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Abstract

Objectives—Anxiety sensitivity (AS) is related to the development and maintenance of 

posttraumatic stress disorder (PTSD) among cigarette smokers, and is also implicated in the 

amplification of acute nicotine withdrawal symptoms. The present study sought to examine the 

role of nicotine withdrawal in moderating the association between AS and PTSD symptom 

severity among a sample of treatment-seeking smokers with PTSD.

Method—Participants (n = 117) were enrolled in a randomized controlled trial for the treatment 

of PTSD and nicotine dependence. Cross-sectional data were randomly sampled from three 

different study time points. A series of multiple regression models were tested.

Results—Results revealed main effects of both AS and withdrawal severity on PTSD severity 

after controlling for gender, assessment time-point, negative affectivity, and biochemically 

verified smoking (expired carbon monoxide). The interaction of AS and withdrawal was also 

significant, and appeared to be specific to PTSD avoidance and hyperarousal symptoms. However, 

contrary to expectations, the association between AS and PTSD symptoms was only significant at 

relatively lower levels of nicotine withdrawal.

Conclusions—These findings highlight the complex interplay between AS, nicotine withdrawal, 

and their synergistic effect in terms of the exacerbation of PTSD symptomology.
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While cigarette smoking has significantly declined over the past five decades (Ng et al., 

2014), the prevalence of smoking remains high among individuals with psychiatric disorders 

compared to non-psychiatric populations (e.g., anxiety disorders: Lasser et al., 2000; 

posttraumatic stress disorder [PTSD]: Hapke et al., 2005; schizophrenia: de Leon & Diaz, 

2005; depression: Strong et al., 2014). Furthermore, smoking is associated with exacerbation 

of mental health symptoms (Farrell et al., 2003), greater overall functional impairment 

(Schnoll, Goren, Annunziata, & Suaya, 2013), and higher health care costs due to higher 

incidence of physical illness (US Burden of Disease Collaborators, 2013). Conversely, 

smoking cessation is associated with reduction of psychiatric symptoms (Taylor et al., 

2014). Given these associations and the recognized need to develop smoking cessation 

treatments tailored for psychiatric populations (Ziedonis et al., 2008), there has been an 

increased focus on better understanding the factors that may explain the impact of smoking 

on mental health symptoms (see for example: Richards et al., 2013).

In particular, smokers with PTSD are more likely to smoke heavily and report higher levels 

of nicotine dependence than those without the disorder (Feldner, Babson, & Zvolensky, 

2007; Hapke et al., 2005). In fact, heavy smoking and higher levels of nicotine dependence 

are implicated in the development and exacerbation of PTSD symptomology (Feldner et al., 

2007), especially avoidance and hyperarousal symptoms (Beckham et al., 1997). Compared 

to non-psychiatric smokers, daily smokers with PTSD report more difficulty quitting, as 

indexed by greater number of failed lifetime quit attempts, more severe withdrawal quit 

problems (Marshall et al., 2008), and poorer outcomes in smoking cessation programs 

(Zvolensky et al., 2008; Beckham, Calhoun, Dennis, Wilson, & Dedert, 2013).

Recent research has aimed to identify cognitive-affective vulnerability factors that underlie 

the associations between PTSD and smoking (Cook, McFall, Calhoun, & Beckham, 2007). 

One factor, anxiety sensitivity (AS), has gained attention as a possible explanatory factor for 

the development and maintenance of PTSD (Marshall, Miles, & Stewart, 2010). AS is 

posited as a trait-like cognitive vulnerability factor defined as one's tendency to 

catastrophically (mis)interpret the meaning of internal bodily anxiety-relevant sensations or 

interoceptive perturbation (i.e., “fear of fear”; Reiss et al., 1986). Indeed, AS is a risk factor 

for the development of anxiety and related disorders including PTSD (e.g., Olatunji & 

Wolitzky-Taylor, 2009). Specifically, data suggest that AS amplifies negative affective and 

physiological states, and exacerbates PTSD symptom severity in both non-clinical (Berenz, 

Vujanovic, Coffey, & Zvolensky, 2012) and clinical (Marshall et al., 2010; Lang, Kennedy, 

& Stein, 2002) trauma-exposed samples.

Moreover, initial work suggests that among trauma-exposed smokers, AS is related to the 

exacerbation of PTSD symptom severity (at least cross-sectionally), specifically 

hyperarousal symptoms (Farris, Vujanovic, Hogan, Schmidt, & Zvolensky, 2014). 

