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Auditory Serial Addition Test (a psychological challenge task) 
was not a signifi cant predictor of earlier smoking lapse. 

   Discussion:     These results are discussed in relation to refi ning 
theoretical models of the role of distress tolerance in early smok-
ing lapse and the utility of such models in the development of 
specialized treatment approaches for smoking cessation. 

       Introduction 
 An increased level of theoretical and empirical attention has fo-
cused on better understanding the nature of early smoking lapse 
in the context of smoking cessation ( Brown, Lejuez, Kahler, 
Strong, & Zvolensky, 2005 ). This scientifi c work has been stim-
ulated, at least in part, by the observation that a signifi cant per-
centage of smokers attempting cessation lapse to smoking 
within a matter of days and very few of these individuals recover 
to achieve abstinence ( Brown, Kahler, Niaura, et al., 2001 ;  Cook, 
Gerkovich, O’Connell, & Potocky, 1995 ;  Doherty, Kinnunen, 
Militello, & Garvey, 1995 ;  Garvey, Bliss, Hitchcock, Heinold, & 
Rosner, 1992 ). It also rests on the larger recognition that the 
general population contains signifi cant numbers of at-risk, re-
calcitrant smokers ( Augustson & Marcus, 2004 ) and that target-
ed efforts to develop specialized treatment for such subgroups of 
smokers have been inadequate ( Brown, 2003 ;  Irvin & Brandon, 
2000 ;  Lichtenstein & Glasgow, 1992 ;  Niaura & Abrams, 2002 ; 
 Shiffman, 1993 ). 

                        Abstract 
   Introduction:     A signifi cant percentage of smokers attempting 
cessation lapse to smoking within a matter of days, and current 
models of relapse devote insuffi cient attention to such early 
smoking lapse. Studies attempting to relate severity of nicotine 
withdrawal symptoms to short-term smoking cessation out-
comes have yielded equivocal results. How one  reacts  to the dis-
comfort of nicotine withdrawal and quitting smoking (i.e., 
distress tolerance) may be a more promising avenue of investi-
gation with important treatment implications. 

   Methods:     The present investigation examined distress toler-
ance and early smoking lapse using a prospective design. Par-
ticipants were 81 adult daily smokers recruited through 
newspaper advertisements targeted at smokers planning to quit 
smoking without assistance (i.e., no pharmacotherapy or psy-
chosocial treatment; 42 males and 39 females; mean age = 42.6 
years,  SD  = 12.20). 

   Results:     As hypothesized, both greater breath-holding dura-
tion and carbon dioxide – enriched air persistence were associ-
ated with a signifi cantly lower risk of smoking lapse following 
an unaided quit attempt. These effects were above and beyond 
the risk associated with levels of nicotine dependence, educa-
tion, and history of major depressive disorder, suggesting that 
distress tolerance and task persistence may operate indepen-
dently of risk factors such as nicotine dependence and depres-
sive history. In contrast to expectation, persistence on the Paced 
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Distress tolerance and early smoking lapse in adult self-quitters

