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Abstract

Introduction—Empirical work has documented a robust and consistent relation between panic 

attacks and smoking behavior. Theoretical models posit smokers with panic attacks may rely on 

smoking to help them manage chronically elevated negative affect due to uncomfortable bodily 

states, which may explain higher levels of nicotine dependence and quit problems.

Methods—The current study examined the effects of panic attack history on nicotine 

dependence, perceived barriers for quitting, smoking inflexibility when emotionally distressed, 

and expired carbon monoxide among 461 treatment-seeking smokers. A multiple mediator path 

model was evaluated to examine the indirect effects of negative affect and negative affect 

reduction motives as mediators of the panic attack-smoking relations.

Results—Panic attack history was indirectly related to greater levels of nicotine dependence 

(b=0.039, CI95%=0.008, 0.097), perceived barriers to smoking cessation (b=0.195, CI95%=0.043, 

0.479), smoking inflexibility/avoidance when emotionally distressed (b=0.188, CI95%=0.041, 

0.445), and higher levels of expired carbon monoxide (b=0.071, CI95%=0.010, 0.230) through the 

sequential effects of negative affect and negative affect smoking motives.

Conclusions—The present results provide empirical support for the sequential mediating role of 

negative affect and smoking motives for negative affect reduction in the relation between panic 

attacks and a variety of smoking variables in treatment-seeking smokers. These mediating 

variables are likely important processes to address in smoking cessation treatment, especially in 

panic-vulnerable smokers.
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Introduction

Panic attacks have been defined as a subjective sense of extreme fear or impending doom 

accompanied by a massive autonomic surge and strong flight-or-fight action tendency (1). 

Panic attacks can either be situationally triggered and isolated or perceived as spontaneous 

and recurrent in nature; the latter is the hallmark characteristic of panic disorder, which can 

occur with or without situational avoidance (i.e. agoraphobia) (2). Approximately 28% of 

the general United States population experiences panic attacks at some point in their 

lifetime, with 23% experiencing panic attacks without ever meeting criteria for panic 

disorder and/or agoraphobia (3). That is, panic attacks can occur outside the context of panic 

psychopathology. In fact, panic attacks are common in various other psychological disorders 

including posttraumatic stress disorder, generalized anxiety disorder, social anxiety disorder, 

depression, and various substance use disorders (2) and a large body of research suggests 

that panic attack histories ‘mark’ risk for multiple forms of psychopathology (4-6).

In addition to panic attacks being a relatively common phenomenon (3), empirical evidence 

suggests that panic attacks co-occur with smoking at rates that exceed those found in the 

general non-psychiatric population (7-9). In the National Comorbidity Survey, current 

smoking rates among adults with a history of panic attacks were significantly greater than 

those reported among respondents with no mental illness and quit rates were significantly 

lower (10). Other work suggests smokers with panic attacks, compared to those without, are 

more likely to report greater levels of nicotine dependence and smoking to regulate affective 

states (11,12), less self-efficacy for remaining abstinent (13), and experience greater pre-quit 

negative affect and withdrawal symptoms (11,14). Additionally, in a large-scale treatment 

trial, smokers with a history of panic attacks, compared to smokers with no anxiety 

psychopathology, were less likely to be abstinent at eight weeks and six months post-quit 

day (11).

Given the established relation between panic attacks and smoking, a growing body of 

literature has aimed as explicating the processes underlying these relations (15). For 

example, anxiety sensitivity (AS; extent to which anxiety and anxiety-related sensations are 

perceived as harmful (16)) is an individual difference factor that predisposes individuals to 

the development and maintenance of anxiety psychopathology (17) and has been linked to 

various smoking processes (see overview; 18). Two additional factors that have consistently 

been implicated as possible explanatory processes in this context are (i) state/trait levels of 

negative affect (i.e. non-specific general distress; 19,20) and (ii) smoking motivated at 

reducing negative affect (21). Models of negative-reinforcement drug use (21,22), in 

conjunction with panic-smoking comorbidity models (18,23), suggest that smoking may be 

used as a coping strategy for managing aversive internal bodily states as an attempt to 

temporarily ameliorate affective distress. In line with this perspective, panic attacks are 

predictive of coping-oriented smoking motivation (24) and coping motives mediate the 

relation between anxious arousal symptoms (core symptomatic feature of panic attacks) and 

increased smoking rate among treatment-seeking smokers (25). Such data suggest that 

smokers with panic attacks may rely on smoking to manage negative affect states, which 

may, at least partially, account for a greater severity of nicotine dependence, the inflexible 
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reliance on smoking when emotionally distressed, greater perceived difficulties in quitting, 

and levels of expired carbon monoxide (a biochemical index of smoking rate).

Together, the overarching aim of the present study was to provide an empirical test of the 

effect of negative affect and negative affect-management smoking motives in regard to the 

effect of panic attack history on nicotine dependence, barriers to smoking cessation, 

smoking-based inflexibility/avoidance, and a biochemical index of smoking; see Figure 1). 

