SCID-I/NP by a trained graduate student. Participants
biochemically verified their smoking status by CO analysis of breath
samples (=8 ppm™*). Participants also completed a packet of self-
report questionnaires (including the ASI-3). All participants were
compensated $20 for participating in the baseline session. Eligible
participants were then invited to complete an unaided quit attempt.
Of note, participants were instructed to quit smoking on their own,
without any assistance (ie, absent of pharmacological or psycho-
social treatment). Additionally, participants were compensated for

completing in-person assessments; however, they were not incentiv-
ized to remain abstinent.

On the participant-designated quit day, participants were sched-
uled to come back to the laboratory to biochemically verify smok-
ing abstinence and at this point also received the handheld palm
pilot. All participants were permitted to engage in the 14-day assess-
ment period, regardless of their smoking status. Participants endors-
ing smoking on quit day were informed that they may continue to
initiate quitting within the assessment period. They were given a
standardized orientation to the ambulatory assessment component
of the study, instructed in the care and use of the equipment, and
shown how to respond to questions posed on the pocket PC mini-
computer’s display. Participants were asked to carry the palm pilot
device with them at all times between the hours of 10:00 AM and
7:00 PM for 2 weeks to ensure consistency of responding. They were
also scheduled to attend in-person follow-up assessments at days 3,
7, and 14 postquit to verify abstinence. On days 3 and 7 postquit
abstinence was verified via CO analysis of breath samples; on day
14 postquit abstinence was verified by both CO analysis of breath
samples as well as collection of saliva cotinine. Participants were
compensated an additional $10 for completion of each of the follow-
up assessments.

A total of 42 repeated EMA assessments were administered
across the initial 14 days of the quit attempt. For each participant,
within-day EMA entries were binned and averaged to derive a total
of 14 daily ratings of negative affect. Smoking status was determined
based upon participants’ endorsement of abstinence across all entries
on a given day (coded 0 = abstinent) or having one or more indica-
tion of smoking on a given day (coded 1 = smoking). EMA entries
were completed on an average of 10.2 days (SD = 3.2); the average
number of EMA entries completed per day was 1.4 (SD = 0.35).

Data Analytic Strategy

The continuous Level-1 predictor (daily rating of negative affect)
was centered within-person, such that the score on a given day
reflected the daily deviation from the participant’s overall average
daily rating. This approach was applied to remove between-person
variance. Time was centered at quit day (range 0-13 days). Grand
mean centering was conducted for continuous Level-2 predictors
(AS and covariates) to improve interpretability of coefficients.

To test the primary study aims, a multi-level mixed model ana-
lytic approach was used. All analyses were performed using SAS ver-
sion 9.3 (SAS Institute Inc, Cary, NC). Specifically, PROC MIXED
was used to construct Models 1 and 2 and PROC GLIMMIX was
used for Model 3 (to account for the binary outcome variable). In
Model 1, a multi-level mixed model was constructed to include the
main effect of AS (time-invariant predictor), time, and their interac-
tion in predicting negative affect during the quit period. We specified
a random slope for time, such that the slope was allowed to vary
by participant; furthermore, we specified the repeated statement for
the association between time-points (the residual correlations across
days) as autoregressive. In Model 2, a multi-level mixed model was
constructed to examine the main effect of AS, daily smoking status
during the quit period (time-varying), and their interaction to pre-
dict same-day changes in negative affect. As before, we specified a
random intercept and an autoregressive covariance matrix for time.
In both Models 1 and 2, prequit levels of negative affect (averaged
across the 3 days prior to quit day) were tested as a time-invariant
covariate to control for baseline levels of the outcome prior to engag-
ing in the quit attempt. In Model 3, the effect of AS, between-day
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change in negative affect during the quit period, and their interaction
were tested as predictors of self-reported daily smoking status (per
EMA) during the 14 days postquit. We specified a random statement
for the intercept, as well as a repeated statement with an autore-
gressive covariance matrix for time. In all analyses, we specified
Satterthwaite degrees of freedom for the denominator.

