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Abstract
The current study investigated the main and interactive effects of emotion dysregulation and
distress tolerance in relation to panic-relevant variables among daily smokers. The sample
consisted of 172 adults (61.2% male; Mage = 31.58, SD = 11.51), who reported smoking an
average of 15.99 cigarettes per day (SD = 10.00). Results indicated that both emotion
dysregulation and distress tolerance were significantly related to interoceptive fear and
agoraphobia. Additionally, emotion dysregulation, but not distress tolerance, was significantly
related to anxiety sensitivity. All effects were evident above and beyond the variance accounted
for by average cigarettes per day, tobacco-related physical illness, and panic attack history. The
interaction between emotion dysregulation and distress tolerance significantly predicted
interoceptive and agoraphobic fears as well as the cognitive component of anxiety sensitivity.
Such findings underscore the importance of emotion dysregulation and distress tolerance in regard
to panic-specific fear and expectancies about anxiety-related sensations among daily smokers.
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Approximately 50% of daily smokers have a lifetime history of a psychiatric disorder with
such persons consuming a disproportionately large percentage of the overall volume of
cigarettes (Lasser et al., 2000). Although smoking has historically been studied in relation to
many co-occurring psychopathological conditions (e.g., schizophrenia, depressive disorders;
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Ziedonis et al., 2008), comparatively less scholarly attention has been focused on anxiety
and its disorders. This limitation is unfortunate, as anxiety disorders are among the most
common psychiatric conditions. Moreover, some studies indicate rates of smoking are
higher among those with anxiety disorders relative to many other psychiatric conditions as
well as those with no psychiatric illness (McCabe et al., 2004).

Notably, some of the most robust relations documented between smoking and anxiety
disorders have been evident for panic psychopathology (Zvolensky, Feldner, Leen-Feldner,
& McLeish, 2005; Zvolensky, Schmidt, & Stewart, 2003). For example, epidemiological
(Farrell et al., 2001), community (Hayward, Killen, & Taylor, 1989), and clinical (Pohl,
Yeragani, Balon, Lycaki, & McBride, 1992) studies have found individuals with panic
attacks are more apt to have a history of smoking compared to individuals without a panic
attack history. Numerous other investigations suggest smoking often precedes and increases
the subsequent risk for developing panic attacks and panic disorder with and without
agoraphobia (Bernstein, Zvolensky, Schmidt, & Sachs-Ericsson, 2007; Breslau & Klein,
1999; Isensee, Wittchen, Stein, Höfler, & Lieb, 2003; Johnson et al., 2000; Zvolensky,
Kotov, Antipova, & Schmidt, 2003). Additionally, panic psychopathology can impair
success in quitting smoking. For example, Piper and colleagues (2010) recently found that
smokers with a history of panic attacks, compared to smokers with no anxiety diagnoses,
were significantly less likely to be abstinent at eight weeks and six months post-quit. These
data collectively indicate clinically and statistically significant bi-directional relations
between smoking and panic psychopathology.

Although there is an established link between smoking and panic psychopathology, little is
known about the factors that are related to panic-relevant fear and expectancies about
anxiety-related sensations among daily smokers (Ziedonis et al., 2008). This limitation is
notable, as integrative models of smoking-panic co-occurrence and empirical evidence
suggest that panic-relevant fear (degree of fear of internal and external events; Rapee,
Craske, & Barlow, 1995) and expectancies about internal sensations (anxiety sensitivity or
beliefs that anxiety-related sensations have negative personal consequences; Taylor, 1999)
may each independently contribute to the tendency to be emotionally reactive to smoking-
based cues (e.g., bodily sensations) and enhance motivation to smoke for emotion regulatory
reasons (e.g., coping-motivated smoking in an effort to down regulate perceived or objective
elevations in negative affect or hyperarousal; Zvolensky & Bernstein, 2005; Zvolensky et
al., 2003). Specifically, smokers who perceive anxiety-related sensations as harmful or
dangerous may be more apt to be fearful of, and emotionally reactive to, internal states that
occur during smoking discontinuation. Consequently, a forward-feeding cycle may develop,
whereby smoking is used as a coping strategy for managing aversive states in the short term,
yet paradoxically confers longer-term risk for the development of panic symptoms. Thus, it
is important to isolate the factors that are uniquely related to panic-relevant fear and
expectancies about anxiety-related sensations among this population, in order to more
effectively target these variables in specialized intervention programs for smokers with co-
occurring vulnerabilities for, or existing problems with, panic psychopathology.