Specifically, among treatment-seeking smokers, panic attacks were evaluated in relation to 

(i) nicotine dependence, (ii) perceived barriers for quitting smoking, (iii) and smoking-

related inflexibility/avoidance when emotionally distressed (i.e. the tendency to respond 

inflexibly or with avoidance by smoking in response to difficult thoughts, feelings, and 

sensations), and (iv) expired carbon monoxide (CO). In line with theoretical models of 

anxiety and smoking comorbidity (17), it was hypothesized that a history of panic attacks 

may impact smoking by first increased negative affect followed by increased negative 

reinforcement-based smoking motivation; that is, the indirect effects of the proposed 

mechanisms (negative affect and smoking motives) are theorized to sequential impact 

smoking processes. These effects were expected to be evident above and beyond the 

variance accounted for by gender, age, marital status, alcohol and cannabis use, depressive 

symptomology and tobaccorelated medical problems; factors often related to both smoking 

and panic attacks (9,17,26).

Methods

Participants

Participants (n=461) were adult daily smokers (Mage=36.7, SD=13.58; 48.6% female). For 

sample characteristics, please see Table 1. Regarding smoking history, the average daily 

smoking rate of this sample was 16.6 (SD=9.95), and on average, participants reported daily 

smoking for 18.4 years (SD=13.35). Moderate levels of nicotine dependence were reported 

among the sample per the Fagerström Test for Nicotine Dependence (M=5.2, SD=2.30) and 

baseline expired carbon monoxide averaged 19.1 ppm (SD=11.81). Of the sample, 47.7% 

(n=220) met criteria for a lifetime history of panic attacks: 49.1% reported having only cued 

panic attacks, 48.2% reported uncued panic attacks, and 2.7% (n=6) had missing 

information about cued/uncued panic attacks. Additionally, 44.1% met criteria for at least 

one current psychiatric disorder, and specifically, 5.5% met criteria for panic disorder (with 

or without agoraphobia).1

Measures

Demographics Questionnaire

A demographics questionnaire was used to assess age, marital status, and race/ethnicity.

1Rates of lifetime panic attack history were reported higher in the current sample (47.7%) relative to other community estimations 
[38.1%; (10)]. The current sample of community daily smokers rates of panic attacks. The rates of current (past year) Axis I 
psychopathology in the current sample are consistent with community-based estimations (10).
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Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I/NP)

The SCID-I [Non-Patient Version; (27)] was used to assess past year DSM-IV-TR Axis I 

disorders. Interviews were administered by trained research assistants or doctoral level staff 

and supervised by independent doctoral-level professionals. All cases were checked by two 

independent raters for diagnostic accuracy; no cases of diagnostic disagreement were found. 

History of panic attacks was assessed using the panic disorder section of the SCID-I/NP. 

Two clinician-rated items were used to indicate a history of panic attacks: (1) “Have you 

ever had a panic attack, when you suddenly felt frightened, or anxious or suddenly 

developed a lot of physical symptoms?”; and (2) “Have these attacks ever come on 

completely out of the blue – in situations where you didn’t expect to be nervous or 

uncomfortable?” A dichotomous variable was created to reflect those who endorsed either 
item (n=220; coded=1, positive history of panic attacks). All other participants served as the 

non-panic attack reference group (n=241; coded=0); this variable was the predictor in all 

analyses.

Smoking History Questionnaire (SHQ)

The SHQ (28) is a self-report questionnaire that was used to describe the sample in terms of 

daily smoking rate and number of years smoking.

Alcohol Use Disorders Identification Test (AUDIT)

The AUDIT (29) is a 10-item self-report measure developed to identify individuals with 

problematic drinking. Total scores range from 0–30, with higher scores reflecting more 

hazardous drinking. The psychometric properties are well documented (29). The AUDIT 

total score was used as a covariate in all analyses; internal consistency was good 

(Cronbach’s α=0.84).

Marijuana Smoking History Questionnaire (MSHQ)

The MSHQ (30) is a 40-item measure that assesses cannabis use history and patterns of use. 

One item was used in the current study to determine status of cannabis use in the past 30 

days: “Please rate your marijuana use in the past 30 days” (Responses range from 0=No use, 

4=Once a week, to 8=More than once a day). This itemwas dichotomously coded to reflect a 

cannabis use status variable (0=No use; 1=Past 30-day use), which was entered as a 

covariate in all analyses.