Results

Descriptive Statistics and Lapse Behavior

First, inter-correlations between the study variables were examined.
Specifically, for each participant, aggregate variables for daily change
in negative affect and smoking status across the EMA assessment
period was computed; these aggregate variables were correlated with
the remaining Level-2 variables (AS, nicotine dependence and pre-
quit negative affect). Correlations, as well as means and standard
deviations, are reported in Table 1. There was a significant and posi-
tive association between the person-average daily change in negative
affect and AS, and between person-average daily change in negative
affect and prequit negative affect. There was also a significant posi-
tive association between AS and prequit negative affect. No other
significant associations were observed.

Lapse rates were highest during the early phase of the quit
attempt and slow thereafter. Specifically, 30% of the participants
were unable to abstain on their designated quit day; 63% of the
participants lapsed into smoking within the first 3 days of their
quit date; 75% of the participants had lapsed by the seventh day
postquit; and 78% of the participants had lapsed by the 14th day
postquit. The average number of days to first smoking lapse within
the sample was 6.8.

Interaction Analyses

Results from Model 1 are presented in Table 2. Results indicated a
significant effect of AS in terms of quit-day negative affect (inter-
cept; b =0.17, P = .007), after controlling for prequit negative affect
(b =0.56, P <.001) and the nonsignificant effect of prequit nicotine
dependence. There was a nonsignificant effect of time, suggesting
that levels of negative affect did not significantly change during the
14 days postquit. Additionally, there was a nonsignificant interaction
of AS x time, indicating that changes in negative affect across the
quit period did not differ as a function of level of AS.

With regard to Model 2, the fixed effects estimates are presented
in Table 2. A significant effect of AS on the intercept was observed,
such that AS was positively associated with greater average negative
affect experienced throughout the quit attempt (b = 0.17, P = .014).

Table 1. Means and Correlations for All Study Variables

This effect was significant after controlling for the effect of prequit
negative affect (b = 0.60, P < .001) and the nonsignificant effect of
nicotine dependence. There was a nonsignificant (although trending)
effect of smoking on a given day in predicting negative affect expe-
rienced that same day (b = 0.77, P = .08). These main effects were
qualified by a significant interaction of AS and daily smoking status
in predicting negative affect (b = 0.15, P = .006). The form of the
interaction is presented in Figure 1. Specifically, results indicated that
participants characterized by high levels of AS reported significant
increases in same-day negative affect on days when they endorsed
smoking, relative to days they endorsed abstinence (b = 0.98,
P =.03). The association between smoking status and negative affect
was nonsignificant for participants characterized by low levels of AS
(b =-0.33, P = ns).

For Model 3, Table 2 provides the estimates for the likelihood
of smoking as a function of AS and between-day change in nega-
tive affect. Results indicated that no prequit factors significantly
predicted likelihood of smoking on any given day postquit attempt,
including prequit negative affect, nicotine dependence, or AS. There
was a trend-effect of between-day change in negative affect in terms
of smoking likelihood, such that on days when smokers experienced
(within-person) increases in negative affect during the cessation
period, they were at an increased likelihood of smoking (b = 0.06,
P =.055). These main effects were qualified by a significant interac-
tion of AS and between-day change in negative affect in predicting
same-day smoking incidence (b = 0.009, P = .023). The form of this
interaction is presented in Figure 2. Specifically, plots of the simple
slopes indicated that participants characterized by high levels of AS
were at a significantly higher risk of smoking on days when negative
affect is high relative to low (b = 0.14, P = .004). The same effect
was nonsignificant for participants characterized by low levels of AS
(b =—0.02, P = ns).

Discussion

The present study sought to examine the dynamic interplay between
AS, negative affect, and smoking behavior during the course of a
self-guided (unaided) quit attempt. In terms of the main effects of AS
and daily smoking lapse behavior in relation to change in negative
affect during the quit attempt, several key findings were observed.
First, AS was significantly associated with greater overall levels
of negative affect experienced throughout the 14 days of the quit
attempt. Here, high AS smokers endorsed more severe and distress-
ing negative affect across the initial 14 days of cessation as com-
pared to their low AS counterparts. Yet, smoking status (relative to
abstinence) was not a unique predictor of overall levels of negative

