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Abstract
The current investigation explored the main and interactive effects of panic attacks in response to
laboratory-induced bodily sensations and anxiety sensitivity in predicting acute nicotine
withdrawal symptoms among daily smokers making a self-guided quit attempt. Participants were
99 daily smokers (58% women; Mage = 28.4 years, SD = 11.7) who completed a battery of
questionnaires, a voluntary hyperventilation challenge, and a measure of nicotine withdrawal
symptoms 12 hr after making a self-guided quit attempt. Results indicated that the interaction of
anxiety sensitivity and panic responsivity to the challenge predicted quit-day nicotine withdrawal
symptom severity above and beyond the main effects (p < .05). The form of the interaction
indicated that the relationship between postchallenge panic attack status and acute nicotine
withdrawal was more robust among individuals who were low in anxiety sensitivity. Individuals
who did not experience a panic attack posthyperventilation who were also low in anxiety
sensitivity reported the lowest levels of nicotine withdrawal. Results suggest that anxiety
sensitivity may be less relevant with regard to acute nicotine withdrawal severity among
individuals with panic-related problems.
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Tobacco use and dependence are elevated among those with psychopathology compared
with those without psychiatric conditions (Kalman, Morissette, & George, 2005). For
example, persons with, relative to those without, psychiatric disorders are approximately
twice as likely to be current smokers (Lasser et al., 2000). Some recent studies have shown
clear linkages between smoking and anxiety disorders (Feldner, Babson, & Zvolensky,
2007; Morissette, Tull, Gulliver, Kamholz, & Zimering, 2007; Patton et al., 1998;
Zvolensky, Feldner, Leen-Feldner, & McLeish, 2005). Some of the most robust, clinically
significant relations documented in this domain have been between smoking and panic
psychopathology (panic attacks, panic disorder, and agoraphobia; Goodwin, Zvolensky, &
Keyes, 2008). Here, studies suggest that smoking co-occurs at significantly higher rates
among those with panic attacks and panic disorder than found in the general population
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(Himle, Thyer, & Fischer, 1988; Lasser et al., 2000; McCabe et al., 2004; Pohl, Yeragani,
Balon, Lycaki, & McBride, 1992). In addition, cigarette smoking, particularly at higher
rates, has been shown to be concurrently and prospectively associated with an increased risk
of more severe panic attack symptoms and life impairment related to such symptoms
(Abrams, Zvolensky, et al., 2008; Breslau & Klein, 1999; Breslau, Novak, & Kessler, 2004;
Goodwin, Lewinsohn, & Seeley, 2005; Isensee, Wittchen, Stein, Höfler, & Lieb, 2003;
Johnson et al., 2000; McLeish, Zvolensky, & Bucossi, 2007; Zvolensky, Schmidt, &
McCreary, 2003).

Other work has shown that panic psychopathology is related to greater difficulties quitting
smoking (Lasser et al., 2000; Zvolensky & Bernstein, 2005; Zvolensky, Lejuez, Kahler, &
Brown, 2004). Models of smoking and panic psychopathology co-occurrence suggest that
individuals with panic psychopathology may be more reactive to interoceptive experiences
during periods of smoking deprivation, and therefore more likely to relapse more quickly,
than individuals without such problems because they desire to smoke to reduce negative
affect (Zvolensky & Bernstein, 2005; Zvolensky, Schmidt, & Stewart, 2003). Some indirect
empirical evidence is consistent with this perspective (Breslau, Kilbey, & Andreski, 1992;
Pomerleau, Marks, & Pomerlau, 2000). Studies focused expressly on panic psychopathology
have found that individuals with current panic disorder report greater withdrawal symptom
severity during past quit attempts compared with individuals without such a history
(Marshall et al., 2008). In addition, individuals with a recent history of nonclinical panic
attacks (past 3 months) have been found to report significantly shorter latency to relapse
during past quit attempts, as well as more intense retrospectively reported negative
emotional reactions during past quits (e.g., intensity of anxiety symptoms; Zvolensky,
Lejuez, et al., 2004). These data collectively suggest that having panic psychopathology may
be related to a tendency to report symptoms during smoking deprivation as more intense and
aversive.

