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Abstract

Author Manuscript

Anxiety sensitivity (AS)—fear of anxiety-related experiences—has been implicated in smoking
motivation and maintenance. In a cross-sectional design, we examined AS facets (physical,
cognitive, and social concerns) in relation to tobacco use, abstinence-related problems, and
cognitions in 473 treatment-seeking smokers. After controlling for sex, race, age, educational
attainment, hypertension status, and neuroticism, linear regression models indicated that AS
physical and cognitive concerns were associated with tobacco dependence severity (β = .13–.14, p
< .01), particularly the severity of persistent smoking regardless of context or time of day (β = .
14–.17, p < .01). All three AS facets were related to more severe problems during past quit
attempts (β = .23–.27, p < .001). AS cognitive and social concerns were related to negative affect
reduction smoking motives (β = .14, p < .01), but only the social concerns aspect of AS was
related to pleasurable relaxation smoking motives and positive and negative reinforcement-related
smoking outcome expectancies (β = .14–.17, p < .01). These data suggest that AS physical and
cognitive concerns are associated with negative reinforcement-related smoking variables (e.g.,
abstinence-related problems), whereas the social concerns aspect of AS is associated with positive
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and negative reinforcement-related smoking variables. Together with past findings, current
findings can usefully guide AS-oriented smoking cessation treatment development and refinement.
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1. Introduction
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Anxiety sensitivity (AS), the tendency to fear anxiety-related experiences,[1] is a relatively
stable but malleable personality trait that is empirically and theoretically distinguishable
from anxiety and other negative affective states.[2–6] Indeed, AS plays a key role in the
development of many forms of emotional pathology.[5–7] Furthermore, reductions in AS
accompany improvements in treatment outcome for anxiety psychopathology,[8]
demonstrating that AS may be involved in the maintenance of emotional disorders.

Author Manuscript

Given that individuals with emotional disorders are more likely to smoke cigarettes,[9,10]
exhibit tobacco dependence,[10,11] and display smoking relapse,[12–14] it is not surprising
that AS has also been increasingly implicated in persistent cigarette smoking. AS has been
associated with smoking status,[15,16] greater perceived barriers to smoking cessation,[17–20]
and greater odds of smoking lapse[21,22] and relapse.[22,23] A prominent theory is that highAS individuals may be more likely to smoke for the negative affect (NA) alleviating (i.e.,
negative reinforcing) effects of smoking.[24,25] High-AS smokers report experiencing more
severe withdrawal symptoms[26–28] and stronger motives and expectations in regard to
reducing NA by smoking,[17–20] and AS associations with smoking-related variables have
persisted when controlling for anxiety, depression, NA, daily cigarette use, and tobacco
dependence severity.[29–31] Additionally, two experimental studies have shown that high-AS
individuals report greater NA reduction from smoking subsequent to laboratory-induced
social stress.[32,33] Thus, it appears that AS is a risk factor for smoking largely due to its
ability to heighten NA in response to stressors (e.g., tobacco withdrawal), which in turn
increases negative reinforcement smoking motivation.

Author Manuscript

Although prior smoking-oriented work has largely focused on AS as a single dimension,
factor analyses of the Anxiety Sensitivity Index (ASI)[34] and its most recent version, the
ASI-3,[35] generally have revealed three lower-order factors: physical concerns (fear that
anxiety-related physical symptoms may be harmful), cognitive concerns (fear that cognitive
difficulties common to anxiety may indicate mental abnormality), and social concerns (fear
that others may notice anxiety symptoms).[6,35,36] Yet, relatively few studies have examined
smoking variables in relation to the three AS facets, and extant work shows that different
facets of AS have different smoking-related correlates. AS physical and cognitive concerns
have been consistently associated with greater negative reinforcement-related smoking
motives and expectancies,[31,37–39] whereas only one study has associated AS cognitive
concerns with positive reinforcement-related smoking motives.[37] Although most studies
have reported no relationship between AS facets and cigarette frequency or dependence
severity,[31,38,39] one study reported that all three AS facets were associated with daily
cigarette consumption.[23] Then in a recent study of non-treatment-seeking smokers,[31] we
Addict Behav. Author manuscript; available in PMC 2017 May 01.
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found that AS physical and cognitive concerns were associated with more severe
(retrospectively reported) problems during tobacco abstinence; all three AS components
were associated with stronger negative reinforcement-related smoking outcome
expectancies; only AS social concerns were associated with stronger positive reinforcementrelated smoking outcome expectancies; and none of the AS facets were associated with
tobacco dependence severity or subtypes. However, no prior study has examined AS facets
in relation to smoking outcome expectancies or tobacco dependence severity or dependence
subtypes in treatment-seeking smokers. Also, our recent study[31] is the only AS facet study
to investigate tobacco abstinence-related problems, and no other study has associated AS
social concerns with positive or negative reinforcement-related smoking motives or
expectancies. Further examining such understudied AS-smoking relations could benefit
individualized smoking cessation treatments for high-AS smokers who have different fears
regarding anxiety-related experiences.