Inventory of Depression and Anxiety Symptoms (IDAS)

The IDAS (31) is a 64-item self-report measure of symptoms of major depression and 

anxiety disorders. Respondents are asked to rate the degree to which they have experienced 

symptoms in the past two weeks, scored on a 5-point Likert-type scale (1=“not at all” to 

5=“extremely”). This measure yields a global General Depression score, and 11 specific 

anxiety and depression-relevant subscales. The General depression subscale (20 items; 

possible range 20–100) was used as a covariate in all analyses. The IDAS has strong 

psychometric properties, including internal consistency and test-retest reliability, and 

convergent and discriminant validity (31). Internal consistency for the General Depression 

subscale in the current study was excellent (α=0.89).
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Medical history checklist

A medical history checklist was used compute a composite variable as an index of tobacco-

related medical problems, which in the current study was entered as a covariate in all 

models. Items in which participants indicated having ever been diagnosed (heart problems, 

hypertension respiratory disease and asthma; all coded 0=no, 1=yes) were summed and a 

total score was created (observed range from 0–3), with greater scores reflecting the 

occurrence of multiple markers of tobacco-related disease.

Positive and Negative Affect Scale (PANAS)

The PANAS (32) is a self-report measure that requires participants to rate the extent to 

which they experience each of 20 different feelings and emotions (e.g. nervous, interested) 

based on a Likert scale that ranges from 1 (“Very slightly or not at all”) to 5 (“Extremely”). 

The measure yields two factors, negative and positive affect, and has strong documented 

psychometric properties (32). The negative affectivity subscale was used in the present study 

as the first mediator variable (M1); internal consistency was excellent (Cronbach’s α=0.90).

Reasons for Smoking (RFS)

The RFS (33) is a 23-item self-report measure that assesses motivations for smoking. 

Participants are asked to rate their tendency to smoke in each of the circumstances listed, 

rated on a 5-point Likert scale (1=never to 5=always). The psychometric properties of this 

scale, including measures of factor structure, internal consistency, and test-retest reliability, 

are well established (34). In the present study, the negative affect reduction subscale (RFS-

NA; e.g. “When I feel uncomfortable or upset about something, I light up a cigarette”) was 

used as the second mediator variable (M2); internal consistency for the RFS-NA subscale 

was good (Cronbach’s α=0.89).

Fagerström Test for Nicotine Dependence (FTND)

The FTND (35) is a 6-item scale that assesses gradations in tobacco dependence. Scores 

range from 0–10, with higher scores reflecting high levels of physiological dependence on 

nicotine. The FTND has adequate internal consistency, positive relations with key smoking 

variables (e.g. saliva cotinine), and high test-retest reliability (35,36). Internal consistency in 

the current study was acceptable (Cronbach’s α=0.64). The FTND total score was used as a 

criterion variable in the present analyses (Y1).

Barriers to Cessation Scale (BCS)

The BCS (37) is a self-report assessment of perceived barriers, or specific stressors, 

associated with quitting smoking. The BCS is a 19-item measure on which respondents 

indicate, on a 4-point Likert scale (0=Not a barrier or not applicable to 3=Large barrier), the 

degree to which they identify with each listed barriers (e.g. “Weight gain”, “Friends 

encouraging you to smoke”, “Fear of failing to quit”). Scores are summed and a total score 

is derived. The BCS has strong psychometric properties, including concurrent and predictive 

validity, internal consistency, and reliability (37). The BCS total score was used as a 

criterion variable in the present study (Y2; Cronbach’s α=0.89).
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Acceptance and Inflexibility Scale (AIS)

The AIS (38) is a 13-item self-reported measured that assesses the link between internal 

(affective) triggers and smoking. Instructions ask the respondents to consider how they 

respond to difficult thoughts that encourage smoking (e.g. “I need a cigarette”), different 

feelings that encourage smoking (e.g. stress, fatigue, boredom), and bodily sensations that 

encourage smoking (e.g. “physical cravings or withdrawal symptoms”). Example items 

include “How likely is it you will smoke in response to [thoughts/feelings/sensations]?”, 

“How important is getting rid of [thoughts/feelings/sensations]?”, and “To what degree must 

you reduce how often you have these [thoughts/feelings/sensations] in order not to smoke?”. 

Items are rated on a 5-point Likert scale (1=Not at all to 5=Very much), with higher scores 

reflecting more inflexibility/avoidance in the presence of difficult thoughts, feelings and 

sensations. The AIS has displayed good reliability and validity in pastwork (38,39). The AIS 

total scorewas used as a criterion variable in the present study (Y3); internal consistency was 

excellent (Cronbach’s α=0.93).

Carbon monoxide

Biochemical verification of smoking status was completed by carbon monoxide (CO) 

analysis of breath samples. Expired air CO levels were assessed using a CMD/CO Carbon 

Monoxide Monitor (Model 3110; Spirometrics, Inc.). Baseline CO breath samples were used 

a criterion variable in the current study (Y4), as a complimentary index of smoking behavior.