A related body of work has focused on the role of anxiety sensitivity in anxiety–smoking
relations. Anxiety sensitivity is a cognitive factor reflecting individual differences in the fear
of anxiety and arousal-related sensations (McNally, 2002; Taylor, 1999). When anxious,
individuals high in anxiety sensitivity become acutely fearful because of beliefs that these
anxiety sensations have harmful physical, psychological, or social consequences (Bernstein
& Zvolensky, 2007). Studies have found that cigarette smokers high, but not low, in anxiety
sensitivity are more apt to report smoking because they believe that smoking can serve a
coping function to down-regulate negative affective states (e.g., anxiety, depression; R. A.
Brown, Kahler, Zvolensky, Lejuez, & Ramsey, 2001; Comeau, Stewart, & Loba, 2001;
Novak, Burgess, Clark, Zvolensky, & Brown, 2003; Stewart, Karp, Pihl, & Peterson, 1997;
Zvolensky, Bonn-Miller, Feldner, et al., 2006). In addition, smokers high compared with
low in anxiety sensitivity report perceiving the prospect of quitting as both a more difficult
and personally threatening experience (Zvolensky, Vujanovic, et al., 2007), possibly due to a
hypersensitivity to aversive internal sensations, such as nicotine withdrawal symptoms
(Zvolensky, Baker, et al., 2005) or elevated state anxiety (Mullane et al., 2008), both of
which routinely occur on abstinence from smoking (Hughes, Higgins, & Hatsukami, 1990).
In terms of smoking cessation, anxiety sensitivity is associated with an increased rate of
smoking lapse (any smoking behavior) during the early phases of quitting (R. A. Brown et
al., 2001; Mullane et al., 2008; Zvolensky, Bernstein, et al., 2007; Zvolensky, Bonn-Miller,
Bernstein, & Marshall, 2006; Zvolensky, Stewart, Vujanovic, Gavric, & Steeves, 2009).

Although available work on the association between panic psychopathology, anxiety
sensitivity, and various aspects of smoking behavior is promising, it is limited in a number
of key ways. First, the vast majority of research addressing panic psychopathology and
nicotine withdrawal, as well as anxiety sensitivity and nicotine withdrawal symptom
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intensity, has relied on retrospective reports of past withdrawal experiences. This limitation
introduces the possibility of recall biases, possibly due to memory distortions. To address
this issue, it would be advisable to elicit nicotine withdrawal in “real time” and directly
monitor the relation between panic variables and anxiety sensitivity in relation to the
experience of withdrawal. Second, panic responsivity has been characterized by current or
past panic psychopathology as measured by self-report or interview methods rather than
focusing on in-the-moment panic attack reactivity. Current theory suggests that individuals
with panic psychopathology might experience nicotine withdrawal as more severe because
of an aversion to negative interoceptive cues (e.g., abrupt bodily sensations; e.g., Zvolensky
& Bernstein, 2005). Thus, an important extension of existing work would be to examine the
role of panic responding to laboratory-induced bodily sensations as a predictor of nicotine
withdrawal severity. Finally, past empirical work has focused on the main effects of panic
psychopathology and anxiety sensitivity in terms of nicotine withdrawal symptoms.
Although such work is a natural starting point for scientific inquiry in this domain, it would
be advisable to explore the main and interactive effects of these variables (panic and anxiety
sensitivity) in one overarching model. This limitation is important, as panic attacks and
anxiety sensitivity appear to be related yet distinct constructs (e.g., Schmidt, Lerew, &
Jackson, 1999). Theories of smoking–panic co-occurrence suggest that panic responsivity in
combination with high anxiety sensitivity conveys the greatest risk for a more severe
response to nicotine withdrawal symptoms.

Together, the overarching aim of the current investigation was to explore the main and
interactive effects of panic attacks in response to laboratory-induced bodily perturbation and
anxiety sensitivity in prospectively predicting acute nicotine withdrawal symptoms.
Specifically, daily smokers attempting to quit smoking without professional or
pharmacological assistance were examined. The primary predictor variables were anxiety
sensitivity and panic attacks (yes/no) in response to a voluntary hyperventilation; both were
assessed prior to quit day. The outcome variable was self-reported nicotine withdrawal
symptoms that occurred during the first 12 hr of quitting smoking. It was expected that
whereas both laboratory panic responding and higher levels of anxiety sensitivity would be
significantly related to acute nicotine withdrawal symptom intensity, the combination of
these factors would be uniquely associated with more intense withdrawal symptoms. Here,
we expected that smokers with higher levels of anxiety sensitivity and a positive panic
attack response to the challenge would endorse the most severe nicotine withdrawal
symptoms relative to other variable combinations.