Emotion dysregulation represents a promising construct of increasing scholarly interest in
anxiety psychopathology and substance use disorder comorbidity research and clinical work
(Barlow, Allen, & Choate, 2004; Bonn-Miller, Vujanovic, & Zvolensky, 2008; Kashdan &
Steger, 2006; Orsillo & Roemer, 2005). Emotion dysregulation reflects difficulties in the
self-regulation of affective states and in self-control over affect-driven behaviors (Carver,
Lawrence, & Scheier, 1996). Although there has historically been limited work on emotion
dysregulation and anxiety psychopathology, recent studies have found that higher levels of
emotion dysregulation are generally related to more frequent and intense anxiety symptoms
(Tull, Barrett, McMillan, & Roemer, 2007; Tull & Roemer, 2007; Vujanovic, Zvolensky, &
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Bernstein, 2008). That is, emotion dysregulation is not-specific to particular anxiety
phenotypes or symptoms, but rather, is broadly associated with various types of anxiety
symptoms. However, the explanatory utility of emotion dysregulation has not yet been
explored in relation to panic-specific fear or expectancies about anxiety-related sensations
among daily smokers.

A second construct potentially relevant to bridging gaps in understanding about anxiety-
tobacco comorbidity is distress tolerance (Brown, Lejuez, Kahler, Strong, & Zvolensky,
2005). Distress tolerance reflects the perceived and/or actual behavioral capacity to
withstand exposure to aversive or threatening experiential states (e.g., negative emotions,
uncomfortable physical sensations; Leyro, Zvolensky, & Bernstein, 2010). Distress
tolerance has been conceptualized as: (a) the perceived capacity to withstand aversive
emotional or physical states (assessed via self-report measures; e.g., Distress Tolerance
Scale [DTS; Simons & Gaher, 2005]), and (b) the behavioral act(s) of withstanding
distressing internal states elicited by some type of stressor (assessed via the latency to
discontinue distressing tasks; e.g., breath-holding task; Zvolensky, Leyro, Bernstein, &
Vujanovic, 2011). In fact, numerous studies indicate that there is a minimal association
between these two distress tolerance classes (Bernstein, Marshall, & Zvolensky, in press;
Marshall-Berenz, Vujanovic, Bonn-Miller, Bernstein, & Zvolensky, 2010; McHugh et al., in
press; Leyro, Zvolensky, & Bernstein, 2010). Within the area of smoking research, much of
existing work has examined behavioral measures of distress tolerance (e.g., breath-holding
duration) in relation to smoking relevant outcomes. Here, past work indicates that lower
levels of behavioral distress tolerance are related to problems in abstaining from smoking
(e.g., Brown et al., 2009). Other related work suggests that distress tolerance may be an
important, yet underrecognized, explanatory factor in terms of emotional reactivity to
interoceptive distress (Schmidt, Mitchell, Keough, & Riccardi, 2010). For example, lower
levels of perceived distress tolerance for emotional distress and physical stress, and a lesser
ability to withstand acute episodes of emotional stress, are significantly related to increased
anxiety symptoms and panic attacks (Boelen & Reijntjes, 2009; Bonn-Miller, Zvolensky, &
Bernstein, 2009; Daughters et al., 2009; Marshall, Zvolensky, Vujanovic, Gregor, Gibson, &
Leyro, 2008) as well as escape behavior in response to somatic arousal (Asmundson &
Stein, 1994; Marshall et al., 2008; Telch, Jacquin, Smits, & Powers, 2003). There has not yet
been a direct test, however, of the relation between behavioral measures of distress tolerance
and panic-specific fear or expectancies about anxiety-related sensations, in general, or
among a tobacco using population, in particular.