Procedure

Participants were daily smokers who responded to community-based advertisements (e.g. 

flyers, newspaper ads, radio announcements) to participate in a larger study examining the 

efficacy of two smoking cessation interventions: a novel 4-session smoking cessation 

behavioral intervention that focused on vulnerability to panic (Panic-Smoking Program), and 

a standard smoking cessation program. Participants were recruited at two sites (University of 

Vermont and Florida State University); the study procedures have been described elsewhere 

(24). Due to the nature of the parent study, participants were recruited by flyers indicating a 

study for smoking-based anxiety-reduction program. The current study is based on 

secondary analyses of a sub-sample of people who provided data during the study’s baseline 

assessment session, which took place prior to the commencement of the intervention. Cases 

with available data on all examined variables were included in the present sample. After 

providing written informed consent, participants were interviewed using the SCID-I/NP and 

completed a computerized self-report assessment battery as well as biochemical verification 

of smoking status. All participants provided informed consent and the study protocol was 

approved by the Institutional Review Boards at both universities.

Data analytic strategy

The present data have not been previously reported. Analyses were conducted in PASW 

Statistics 21.0 (IBM SPSS Inc.). First, zero-order correlations among predictor (panic attack 

history [X]), proposed mediators (PANAS-NA [M1] and RFSNA [M2], and criterion 

variables (FTND [Y1], BCS [Y2], AIS [Y3], and expired CO [Y4]) were examined. Next, a 

serial multiple mediator model was conducted to examine the impact of RFS-NA through 

Farris et al. Page 6

Am J Drug Alcohol Abuse. Author manuscript; available in PMC 2018 April 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



PANAS-NA as mediators of the relation between panic attack history (X) and the criterion 

variables (FTND, BCS, AIS, expired CO). This analytic approach allows for examination of 

two mediators, in a causal or sequential fashion, while simultaneously testing the indirect 

effects of each mediator independently (40). That is, the model estimates each specific 

indirect effect (a1*b1 and a2*b2); however, in order to test for sequential mediation effects, 

the indirect effect of path a1*a3*b2 was also estimated and tested for statistical significance. 

Gender, age, marital status, alcohol use (per AUDIT), past 30-day cannabis use status (per 

MSHQ), tobacco-related medical problems, and depressive symptoms (per IDAS-General 

Depression scale) were included as covariates in all models. Analyses were conducted using 

PROCESS, a conditional process modeling program that utilizes an ordinary least squares-

based path analytical framework to test for both direct and indirect effects (40). The 95-

percentile confidence intervals (CI) for R2 indices were obtained analytically; the CIs for the 

specific and conditional indirect effects were estimated with bootstrap analyses (10 000 

resamples; as recommended, 41-43).

Results

Zero-order correlations

Bivariate associations between study variables are presented in Table 2. Panic attacks were 

significantly associated with female gender, past 30-day cannabis use, depressive symptoms, 

negative affectivity, negative affect reduction smoking motives, and perceived barriers for 

smoking cessation. Descriptively, independent sample t-test revealed that those smokers with 

a history of panic attacks, relative to those without, reported greater depressive symptoms, 

greater general negative affect, more negative-reduction smoking motives, and greater 

perceived barriers to quitting smoking (all p’s<0.05). Those smokers with a panic attack 

history were rated as having an overall lower GAF score (Global Assessment of 

Functioning), relative to those with no panic attack history (M=70.7, SD=10.94 versus 

M=75.8, SD=10.61; t=4.551, p<0.0001). Additionally, both mediator variables were 

significantly inter-correlated, and all criterion variables were significantly related with the 

exception of BCS and expired CO; correlations were low to moderate in strength. Male 

gender was also significantly associated with higher AUDIT scores, whereas female gender 

was related to higher scores on the IDAS-Depression, PANAS-NA, RFS-NA, BCS, and AIS.

Mediation analyses

Four path models were constructed in order to test the impact of panic attack history on each 

criterion variable, through negative affect (M1) and negative affect reduction smoking 

motives (M2).2 Regression weights for paths a, b, c, and c0 are presented in Table 3 for each 

of the four models. The estimates of the specific and conditional indirect effects were the 

paths tested for mediation, which are presented in Table 4.

2The regression models were conducted with a more conservative panic attack history variable that was coded to include those with 
recurrent and uncued panic attacks (=1) and all others (=0). An identical pattern of results emerged with panic attack history predicting 
all four criterion variables indirectly through the sequential effects of PANAS-NA and RFS-NA (effects a1*a3*b2). Full results are 
available upon request from the corresponding author.
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In the first analysis (Y1=FTND), both the total effect model Ry1, x
2 = 0.155, df=8, 452, 

F=10.330, p<0.0001) and the full model with the mediators RM1, 2, x
2 = 0.296, df=10, 450, 

F=18.889, p<0.0001) were significant, however the specific total effect of panic attack 

history on FTND (path c) and the direct effect of panic attack history in relation to FTND, 

controlling for the mediators (path c′) were nonsignificant. In the full model, male gender 

(b= −0.738, t= −3.813, p=0.0002), being older in age (b=0.059, t=7.223, p<0.0001) and 

having fewer tobacco-related medical problems (b= −0.321, t= −2.109, p=0.036) were 

significant covariates. Regarding the test of the indirect (mediational) effects (as shown in 

Table 4, Model 1), a history of panic attacks was predictive of greater levels of nicotine 

dependence indirectly through the sequential effect of negative affect and negative affect 

reduction smoking motives (effect a1*a3*b2), but not indirectly through either specific 

mediator alone (effects a1*b1 or a2*b2).