Method
Participants

Participants were 101 daily smokers (58% women) with a mean age of 28.4 years (SD =
11.7). The racial distribution generally reflected that of the State of Vermont (State of
Vermont Department of Health, 2007), with 93% of the sample identifying themselves as
Caucasian, 5% as Hispanic, 1% as African American, and 1% as “other.” Participants, on
average, smoked 15.7 cigarettes per day (SD = 7.1) and reported having been regular (daily)
smokers for approximately 11.3 years (SD = 10.3). On average, participants reported having
made 2.7 (SD = 2.2) serious quit attempts in the past. The mean score on the Fagerström
Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker, & Fagerström,
1991) was 3.0 (SD = 1.8), indicating relatively low levels of nicotine dependence.

Approximately 54.5% of the sample met criteria for one or more current Axis I disorders, as
measured using the Anxiety Disorders Interview Schedule for DSM–IV: Client Interview
Schedule (ADIS-IV; T. A. Brown, Di Nardo, & Barlow, 1994). Specifically, 15.2% of the
sample met criteria for one psychological disorder, 13.1% met criteria for two disorders,
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20.2% met criteria for three disorders, 4.0% met criteria for four disorders, and 2.0% met
criteria for five disorders. Approximately 31.3% of the current sample met criteria for
posttraumatic stress disorder, 23.2% for major depressive disorder, 20.2% for panic disorder
with or without agoraphobia, 19.2% for generalized anxiety disorder, 18.2% for social
phobia, 6.1% for specific phobia, and 1.0% for obsessive– compulsive disorder.

For inclusion in the study, participants were required to meet the following criteria: (a) be
between 18 and 65 years of age, (b) have been a daily smoker for at least 1 year, (c) be
currently smoking an average of at least 10 cigarettes per day, (d) report motivation to quit
of at least 5 on a 10-point Likert-style scale (0 = no motivation to quit; 10 = extreme
motivation to quit), (e) express interest in making a serious quit attempt in the next month,
and (f) not have decreased the number of cigarettes smoked by more than half in the past 6
months. Exclusionary criteria for the investigation included (a) limited mental competency
or the inability to provide informed, written consent; (b) current suicidal or homicidal
ideation; (c) current or past history of psychotic-spectrum symptoms or disorders; (d)
current major medical problems (e.g., heart disease, cancer); (e) current use of nicotine
replacement therapy (e.g., patches or nicotine gum); (f) current, regular use of tobacco
products other than cigarettes (e.g., cigars, chewing tobacco); (g) current substance
dependence (other than nicotine); and (h) self-reported pregnancy (women only).

Measures
Anxiety Disorders Interview Schedule for DSM–IV: Client Interview Schedule
(ADIS-IV; T. A. Brown et al., 1994)—The ADIS-IV is a semistructured diagnostic tool
used to assess Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM–IV)
anxiety, mood, somatoform, and substance use disorders as well as screen for the presence
of psychotic disorders. Reliability of this measure has shown good to excellent interrater
agreement for the majority of anxiety and mood disorders among patients who were given
two independent administrations of the ADIS-IV (T. A. Brown, Di Nardo, Lehman, &
Campbell, 2001). The presence of current Axis I psychopathology was assessed using the
ADIS-IV in the present study. Diagnostic reliability ratings by an independent rater (MJZ)
were completed on a random selection of 20% of the protocols, with no cases of
disagreement being noted.

Smoking History Questionnaire (SHQ; R. A. Brown, Lejuez, Kahler, & Strong,
2002)—The SHQ is a self-report questionnaire used to assess smoking history and pattern.
The SHQ includes items pertaining to smoking rate, age of onset of smoking initiation, and
years of being a daily smoker. The SHQ has been successfully used in previous studies as a
measure of smoking history, pattern, symptoms, and related problems during quitting
(Zvolensky, Leen-Feldner, et al., 2004; Zvolensky, Lejuez, et al., 2004).