 Research has begun to provide insight into the nature of 
early smoking lapse (typically defi ned in such work as an in-
stance of smoking; e.g., even a puff) by focusing on individual 
differences in the (in)ability to tolerate negative affect — termed 
distress tolerance ( Brown et al., 2005 ). We use the term  distress 
tolerance  to convey a behavioral tendency to continue to pursue 
a goal despite encountering various states of affective discom-
fort, which may be in response to perceived physical or psycho-
logical distress ( Brown, Lejuez, Kahler, & Strong, 2002 ). Interest 
in behavioral reactions to affective discomfort arises in part 
from research, suggesting that negative affect is the  “ motiva-
tional basis ”  of the nicotine withdrawal syndrome ( Baker, Piper, 
McCarthy, Majeskie, & Fiore, 2004 ). This work is particularly 
relevant to early smoking lapse, given that withdrawal symp-
toms begin within hours of quitting and peak within the fi rst 
few days ( Hughes, Higgins, & Hatsukami, 1990 ;  Shiffman & 
Waters, 2004 ) and that negative affect during nicotine with-
drawal is related to smoking outcome (see  Baker, Brandon, & 
Chassin, 2004  and  Baker, Piper, et al., 2004  for reviews). Within 
this context, models of early lapse posit that it is not just the se-
verity or intensity of nicotine withdrawal (characterized by 
negative affect) but also how an individual responds to discom-
fort and distress that predicts early smoking lapses ( Brown et al., 
2005 ). That is, early lapsers may be characterized by a tendency 
toward negative affect during nicotine withdrawal and also an 
inability to tolerate such negative affect. Thus, whereas many 
smokers quit smoking successfully despite high levels of dis-
comfort, a low threshold for tolerating such unavoidable types 
of distress would be associated with increased smoking behavior 
(i.e., the smoking response temporarily ameliorates the experi-
ential discomfort;  Baker, Piper, et al., 2004 ;  Parrott, 1999 ) and 
increased diffi culty quitting smoking ( Brown et al., 2005 ). 

 A number of studies have provided data consistent with a 
distress tolerance perspective on early lapse. In some of the ear-
liest studies within this domain, Hajek and colleagues ( Hajek, 
1991 ;  Hajek, Belcher, & Stapleton, 1987 ;  West, Hajek, & Belcher, 
1989 ) found consistent positive associations between duration 
of breath holding, as an index of tolerance for physical discom-
fort, and duration of abstinence from smoking among daily 
smokers. Building from such work, we examined current, daily 
smokers ( N  = 32) who were classifi ed according to whether they 
had not previously quit for more than 24 hr compared with 
those who had quit for at least 3 months ( Brown et al., 2002 ). 
Using laboratory tasks that tapped distress tolerance, defi ned as 
persistence on psychologically distressing (Paced Auditory Se-
rial Addition Task [PASAT];  Lejuez, Kahler, & Brown, 2003 ) 
and physical (carbon dioxide [CO 

2
 ] – enriched air inhalation and 

breath-holding duration) challenge provocation tests designed 
to generate physical symptoms of interoceptive distress, we ex-
amined the relationship between termination of a task prior to 
its scheduled endpoint and the two smoking groups. Results in-
dicated that immediate relapsers were more likely to terminate 
the CO 

2
  and PASAT challenges and had a shorter duration of 

breath-holding than delayed relapsers ( Brown et al., 2002 ). 

 These fi ndings are noteworthy in that the two groups did not 
differ in terms of their smoking history or nicotine dependence 
level. A subsequent investigation by  Brandon et al. (2003)  evalu-
ated the predictive utility of persistence on behavioral tasks to 
relapse following treatment for smoking ( N  = 144). Prior to treat-
ment, participants completed a variety of behavioral persistence 

tasks, including an anagram persistence task (APT) and a mirror-
tracing persistence task (MTPT). Participants were divided into 
three groups: (a) treatment noncompleters, (b) lapsers (those 
who completed treatment but relapsed to smoking), and (c) ab-
stainers (those who sustained abstinence until follow-up). MTPT 
was a signifi cant predictor of sustained abstinence, whereas the 
APT was not; this effect was apparent after controlling for level of 
nicotine dependence and gender. Additionally, MTPT persistence 
increased monotonically across treatment noncompleters, laps-
ers, and continuous abstainers. Collectively, a variety of studies 
are consistent with the emerging perspective that distress toler-
ance is an important factor in smoking lapse. Such a conclusion 
is strengthened by research that suggests parallel psychological 
constructs such as sensitivity to anxiety-related states (anxiety 
sensitivity;  Brown, Kahler, Zvolensky, et al., 2001 ;  Zvolensky 
et al., 2007 ), a tendency to avoid emotional states (e.g., thought 
or emotional suppression;  Hayes, Wilson, Gifford, Follette, & 
Strosahl, 1996 ;  Salkovskis & Reynolds, 1994 ), and emotional 
reactivity ( Zvolensky, Feldner, Eifert, & Brown, 2001 ) may be 
related to problems in quitting successfully. 