In the second analysis, (Y2=BCS), both the total effect model Ry2, x
2 = 0.182, df=8, 452, F = 

12.587 p<0.0001) and the full model with mediators RM1, 2, x
2 = 0.341, df = 10, 450, F = 

23.331, p<0.0001) accounted for a significant amount of variance. The specific total effect 

or direct effect of panic attack history on BCS was non-significant. In the full model, female 

gender (b=1.801, t=1.999, p=0.046) and greater level of depressive symptoms (b=0.110, 

t=2.253, p=0.025) were significant covariates. Regarding the test of the indirect effects 

(Table 4, Model 2), a history of panic attacks was predictive of greater perceived barriers to 

smoking cessation indirectly through the sequential effects of negative affect and negative 

affect reduction smoking motives (effect a1*a3*b2), but not through either mediator alone.

Third, the total effects model accounted for significant variance in AIS (Y3; Ry3, x
2 = 0.154, 

df=8, 452, F=10.298, p<0.0001); however, the specific total effect of panic attack history on 

AIS was non-significant. The full model with the mediators predicted significant variance in 

AIS RM1, 2, x
2 = 0.300, df=10, 450, F=19.270, p<0.0001) yet there was a non-significant direct 

effect of panic attack history on AIS controlling for the mediators. In the full model, being 

older in age (b=0.155, t=4.055, p=0.0001) and greater level of depressive symptoms 

(b=0.159, t=3.235, p=0.001) were significant covariates. To test mediation, the indirect 

effects were estimated (see Table 4, Model 3); a history of panic attacks was predictive of 

greater levels of smoking-based inflexibility/avoidance when emotionally distressed 

indirectly through negative affect and negative affect reduction smoking motives (effect 

a1*a3*b2), but not indirectly through either specific mediator alone.

Fourth, panic attack history was tested in terms of expired CO (n=237, due to missing 

expired CO data). The total effects model accounted for significant variance in expired CO 

(Y4; Ry4, x
2 = 0.167, df=8, 428, F=10.709, p<0.0001); however, the specific total effect was 

panic attack history on expired CO was non-significant. The full model with the mediators 

predicted significant variance in expired CO RM1, 2.x
2 = 0.187, df=10, 426, F=9.779, 

p<0.0001); yet, there was a non-significant direct effect of panic attack history in regard to 

expired CO controlling for the mediators. In the full model, male gender (b= −3.390, t= 
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−3.088, p=0.002), being older in age (b=0.265, t=5.655, p<0.0001), and being married/

cohabitating (b= −1.008, t= −2.948, p=0.003) were significant covariates. To test mediation, 

the indirect effects were estimated (see Table 4, Model 4); a history of panic attacks was 

predictive of greater expired CO levels indirectly through the sequential effect of negative 

affect and negative affect reduction smoking motives (effect a1*a3*b2), but not indirectly 

through either specific mediator alone.

Specificity analyses

Despite the theoretically-driven model guiding the research questions, as a method of further 

strengthening the interpretation, alternative mediation models were tested by reversing the 

two proposed mediators. Tests of the indirect effects were estimated based on 10 000 

bootstrapped re-samples. Results of the alternative path models were non-significant when 

RFS-NA was entered as M1 and PANAS-NA was entered as M2 for nicotine dependence 

(b=0.001, CI95%= −0.003, 0.002), barriers to smoking cessation (b=0.001, CI95%=− 0.014, 

0.032), smoking-related inflexibility/avoidance (b= −0.001, CI95%= −0.019, 0.009), and 

expired CO (b=0.001, CI95%= −0.017, 0.016).

Discussion

The present study provided an empirical test as to whether panic attack history is related to 

various smoking processes indirectly via the sequential effects of negative affect and 
negative affect reduction smoking motives. First, there was no observed direct effect of panic 

attacks on the smoking-relevant variables. However, findings suggested that among adult 

daily smokers, a history of panic attacks was predictive of greater levels of nicotine 

dependence, greater perceived barriers to smoking cessation, greater inflexibility/avoidance 

in the presence of distressing thoughts, feeling, sensations related to smoking, and greater 

expired CO values; and that these effects were observed only indirectly through the 

sequential effects of greater levels of negative affect followed by greater negative affect 

reduction smoking motives. Notably, the indirect effects of negative affect or coping motives 

alone were not predictive of any of the examined smoking variables. Additionally, the 

specificity analyses further support these findings: the sequential effect of negative affect 

reduction smoking motives and negative affect (a reversed meditational effect) did not 

indirectly explain the panic attack-smoking relations for any of the tested criterion variables.