Fagerström Test for Nicotine Dependence (FTND; Heatherton et al., 1991)—
The FTND is a six-item scale designed to assess gradations in tobacco dependence
(Heatherton et al., 1991). The FTND has shown good internal consistency, positive relations
with key smoking variables (e.g., saliva cotinine; Heatherton et al., 1991; Payne, Smith,
McCracken, McSherry, & Antony, 1994), and high degrees of test–retest reliability
(Pomerleau, Carton, Lutzke, Flessland, & Pomerleau, 1994).

Carbon monoxide (CO) analysis—Biochemical verification of smoking history was
completed by CO analysis of breath samples (10 ppm cutoff; Cocores, 1993). Expired air
CO levels were assessed using a CMD/CO Carbon Monoxide Monitor (Model 3110;
Spirometrics, Inc., Gray, ME).
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Anxiety Sensitivity Index (ASI; Reiss, Peterson, Gursky, & McNally, 1986)—To
assess sensitivity to, and discomfort with, anxious arousal, we used the 16-item ASI (Reiss
et al., 1986). The ASI is a self-report measure on which respondents indicate, on a 5-point
Likert-style scale (0 = very little to 4 = very much), the degree to which they fear the
potential negative consequences of anxiety-related symptoms and sensations. The ASI has
high internal consistency ranging from .84 for a sample of college students to .88 –.90 for a
clinical sample of anxiety-disordered patients (Reiss et al., 1986). The ASI is unique from,
and demonstrates incremental predictive validity relative to, trait anxiety (McNally, 2002)
and negative affectivity (Zvolensky, Kotov, Antipova, & Schmidt, 2003).

Diagnostic Sensations Questionnaire (DSQ; Sanderson, Rapee, & Barlow,
1988, 1989)—The DSQ was administered to assess DSM–IV physical (e.g., “pounding or
racing heart,” “breathlessness or smothering sensation”) and cognitive (e.g., “fear of going
crazy,” “fear of losing control”) panic attack symptoms immediately postchallenge.
Specifically, the DSQ consists of 12 physical symptom items, 3 cognitive symptom items,
and 1 item targeting whether participants experienced a “sense of panic.” Participants were
instructed to make ratings on the basis of how they felt during the challenge. This measure is
frequently employed in challenge work (Zvolensky, Lejuez, & Eifert, 1998). Ratings for the
DSQ are made on a 9-point Likert-type scale (0 = not at all to 8 = very strongly felt). Past
work has successfully used the DSQ to index the intensity of panic symptoms and DSM–IV
presence or absence of panic attacks in challenge studies (Forsyth, Eifert, & Canna, 2000;
Schmidt et al., 2002). Consistent with past recommendation and biological challenge work
and DSM–IV classification of panic (Barlow, Brown, & Craske, 1994), individuals who
reported four or more postchallenge panic attack symptoms (at least one of which was
cognitive) at a severity rating of 4 or greater, as well as a self-reported sensation of panic at
a severity rating of 4 or greater, were coded as having had a panic attack during the
hyperventilation challenge in the present study (Sanderson et al., 1989). On the basis of
these criteria, a categorical variable (panic attack) was created wherein participants were
dummy coded as either 0 (no panic attack during challenge) or 1 (panic attack during
challenge).

Minnesota Nicotine Withdrawal Scale (MWS; Hughes & Hatsukami, 1986)—The
MWS is a reliable and sensitive nine-item self-report scale used to measure current nicotine
withdrawal symptoms. Participants are asked to rate their symptoms on a 4-point Likert-type
scale. In the current study, participants completed the MWS on arrival to the laboratory on
their scheduled quit day after their quit status was verified biochemically. As recommended
by Hughes and Hatsukami (1998), only the eight DSM–IV withdrawal symptom items were
included in the total score.