Additionally, among trauma-exposed smokers, smoking at heavier rates in the context of 

elevated AS, gives rise to more severe PTSD symptomology (Feldner et al., 2008). It is 
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important to also note that AS is directly related to various aspects of cigarette smoking 

(Leventhal & Zvolensky, in press). That is, data suggest that AS is linked to several indices 

of smoking behavior, including smoking frequency (e.g. number of cigarettes a day; Dedert 

et al., 2012; Fu et al., 2007), nicotine dependence (Zvolensky, Farris, Schmidt, & Smits, 

2014), severity of smoking urges during abstinence (Zvolensky, Farris, Guillot, & 

Leventhal, 2014), and duration of abstinence after attempting to quit (Assayag, Bernstein, 

Zvolensky, Steeves, & Stewart, 2012; Brown et al., 2001; Mullane et al., 2008; Zvolensky et 

al., 2009). In addition, AS has been posited as a possible central mechanism for explaining 

the association between emotional disorders and smoking (Zvolensky, Farris, Leventhal, & 

Schmidt, 2014). Specifically, while emotional disorder symptoms were found to predict 

higher and more severe nicotine dependence symptoms, this relationship was mediated 

(indirectly explained) by AS.

AS is also directly related to the experience of nicotine withdrawal symptoms (e.g., 

frustration, restlessness, anxiousness, irritability). Given that nicotine withdrawal is 

conceptualized as both a physiologically and psychologically distressing experience 

(Hughes, Hatsukami, Pickens, & Svikis, 1984), it is perhaps not surprising that various 

cognitive-affect processes appear to impact the subjective experience of withdrawal (e.g., 

thought suppression, experiential avoidance; Erskine et al., 2012; Farris, Zvolensky, & 

Schmidt, in press), including AS. In general, data suggest that higher levels of AS are 

associated with higher levels of both historically-reported nicotine withdrawal (Zvolensky, 

Baker, Leen-Feldner, Bonn-Miller, & Feldner, 2004) and acute (quit-day) nicotine 

withdrawal severity after deprivation (e.g., Marshall, Johnson, Bergman, Gibson, & 

Zvolensky, 2009; Zvolensky, Farris, Guillot, & Leventhal, 2014) and during quitting 

(Langdon et al., 2013). In fact, AS is associated with shorter latency to re-initiating smoking 

after nicotine deprivation in the context of the amplified expression of nicotine withdrawal 

(Zvolensky, Farris, Guillot, & Leventhal, 2014). Generally, research suggests that one's 

tendency to misinterpret the meaning of bodily sensations (such as symptoms experienced in 

the context of nicotine withdrawal) may importantly influence smoking re-initiation/

maintenance.

While it logically follows that elevated AS may independently impact the experience of 

subjective nicotine withdrawal and concurrent PTSD symptom severity, little research has 

examined the interplay between AS and nicotine withdrawal in terms of PTSD (Morissette, 

Tull, Gulliver, Kamholz, & Zimering, 2007). One study found that among smokers with 

PTSD, relative to those without psychopathology, the subjective experience of nicotine 

withdrawal severity during acute deprivation predicted anxiety following an interoceptive 

exposure task (voluntary hyperventilation challenge; Feldner, Vujanovic, Gibson, & 

Zvolensky, 2008). Thus, initial data suggest that in the context of nicotine withdrawal, 

smokers with PTSD may be more vulnerable to experiencing anxiety states due to, in part, 

their interpretation of nicotine withdrawal symptoms, although this finding was not 

replicated in another experimental study (Vujanovic, Marshall-Berenz, Beckham, Bernstein, 

& Zvolensky, 2010). Theoretically, nicotine withdrawal could amplify the perceived threat 

of feared internal sensations (in other words, AS), which in turn may potentiate severity of 

PTSD symptoms among trauma-exposed smokers. Such a model therefore suggests that 
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nicotine withdrawal (a state-dependent variable) acts as the moderator in the relationship 

between AS (a trait-like construct) and its prediction of PTSD symptoms. Given the 

highlighted importance of AS as a cognitive vulnerability factor for both PTSD and 

smoking, further research is warranted to test such a proposed model.

The current study aimed to fill this gap by examining relations between AS, nicotine 

withdrawal, and PTSD symptoms in a sample of treatment-seeking adult daily smokers 

diagnosed with PTSD. It was hypothesized that independent effects of higher AS and 

nicotine withdrawal would directly contribute to the severity of PTSD symptoms. A second 

aim of this study was to examine whether higher nicotine withdrawal symptom severity 

would moderate the strength of association between AS and PTSD symptom severity, based 

on the hypothesized “amplification” effect that more intense withdrawal states may have on 

AS (i.e., AS in the context of higher withdrawal would show a stronger effect on PTSD 

severity). Based on the existing literature (Berenz et al., 2011; Farris et al., 2014; Joseph et 

al., 2012), it was expected that any observed moderating effects would be evidenced most 

strongly in avoidance and hyperarousal PTSD symptoms.