Beyond main effects for emotion dysregulation and distress tolerance among daily smokers,
there is apt to be clinically-relevant interplay between these factors. Indeed, smokers with
higher levels of emotion dysregulation and lower tolerance for interoceptive distress (e.g.,
aversive physical sensations) may be more likely to manifest greater panic-specific fear and
expectancies about anxiety-related sensations. That is, lower levels of tolerance for internal
stress (e.g., bodily perturbation) may moderate the relation between emotion dysregulation
and panic-specific fear and expectancies about anxiety-related sensations. Specifically,
smokers experiencing greater levels of emotion dysregulation, who cannot as effectively
tolerate such distress, may interpret distressing symptoms as more severe, thereby increasing
reactivity to such symptoms and increasing panic-specific fear (interoceptive fear and
agoraphobic fear) and future expectancies about internal sensations (anxiety sensitivity).
Conversely, higher levels of an ability to tolerate emotion dysregulation may attenuate the
relative risk for more severe panic-specific fear and expectancies about the negative
consequences of anxiety-related sensations.

The current study investigated the main and interactive effects of emotion dysregulation and
a behavioral measure of distress tolerance (breath-holding duration) in relation to panic-
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specific fear (interoceptive and agoraphobic fear) and expectancies about anxiety-related
sensations (anxiety sensitivity) among a daily smoking population. There were three
interrelated sets of hypotheses that were globally driven by the perspective that higher levels
of an ability to tolerate emotion dysregulation may attenuate the relative risk for more severe
panic-specific fear as well as heightened sensitivity to the physical and cognitive
consequences of anxiety-related symptoms among daily smokers. First, it was hypothesized
that the main effect of emotion dysregulation would be significantly related to specific fears
and expectancies about anxiety-related sensations, as past work has suggested this construct
is not specific to one disorder (Tull et al., 2007). Second, it was hypothesized that the main
effect of a behavioral index of distress tolerance (breath-holding duration) would be
significantly (negatively) related only to the panic-specific fear criterion variables
(interoceptive and agoraphobic fear) and the physical and cognitive indices of anxiety
sensitivity; thus, it would showcase explanatory specificity to panic-relevant indices
(Schmidt et al., 2010). Finally, it was hypothesized that the significant main effects would
be qualified by a significant interaction between emotion dysregulation and distress
tolerance in terms of only panic-specific fear as well as the physical and cognitive indices of
anxiety sensitivity. The hypothesized significant effects were expected to be evident above
and beyond the variance accounted for by lifetime panic attack history, daily smoking rate,
and lifetime history of tobacco-related medical illness; factors known to covary with
emotion dysregulation and distress tolerance (Schmidt et al., 2010; Tull et al., 2007).

1. Method
1.1 Participants

Participants included 172 adult daily smokers (61.2% male; Mage = 31.58, SD = 11.51), who
responded to advertisements (e.g. flyers, newspaper ads, radio announcements) to participate
in a study examining the efficacy of a 4-session smoking-based behavioral intervention
program focused on emotional vulnerability in comparison to standard pharmacological and
psychosocial care. In terms of ethnic background, 84.8% of participants identified as
Caucasian, 11.4% identified as African-American, 1.1% identified as Hispanic, 1.1%
identified as Asian, and 1.6% identified as “other.” Participants reported smoking an average
of 15.99 cigarettes per day (SD = 10.00), smoking their first cigarette at 14.37 years of age
(SD = 3.10), and smoking regularly at 16.74 years of age (SD = 3.12). The average score on
the Fagerstrom Test for Nicotine Dependence (FTND; Heatherton, Kozlowski, Frecker &
Fagerstrom, 1991) was 5.01 (SD = 2.34), indicating moderate overall levels of nicotine
dependence.

Participants were deemed eligible for enrollment in the present study if they reported
smoking an average of 8 or more cigarettes daily for at least one year, provided a Carbon
Monoxide breath sample of 10 ppm or higher at baseline session, and were at least 18 years
old. Participants were excluded based on the following criteria: (1) current suicidality or
homicidality; (2) endorsement of current or past psychotic-spectrum symptoms via
structured interview screening; (3) limited mental competency and inability to provide
informed, voluntary, written consent; and (4), current use of pharmacotherapy for smoking
cessation not provided by researchers during quit attempt.

1.2 Measures
Structured Clinical Interview-Non-Patient Version for DSM-IV (SCID-N/P; First,
Spitzer, Gibbon, & Williams, 1994)—Diagnostic assessments were conducted using the
SCID-I-NP (Non-Patient Version; First et al., 1994). SCID-I-NP interviews were
administered by trained research assistants or doctoral level staff and supervised by
independent doctoral-level professionals. Interviews were audio-taped and the reliability of a
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random selection of 12.5% of interviews were checked (MJZ) for accuracy; no cases of
(diagnostic coding) disagreement were noted. The SCID-N/P was employed to document
psychopathology for the inclusionary/exclusionary criteria and history of panic attacks.