Physiological variables—A J&J Engineering (Poulsbo, WA) I-330-C2 system was used
to digitally record physiological data online at a sample rate of 1,024 samples per second
across all channels using J&J Engineering Physiolab software during both challenge
procedures. In total, two physiological variables were measured: heart rate and respiration
rate; a ground electrode was used for heart rate sampling. Raw electrocardiogram data were
collected with disposable Ag/AgCl electrodes placed in a standard bilateral configuration on
the palmar side of each wrist. The data were processed through a 1–100Hz bandpass filter
designed to maximize R-wave frequency. Respiration rate was obtained using a
pneumograph sensor cable with PS-2 sensors. The sensors were placed across the chest and
secured with a Velcro strap, allowing a measure of chest excursion during respiration; a
breaths-per-minute value was derived through software calculation. For the present
investigation, prechallenge heart rate and prechallenge respiration rate values were obtained
by averaging the values during the last minute of the baseline period prior to the initial
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hyperventilation challenge. Heart rate and respiration rate were obtained by averaging the
values during the last minute of the initial hyperventilation challenge.

Procedure
The current study is a facet of a larger investigation (Zvolensky et al., 2008). Participation in
the larger study consisted of eight total appointments: baseline assessment session, voluntary
hyperventilation session, self-selected smoking cessation date (approximately within 28
days of the baseline session), and 3-day, 7-day, 14-day, 28-day, and 90-day postcessation
follow-up appointments (see Zvolensky et al., 2008). Data from the baseline,
hyperventilation, and quit-day appointments were used for the current investigation; these
findings have not been reported previously and therefore represent a novel contribution.

During the baseline appointment, participants (a) provided verbal and written informed
consent, (b) completed a medical screen, (c) underwent a diagnostic evaluation (ADIS-IV)
to determine whether any exclusion criteria were met, and (d) completed an initial battery of
self-report assessments. Eligible participants were then scheduled for the hyperventilation
procedure within 4 weeks from the baseline appointment. Eligible participants were
instructed not to smoke for 12 hr prior to their scheduled hyperventilation appointment. At
the hyperventilation appointment, smoking abstinence was verified verbally and by CO
analysis of breath samples (10 ppm cutoff; Society for Research on Nicotine and Tobacco
Research Subcommittee on Biochemical Verification, 2002). Four participants who attended
the hyperventilation session were excluded for failing to meet the CO analysis requirement.
Participants were instructed not to use nicotine replacement therapy during the 12-hr quit
period. Participants were not scheduled systematically over night or any other part of the
day. Rather, they came to their appointment at a time that was convenient for them and the
research team. Participants received $25 for completion of the baseline assessment session
and $25 for completion of the hyperventilation procedure (and a total of $225 for
completing the entire protocol for the larger smoking cessation study).

The hyperventilation procedure was administered in an 8-ft × 12-ft room. Participants sat
alone in the experiment room throughout the procedure listening to an audiotape that guided
them through the procedure. They were monitored by the experimenter (in the adjacent
room) using audiovisual equipment. The hyperventilation procedure appointment consisted
of the following five components: (a) 10-min baseline adaptation period; (b) 3-min
voluntary hyperventilation period; (c) 10-min recovery period; (d) 5-min voluntary
hyperventilation period, which participants were instructed to continue for as long as
possible and to discontinue (i.e., stop the tape and breathe normally) when they could no
longer continue (5-min maximum, if participant did not stop tape); and (d) 5-min final
recovery period. All participants completed the full 3 min of the first hyperventilation
procedure. All data for the current study come from the first hyperventilation challenge only.

At the outset of the procedure, the experimenter attached physiological electrodes and exited
the room. A standardized audiotape provided directions at the outset of the procedure and
then guided participants through the procedure. This procedure was used to standardize
participants' breathing rates (at 30 breaths per minute). The audiotape described the overall
procedure, reminded participants that they would be asked to participate in two
hyperventilation procedures, and instructed the participant about the completion of
questionnaires. Participants were informed initially (and reminded later) that they were to
continue the second hyperventilation for as long as possible and to stop the tape when they
could no longer continue.

This acute hyperventilation procedure reduces the partial pressure of arterial carbon dioxide,
increases pH in the blood and cerebrospinal fluid (alkalosis; Nunn, 1987), and elicits a
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variety of panic-related symptoms such as dizziness, parethesias, palpitations, and dyspnea
(Fried & Grimaldi, 1993). Physiological data were gathered continuously throughout the
laboratory session. DSQ ratings were made immediately following both hyperventilation
procedures.