Mean SD 1 2 3 4
1.Daily PANAS 16.12 5.21 0.68*#**
2.Daily smoking status 0.53 0.38 0.03 0.59%***
3.AS 7.15 8.34 0.51*##* 0.02 —
4.FTND 3.20 1.76 0.25* 0.08 0.09 —
5.Prequit PANAS 16.69 6.03 0.807**** 0.13 0.50%**** 0.23*

EMA = Ecological Momentary Assessment; FTND = Fagerstrom Test of Nicotine Dependence; High-risk AS = Anxiety Sensitivity Index-3 (cognitive and physical

concerns subscales); Prequit PANAS = average (time-invariant) Positive and Negative Affect Scale-Negative Affect; Daily PANAS (daily ratings of negative affect

per EMA); Daily smoking status (1 = smoking, 0 = no smoking). The values on the diagonal in italic bold reflect the ICC for the empty model; it indicates the

amount of variance due to the nest structure (between-person variance).
*P<.1;#*P <.05; ***P < .01; ****P < .001.
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Table 2. Fixed Effects Estimates

Model 1 Negative affect

Fixed effect Estimate SE t Sig

Intercept 16.36 0.45 36.41 <.001

FIND 0.36 0.25 1.48 15

Prequit PANAS 0.56 0.08 6.76 <.001

AS 0.17 0.06 2.77 .01

Time -0.03 0.05 -0.66 S1

AS x time -0.01 0.01 -1.70 .10

Model 2 Negative affect

Fixed effect Estimate SE t Sig

Intercept 16.52 0.49 34.02 <.001

FITND 0.20 0.27 0.77 45

Prequit PANAS 0.60 0.09 6.86 <.001

AS 0.17 0.07 2.54 .01

Daily smoking status 0.77 0.44 -1.75 .08

AS x smoking 0.15 0.05 -2.77 .01

Model 3 Same-day smoking status

Fixed effect Estimate SE t Sig OR OR 95% CI
Intercept 0.17 .34 0.50 .62 1.18 0.61,2.30
FTND -0.001 .20 -0.01 .10 1.00 0.68,1.47
Prequit PANAS 0.06 .07 0.86 .40 1.06 0.93,1.21
AS -0.01 .05 -0.27 .79 0.99 0.90, 1.08
Daily PANAS 0.06 .03 1.92 .06 1.06 1.00,1.13
AS x daily PANAS 0.01 .004 2.29 .02 1.01 1.00, 1.02

CI = confidence interval; EMA = Ecological Momentary Assessment; FTND = Fagerstrom Test of Nicotine Dependence; High Risk AS = Anxiety Sensitivity Index-3
(cognitive and physical concerns subscales); OR = odds ratio; Prequit PANAS = average (time-invariant) Positive and Negative Affect Scale-Negative Affect;

SE = standard error; Daily smoking status (1 = smoking, 0 = no smoking); Daily PANAS (daily ratings of negative affect per EMA).
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Figure 1. Interaction of anxiety sensitivity (AS) by smoking status to predict
increases in between-day change in negative affect.

affect during the quit attempt. Notably, results indicated a significant
interaction between AS and daily smoking lapse behavior in terms
of between-day change in negative affect. Contrary to prediction,
participants characterized by high levels of AS reported significant
increases in same-day negative affect on days when they endorsed
smoking, relative to days they endorsed abstinence. This association
was nonsignificant for participants characterized by low levels of AS.
A possible explanation for this finding may be that among high AS
smokers, a forward-feeding cycle may develop, whereby smoking is

18
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12 f

08 F -<O==Low AS
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Odds of Smoking

Low Negative Affect Days High Negative Affect Days

Figure 2. Interaction of anxiety sensitivity (AS) by between-day change in
negative affect to predict likelihood of smoking.

used as a coping strategy for managing negative mood states in the
short term, yet paradoxically confers risk for greater negative affec-
tive experiences over time. Specifically, individuals high in AS may
experience greater degrees of negative affect during early periods of
abstinence as well as in response to smoking lapses during cessation,
which may in turn, promote a faster progression to relapse.