The Medical Screening Form (MSF; Scheftner & Endicott, 1984)—The MSF is a
structured instrument administered by trained interviewers to assess lifetime medical history
(Ormel, VonKorff, Ustun, Pini, 1994). This interview has excellent psychometric properties
and has been extensively used successfully in previous work for screening physical health
problems and medication usage (e.g., Hays, Kallich, Mapes, Coons, & Carter, 1994). In the
present study, as in past work (Leventhal, Zvolensky, & Schmidt, in press), a total score was
generated by summing the number of endorsed lifetime history of tobacco-related medical
problems. Specifically, participants who reported being diagnosed with heart problems,
hypertension, respiratory disease, or asthma on this questionnaire were coded as having a
tobacco-related disease.

The Smoking History Questionnaire (SHQ; 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 and pattern (Zvolensky, Lejuez, Kahler, & Brown, 2004). The
current investigation utilized the following variables from the SHQ: average number of
cigarettes smoked per day, age at first cigarette, and age at onset of regular (daily) cigarette
smoking.

Fagerstrom Test for Nicotine Dependence (FTND; Heatherton et al., 1991)—
The FTND is well-established six-item scale designed to assess gradations in tobacco
dependence. This measure exhibits good internal consistency, positive relations with key
smoking variables (e.g. salivary cotinine; Heatherton et al., 1991; Payne, Smith, McCracken,
McSherry, & Anthony, 1994), and high test-retest reliability (Pomerleau, Carton, Lutzke,
Flessland, & Pomerleau, 1994).

Carbon Monoxide—Biochemical verification of smoking status was completed by
Carbon Monoxide (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.).

Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004)—The
DERS was used to assess emotion dysregulation. The scale consists of 36 items, which
comprise six subscales, including: (a) nonacceptance of emotional responses, (b) difficulties
engaging in goal-directed activities, (c) impulse control difficulties, (d) lack of emotional
awareness, (e) limited access to emotion regulation strategies, and (f) lack of emotional
clarity.Items are rated on a 5-point Likert-type scale ranging from 1 (“almost never”) to 5
(“almost always”). Consistent with past work (Gratz & Roemer, 2004), the DERS-total
score demonstrated good internal consistency in the current sample (Cronbach α = .83). As
in past work (Gonzalez, Zvolensky, Vujanovic, Leyro, & Marshall, 2008; Vujanovic et al.,
2008), the DERS-total score was employed as a global index of the inability to effectively
modulate emotional states.

Breath-Holding Duration—Breath-holding duration was used as a physical challenge
procedure designed to elicit panic-like symptoms (e.g., dizziness, racing heart). This test
involves informing each participant to exhale completely, and then, hold his/her breath for
as long as possible. The duration of breath-holding is timed by an experimenter in the total
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number of seconds. As in past work (Asmundson & Stein, 1994), breath-holding duration
was assessed during two consecutive trials; these trials were highly interrelated (r = .81, p
< .001). Due to the high interrelation between the breath-holding trials, as in past work
(Brown et al., 2009), only the second trial was used. In the present study, breath-holding
duration was employed as a behavioral index of distress tolerance as persistence on the task
assessed the ability to tolerate aversive internal states (Brown, Lejuez, Kahler, Strong, &
Zvolensky, 2005). Here, it should be noted that this index of distress tolerance differs from
the global measurement of emotion dysregulation in that breath-holding duration measures
the physical or actual capacity to withstand internal discomfort whereas emotion
dysregulation reflects perceived abilities to effectively modulate emotional states.

Anxiety Sensitivity Index (ASI; Reiss, Peterson, Gursky, & McNally, 1986)—The
ASI is a 16-item measure in which respondents indicate, on a 5-point Likert-type scale (0 =
“very little” to 4 = “very much”), the degree to which they are concerned about possible
negative consequences of anxiety symptoms (e.g., “It scares me when my heart beats
rapidly”). The ASI is unique from, and demonstrates incremental predictive validity relative
to, trait anxiety (McNally, 2002) and negative affectivity (Zvolensky et al., 2003). In the
present investigation, the three ASI subscale scores (physical, cognitive, and social
concerns) were employed (range of Cronbach α's = .76 – .90 in the current sample).