For the quit-day appointment, participants self-selected a quit date within approximately 28
days of their baseline appointment. Participants were instructed to quit smoking for at least
12 hr before their quit-day appointment. Smoking abstinence was verified verbally and by
CO analysis of breath samples (10 ppm cutoff; Society for Research on Nicotine and
Tobacco Research Subcommittee on Biochemical Verification, 2002). Seven participants
did not meet the CO cutoff at the quit-day appointment. At this appointment, participants
completed a battery of questionnaires, including the MWS. Participants who did not meet
the 10-ppm CO cutoff score were not included in the current investigation.

Results
A manipulation check was first conducted to ensure that the hyperventilation challenge
sufficiently elicited physiological arousal. Specifically, paired samples t tests were
conducted between prechallenge (i.e., baseline) and post-challenge heart rate and respiration
rates for the first hyperventilation. A paired samples t test revealed that postchallenge heart
rate levels (M = 88.71 beats/min, SD = 16.18) were significantly greater than prechallenge
heart rate levels (M = 75.24 beats/min, SD = 13.76), t(90) = 9.35, p < .001. A paired samples
t test revealed that postchallenge respiration levels (M = 25.32 breaths/min, SD = 3.80) were
significantly greater than prechallenge respiration levels (M = 17.57 breaths/min, SD =
4.79), t(75) = 9.85, p < .001.

Second, individuals who did meet criteria for a panic attack postchallenge were compared
with those who did not regarding physiological responding during the hyperventilation.
Specifically, difference scores were created, such that prechallenge heart rate and respiration
rate were subtracted from postchallenge heart rate and respiration rate. A one-way analysis
of variance (ANOVA) revealed no significant differences between individuals who did and
did not meet criteria for a panic attack on change in heart rate, F(1, 96) = .73, ns, or change
in respiration rate, F(1, 82) = 1.21, ns.

Third, the interrelations between predictor and criterion variables were examined. See Table
1 for descriptive statistics and zero-order correlations. Note that the percentage of
individuals who met criteria for a panic attack in this study is similar to that found in past
work (Zvolensky, Leen-Feldner, et al., 2004). The mean ASI for the current sample (M =
21) may have been slightly lower than has been found in similar samples (M = 25; Mullane
et al., 2008). The covariate of daily smoking rate was not significantly related to quit-day
withdrawal (r = .10, ns). Both anxiety sensitivity and laboratory panic attack status were
significantly positively correlated with quit-day nicotine withdrawal (r = .53, p < .001; r = .
25, p < .05, respectively).

Fourth, a hierarchical multiple regression was conducted with smoking rate entered at Level
1, the main effects of prechallenge anxiety sensitivity and panic attack status (postchallenge)
entered at Level 2, and their interaction entered at Level 3. The criterion variable was quit-
day withdrawal symptoms (MWS scores). See Table 2. Results from the regression analysis
suggested that the model was statistically significant, F(4, 101) = 12.15, p < .001. Level 1 of
the model was not statistically significant (p > .05). Level 2 of the model accounted for a
significant 28.5% of variance (p < .001), with ASI being the only significant predictor at that
level, t(100) = 5.46, β = .49, sr2 = .21, p < .001. Level 3 of the model accounted for a
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significant 3.8% of variance (p < .05), with the interaction being a significant predictor,
t(100) = −2.36, β = −.29, sr2 = .04, p < .05.

The form of the interaction was subsequently examined both graphically, as per
recommendations from Cohen and Cohen (1983), and statistically (Holmbeck, 2002). First,
on the basis of recommendations of Cohen and Cohen (pp. 323, 419), we examined the form
of these interactions by inserting specific values for each predictor variable (0.5 SD above
and below the mean) into the regression equation associated with the described analysis. As
can be seen in Figure 1, individuals high in anxiety sensitivity reported the greatest levels of
quit-day withdrawal symptoms, regardless of whether they met the postchallenge panic
attack criteria. Individuals low in anxiety sensitivity who met the panic attack criteria
reported greater withdrawal symptoms than individuals low in anxiety sensitivity who did
not meet the panic attack criteria. Furthermore, on the basis of recommendations of
Holmbeck (2002), we conducted post hoc probing analyses on the data to examine the
significance of the simple slopes and interactions. The relation between postchallenge panic
attack status and quit-day nicotine withdrawal symptoms was statistically significant when
anxiety sensitivity was low, t(72) = 2.34, β = .33, p < .05, such that nicotine withdrawal was
higher among those who had a panic attack (as compared with those who did not have a
panic attack) when anxiety sensitivity was low. The relation between postchallenge panic
attack status and quit-day nicotine withdrawal symptoms was not statistically significant
when anxiety sensitivity was high, t = −0.46, β = −.07, p = .65.