Author Manuscript

As hypothesized previously,[31] individuals higher in AS physical concerns may be prone to
smoke because they believe smoking will minimize aversive physical sensations associated
with tobacco abstinence, such as hunger and changes in heart rate[40,41] (related to negative
reinforcement). Individuals higher in AS cognitive concerns may be prone to smoke because
they believe smoking will improve their mood and concentration difficulties associated with
tobacco abstinence[40,41] (related to negative reinforcement). Lastly, individuals higher in
AS social concerns may be prone to smoke because they believe it will enhance their social
comfort[42,43] (related to positive reinforcement).
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Hence, we examined whether our prior findings in non-treatment-seeking smokers would be
replicated in a treatment-seeking sample of smokers and hypothesized that: (1) all three AS
components will be associated with greater negative reinforcement-related smoking motives
and expectancies; (2) AS physical and cognitive concerns will be associated with greater
severity of abstinence-related problems; (3) only AS social concerns will be associated with
greater positive reinforcement-related smoking motives and expectancies; and (4) none of
the AS facets will be associated with daily cigarette consumption or tobacco dependence
severity or subtypes.

2. Methods
2.1 Participants

Author Manuscript

Participants were 473 treatment-seeking smokers (47.4% female; age: M = 37.3, SD = 13.4)
who took part in a larger, tobacco cessation study, of whom 85.0% were White, 9.5% were
Black, and 5.5% were of another race (e.g., Asian or mixed) or did not specify their race.
Participants generally were well-educated, with 73.2% indicating that they had completed at
least some college. The current report is based on secondary analyses of baseline (pretreatment) data for a subset of the larger sample. Eligible participants were at least 18 years
old, reported smoking an average of 8+ cigs/day for at least one year, and reported
motivation to quit smoking of at least 5 on a 10-point scale. Exclusion criteria included
current use of smoking cessation products or treatment, current suicidality requiring
immediate intervention, and history of psychotic-spectrum disorders. On average,
participants reported initiating regular smoking at 17.5 (SD = 4.0) years of age and being a

Addict Behav. Author manuscript; available in PMC 2017 May 01.

Guillot et al.

Page 4

Author Manuscript

regular smoker for 18.8 (SD = 13.3) years. Participants’ mean score on the Fagerström Test
for Nicotine Dependence was 5.2 (SD = 2.3), indicative of moderate tobacco
dependence.[44]
2.2 Measures
2.2.1 Anxiety Sensitivity Index-3 (ASI-3)—The ASI-3[1,35] assesses fearfulness of
anxiety-related experiences. The ASI-3 consists of a Total Scale (18 items) and three 6-item
subscales: Physical Concerns (e.g., “It scares me when my heart beats rapidly”), Cognitive
Concerns (e.g., “When my thoughts seem to speed up, I worry that I might be going crazy”),
and Social Concerns (e.g., “I worry that other people will notice my anxiety”).[35] Responses
are rated on a 5-point Likert scale ranging from 0 (very little) to 4 (very much). The ASI-3
has been validated for use in smokers.[36]