 Although work on distress tolerance is promising, it is lim-
ited in a number of key respects. First, all but one of the com-
pleted investigations addressing such processes have focused on 
an a priori basis on distress tolerance and early smoking lapse 
( Brown et al., 2002 ). Thus, a limited database is focused express-
ly on early smoking lapse guided by using distress tolerance 
theory and research. Second, although the  Brown et al. (2002)  
results were promising, they were limited by the use of retro-
spective reports of the duration of past smoking quit attempts. 
This assessment tactic has well-known challenges in terms of be-
ing infl uenced by reporting biases, memory distortions, and re-
call effects more generally ( McNally, 1998 ). Accordingly, it 
would be important to extend the results of  Brown et al. (2002)  
using a prospective measurement approach. Third, the partici-
pants in the earlier investigation by  Brown et al. (2002)  were not 
necessarily interested in quitting smoking. To the extent that 
distress tolerance is an important explanatory construct for ear-
ly smoking lapse, it needs to be generalizable to smokers inter-
ested in quitting so that specialized interventions could be 
applied to them. It would therefore be important for future 
work to evaluate the predictive validity of distress tolerance 
among smokers motivated for, and willing to engage in, a  “ seri-
ous ”  quit attempt. Finally, in previous work, limited attention 
has been given to evaluating the incremental validity of distress 
tolerance in terms of early smoking lapse relative to other theo-
retically relevant factors (e.g., levels of nicotine dependence). To 
have more confi dence in the concept of distress tolerance, an 
evaluation is needed to determine whether it uniquely explains 
a process underlying early lapse or is simply predictive due to 
shared relationships with other known risk factors. 

 The present investigation aimed to extend past research on 
distress tolerance and early smoking lapse. Participants included 
adult daily smokers recruited through the community and 
planning to quit smoking without assistance (i.e., no pharmaco-
therapy or psychosocial treatment). After a comprehensive as-
sessment of psychological and smoking factors, participants 
were followed for 28 days as they made an unaided quit attempt. 
Based on extant theory ( Brown et al., 2005 ) and research ( Brown 
et al., 2002 ), we hypothesized that smokers with high levels 
of distress tolerance would be characterized by lower levels of 
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depressive symptoms, anxiety sensitivity, and stress reactivity. 
Further, we hypothesized that smokers who evidenced prequit 
persistence on physical and psychological challenge tasks 
(breath-holding duration, CO 

2
  persistence, and PASAT persis-

tence) would have lower risk of lapse to smoking even after con-
trolling for the risk associated with other factors related to 
smoking lapse in this sample.   

 Methods  
 Participants 
 Participants were 81 adult smokers recruited through newspa-
per advertisements targeted at smokers planning to quit smok-
ing without assistance (i.e., no pharmacotherapy or psychosocial 
treatment). The sample included 42 males and 39 females, all 
aged 19 – 65 years ( M  = 42.6;  SD  = 12.20); 88.5% of participants 
were White, 3.8% Black, 2.6% Hispanic, and 5.1% indicated be-
longing to an  “ Other ”  racial/ethnic group. 