Discussion
Panic psychopathology (Marshall et al., 2008) and anxiety sensitivity (Zvolensky, Baker, et
al., 2005) are related to greater retrospectively reported nicotine withdrawal symptom
intensity during quit attempts. The current study aimed to address a number of limitations in
past work on this topic by investigating the main and interactive effects of anxiety
sensitivity and laboratory panic responding prospectively in relation to acute (quit-day)
nicotine withdrawal symptoms among regular (daily) smokers making a self-guided quit
attempt.

In terms of main effects, as hypothesized, higher levels of anxiety sensitivity were related to
greater severity of acute nicotine withdrawal symptoms; the size of this effect was large in
magnitude (Cohen, 1988). This finding is consistent with previous empirical work
demonstrating that smokers high in anxiety sensitivity appear to be hypersensitive to
interoceptive sensations, specifically those related to nicotine withdrawal or related aversive
emotional states during the early phases of quitting (e.g., Mullane et al., 2008; Zvolensky,
Baker et al., 2005). It is possible that individuals high in anxiety sensitivity lapse to smoking
more quickly following a quit attempt (e.g., R. A. Brown et al., 2001), in part, because of
their perceptions of nicotine withdrawal symptoms as being more aversive and harmful.
Contrary to hypothesis, the main effect of panic attacks was not significantly related to quit-
day nicotine withdrawal symptom severity in the current study. Although past work has
demonstrated linkages between panic psychopathology (i.e., panic attacks, panic disorder,
agoraphobia) and greater retrospective reports of nicotine withdrawal symptom severity
using lifetime-reporting indices (Marshall et al., 2008), the current study did not find such
relations using a prospective design. In addition, it may be the case that panic attacks
experienced in response to bodily sensations induced by a laboratory provocation (voluntary
hyperventilation), as opposed to those experienced apart from laboratory manipulation, are
not independently related to “real-world” acute nicotine withdrawal symptom severity.
However, it is also important to note that past work has not examined panic attacks and
anxiety sensitivity concurrently in prediction of acute nicotine withdrawal symptom
severity. Given that anxiety sensitivity and panic attacks in response to induced bodily
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sensations were simultaneously entered into the regression equation and were moderately
correlated with one another (r = .32), it is possible that the robust effect for anxiety
sensitivity may have mitigated the statistically significant panic attack-nicotine withdrawal
symptom intensity effect (r = .25). Thus, although panic attack to the challenge was related
to acute quit-day nicotine withdrawal symptom intensity, it was not as robust of an effect as
anxiety sensitivity in the current investigation.

As expected, the interactive effect of panic responsivity to bodily sensations by anxiety
sensitivity was significantly associated with levels of nicotine withdrawal symptoms on quit
day. The size of the observed interactive effect was 3.8% of unique variance above and
beyond the variance accounted for by smoking rate and the significant main effect of anxiety
sensitivity (see Table 2). Inspection of the form of the interaction indicated that it was
partially, but not uniformly, in accord with the a priori theoretical formulation (see Figure
1). Specifically, the relationship between panic attack status postchallenge and quit-day
withdrawal symptoms was more robust among individuals low (compared with high) in
anxiety sensitivity. In other words, it may be the case that having a panic attack in response
to a hyperventilation challenge is less relevant in predicting acute nicotine withdrawal
symptoms among individuals high in anxiety sensitivity. As hypothesized, nonpanic
responding to the laboratory challenge and lower levels of anxiety sensitivity were
associated with the lowest levels of acute nicotine withdrawal symptoms (see Figure 1).
Overall, this novel pattern of findings highlights the possible clinically relevant interplay
between panic responsivity to bodily sensations and anxiety sensitivity in regard to the
experience of acute nicotine withdrawal symptoms among daily adult cigarette smokers
attempting to make a self-guided quit attempt.