Albany Panic and Phobia Questionnaire (APPQ; Rapee, Craske, & Barlow,
1995)—The APPQ is a 27-item self-report questionnaire with a 9-point Likert-type scale
ranging from 0 (“no fear”) to 8 (“extreme fear”). Three subscales are generated from the
items on the APPQ: interoceptive fear, agoraphobia, and social situational fear (Rapee et al.,
1995). The APPQ has demonstrated good to excellent internal consistency and construct
validity in past work (Brown, White & Barlow, 2005). In the present study, all three
subscales were employed as primary indices of panic-specific (interoceptive fear and
agoraphobia) and non-panic specific fear (social situational fear; range of Cronbach α's = .87
– .91 in the current sample).

1.3 Procedure
The current report is based on analyses of data that have not been published or presented
previously and were collected during the larger study’s baseline assessment session. The
baseline session took place prior to randomization and initiation of the intervention. At the
laboratory, participants first completed informed consent, and then were administered the
SCID-N/P and completed a baseline battery of self-report and behavioral instruments.
Thereafter, participants were paid for their participation.

2. Results
2.1 Data Analytic Strategy

Zero-order correlations were first obtained to examine associations between the predictor
and criterion variables. Thereafter, six separate hierarchical regressions were completed.
Criterion variables in the hierarchical regression analyses included: 1) ASI-physical; 2) ASI-
cognitive; 3) ASI-social concerns; 4) APPQ-interoceptive fear; 5) APPQ-agoraphobia; and,
6) APPQ-social situational fear. The main effects of average number of cigarettes smoked
per day (mean-centered), endorsement of tobacco-related medical problems (mean-
centered), and SCID-diagnosed panic attack history (dummy coded: no = 1, yes = 2) were
entered as a block at step 1. These theoretically-relevant covariates were chosen on an a
priori basis as factors that could possibly account for any observed relations between
emotion dysregulation and distress tolerance and the criterion variables (Cohen & Cohen,
1983). At step 2, the main effects (mean-centered) of emotion dysregulation (DERS-total)
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and distress tolerance (breath-holding duration) were simultaneously entered. At step 3, the
interaction (mean-centered) term of DERS-total by breath-holding duration was entered.
When significant interaction effects emerged, simple slopes were calculated to test whether
emotion dysregulation impacted the criterion variables at different levels of distress
tolerance (Aiken & West, 1991).

2.2 Zero-Order (or Bi-variate) Correlations for Theoretically-Relevant Variables
Please see Table 1 for a summary of zero-order (or bivariate, as applicable) correlations and
descriptive data. As expected, DERS-total was significantly positively correlated with the
physical, cognitive, and social concerns subscales of the ASI (range of r’s = .49 – .65, p < .
001). Additionally, DERS-total was significantly positively correlated with the agoraphobia
(r = .53, p < .001), interoceptive fear (r = .47, p < .001), and social situational fear (r = .67, p
< .001) subscales of the APPQ.

Also as expected, analyses revealed that breath-holding duration was significantly
negatively correlated with the three ASI subscales (range of r’s = −.15 – −.16, p < .05).
Further, breath-holding duration was significantly negatively correlated with the three APPQ
subscales (range of r’s = −.20 – −.31, p < .01).

Finally, DERS-total was significantly negatively correlated to breath-holding duration (r =
−.16, p < .05; 2.5% shared variance); whereas, the ASI subscales were significantly
positively related to the APPQ subscales (range of r's = .43 – .57; range of shared variance =
18% – .32%).

2.3 Hierarchical Regression Analyses
Analysis for the ASI-physical subscale revealed that the predictor variables accounted for
33.1% of the overall variance [F(6, 173) = 13.78, p < .001]. Step 1 of the model accounted
for 16.9% of the variance, with average cigarettes per day (t = 2.14, β = .15, p < .05) and
panic attack history (t = 5.48, β = .38, p < .001) each being significant predictors. Step 2 of
the model accounted for an additional 15.3% of the variance, with DERS-total (t = 5.94, β
= .41, p < .001) being the only significant predictor. Finally, Step 3 accounted for a non-
significant 0.9% of the variance (t = −1.50, β = −.10, p = ns; see Table 2).