Author Manuscript

2.2.2 Fagerström Test for Nicotine Dependence (FTND)—The FTND[45] is a 6item self-report measure that assesses tobacco dependence severity on a scale of 0–10. The
FTND has been factor analyzed into two tobacco dependence subtypes: Morning Smoking
(i.e., smoking urgency and heaviness not long after waking; 2 items with a subscore range of
0–2) and Daytime Smoking (i.e., severity of persistent smoking regardless of context or time
of day; 3 items with a subscore range of 0–6).[46]
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2.2.3 Smoking History Questionnaire (SHQ)—The SHQ[47] was used to assess
average number of cigarettes smoked per day during the past week (Average Number of
Cigs/Day) and severity of problems experienced during past quit attempts (AbstinenceRelated Problems; 17 items). The SHQ Abstinence-Related Problems scale items are rated
on a 5-point Likert scale ranging from 1 (not at all) to 5 (extremely). Although the SHQ
Abstinence-Related Problems scale is not specific to tobacco withdrawal symptoms and thus
is not a measure of tobacco withdrawal per se, the large majority (11) of its items pertain to
symptoms commonly associated with tobacco withdrawal,[47] such as increased eating,
depression, difficulty concentrating, anxiety, irritability, and decreased heart rate.[40,41]
2.2.4 Reasons for Smoking Scale (RFS)—Two subscales from the RFS[48] were used
to assess smoking motives, including smoking for Pleasurable Relaxation (2 items; e.g., “I
find cigarettes pleasurable”) and Negative Affect Reduction (5 items; “I light up a cigarette
when I feel angry about something”). Items are rated on a 5-point Likert scale ranging from
1 (never) to 5 (always).
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2.2.5 Smoking Consequences Questionnaire (SCQ)—The SCQ[49] assesses
smoking outcome expectancies, including the extent to which an individual expects smoking
will provide Positive Reinforcement (i.e., sensory satisfaction; 12 items) and Negative
Reinforcement (i.e., negative affect reduction; 15 items). Items are rated on a 7-point Likert
scale ranging from 1 (not true of me at all) to 7 (very true of me).
2.2.6 Demographics Questionnaire—This author-constructed questionnaire asked
about sex, race, age, and educational attainment, which were used for descriptive purposes
and as covariates.
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2.2.7 Medical History Form—This author-constructed questionnaire was used to assess
history of medical problems, including hypertension status (covariate).
2.2.8 Big Five Inventory (BFI) Neuroticism Scale—The BFI Neuroticism Scale[50] is
an 8-item self-report measure that assesses the trait tendency to experience negative
affective states (covariate). Cronbach’s α for the BFI Neuroticism Scale was .84 in the
current study.
2.3 Procedure

Author Manuscript

Adult daily smokers were recruited from the community with flyers, newspaper ads, and
radio announcements in order to participate in a dual-site randomized controlled clinical trial
examining the efficacy of a standard smoking cessation treatment versus an integrated
treatment for smoking and anxiety. The current study utilized data from the baseline (pretreatment) session. After providing informed consent, participants were administered the
Structured Clinical Interview for DSM-IV-TR Axis I Disorders Non-Patient Edition (SCIDI/NP)[51] by trained research assistants or doctoral-level staff. Notably, the correlation
between AS and being diagnosed with any anxiety disorder in the current sample was
significant (rpb = .35, p < .0001), with this correlation falling within the range of mean
correlations between AS and individual anxiety disorders reported in a prior meta-analysis (.
32–.52).[6] Participants then completed a computerized battery of self-report measures. The
study protocol was approved by the Institutional Review Board at each study site.
Participants who completed all study measures were included in current analyses.
2.4 Data Analysis

Author Manuscript

Alpha (two-tailed) was set at .01 instead of .05 for all analyses in order to correct for
multiple testing without being overly conservative and unduly inflating the Type II error rate
(such as with a Bonferroni correction) given that several variables are likely to be highly
correlated with each other.[52–54] Prior to analyses, we chose six covariates as factors that
might impact relations between predictor and criterion variables: sex (0 = Male; 1 =
Female),[55] race (0 = Non-White; 1 = White),[31] age,[42] educational attainment level (0 =
No College; 1 = Attended College),[56] hypertension status (0 = No Diagnosis; 1 =
Hypertension Diagnosis),[57,58] and neuroticism (or negative affectivity).[38] For preliminary
analyses, we obtained descriptive statistics and Cronbach’s alphas for AS and smoking
measures, and we then examined correlations between sex and AS/smoking variables. For
primary analyses, we ran regression models in which one AS variable served as the predictor
of each smoking variable controlling for covariates. Regression results are reported as
standardized regression coefficients (βs) or odds ratio (ORs).