The current investigation provides a novel empirical perspective on the role of anxiety
sensitivity and panic responsivity to bodily sensations in terms of acute nicotine withdrawal
among daily smokers making a self-guided quit attempt. Findings from this study help
elucidate the role of anxiety vulnerability in terms of nicotine withdrawal severity during the
early phase of a quit experience. This work helps clarify putative mechanisms underlying
the experience of more intense or personally problematic nicotine withdrawal symptoms
among daily smokers.

The present investigation has a number of limitations that should be targeted in future
research. First, the current findings were based on a community sample of relatively
homogeneous participants in terms of race/ethnicity and age, thus limiting the
generalizability of the findings. Future work might extend this line of inquiry to more
diverse samples. Second, smokers in the current study reported relatively low levels of
nicotine dependence, and given documented associations between higher levels of nicotine
dependence and anxiety-related symptoms (e.g., Goodwin et al., 2008), future work might
wish to sample more highly nicotine-dependent smokers. Third, the current findings were
based on self-reported acute nicotine withdrawal symptoms experienced approximately 12
hr into a self-guided quit attempt. An important next step in this line of inquiry would be to
obtain nicotine withdrawal symptom reports at multiple time points to evaluate the
consistency of the present findings throughout the course of individuals' quit attempts. This
test was not conducted in the current report because of high rates of lapse and relapse in the
current sample within the early phases of the quit attempt. In other words, there was not
enough statistical power to examine interactive effects of panic responding and anxiety
sensitivity with regard to longer term withdrawal experiences in the current study. Future
studies might benefit from recruiting larger samples with the understanding that many
participants, particularly those with certain risk factors (e.g., high anxiety sensitivity), will
lapse and relapse rapidly (e.g., Zvolensky, Bonn-Miller, Bernstein, & Marshall, 2006).
Fourth, although the hyperventilation challenge was successful in eliciting significant
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physiological perturbation, future work might benefit from employing other even more
potent biological challenge methodologies (e.g., carbon dioxide–enriched air challenge).
Carbon dioxide–enriched air challenges may be a superior means of inducing panic
sensations given that they tend to induce more intense bodily sensations, allow for greater
manipulation related to the predictability of the administration, and may better mimic real-
world panic sensations as compared with those induced via hyperventilation (Abrams,
Schruers, Cosci, & Sawtell, 2008). Fifth, the exact duration of participants' nicotine
deprivation prior to the hyperventilation session was not recorded, but rather, the 12-hr
nicotine deprivation was verified biochemically. Future work would benefit from examining
potential relations between duration of nicotine deprivation and panic responding to a
biological challenge procedure. Sixth, data regarding differences in duration of time between
the study appointments were not recorded. Future work might benefit from assessing this
information. Finally, the self-quit methodological design employed in the current
investigation involved “bonus” payment (extra $25) for verified abstinence on the quit day
to help ensure a “serious” cessation attempt. This methodological tactic could have affected
the nature of the quit experience; therefore, future studies might benefit from employing
alternative strategies. For example, research efforts could evaluate the main and interactive
effects of anxiety sensitivity and panic attacks among a treatment-seeking sample that
receives an active smoking cessation intervention.

Together, the present findings uniquely extend previous work documenting a retrospective
association between anxiety sensitivity and panic psychopathology and nicotine withdrawal
symptoms among adult daily smokers. Results suggest that panic reactivity to bodily
sensations may be less relevant with regard to acute nicotine withdrawal severity among
high anxiety sensitivity individuals, who are already reporting elevated withdrawal
symptoms, in comparison to low anxiety sensitivity individuals. These findings provide
novel evidence that anxiety sensitivity and panic responsivity are important factors to
consider in terms of the acute experience of nicotine withdrawal symptoms during self-
guided quit attempts.
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Figure 1.
Panic attack status by anxiety sensitivity predicting quit-day nicotine withdrawal symptoms.
Note: Values for each predictor variable were chosen on the basis of 0.5 SD above and
below the means.
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