When examining the main effects of AS and between-day change
in negative affect in relation to smoking lapse behavior, results
revealed that neither AS nor negative affect independently influenced
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the likelihood of smoking during the cessation attempt. However,
a significant interaction was observed such that participants char-
acterized by high levels of AS were at a higher risk of smoking on
days when negative affect was high (relative to low). This effect was
nonsignificant for participants characterized by low levels of AS.
This pattern of findings is consistent with previous empirical work
demonstrating that smokers high in AS experience greater exacerba-
tions of negative mood states, such as anxiety and/or depression,
during the early phases of quitting.!” Moreover, our results lend fur-
ther support to theoretical models purporting that smokers high in
AS may encounter greater difficulty with smoking cessation due to
their perception that these internal states are personally harmful and
threatening.'s#5:4¢

These findings underscore that AS may serve as a putative
mechanism involved in early smoking cessation lapse and exacerba-
tion of negative affect during a quit attempt. Specifically, smokers
characterized by high levels of AS may be more apt to experience,
and negatively respond to, greater affective disturbance during epi-
sodes of abstinence. Given that high AS individuals hold stronger
expectations of the affect-regulating properties of smoking,*+* this
subgroup of smokers may be more motivated to re-engage in smok-
ing (lapse) to counteract the abstinence-provoked states of negative
affect. The current findings also suggest that high AS individuals may
be at greater risk for progression from lapse to full-blown relapse
given that this subgroup of smokers endorsed greater negative affect
on days when they smoked, relative to days they remained abstinent.

Together, these findings point to AS as a potentially important
factor to target in smoking cessation, as it appears to uniquely
impact the subjective experience of negative affect and lapse behav-
ior. Existing AS reduction programs for smoking cessation, albeit
still in developmental phases, have provided evidence of the feasi-
bility and merit of incorporating tailored cognitive-behavioral skills
that specifically address affective vulnerabilities (eg, interoceptive
exposure, psychoeducation) into smoking cessation programs.*
Consistent with such work, the present findings suggest that it may
be advisable to modify levels of AS prior to initiating a quit attempt
in order to reduce negative affect states experienced during acute
periods of abstinence.

A number of limitations of the present investigation and points
for future direction should be considered. First, participants volun-
teered to participate in an unaided quit attempt (ie, no psychosocial
or pharmacological treatment was provided) for monetary compen-
sation. Therefore, it is unclear whether these results will generalize
to smokers receiving formal cessation treatment. Replication of
these findings in a treatment-seeking sample may be an important
next step. Second, our sample was largely comprised of a relatively
homogenous group of smokers (~87% white). To increase the gen-
eralizability/representativeness of these findings, it will be important
for future studies to recruit a more ethnically/racially diverse sample
of smokers. Third, the smokers participating in the current study
endorsed low-moderate levels of nicotine dependence. It, therefore,
may be beneficial for future studies to sample smokers with vary-
ing levels of nicotine dependence to ensure the generalizability of
the results to the general smoking population. Fourth, AS was only
measured at baseline. Although AS is conceptualized as a trait-like
cognitive characteristic, evidence suggests that it is malleable, and
may change in response to cognitive-behavioral cessation interven-
tions.® However, less is known about whether levels of AS vary as a
direct function of smoking cessation (in the absence of psychosocial
treatment). Thus, future research may benefit from assessing changes

in AS overtime in relation to smoking cessation outcomes among
self-quitters. Fifth, in the current study, EMA compliance was rela-
tively low, producing large amounts of missing data. Specific statisti-
cal procedures were utilized in an attempt to minimize the effects
of missing data; however, it remains unclear how the low level of
compliance impacted the overall pattern of results. Sixth, although
negative affect and lapse behavior were assessed prospectively over
time, given study procedures, and missing data, we were unable to
definitely evaluate the temporal ordering of these variables. Thus,
future work may benefit from a more stringent assessment of nega-
tive affect and smoking behavior in order to accurately capture
proximal associations over time. Finally, there is a high degree of
overlap between negative affect and nicotine withdrawal symp-
toms. The current investigation was interested in exploring the role
of negative affect, specifically, in terms of the relations between AS
and smoking behavior during cessation. Yet, it may be fruitful for
future studies to expand the focus to the withdrawal syndrome more
broadly in order to more fully capture factors that influence cessa-
tion difficulties.
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