Author Manuscript

3. Results
3.1 Preliminary Analyses
Descriptive statistics and Cronbach’s alphas for AS and smoking measures are shown in
Table 1. Female participants reported lower SHQ Average Number of Cigs/Day (rpb = −.12,
p = .007) but greater SHQ Abstinence-Related Problems (rpb = .31, p < .001), RFS Negative
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Affect Reduction (rpb = .26, p < .001), and SCQ Negative Reinforcement scores (r = .19, p
< .001).
3.2 Primary Analyses

Author Manuscript

Individual regression models between AS and smoking measures are shown in Table 2.
After controlling for sex, race, age, educational attainment, hypertension status, and
neuroticism, linear regression models indicated that ASI-3 Total Scale, Physical Concerns,
and Cognitive Concerns were significantly associated with higher FTND total scores and
Daytime Smoking scores. ASI-3 Total Scale and its three subscales were significantly
associated with greater SHQ Abstinence-Related Problems scores. ASI-3 Total Scale,
Cognitive Concerns, and Social Concerns were significantly associated with greater RFS
Negative Affect Reduction scores. Only the ASI-3 Social Concerns subscale was
significantly associated with greater SCQ Positive Reinforcement scores. ASI-3 Total Scale
and Social Concerns were significantly associated with greater SCQ Negative
Reinforcement scores. Neither the ASI-3 Total Scale nor its three subscales were associated
with SHQ Average Number of Cigs/Day or with FTND Daytime Smoking or RFS
Pleasurable Relaxation scores.
3.3 Supplemental Analyses

Author Manuscript

Because ASI-3 Total Scale, Physical Concerns, and Cognitive Concerns were related to
FTND Daytime Smoking, we next examined associations between those AS measures and
FTND Daytime Smoking items in order to better understand AS associations with tobacco
dependence severity (excluding FTND Item 4, which asks about daily cigarette
consumption). After controlling for sex, race, age, educational attainment, hypertension
status, and neuroticism, binomial logistic regression models indicated that ASI Total Scale,
Physical Concerns, and Cognitive Concerns were associated with FTND Item 2, such that
greater AS was related to higher odds of endorsing difficulty refraining from smoking in
places where it is forbidden (Total Scale: OR = 1.04, p = .0001; Physical Concerns: OR =
1.09, p = .0004; Cognitive Concerns: OR = 1.10, p = .0007). Binomial logistic regression
models indicated that neither the ASI-3 Total Scale nor its three subscales were associated
with FTND Item 6 (choosing to smoke when so ill that bed rest is required for most of the
day; p > .15).

4. Discussion

Author Manuscript

Partially consistent with our first hypothesis, AS social concerns were associated with
greater negative reinforcement-related smoking motives and expectancies, and AS cognitive
concerns were associated with NA reduction smoking motives. Though AS cognitive
concerns have been consistently associated with greater negative reinforcement-related
smoking motives and expectancies in previous studies,[31,37–39] most prior studies have not
found a relation between AS social concerns and negative reinforcement-related smoking
motives and expectancies.[37–39] However, we did find an association between AS social
concerns and greater NA reduction smoking outcome expectancies in our recent prior study
of non-treatment-seeking smokers.[31] Notably, our prior study and the current study
employed sample sizes that were much larger than previous studies examining AS facets in
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relation to smoking motives and expectancies (current N = 473 and prior N = 314 vs.
previous Ns = 90–151). The current lack of associations between AS physical concerns and
negative reinforcement-related smoking motives and expectancies is unexpected because
this conflicts with prior studies.[31,37–39] However, this is the first study to examine AS
facets in relation to smoking expectancies in treatment-seeking smokers, and the only prior
study to examine AS facets in relation to smoking motives in treatment-seeking smokers[37]
did not examine the RFS Pleasurable Relaxation and Negative Affect Reduction subscales
individually as in the current study.

Author Manuscript

Mostly in accord with our second hypothesis, all three AS facets were related to more severe
problems during past quit attempts. Although the only prior study to relate AS facets to
problems during tobacco abstinence found that only AS physical and cognitive concerns
were associated with more severe problems during past quit attempts, that study did report a
trend-level association between AS social concerns and abstinence-related problems.[31]
Perhaps increases in NA that accompany tobacco abstinence have a negative impact on
socializing and consequently are amplified in smokers high in AS social concerns. Thus, AS
and its facets have been especially tied to NA reduction smoking motives and expectancies
as well as problems commonly associated with tobacco withdrawal (of which NA is a core
component[40,41,59]), consistent with the notion that high-AS individuals are primarily
motivated to smoke for the NA alleviating effects of smoking.