Material and methods

Participants

Adult daily smokers with PTSD (n = 117) were recruited to participate in a randomized-

controlled trial comparing standard smoking cessation treatment (varenicline and supportive 

counseling) versus combined standard smoking cessation with treatment of PTSD 

(varenicline, supportive counseling and Prolonged Exposure Therapy). Participants were 

eligible for the trial on the basis of being between ages of 18-65 years, self-reporting 

smoking at least 10 cigarettes per day, having a primary diagnosis of PTSD as defined by 

the DSM-IV-TR (APA, 2000) with symptom duration of at least three months, and having a 

total score ≥ 20 on the PTSD Symptom Scale Interview (PSS-I; Foa, Riggs, Dancu, & 

Rothbaum, 1993). Primary exclusion criteria were: alcohol or non-nicotine substance use 

disorder in the past 3 months, psychosis, prominent suicidal ideation, continuing intimate 

relationship with an abusive partner, and certain medical conditions contraindicated with the 

use of varenicline (e.g., cardiovascular disease or uncontrolled hypertension).

Procedure

Participants were recruited through public advertising (e.g. flyers, advertisements in a free 

city newspaper) and direct referrals from healthcare providers. Potentially eligible 

participants completed an in-person baseline assessment of PTSD symptoms, co-morbid 

Axis I psychological disorders per the Structured Clinical Interview of DSM-IV Disorders 

(SCID-I; First et al., 2002), and smoking history, which included biochemical verification of 

smoking status. After baseline (Week 0), eligible participants were prescribed varenicline 

and asked to set a quit date within a week of this visit. They were then randomized to the 12-

week treatment protocol which started in Week 1 on their quit date. Participants were then 

re-assessed at Week 12 and again at Week 27 with the identical assessment battery. At each 

time point, masters- or doctoral-level independent evaluators, blinded to participants’ 

treatment condition, administered the PTSD Symptom Scale Interview (PSS-I), and 
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participants completed a battery of self-report assessments, which included measures of AS, 

PTSD severity, and negative affectivity. Participants also met with the study nurse at each 

time point to assess medication compliance and side effects, along with completion of a 

measure of withdrawal symptoms and provided a biochemical verification of smoking status 

(per carbon monoxide expired breath sample). This study was conducted at the University of 

Pennsylvania and the Philadelphia Veterans Affairs Medical Center (VAMC). All 

participants provided written informed consent prior to initiating any study procedures and 

the study protocol was approved by Institutional Review Board at the University of 

Pennsylvania and the Philadelphia VAMC. All procedures followed were in accordance 

with the ethical standards of the responsible committee on human experimentation 

(institutional and national) and with the Helsinki Declaration of 1975, as revised in 2000.

Measures

Anxiety Sensitivity Index (ASI; Reiss, Peterson, Gursky, & McNally, 1986)—The 

ASI is a 16-item self-report measure that assesses fear of anxiety-related sensations and 

beliefs about the negative consequences of anxiety. Items are rated on a 5-point Likert scale 

ranging from 0 (very little) to 4 (very much). A total sum scored is derived with higher 

scores indicating higher levels of AS. The ASI has strong documented psychometric 

properties including good discriminant and predictive validity (Taylor, Koch, & Crockett, 

1991), adequate test-retest reliability and good internal consistency (Reiss et al., 1986). 

Internal consistency for the ASI in the present study was excellent (α = .94).

Withdrawal Symptoms Checklist-Weekly (WSC-W; Hughes et al., 1984)—The 

WSCW is a 20-item questionnaire that assesses the presence and severity of nicotine 

withdrawal symptoms over the past 7 days. In the present study, the WSC-W was 

administered by the study nurse. The checklist includes 20 items (e.g. insomnia, nausea, and 

impatience) that are each rated on a 4-point scale from 0 (not present) to 3 (severe), and one 

additional item (not scored) that assesses the extent to which withdrawal symptoms have 

caused significant distress or interference in the respondent's life. Responses are summed to 

derive a total index of withdrawal severity. The WSC-W has adequate psychometric 

properties including construct validity and inter-rater reliability between self/collateral 

reporters (Hughes et al., 1984). In the present study, the WSC-W was found to have good 

internal consistency (α = .86).

PTSD Symptom Scale Interview (PSS-I; Foa, Riggs, Dancu, & Rothbaum, 1993)
—The PSS-I is a 17-item semi-structured interview that assesses the severity of PTSD 

symptoms according to DSM-IV criteria. Respondents are asked about the nature and 

frequency of the symptoms experienced over the previous 2 weeks, with responses coded on 

a 4-point scale from 0 (not at all) to 3 (5 or more times per week/very much). The PSS-I 

yields a total score (possible range 0-51) and three subscale scores: re-experiencing (five 

items, range 0-15), avoidance (seven items, range 0-21) and hyperarousal (five items, range 

0-15). The PSS-I has strong psychometric properties including good internal consistency, 

test-retest reliability, and convergent validity (Foa et al., 1993). Internal consistency in the 

current study for the PSS-I total and subscales scores was good to excellent: PSS-I total (α 

= .91), re-experiencing (α = .83), avoidance (α = .83), and hyperarousal (α = .74).
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Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988)
—The PANAS is a 20-item self-report measure that requires participants to rate the extent to 

which they currently experience (i.e., “to what extent you feel this way right now”) 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 (Watson et 

al., 1988). For the current study, only the negative affect subscale total score (comprising of 

10 items) was used, and internal consistency for this subscale was good (Cronbach's α = .