This set of findings suggests that for daily cigarette smokers with a history of panic attacks, 

those with higher levels of negative affect are more vulnerable to copingoriented smoking 

motivation, which may, in part, account for greater reliance on smoking. Specifically, 

smoking reliance was indexed by higher levels of nicotine dependence, greater perceived 

barriers to smoking cessation, greater inflexibility/avoidance in the presence of smoking-

related distress, and higher levels of expired CO.

Together, the present findings have a number of implications for smoking cessation 

assessment and treatment. First, given we found that smokers with a history of panic attacks 

report both greater levels of general negative affect and negative affect reduction motivations 

for smoking, this particular group of smokers may benefit from tailored smoking cessation 

interventions. Such interventions would ideally (a) teach skills to manage panic attack 
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symptoms and general negative emotional states (e.g. aggression, low mood, irritability) and 

(b) target maladaptive beliefs about the effects of smoking (44). For example, a tailored 

treatment plan may include the combination of (1) psychoeduction about the cyclical nature 

of smoking-anxiety, (2) panic-specific interventions (e.g. interoceptive exposure), (3) general 

negative affect management techniques (e.g. relaxation, behavioral activation), and (4) 

standard cognitive restructuring to address maladaptive beliefs/motives for smoking (44).

Second, greater physiological dependence on nicotine and higher smoking rates (verified 

through levels of expired CO) are associated with greater reliance on smoking and poorer 

cessation success (45). Thus, for this group of smokers, the use of pharmacological 

intervention (e.g. nicotine replacement therapy, varenicline) may be particularly important 

for smoking cessation success (46). Additionally, emerging research suggests that use of a 

personal CO monitor to provide regular biochemical feedback may assist in smoking 

cessation (47).

Third, based on the research suggesting perceived barriers to cessation are highly predictive 

of poorer cessation outcomes (37), smoking cessation interventions for these vulnerable 

smokers may be bolstered by assessing perceived barriers to quitting, challenging 

maladaptive cognitions regarding these perceived barriers, and the developing problem-

solving skills to cope with actual barriers. Moreover, the tendency to inflexibly seek out 

opportunities to escape, avoid, or reduce distressing states through smoking is 

conceptualized as a smoking-specific form of experiential avoidance (48). For such 

vulnerable smokers, it appears that it may be important to enhance “psychological 

flexibility” related to smoking (49) through use of acceptance-based techniques (e.g. 

experiential awareness, openness, willingness, mindfulness, cognitive diffusion) (50).

Although not the primary aim of the current study, it is noteworthy that there were several 

significant covariates across statistical models, namely, gender differences, being older in 

age, and greater depressive symptoms being predictive of the smoking indices. These 

findings are consistent with non-panic specific research suggesting that while males are 

more likely to be heavy smokers (51), female smokers appear to be more vulnerable to 

negative affect during periods of smoking deprivation (52). Additionally, a history of 

depression is associated with the experience of nicotine withdrawal symptoms, specifically 

among women (51). Older smokers are also more likely to be heavier smokers, although 

may be particularly motivated to quit smoking when also experiencing high levels of distress 

(53). The current findings further underscore the importance of comprehensive individual 

difference models in understanding the nature of panic attacks and smoking comorbidity 

(18,26).

There are limitations of the present model that are worth considering when interpreting the 

existing findings. First, the data utilized here were cross-sectional in design, which limits the 

ability to establish causal relations between the tested variables; however, by sequentially 

modeling the mediator variables (the effect of M1 is tested as occurring prior to M2), we 

attempted to examine temporal associations (40). Additionally, data were unavailable on the 

onset of panic attacks among participants in the sample. Thus, is it unknown whether 

smoking temporally preceded panic attack onset. The current study also relied solely on self-
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report measures to assess the examined mediator variables. Given that acute nicotine 

withdrawal can impact subjective reporting of affect (54), it is important to consider the 

recency of cigarette use relative to when assessment of state affect is conducted. The present 

findings could be meaningfully further extended through multi-method laboratory/

experimental studies or prospective tests of these relations to further strengthen the present 

findings. For example, experimental provocation procedures such as emotion elicitation via 

biological challenge could be useful in examining the present relations in response to 

aversive interoceptive states elicited in real time.

Second, panic attack history was used as the predictor in the current study. Therefore, the 

results may not necessarily generalize to smokers with panic disorder. It is worth noting 

though that we tested the sample model among participants reporting only spontaneous 

panic attacks (as seen in panic disorder) compared to all others and found an identical 

pattern of results (footnote 2); however, it would be important to test this same model among 

a sample of smokers with panic disorder.

Third, the sample consisted of community-recruited, treatment-seeking daily cigarette 

smokers with moderate levels of nicotine dependence. Future studies may benefit by 

sampling from lighter and heavier smoking populations to ensure the generalizability of the 

results to the general smoking population. It is also noteworthy that the internal consistency 

for the FTND was relatively low, a problem that frequently occurs with this measure (55). 