Analyses for the ASI-cognitive subscale revealed that the predictor variables accounted for
51.1% of the overall variance [F(6, 173) = 29.12, p < .001]. Step 1 of the model accounted
for 18.4% of the variance, with average cigarettes per day (t = 2.59, β = .18, p < .01) and
panic attack history (t = 5.61, β = .39, p < .001) each being significant predictors. Step 2 of
the model accounted for an additional 31.4% of the variance, with DERS-total (t = 10.12, β
= .60, p < .001) being the only significant predictor. Finally, Step 3 accounted for an
additional 1.3% of the variance, with the interaction term of DERS-total by breath-holding
duration being a significant predictor (t = −2.12, β = −.12, p < .05; see Table 2). Here,
simple slope analyses revealed that higher levels of emotion dysregulation was significantly
related to the ASI-cognitive subscale at both low (b = .09, t = 9.19, p < .001) and high levels
(b = .06, t = 5.15, p < .001) of distress tolerance (breath-holding duration).

Analyses for the ASI-social subscale revealed that the predictor variables accounted for
33.7% of the overall variance [F(6, 173) = 14.18, p < .001]. Step 1 of the model accounted
for 15.1% of the variance, with average cigarettes per day (t = 2.36, β = .17, p < .05) and
panic attack history (t = 4.97, β = .35, p < .001) each being significant predictors. Step 2 of
the model accounted for an additional 18.4% of the variance, with DERS-total (t = 6.57, β
= .45, p < .001) being the only significant predictor. Finally, Step 3 accounted for a non-
significant 0.3% of the variance (t = −0.81, β = −.05, p = ns; see Table 2).
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Regarding the APPQ-agoraphobia subscale, results indicated that the predictor variables
accounted for 40.5% of the overall variance [F(6, 171) = 18.71, p < .001]. Step 1 of the
model accounted for 13.8% of the variance, with average cigarettes per day (t = 2.89, β = .
21, p < .01) and panic attack history (t = 4.37, β = .31, p < .001) both being significant
predictors. Step 2 of the model accounted for an additional 20.1% of the variance, with
breath-holding duration (t = −2.78, β = −.18, p < .01) and DERS-total (t = 6.07, β = .42, p
< .001) each being significant predictors. Finally, the Step 3 interaction term of DERS-total
by breath-holding duration accounted for a statistically significant additional 6.6% of the
variance of the APPQ-agoraphobia subscale (t = −4.27, β = −.27, p < .001; see Table 2).
Here, simple slope analyses revealed that emotion dysregulation was more strongly related
to the APPQ-agoraphobia subscale among individuals endorsing low (but not high) levels of
distress tolerance (breath-holding duration; b = .29, t = 7.63, p < .001).

Regarding the APPQ-interoceptive fear subscale, results indicated that the predictor
variables accounted for 40.8% of the overall variance [F(6, 171) = 18.94, p < .001]. Step 1
of the model accounted for 23% of the variance, with average cigarettes per day (t = 5.70, β
= .39, p < .001) and panic attack history (t = 4.32, β = .29, p < .001) both being significant
predictors. Step 2 of the model accounted for an additional 13.8% of the variance, with
breath-holding duration (t = −3.28, β = −.21, p < .001) and DERS-total score (t = 4.53, β = .
30, p < .001) each being significant predictors. Finally, Step 3 accounted for an additional
4% of the variance, with the interaction term being a significant predictor of the APPQ-
interoceptive fear subscale (t = −3.32, β = −.21, p < .001; see Table 2). Once again, simple
slope analyses revealed that emotion dysregulation was more strongly related to the APPQ-
interoceptive fear subscale among individuals endorsing low (but not high) levels of distress
tolerance (breath-holding duration; b = .18, t = 5.71, p < .001).

Finally, analyses for the APPQ-social situational fear subscale revealed that the predictor
variables accounted for 46.7% of the overall variance [F(6, 171) = 24.05, p < .001]. Step 1
of the model accounted for 13% of the variance, with average cigarettes per day (t = 3.34, β
= .24, p < .001) and panic attack history (t = 3.55, β = .26, p < .001) both being significant
predictors. Step 2 of the model accounted for an additional 33.5% of the variance, with
DERS-total (t = 9.77, β = .61, p < .001) being the only significant predictor. Finally, Step 3
accounted for a non-significant 0.2% of the variance (t = −.71, β = −.04, p = ns; see Table
2).