92).

Carbon Monoxide Levels—Biochemical verification of smoking status was completed 

by Carbon Monoxide (CO) analysis of breath samples. Expired air CO levels were assessed 

at each study visit using a Carbon Monoxide Monitor (Serial #: BC26098; Vitalograph) 

which provided a digital reading of breath CO levels ranging from 0-99 in the standard unit 

of measure (parts per million; ppm).

Statistical Analyses

Because participants were individuals seeking treatment for PTSD, all participants had 

elevated PSS-I scores at baseline. In order to avoid restricting variability of our dependent 

variable (PTSD severity), data were cross-sampled from the week 0, week 12, and week 27 

assessment points. Cases (and associated study variables collected at each time point) were 

randomly selected without replacement from each time point such that each participant was 

selected from one of the three assessment points. This means that each data point was 

unique (i.e. no person provided more than one data point, and all measures were taken from 

that same time-point for that participant). Such a method allowed us to examine associations 

among the variables of interest at various cross-sections of the sample, and therefore the 

stage of treatment does not affect the analyses. The number of cases selected at each point 

was based on the proportion of total cases with available data at that assessment point: 43 

cases selected from week 0 (of 117 available), 38 from week 12 (of 102 available), and 37 

from week 27 (of 102 available). This cross-sampling technique has been used before in 

other studies with trauma-exposed substance users (Gillihan, Farris, & Foa, 2011).

Initial descriptive statistics and bivariate correlations were conducted between variables of 

interest. Data were normally distributed, thus hierarchical linear regressions were utilized to 

evaluate the contribution of the ASI, the WSC-W, and their statistical interaction in terms of 

the PSS-I (total score, and the re-experiencing, avoidance, and hyperarousal symptom 

subscales). Separate regression models were tested for each criterion variable, thus a total of 

four models were conducted.

Analyses were conducted using PROCESS, a conditional process modeling program that 

utilizes an ordinary least squares-based analytical framework (Hayes, 2013). In all models, 

assessment time point (Week 0, Week 12, or Week 27) was included as a covariate to 

account for any differences in PTSD symptom severity as a result of treatment. Gender was 

also included as a covariate in all models based on findings showing differential conditional 

associations of AS on PTSD symptoms severity by gender (Feldner, Zvolensky, Schmidt, & 
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Smith, 2008). To adjust for smoking status at each time point, expired CO level on the day 

of the assessment was included as a covariate. The PANAS-Negative affect subscale was 

also included as a covariate in order to account for the state tendency to experience negative 

affective states, a construct that has been linked to greater smoking relapse rates in 

individuals with PTSD (Beckham et al., 2013). AS (per ASI) was entered as the predictor 

(X) and severity of nicotine withdrawal (per WSC-W) was entered as the moderator (M). In 

order to test whether a model of X's effect contingent on M is a better fitting model than if 

the effect of X is constrained to be unconditional on M, a hierarchical regression approach 

was utilized. First, the direct effect of these variables on the criterion outcomes was tested 

(model 1; yields R2
1). In the second stage, the conditional effect of withdrawal in terms of 

AS on PTSD symptom severity (effect of ASI*WSC-W) was added to the model (to create 

model 2; yields R2
2). The difference in R2

2-1 (a descriptive measure of model fit), was 

computed (ΔR2).

An examination of the assumptions required for inclusion of all predictors (i.e., absence of 

multicollinearity [VIF < 10], linearity, low incidence of outliers with standard residuals 

between -3.3 and 3.3, and homogeneity of variance) revealed that none of these criteria were 

violated in any of the regression models tested.

Results

Baseline Characteristics of Sample

Of the 117 participants, 70 (59.9%) were male and 47 (40.2%) were female. The mean age 

was 41.9 years (SD = 10.4 years). The majority of participants (76.1%) were Black or 

African American, with the rest of the participants identifying as White (22.2%) and 

American Indian or Alaskan Native (1.7%). The mean number of cigarettes smoked per day 

in the week prior to the baseline assessment point examined in the study was 18.2 (SD = 

10.4), and the average expired CO level at the baseline assessment visit was 14.4 ppm (SD = 

5.8). The mean negative affect subscale score on the PANAS was 22.8 (SD = 8.4). Further, 

the mean PSS-I score at baseline was 28.5 (SD = 6.5), indicating moderately severe PTSD at 

the start of the study. The mean ASI score at baseline was in the clinical range (M = 27.7, 

SD = 13.6), and participants reported low levels of nicotine withdrawal in the week prior to 

the baseline assessment (M = 12.7, SD = 5.3).

Correlational analyses

Table 1 shows the direction and strength of associations using bivariate correlations among 

all independent and dependent variables. Briefly, higher levels of AS were moderately 

associated with higher levels of general negative affect (r = .46, p < .001), expired CO levels 

(r = .29, p = .001), PTSD symptom severity across subscales (r's range = .36 - .52, all p < .