However, Cronbach alpha values are fairly sensitive to the number of items in each scale and 

it is not uncommon to find lower Cronbach values with shorter scales (e.g. scales with <10 

items; 56). Finally, the sample was largely comprised of a relatively homogenous group of 

treatment-seeking smokers. To rule out selection bias and increase the generalizability of 

these findings, it will be important for future studies to recruit a more ethnically/racially 

diverse sample of smokers.

Overall, the present findings empirically document the importance of negative affect and 

smoking for negative affect reduction in accounting for the relations between panic attacks 

and smoking. When considered in the larger context of other research (e.g. 11), the present 

findings suggest that there may be a need for specialized smoking cessation interventions for 

smokers with panic attacks (44).
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Figure 1. 
Conceptual path model for the effect of panic attack history on nicotine dependence, barriers 

to smoking cessation, smoking-based inflexibility/avoidance, and expired carbon monoxide. 

*Four separate models were conducted for each criterion outcome; a1 and a2=Specific 

indirect effects of X on M1 and M2; a3=Specific indirect effect of M1 on M2; b1 and 

b2=Specific indirect effects of M1 and M2 on Yi; c0 =Direct effect of X on Yi controlling for 

M1 and M2; a1*b1 and a2*b2=Specific indirect effects of M1 and M2; a1*a3*b2=Conditional 

indirect effect of M1 and M2; Hx=history. Panic Attack Hx: Any history of panic attacks 

(coded 0=no, 1=yes) as assessed by the SCID-I/NP; PANAS-NA: Positive and Negative 

Affect Scale-Negative Affect subscale; RFSNegative Affect Reduction=Reasons for 

Smoking Scale-Negative Affect Reduction subscale; FTND=Fagerström Test of Nicotine 

Dependence; BCS-Total=Barriers to Smoking Cessation scale; AIS=Avoidance and 

Inflexibility Scale; Expired CO=Expired carbon monoxide breath sample.
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Table 1

Descriptive statistics of sample characteristics

Descriptive summary Total n = 461 Males n = 237 Females n = 224 χ2 or t

Age M (SD) 36.7 (13.58) 35.5 (13.55) 37.9 (13.53) −1.918

Racial background n (%) 1.829

 White 396 (85.9) 205 (86.5) 191 (85.3)

 Black 358 (8.3) 21 (8.8) 17 (7.5)

 Hispanic/Latino 11 (2.4) 4 (1.7) 7 (3.1)

 Asian 5 (1.1) 2 (0.8) 3 (1.3)

 More than one race 11 (2.4) 5 (2.1) 6 (2.7)

Marital status n (%) 15.562**

 Never married 202 (43.8) 121 (51.1) 81 (36.2)

 Married/cohabitating 154 (33.4) 69 (29.1) 85 (37.9)

 Divorced 78 (16.9) 39 (16.5) 39 (17.4)

 Separated 18 (3.9) 7 (3.0) 11 (4.9)

 Widowed 9 (2.0) 1 (0.4) 8 (3.6)

Education

 At least part college n (%) 342 (74.2) 176 (74.3) 166 (74.1) 0.001

Smoking history M (SD)

 Cigarettes per day 16.6 (9.95) 17.8 (11.17) 15.4 (8.30) 2.627**

 Age of first use 17.4 (3.78) 17.6 (3.84) 17.2 (3.71) 1.297

Psychiatric disorders n (%)

 No disorder 257 (55.9) 150 (63.3) 107 (48.0) 37.26

 Major depressive disorder 19 (4.1) 11 (4.6) 8 (3.8)

 Dysthymic disorder 9 (2.0) 3 (1.3) 6 (2.7)

 Bipolar I/II 2 (0.4) 2 (0.6) 0 (0)

 Depressive disorder NOS 2 (0.4) 1 (0.4) 1 (0.4)

 Alcohol use disorder 20 (4.4) 13 (5.5) 7 (3.1)

 Cannabis use disorder 14 (3.0) 9 (3.8) 5 (2.2)

 Other SUDs 4 (0.8) 1 (0.4) 3 (1.2)

 Panic disorder w/wo Agor. 10 (1.9) 5 (2.1) 5 (2.2)

 Agoraphobia 1 (0.2) 1 (0.4) 0 (0)

 Social phobia 48 (10.4) 19 (8.0) 29 (13.0)

 Specific phobia 19 (4.2) 8 (3.3) 11 (4.8)

 OCD 5 (1.1) 2 (0.8) 3 (1.3)

 PTSD 13 (2.8) 5 (2.1) 8 (3.6)

 GAD 23 (5.0) 5 (2.1) 18 (8.1)

 Anxiety disorder NOS 7 (1.5) 1 (0.4) 6 (2.7)

 Other 7 (1.5) 1 (0.4) 6 (2.6)

Key study variables Total Males Females χ2 or t

Panic attack history n (%) 220 (47.7) 92 (38.8) 128 (57.1) 15.499**
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Descriptive summary Total n = 461 Males n = 237 Females n = 224 χ2 or t