2.4 Mapping the Form of the Observed Significant Interactions
The form of the statistically significant interactions were then subsequently examined per
recommendations from Cohen and Cohen (1983). First, based on recommendations of
Cohen and Cohen (1983; pp. 323, 419), the form of each interaction was examined by
inserting specific values for each predictor variable into the regression equation associated
with the described analyses. As evident in Figure 1, individuals endorsing higher levels of
DERS-total and shorter duration of breath-holding reported the highest levels on the ASI-
cognitive subscale. Interestingly, among individuals endorsing low levels of DERS-total,
virtually no difference was observed between breath-holding duration (low/high), in terms
of the reported levels on the AS-cognitive subscale. Generally similar patterns of findings
were observed for the APPQ-agoraphobia and -interoceptive fear subscales (see Figures 1–
3).

3. Discussion
First, as hypothesized, the main effect of emotion dysregulation was significantly
incrementally related to all of the criterion variables. The size of the observed effects were
generally medium to large (Cohen, 1988; see Table 2). These findings are broadly consistent
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with past work that has shown emotion dysregulation is generally related to more frequent
and intense anxiety symptoms (i.e., it is non-specific to particular anxiety phenotypes or
symptoms; Tull et al., 2007; Tull & Roemer, 2007; Vujanovic et al., 2008) and extends this
program of research in regard to numerous indices of specific types of fear. Importantly, the
observed effects cannot be attributed to smoking rate, tobacco-related physical illnesses, or a
history of panic attacks. Thus, emotion dysregulation evidences a strong and consistent
relation to specific types of fears among a tobacco using population.

Second, as hypothesized, the main effect of distress tolerance (as measured by breath-
holding duration) was significantly related to agoraphobic and interoceptive fear, but not
social fears, among daily smokers. Yet, contrary to prediction, distress tolerance was not
significantly incrementally related to any of the anxiety sensitivity subscales. This finding is
somewhat surprising given: (a) the ASI subscale scores were significantly correlated with
the APPQ subscales (range of shared variance: 30% – 44%); and, (b) the range of variance
accounted for by the covariates was generally similar across the criterion variables (see
Table 2). However, these results are consistent with observations that distress tolerance and
anxiety sensitivity are not perfectly coupled, but rather, represent distinct constructs
(Keough, Riccardi, Timpano, Mitchell, & Schmidt, 2010; Zvolensky, Vujanovic, Bernstein,
& Leyro, 2010).

In the present study, the results suggest distress tolerance may be related to panic-specific
fears but not expectancies about the negative consequences of anxiety-related sensations
(anxiety sensitivity) among daily smokers. Thus, distress tolerance, as measured by breath-
holding duration, may be more related to fear than expectancies about aversive internal
states per se. Such work is generally consistent with research indicating that lower levels of
behavioral measures of distress tolerance (e.g., breath-holding duration) are related to higher
rates of panic attacks (Marshall et al., 2008), and extends this line of work in regard to
panic-specific fear variables. Similar to the emotion dysregulation effects, the distress
tolerance effects were evident above and beyond the variance accounted for by smoking
rate, tobacco-related physical illnesses, and panic attacks.

Third, as hypothesized, the interaction between emotion dysregulation and distress tolerance
significantly predicted rates of panic-relevant fear in daily smokers above and beyond the
individual main effects. The form of the interactions indicated that higher levels of emotion
dysregulation combined with lower levels of distress tolerance significantly predicted higher
levels of panic-relevant fear (agoraphobia and interoceptive fear). Here, when examining the
simple slopes of these significant interactions, we found that emotion dysregulation was
more strongly related to panic-specific fear at low, but not high, levels of distress tolerance.
Specifically, as levels of distress tolerance decreased the relation between emotion
dysregulation and panic-specific fears increased (became more positive).