001) and nicotine withdrawal symptom severity (r = .36, p < .001). In addition, higher 

nicotine withdrawal symptom severity was moderately associated with expired CO (r = .45, 

p < .001), negative affect (r = .47, p < .001), and more severe PTSD symptoms (r's range = .

46 - .56, p < .001).
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Moderator analysis

Results from the regression models are presented in Table 2.

PTSD total score—Regression analyses revealed a significant main effect of both AS (b 

= .361, SE = .096, t = 3.60, p < .001) and nicotine withdrawal (b = .1.048, SE = .289, t = 

3.627, p < .001) on total PTSD symptom severity, after controlling for gender, assessment 

time-point, negative affect and expired CO. In the model with the interaction term, the total 

model effect was significant (total R2 = .548, F(7,109) = 18.879, p < .001) and the addition 

of the interaction variable was also significant (b = -.023, SE = .009, t = -2.613, p = .010) 

accounting for an additional unique 2.8% of variance in PTSD symptom severity.

PTSD cluster scores—Results from the model with re-experiencing symptoms revealed 

a non-significant direct effect of AS (b = .034, SE = .035, t = .978, p = .330) or nicotine 

withdrawal (b = .163, SE = .105, t = 1.556, p = .123) on re-experiencing symptom severity. 

In the model that included the interaction term, the full model was significant (R2 = .376, 

F(7,109) = 9.400, p < .0001), although there was a non-significant incremental effect of the 

interaction term (ΔR2 = .001).

Results from the model with avoidance symptoms revealed a significant direct effect of AS 

(b = .168, SE = .050, t = 3.387, p = .001) and nicotine withdrawal (b = .465, SE = .149, t = 

3.120, p = .002) on avoidance symptom severity, after controlling for gender and assessment 

time-point, negative affect and expired CO level. The full model with the interaction term 

was significant (R2 = .436, F(7,109) = 12.055, p < .001). The interaction accounted for a 

significant unique 3.3% of variance in PTSD avoidance symptom severity (b = -.011, SE = .

004, t = -2.510, p = .014).

Results from the model with hyperarousal symptoms revealed a significant direct effect of 

AS (b =.159, SE = .034, t = 4.692, p < .001) and nicotine withdrawal (b = .419, SE = .102, t 

= 4.113, p < .001) on hyperarousal symptom severity, after controlling for gender, 

assessment time-point, negative affect and expired CO level. The full model with the 

interaction term was significant (R2 = .545, F(7,109) = 18.675, p < .001). The interaction 

effect accounted for a unique 4.3% of variance in PTSD hyperarousal symptoms (b = -.010, 

SE = .003, t = -3.216, p = .002).

Post-hoc tests of significance—The significant subscale interactive effects (for PTSD 

avoidance and hyperarousal) were subjected to follow-up testing. Specifically, the form of 

the interactions for these models was examined graphically and statistically. First, Figure 1 

illustrates the interaction by depicting the regression lines of the relation between AS and 

PTSD avoidance (Figure 1a) and hyperarousal (Figure 1b) symptom severity at scores on the 

moderator (nicotine withdrawal) that are +/− 1 SD. While descriptively the highest levels of 

PTSD avoidance and hyperarousal symptoms were yielded from the combination of higher 

AS and +1 SD nicotine withdrawal, the form of the interactions revealed that the steepest 

slope of the regression lines were at -1 SD levels of nicotine withdrawal (WSC-W M = 2.2). 

That is, the associations between AS and PTSD avoidance and hyperarousal symptom 

severity was strongest at lower levels of nicotine withdrawal (relative to mean scores), 
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although also still statically significant (in the same direction) when nicotine withdrawal was 

+1 SD; (WSC-W M = 14.2).

In order to further characterize the nature of the interaction, the Johnson–Neymann (J–N) 

technique was utilized (per recommendations by Hayes, 2013). The J–N technique 

statistically identifies points in the range of the continuous moderator variable where the 

effect of the predictor on the criterion variable transitions from being statistically significant 

to non-significant (rather than the “pick-a-point” technique used in selected +/− 1 SD). The 

J-N technique identifies the value of the moderator variable for which the ratio of the 

conditional effect to its standard error is equal to the critical t score. Here, it is first 

important to note that when the full range of values on the moderator variable is examined, 

there is an overall negative slope for the conditional effect of AS on PTSD avoidance (see 

Figure 2a) and hyperarousal (see Figure 2b) symptom severity. This indicates that the 

strength of the association between AS and both PTSD subscales decreases as scores on the 

moderator (nicotine withdrawal) increase. Specifically, the conditional effect of AS on 

PTSD avoidance symptom severity was only significant at WSC-W scores of ≤ 9.4 (Figure 

2a) – and was actually strongest at the lowest levels of nicotine withdrawal (even within this 

range; as illustrated in Figures 1a and 1b). Thus, the conditional effect AS on PTSD 

avoidance symptoms was only significant when WSC-W scores were at or below this 

threshold (which included 62.4% of the sample distribution) but not above this threshold 

(which included 37.6% of the sample distribution). The conditional effect of AS on PTSD 

hyperarousal symptom severity was only significant at WSC-W scores of ≤ 11.5 (Figure 

2b); the conditional effect AS on PTSD hyperarousal symptoms was significant when WSC-

W scores were at or below this threshold (which included 74.4% of the sample distribution) 

but not above this threshold (which included 25.6% of the sample distribution).