 Participants who responded to the study advertisement 
were given a thorough explanation of the study and screened 
for inclusion criteria. Of the 380 callers who responded to 
the advertisement, 72 callers did not want to participate, 182 
callers could not be contacted to schedule an appointment, 
and 45 decided not to participate after the initial screening 
assessment. For inclusion in the study, participants were re-
quired to (a) be a regular smoker for at least 1 year, (b) be 
currently smoking an average of at least 10 cigarettes/day, (c) 
report motivation to quit of at least 5 on a 10-point scale, (d) 
be interested in making a serious quit attempt in the next 
month, (e) have not decreased the number of cigarettes by 
more than half in the past 3 months, and (f) be between the 
ages of 18 and 65 years. Exclusion criteria included (a) hav-
ing a current Axis I disorder including psychoactive sub-
stance abuse or dependence (excluding nicotine dependence) 
within the past 6 months ( n  = 67); (b) currently using psy-
chotropic medication ( n  = 127), including bupropion; (c) 
having a history of significant medical illness, such as cardio-
vascular, endocrine, pulmonary (e.g., chronic obstructive 
pulmonary disease, emphysema, and a history of asthma), 
neurologic, gastrointestinal, renal, immunologic, or other 
systemic illness, or being deemed as currently unhealthy in 
the context of a complete medical examination ( n  = 116); (d) 
having limited mental competency and the inability to give 
informed, voluntary, written consent to participate; (e) cur-
rently using nicotine replacement therapy or bupropion or 
intending to use nicotine replacement therapy or bupropion 
during their quit attempt ( n  = 6); and (f) using other tobacco 
products. Additional participants were ruled out for not 
meeting the age requirement ( n  = 50), not meeting regular 
smoking criteria ( n  = 28), insufficient motivation to quit 
within the next month ( n  = 8), or participant scheduling 
difficulties ( n  = 12). The study was approved by the Butler 
Hospital Institutional Review Board.   

 Procedure 
 Interested and eligible participants were instructed to select the 
day on which they would attempt to quit smoking (quit day) 
and were scheduled for the baseline assessment session. The 
baseline assessment was required to occur at least 3 days, but no 
more than 14 days, prior to the participant’s selected quit day.  

 Baseline assessment session  .   The baseline assessment in-
cluded written informed consent followed by a diagnostic 
screening interview using the Structured Clinical Interview: 
Non-Patient Version for  DSM-IV     (SCID-NP;  First, Spitzer, 
Gibbon, & Williams, 1995 ) and a medical examination provided 
by the study physician. Individuals who met exclusionary criteria 
for the SCID-NP or the medical examination were paid US$25 
for their time and given a self-help booklet on smoking cessation 
prepared by the National Cancer Institute ( Clearing the Air ;  U.S. 
Department of Health and Human Services [USDHHS], 1995 ). 
After a 15-min break, during which participants were given the 
option to smoke a cigarette, eligible individuals completed the 
laboratory challenge tasks described in detail below.   

 Quit week  .   After fi nishing the challenge tasks, participants 
were reminded of their quit day and instructed to quit smoking 
by midnight on the night before their quit day. At this point, 
they were paid $25 for their time and given a copy of  Clearing 
the Air  ( USDHHS, 1995 ). Further, participants were told that 
they were to come to the laboratory on their quit day and 3 and 
7 days after quitting between noon and 8 p.m. to verify absti-
nence using carbon monoxide (CO) analysis (10 ppm cutoff, 
using a CMD/CO Carbon Monoxide Monitor Model 3110; 
Spirometrics, Inc., Auburn, Maine) and to complete self-report 
measures of withdrawal symptoms, mood, and depressive 
symptoms (see below for details). They were informed that they 
would receive $25 for completing self-report measures on each 
of the three quit-week visits. Further, if CO readings verifi ed 
that they had abstained from smoking for at least 12 hr prior, 
they would earn $30 at the quit-day assessment, $40 at the 3-day 
assessment, and $50 at the 7-day assessment. This type of con-
tingent payment program ( Heil, Tidey, Holmes, Badger, & Hig-
gins, 2003 ) was used to provide incentive to participants for 
making a quit attempt on their chosen quit day and to keep a 
large number of participants abstinent long enough to acquire 
data on withdrawal symptoms, mood, and depressive symp-
toms. We did not expect this fi xed schedule payment program 
to have a signifi cant impact on abstinence durations beyond this 
quit-week assessment period when the contingency would end 
( Roll, Higgins, & Badger, 1996 ).   