Medical problems n (%) 138 (29.9) 72 (30.4) 66 (29.5) 0.046

Cannabis use/30 days n (%) 256 (55.5) 139 (58.6) 117 (52.2) 1.921

AUDIT total score M (SD) 6.2 (6.02) 6.8 (5.84) 5.5 (6.15) 2.398*

IDAS-Depression M (SD) 41.0 (13.12) 39.5 (11.82) 42.6 (14.22) −2.541*

PANAS-NA M (SD) 19.1 (7.08) 18.2 (6.49) 20.1 (7.62) −2.962**

RFS-NA M (SD) 3.5 (0.81) 3.3 (0.78) 3.7 (0.76) −5.815**

FTND M (SD) 5.2 (2.29) 5.2 (2.31) 5.1 (2.27) 0.232

BCS-Total M (SD) 25.0 (11.03) 22.6 (10.42) 27.5 (11.11) −4.899**

AIS M (SD) 45.0 (10.75) 43.2 (10.83) 47.0 (10.32) −3.929**

Expired CO at baseline 19.1 (11.81) 19.9 (11.50) 18.6 (12.14) 1.165

*
p<.05

**
p<.01
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Table 3

Regression results for three mediation models.

Y Path b SE T

FTND a1 1.617 0.461 3.511**

a2 −0.026 0.072 −0.361

a3 0.020 0.007 2.785**

b1 −0.001 0.020 −0.027

b2 1.213 0.129 9.419**

c′ −0.372 0.195 −1.903

c −0.357 0.211 −1.695

BCSa b1 0.134 0.092 1.452

b2 6.012 0.598 10.054**

c′ 0.168 0.909 0.185

c 0.425 0.997 0.426

AISa b1 −0.043 0.093 −0.459

b2 5.794 0.601 9.642**

c′ −0.795 0.913 −0.870

c −0.825 0.988 −0.835

COb a1 1.668 0.471 3.540**

a2 −0.030 0.073 −0.407

a3 0.018 0.007 2.432*

b1 −0.067 0.113 −0.593

b2 2.373 0.736 3.222**

c′ −0.121 1.109 −0.110

c −0.232 1.103 −0.211

*
p<0.05;

**
p<0.01.

a
Paths a1, a2, and a3 do not change across criterion outcomes 1–3 (n =461). To eliminate redundancy, these paths are only presented for Model 1.

b
Paths a1, a2, and a3 are presented for criterion outcome 4 separately because of the smaller sample size for these analyses (n =237). Note: FTND 

(Nicotine dependence; Y1), BCS (Barriers to Smoking Cessation total score; Y2), AIS (Affective inflexibility; Y3), and CO (Expired carbon 

monoxide; Y4).
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Table 4

Bootstrap estimates of the standard errors and 95% confidence intervals for the indirect effects.

Indirect effects b SE CI (lower) CI (upper)

Model 1: FTND

 PANIC → PANAS →FTND (a1*b1) −0.001 0.031 −0.061 0.065

 PANIC → RFS-NA →FTND (a2*b2) −0.023 0.085 −0.199 0.136

 PANIC → PANAS → RFS-NA → FTND (a1*a3*b2) 0.039 0.022 0.008 0.097

Model 2: BCS

 PANIC → PANAS → BCS (a1*b1) 0.257 0.443 −0.613 10.147

 PANIC → RFS-NA → BCS (a2*b2) −0.156 0.421 −10.001 0.662

 PANIC → PANAS → RFS-NA → BCS (a1*a3*b2) 0.195 0.105 0.043 0.479

Model 3: AIS

 PANIC → PANAS → AIS (a1*b1) −0.030 0.417 −0.866 0.770

 PANIC → RFS-NA → AIS (a2*b2) −0.150 0.400 −0.947 0.630

 PANIC → PANAS → RFS-NA → AIS (a1*a3*b2) 0.188 0.099 0.041 0.445

Model 4: CO

 PANIC → PANAS → CO (a1*b1) −0.111 0.272 −0.721 0.367

 PANIC → RFS-NA → CO (a2*b2) −0.070 0.181 −0.497 0.240

 PANIC → PANAS → RFS-NA → CO (a1*a3*b2) 0.071 0.050 0.010 0.230

Models 1–3 (n = 461); Models 4 (n = 437).

PANIC (Panic attack history; 0 =no, 1 = yes) is the independent variable (X), PANAS (PANAS-Negative Affect; M1) and RFS-NA (RFS-Negative 

Affect Reduction subscale; M2) are the mediators, and FTND (Nicotine dependence; Y1), BCS (Barriers to Smoking Cessation total score; Y2), 

AIS (Affective inflexibility; Y3), and CO (Expired CO breath sample; Y4) are the outcomes. a1*b1 and a2*b2 = Specific indirect effects of M1 
and M2; a1*a3*b2 = Conditional indirect effect of M1 and M2. The 95% CIs for indirect effects were obtained by bootstrapping with 10 000 

resamples. CI (lower) = lower bound of a 95% confidence interval; CI (upper) =upper bound; → =affects.
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