Author Manuscript
Author Manuscript

Partially concordant with our third hypothesis, only AS social concerns were associated with
greater positive reinforcement-related smoking outcome expectancies. Notably though, there
was a trend-level association between ASI Social Concerns and greater RFS Pleasurable
Relaxation motives (p = .025). It is also noteworthy that the RFS Pleasurable Relaxation
scale consists of two items and thus is quite limited in its coverage of positive
reinforcement, which may attenuate the AS-smoking motive relationship. Hence, future
research examining associations between AS facets and positive reinforcement-related
smoking motives may benefit from utilizing smoking motive measures that are more
comprehensive (e.g., WISDM-68[60]). Regardless, the current association between AS social
concerns and positive reinforcement-related smoking outcome expectancies is consistent
with our recent study of non-treatment-seeking smokers.[31] Although another prior study
did not find an association between AS social concerns and positive reinforcement-related
smoking outcome expectancies,[38] that particular study used a sample size of 90
participants compared to hundreds of participants in our prior and current study. To
summarize, AS social concerns has been associated with positive and negative
reinforcement-related smoking outcome expectancies in two large samples of smokers.
Given that AS social concerns is closely related to social anxiety[6,7], and social anxiety is
characterized by both low positive affect (PA) and high NA,[61,62] smokers high in AS
social concerns may be motivated to smoke to alleviate NA and enhance PA. Consistent
with this possibility, one experimental study reported that AS was related to smokinginduced increases in PA during tobacco non-abstinence.[63]
As expected, none of the AS facets were related to daily cigarette consumption, which is in
accord with most prior studies.[23,38,39]. Contrary to our fourth hypothesis, however, AS
physical and cognitive concerns were related to more severe tobacco dependence,
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particularly the severity of persistent smoking regardless of context or time of day (FTND
Daytime Smoking). This finding contrasts with two previous studies that reported no
significant relationship between AS components and tobacco dependence severity.[31,38]
However, the current study is the first to examine AS facets in relation to tobacco
dependence severity and subtypes in treatment-seeking smokers, and the only prior study to
examine AS facets in relation to tobacco dependence subtypes did report a trend-level
association between ASI Cognitive Concerns and higher FTND Daytime Smoking scores (p
= .019).[31]
4.1 Limitations

Author Manuscript

The current study has some limitations. Because it is cross-sectional, it cannot examine
changes over time or determine causality. Also, it only used self-report measures, which
may be influenced by common-method bias or inaccurate reporting. Another limitation is
the current sample is predominantly White; therefore, our findings may not generalize to
non-White (e.g., African-American) smokers and should further be interpreted with caution
until replicated in another sample of treatment-seeking smokers given that this was the first
study to examine many of the current AS-smoking relations in a treatment-seeking sample.
Lastly, the internal consistency coefficients of FTND measures were all low. Although this
is consistent with prior FTND studies,[46] such low estimates of reliability may have
contributed to discrepant findings across AS studies.
4.2 Conclusions
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In summary, the current study suggests that AS physical and cognitive concerns are
associated only with negative reinforcement-related smoking variables (e.g., abstinencerelated problems and NA reduction smoking motives), whereas AS social concerns is
associated with both negative and positive reinforcement-related smoking variables (e.g.,
expectations that smoking will provide sensory satisfaction and alleviate NA). In other
words, current findings suggest that: (1) all three AS facets (i.e., physical, cognitive, and
social concerns) are tied to negative reinforcement smoking, such as being more prone to
smoke in response to experiencing greater aversive abstinence-related symptoms or to
reduce NA; and (2) AS social concerns is the only AS facet tied to positive reinforcement
smoking, such as being more prone to smoke in order to obtain sensory satisfaction or
elevate PA (perhaps as a social lubricant or in response to not deriving adequate PA from
social situations). If this pattern of associations between AS components and smoking
variables continues to be replicated, then this may have important implications for treating
smokers high in AS. Specifically, given the relationship between all three AS components
and negative reinforcement-related smoking variables, it is likely that standard tobacco
cessation treatment for high-AS smokers (e.g., interoceptive exposure with cognitive
restructuring,[64] which focuses on habituating and cognitively inoculating individuals to
panic/anxiety-related symptoms) would be effective in reducing AS and ultimately smoking
behavior regardless of which AS components are elevated. However, individuals high in AS
social concerns, who may also smoke to increase PA and relax in social situations, may
additionally benefit from relaxation training[65] (a cognitive-behavioral therapy technique
developed for individuals with social anxiety disorder) as well as alternative methods of
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obtaining sensory satisfaction that are devoid of nicotine (e.g., nicotine-free chewing
gum,[66,67] nicotine-free inhalator,[68] or nicotine-free e-cigarette[69]).
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HIGHLIGHTS
•