Partially consistent with study hypotheses, the interaction between emotion dysregulation
and distress tolerance only significantly predicted the anxiety sensitivity – cognitive
subscale. Simple slope analyses revealed that emotion dysregulation was significantly
related to the cognitive facet of anxiety sensitivity at both high and low levels of distress
tolerance. Yet, the interaction between emotion dysregulation and distress tolerance did not
significantly predict the anxiety sensitivity - physical subscale. This finding is somewhat
surprising given that our measure of distress tolerance (breath-holding duration) was
designed to assess the behavioral capacity to withstand aversive physical states. However,
given the relatively low correlations observed between various indices of distress tolerance
(e.g., self-report vs. behavioral; Bernstein, Marshall, & Zvolensky, in press; Marshall et al.,
2008; McHugh et al., in press), it could be that other facets (e.g., perceived) distress
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tolerance are more relevant to understanding expectancies regarding the physical
consequences of anxiety-related sensations.

There are a number of interpretative caveats that warrant consideration in the interpretation
of the present findings and highlight useful targets for future research. First, the present
sample is limited in that it is comprised of a relatively homogenous (e.g., primarily
Caucasian) group of adult smokers who volunteered to participate in the study for monetary
reward. To rule out potential self-selection bias among persons with these characteristics and
increase the generalizability of these findings, it will be important for researchers to draw
from other populations and utilize recruitment tactics other than those used in the present
study. Second, it may be helpful for future work to employ prospective methodologies to
trace changes in the criterion variables over time. This information will help in clarifying the
relative stability of the observed effects and could inform prevention efforts. Third, we
sampled community-recruited daily smokers. Inspection of the level of nicotine dependence
among this sample was relatively low. To enhance the generalizability of the results, it may
therefore be useful to replicate and extend the present findings to heavier smoking samples
and evaluate if similar patterns emerge. And finally, the present study was correlational in
nature. It is therefore necessarily limited because it cannot shed light on processes over time
or isolate causal relations between variables.

Overall, the results of the current study broadly highlight the importance of emotion
dysregulation and distress tolerance in terms of better understanding panic-relevant fear and
expectancies about anxiety-related sensations. Past work suggests that increased fears of,
and expectancies about, panic-related symptoms are theoretically and empirically linked to
the development and maintenance of panic psychopathology, particularly among daily
smokers (Zvolensky & Berstein, 2005). Such research underscores the importance of
focusing greater attention on factors that may place smokers at greater risk for the
development of anxiety-related fears and expectancies in an effort to prevent panic-related
problems. Likewise, addressing emotional dysregulation and distress tolerance may be
important to address in terms of aiding efforts to quit smoking (Zvolensky & Bernstein,
2005). Consistent with previous work, the present findings suggest that emotional
vulnerability factors such as emotion dysregulation and distress tolerance may be important
variables to consider in regard to panic-specific fear and expectancies, particularly those
related to the cognitive consequences of anxiety. Thus, assessing levels of emotion
dysregulation and distress tolerance may be useful in terms of identifying, and perhaps,
clinically assisting adult smokers at risk for panic-related psychopathology and adult
smokers with emotional vulnerabilities in their efforts to successfully quit smoking. Notably,
the present effects for emotional dysregulation and distress tolerance were observed after
accounting for other theoretically-relevant and clinically important factors including,
lifetime panic attack history, daily smoking rate, and lifetime history of tobacco-related
medical illness. Together, it may be necessary to understand and clinically address the roles
of emotion dysregulation and distress tolerance among daily tobacco users in an effort to
prevent and treat panic-relevant symptoms and facilitate success in smoking cessation.

Highlights

• We examined the main and interactive effects of emotion dysregulation and
distress tolerance in relation to panic-relevant fear

• We found that both emotion dysregulation and distress tolerance were
significantly related to interoceptive fear and agoraphobia.

• Emotion dysregulation, but not distress tolerance, was significantly related to
anxiety sensitivity.
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• The interaction significantly predicted interoceptive and agoraphobic fears as
well as the cognitive component of anxiety sensitivity.

• Results suggest that emotion dysregulation and distress tolerance may be
important variables to clinically target among adult daily smokers.
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Figure 1.
ASI-Cognitive score as a function of the interaction between DERS-Total and Breath-
Holding Duration among participants 0.5 SD above and/or below the mean.
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Figure 2.
APPQ-Agoraphobia score as a function of the interaction between DERS-Total and Breath-
Holding Duration among participants 0.5 SD above and/or below the mean.
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Figure 3.
APPQ-Interoceptive score as a function of the interaction between DERS-Total and Breath-
Holding Duration among participants 0.5 SD above and/or below the mean.
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