Discussion

The current study examined the interplay between AS and PTSD symptom severity among a 

clinical sample of smokers with PTSD, and the role played by nicotine withdrawal in 

determining the strength of this association. As hypothesized, after adjusting for the variance 

accounted for by gender, assessment time-point, expired CO levels (which indicate current 

smoking status), and state negative affectivity, higher levels of AS were positively 

associated with increased PTSD symptom severity (at least cross-sectionally). These 

findings are unique in that these effects were documented in a clinical sample of smokers 

with PTSD, and are broadly consistent with previous studies conducted in non-clinical 

trauma-exposed samples (Feldner et al., 2005; Marshall et al., 2010; Farris et al., 2014). 

Interestingly, the main effect of AS was observed only in the avoidance and hyperarousal 

PTSD symptom cluster scores, but not in re-experiencing symptoms. The lack of finding of 

direct effects of AS in re-experiencing symptoms is consistent with these previous studies 

that have only found a relationship of AS to avoidance and hyperarousal symptoms of 

PTSD.

Additionally, it is important to note the significant direct effect of the moderator, nicotine 

withdrawal, on PTSD symptom severity, although this appeared to be specific to the PTSD 

avoidance and hyperarousal symptom subscales. A main effect of nicotine withdrawal on 
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total PTSD severity has been found in non-clinical samples of trauma-exposed smokers 

(e.g., Feldner et al., 2008; Dedert et al., 2012; Beckham et al., 1996), therefore this result is 

consistent with a priori hypotheses. The specific effects of nicotine withdrawal on the 

avoidance and hyperarousal symptoms of PTSD are novel, and the reasons for this finding 

warrant further examination and replication in other clinical samples. Overall, these main 

effects suggest that AS and nicotine withdrawal (independently) are important to assess in 

smokers with PTSD, and may similarly contribute to the exacerbation of PTSD avoidance 

and hyperarousal symptoms, but may be different in the etiological risk for the expression of 

PTSD re-experiencing symptoms. However,given that all participants included in this study 

were either beginning, just ending, or recently on medication for smoking cessation 

(varenicline) and some type of psychological therapy, it is also important to note the current 

findings were observed within this context.

Further, we hypothesized that higher levels of nicotine withdrawal would moderate the 

effect of AS on PTSD symptom severity (specifically avoidance and hyperarousal 

symptoms). This was based on our proposed conceptual model describing the relationship 

among the variables of interest, suggesting that within the context of uncomfortable 

interoceptive sensations (as seen with nicotine withdrawal), the effects of AS on PTSD 

severity would be even stronger. The hypothesized reason for this is that withdrawal 

amplifies the “interoceptive threat” to increase the cognitive vulnerability of AS, in turn 

further exacerbating PTSD hyperarousal symptoms and PTSD avoidance symptoms of such 

negative internal sensations. Indeed, a significant moderation effect was found for 

withdrawal on changing the association between AS and PTSD in both avoidance and 

hyperarousal symptoms. However, contrary to expectations, the conditional effect of AS on 

both PTSD avoidance and hyperarousal symptoms was strongest and significant only at 

lower levels of nicotine withdrawal. That is, as levels of nicotine withdrawal increased, the 

impact of AS on PTSD symptom severity diminished, and after the identified withdrawal 

‘cut-points’ (WSC-W scores = 9.4-11.5) the effect of AS on PTSD was no longer 

significant.

Therefore, higher levels of nicotine withdrawal (causing smoking-related interoceptive 

distress) did not further “amplify” the effect of having an elevated pre-existing tendency to 

misinterpret the meaning of interoceptive sensations (i.e., high AS) in terms of PTSD 

symptom expression as initially expected. It is conceivable that among smokers with PTSD, 

experiencing very high levels of nicotine withdrawal may actually serve to override any 

influence that AS has on PTSD symptoms; that is, at higher levels of withdrawal, physical 

sensations may be perceived as being directly attributable to abstinence from smoking, thus 

perhaps being less ambiguous to individuals with high AS (i.e., withdrawal symptoms are 

less likely to be misinterpreted because the cause of the interoceptive distress is known). It is 

worth noting that only a small minority of participants actually reported nicotine withdrawal 

symptom severity above the identified cut-offs (25-38% of the study sample), meaning that 