We examined anxiety sensitivity (AS) facets in relation to smoking measures.

•

AS physical and cognitive concerns were related to tobacco dependence
severity.

•

AS social concerns were related to positive and negative reinforcement
variables.

•

All three AS facets were related to the greater abstinence-related problems.

•

Additional treatment methods may benefit smokers high in AS social concerns.
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Descriptive Statistics and Cronbach’s Alphas for Anxiety Sensitivity and Smoking Measures

ASI-3 Total Scale

M (SD)

Cronbach’s α

15.0 (12.4)

.93

ASI-3 Physical Concerns

4.6 (4.7)

.88

ASI-3 Cognitive Concerns

3.2 (4.3)

.91

ASI-3 Social Concerns

7.2 (5.2)

.83

FTND

5.2 (2.3)

.58

1.1 (0.8)

.39

2.1 (1.2)

.41

Factor 1: Morning Smoking
Factor 2: Daytime Smoking
SHQ Average Number of Cigs/Day

16.7 (10.1)

SHQ Abstinence-Related Problems

34.8 (11.4)

.90

7.5 (1.6)

.83

RFS Negative Affect Reduction

20.7 (4.8)

.88

SCQ Positive Reinforcement

84.6 (23.0)

.89

SCQ Negative Reinforcement

67.6 (21.7)

.93

RFS Pleasurable Relaxation

Author Manuscript

Note. N = 473; ASI-3 = Anxiety Sensitivity Index-3; FTND = Fagerström Test for Nicotine Dependence; SHQ = Smoking History Questionnaire;
RFS = Reasons for Smoking Scale; SCQ = Smoking Consequences Questionnaire.
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.23 (.05)**

.31 (.05)**

SHQ Abstinence-Related Problems

.09 (.05)
.05 (.05)
.07 (.05)

.15 (.05)*
.13 (.06)
.15 (.05)*

RFS Negative Affect Reduction

SCQ Positive Reinforcement

SCQ Negative Reinforcement

.10 (.05)

.09 (.05)

.14 (.05)*

.02 (.06)

.27 (.05)**

.03 (.05)

.14 (.05)*

.13 (.05)

.14 (.05) *

Cognitive Concerns

.17 (.05)**

.16 (.05)*

.14 (.05)*

.12 (.05)

.23 (.05)**

.07 (.05)

.12 (.05)

.09 (.05)

.11 (.05)

Social Concerns

p < .001

**

p < .01,

*

Note. N = 473; ASI-3 = Anxiety Sensitivity Index-3; FTND = Fagerström Test for Nicotine Dependence; SHQ = Smoking History Questionnaire; RFS = Reasons for Smoking Scale; SCQ = Smoking
Consequences Questionnaire. Individual regression models involve one measure of anxiety sensitivity as the predictor of each smoking measure adjusted for sex, race, age, educational attainment,
hypertension status, and neuroticism. Significant associations are displayed in bold print.

−.02 (.05)

.05 (.06)

RFS Pleasurable Relaxation

Smoking Motives/Expectancies

.09 (.05)

.17 (.05)*

.06 (.05)

.13 (.05) *

Physical Concerns

.08 (.05)

.18 (.05)*

.12 (.06)

.16 (.05) *

Total Scale

SHQ Average Number of Cigs/Day

Smoking History

Factor 2: Daytime Smoking

Factor 1: Morning Smoking

FTND

Tobacco Dependence

Measure

ASI-3:

Individual Regression Models between Anxiety Sensitivity and Smoking Measures Expressed as β (SE)
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