AS appeared to compound PTSD symptoms for the majority of participants. Given the 

scarcity of investigation into this important area, future examination testing alternative 

theoretical/conceptual explanations for role of nicotine withdrawal in the AS-PTSD 

interplay is warranted.
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It is worth noting that while the direction of the moderational effect was counter to what was 

expected, the specificity of the effect to PTSD avoidance and hyperarousal symptoms was 

partially consistent with expectations and consistent with other studies. For instance, Farris 

et al. (2014) observed that in a sample of trauma-exposed treatment-seeking smokers, 

individuals high in AS with lower tolerance of physical distress (i.e., one's actual capacity to 

tolerate aversive physical sensations) was associated with highest levels of hyperarousal 

symptoms of PTSD, but not other symptom clusters. Indeed, there is certainly conceptual 

overlap between one's ability to tolerate aversive physical states and the subjective 

experience of nicotine withdrawal (i.e., attention/perceived tolerance to this noxious internal 

state; Leyro, Zvolensky, & Bernstein, 2010). The finding for a significant interaction 

between AS and withdrawal symptoms on the avoidance cluster of symptoms has not been 

found elsewhere; however, this finding should be interpreted with caution, because this 

subscale as defined by the DSM-IV measures used in the present study consists of 

heterogeneous items that have since been pulled out and added to the new cluster (cognition/

emotion) in DSM-5. This avoidance cluster therefore does not particularly represent pure 

avoidance symptoms.

Related to this last point, it is important to note the limitations of the present study. 

Specifically, the variables of interest could only be examined cross-sectionally instead of 

longitudinally or by examining changes in these relationships due to PTSD treatment, given 

the trial is still in its ending stages of long-term follow-up data collection (as of October 

2014). However, the cross-sampling technique across several time-points allowed for 

examination of how these variables processes relate to each other in a given point of time, 

and evidenced significant findings even after statistically controlling for passage of time in 

the study. Yet, it is important to note that the time frames for the variables of interest varied 

to some degree (ranging from right now to the past 2 weeks, depending on the measure), 

which could further impact how we interpret these cross-sectional findings. Indeed, if more 

nuanced and consistently timed data were available to examine, it would be helpful to 

investigate the effect of AS on the course of nicotine withdrawal after quitting in terms of 

the severity of PTSD symptoms observed in a specific and defined time frame. Such a fine-

tuned analysis would aid in exploring the possibility that smokers low in AS may experience 

either shorter or less severe courses of withdrawal after quitting, which may correspond to 

reductions in PTSD symptom severity (particularly in the avoidance and hyperarousal 

symptom domains). Consequently, smokers high in AS may be at higher risk for relapse and 

protracted PTSD symptoms due to a more long-drawn or severe withdrawal period 

following smoking abstinence. These important implications of the relationship between AS 

and nicotine withdrawal on PTSD recovery require more attention and empirical 

examination.

Another consideration when interpreting the current findings is that when a person is 

attempting to abstain from nicotine, the withdrawal symptoms that occur (e.g. irritability and 

difficulties concentrating) reflect a more state-like measurement (unlike the trait-like quality 

of AS), one that is sensitive to more rapid changes over time and experienced more 

ubiquitously across all smokers when abstaining from cigarettes (Hughes et al., 1984). 

Indeed, nicotine withdrawal is dependent on inter-individual variations in smoking 

frequency and specific conditions (acute withdrawal, overnight withdrawal, withdrawal 
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associated with a quit attempt), which were not examined here. Thus, testing this same 

model with changes in withdrawal within one consistent period of time in the smoking 

cessation process is important. Further, it would be useful to control the effects of nicotine 

dependence severity while examining these changes in withdrawal. Unfortunately, the 

present study only administered a measure of nicotine dependence (Fagerstrom Test of 

Nicotine Dependence; FTND) at one time-point (week 0), so this was not able to be 

included as a covariate in the cross-sectional analyses conducted. However, this study did 

examine a biological measure of smoking frequency occurring around the measurements of 

smoking withdrawal (CO levels), which captures smoking behavior on the assessment day 

specifically (whereas FTND examines symptoms beyond the same day of the assessment). 

CO measurement also allows for biochemical verification of smoking status which is 

superior to subjective self-report (Shiffman et al., 1997). Indeed, the results regarding the 

impact of nicotine withdrawal severity and AS were still evident, even after controlling for 

smoking status/rate as measured by CO levels (Langdon et al., 2013). In addition, it is 

important to note that the effects of AS and nicotine withdrawal were significant beyond the 

effects of general negative affectivity, which itself has been implicated in higher nicotine 

dependence and relapse among smokers with PTSD (Beckham et al., 2013), and is inter-

related with AS and nicotine withdrawal (these constructs shared 46-47% of variance with 

negative affect). Thus, while negative affect appears to be related to AS and nicotine 

withdrawal and relevant to PTSD symptom severity, there appears to be incremental 

predictive validity of AS and nicotine withdrawal (and the moderation effect) in terms of 

PTSD symptom severity.

Finally, an important aspect to note in the current study is the conceptual model being tested, 

with AS (a trait-like variable) being defined as a predictor and smoking withdrawal (a state-

like variable) being defined as a moderator. Kraemer and colleagues have recommended that 

moderators should temporally precede predictors (which is not the case here), and should 

not be associated with each other (but AS and smoking withdrawal are weakly correlated) 

(Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001). However, Hayes (2013) has argued that 

in the moderation model tested here, the temporal patterning of the predictor and moderator 

does not matter because all of the variables (AS, smoking withdrawal, and PTSD) are 

measured cross-sectionally, at the same time-points. The conditional process model analysis 

refers to statistical prediction of PTSD severity by AS, not longitudinal prediction by AS, so 

temporal precedence of the moderator over the predictor is less relevant. In addition, the 

association between predictor and moderator is only concerning when the correlations are 

strong (Kenny and Judd, 1984; Judd, Kenny, & McClleland, 2001), which is not the case in 

the current study. Thus, taken together, the conceptual model tested and temporal patterning 

of variables observed in the current study do not pose significant problems.

In summary, the current investigation attempted to further elucidate the impact of one 

cognitive-affective risk factor (AS) as a linking factor in the comorbidity of smoking and 

PTSD. To our knowledge, this study is the first to examine the relationships between these 

factors in a treatment-seeking sample of smokers with PTSD, lending a unique view into 

how withdrawal symptoms and AS interact with one another to impact PTSD symptom 

severity. The current study also provided a comprehensive and nuanced examination of how 
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specifically nicotine withdrawal conditionally impacts the AS-PTSD association. To further 

extend and understand the nature of the observed relationships between these processes, it 

would be important for future studies to examine how varying levels of AS, nicotine 

withdrawal, and their interaction predict treatment outcome on both measures of PTSD and 

smoking cessation outcomes (e.g., quit day abstinence; latency to lapse/relapse, and other 

smoking milestones; Shiffman et al., 2006). In addition, it is important for future studies to 

consider the role of other possible cognitive-affective risk processes (e.g., distress tolerance) 

related to specific symptom clusters of PTSD, at multiple time-points throughout treatment. 

Related to this, examination into how AS and nicotine withdrawal specifically impact the 

newly devised DSM-5 PTSD cluster of cognition and mood (APA, 2013) is needed, to 

expand our understanding into the unique relationships of AS and nicotine withdrawal with 

certain clusters of PTSD symptoms.
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Figure 1. 
Impact of AS on PTSD avoidance and hyperarousal symptoms at low and high levels of 

nicotine withdrawal.
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Figure 2. 
Location of the change in significance of the conditional effect of nicotine withdrawal on 

the association between AS and PTSD avoidance and hyperarousal symptoms.
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Table 2

Hierarchical Multiple Regression Analyses Assessing for Main and Interactive Effects of AS and Withdrawal 

on PTSD Symptom Clusters

DV Predictors R2 b se t p

PSS-I Total Gender
.548

a 2.543 1.718 1.480 .142

Time Point −.178 .147 −1.213 .228

Negative Affect 439 .108 4.054 < .001

Expired CO .103 .137 .754 .453

ASI .361 .096 3.760 < .001

WSC-W 1.048 .289 3.627 < .001

ASI*WSC-W
.028

b −.023 .009 −2.613 .010

PSS-I Re-Experiencing Gender
.376

a .374 .624 .601 .549

Time Point −.030 .053 −.564 .574

Negative Affect .113 .039 2.864 .005

Expired CO .109 .050 2.194 .030

ASI .034 .035 .978 .330

WSC-W .163 .105 1.556 .123

ASI*WSC-W
.001

b −.002 .003 −.502 .617

PSS-I Avoidance Gender
.436

a 1.170 .887 1.319 .190

Time Point −.064 .076 −.841 .402

Negative Affect .218 .056 3.903 < .001

Expired CO −.029 .071 −.406 .686

ASI .168 .050 3.387 .001

WSC-W .465 .149 3.120 .002

ASI*WSC-W
.033

b −.011 .004 −2.510 .014

PSS-I Hyperarousal Gender
.545

a .999 .607 1.646 .103

Time Point −.084 .052 −1.625 .107

Negative Affect .108 .038 2.833 .006

Expired CO .023 .048 .473 .637

ASI .159 .034 4.692 < .001

WSC-W .419 .102 4.113 < .001

ASI*WSC-W
.043

b −.010. .003 −3.216 .002

Note. Gender = coded male=1 and female=0; Time Point = Assessment time point (coded 0-2 for baseline, post-treatment, and three-month follow-
up respectively); Negative Affect = Positive and Negative Affect Scale – Negative Affect subscale; Expired CO = Expired carbon monoxide breath 
sample; ASI = Anxiety Sensitivity Index total score; WSC-W = Withdrawal Symptom Checklist - Weekly; PSS-I Total, PSS-I Re-experiencing, 
PSS-I Avoidance, and Hyperarousal = PTSD Severity Scale Interview Total, Re-experiencing subscale, Avoidance subscale, and Hyperarousal 
subscale scores.

a
Total model R2

b
R2 increase due to interaction.
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