 Follow-up assessments  .   Following quit day, participants 
were scheduled to return to the laboratory between noon and 8 
p.m. on days 3, 7, 14, and 28 postcessation to verify abstinence 
and complete self-report measures of withdrawal symptoms, 
mood, and depressive symptoms. In addition to CO verifi cation 
of abstinence, saliva was gathered for cotinine analysis on days 
7, 14, and 28. No incentives for abstinence following the quit 
week were provided, and participants were paid $20 for com-
pleting each of the 14- and 28-day follow-ups regardless of their 
smoking status. This schedule of assessments was used to con-
centrate measurements during the intervals of primary interest 
to the study and during the time when withdrawal symptoms 
are most intense ( Hughes et al., 1990 ). Based on guidelines from 
the Society for Research on Nicotine and Tobacco Subcommit-
tee on Biochemical Verifi cation ( Hughes et al., 2003 ), partici-
pant reports of abstinence for at least 1 day were verifi ed during 
in-person interviews with expired CO (less than 10 ppm) at all 
follow-up contacts; reports of abstinence for at least 7 days were 
verifi ed using salivary cotinine (cutoff of 15 ng/ml) at the 7-, 
14-, and 28-day follow-up visits. Participants who did not 
provide CO verifi cation or saliva for cotinine analysis or whose 
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biochemical measures contradicted self-report were considered 
lapsed at the last session at which they had verifi ed abstinence.    

 Materials and apparatus 
 The screening portion of the baseline assessment session was 
conducted in a 15 �  by 12 �  offi ce and the challenge tasks occurred 
in a 12 �  by 8 �  experimental room, both located in Butler Hospital 
(Providence, Rhode Island). For the challenge tasks, participants 
sat at a desk supporting a Dell Pentium computer, a color moni-
tor, and a mouse. The experimenters sat in an adjacent room 
containing all other experimental equipment, including an ap-
paratus for providing participants with either room air or a mix-
ture of 20% CO 

2
  (20% CO 

2
 , 21% O 

2
 , 59% N 

2
 ). CO 

2
  was stored in 

a cylinder (101 cm height) and fed through a 5-cm by 5-cm hole 
via aerosol tubing from the experimenter room to a positive-
pressure Downs ’  continuous positive airway pressure mask worn 
by the participant. An automated apparatus (described in  Lejuez, 
Forsyth, & Eifert, 1998 ) was used for CO 

2
  delivery. The appara-

tus, which was controlled by the experimenter, utilized a selector 
switch to deliver either room air or CO 

2
 -enriched air to the par-

ticipant. A one-way mirror allowed the experimenters to observe 
all session events.   

 Diagnostic and screening measures  
 Psychiatric screen  .   The SCID-NP ( First et al., 1995 ) was 
used to assess current (i.e., diagnostic exclusions) and lifetime 
prevalence of Axis I diagnoses. To limit experimenter bias, the 
clinician who administered the SCID-NP did not conduct the 
laboratory challenge tasks.    

 Measures of smoking history and 
nicotine dependence  
 Smoking history  .   Smoking history and pattern were assessed 
with the Smoking History Questionnaire (SHQ;  Brown et al., 
2002 ), which includes items pertaining to smoking rate, age at ini-
tiation, and years of being a daily smoker. The SHQ has been used 
successfully in previous studies ( Brown et al., 2002 ;  Zvolensky, 
Lejuez, Kahler, & Brown, 2004 ).   

 Severity of dependence  .   The Fagerström Tolerance Ques-
tionnaire (FTQ) was used as a continuous measure of nicotine 
dependence ( Fagerström, 1978 ). Specifi cally, we administered the 
FTQ and scored it as the Fagerström Test for Nicotine Dependence 
(FTND;  Heatherton, Kozlowski, Frecker, & Fagerström, 1991 ). 
The FTND has shown good internal consistency, positive rela-
tionships with key smoking variables (e.g., salivary cotinine; 
 Heatherton et al., 1991 ), and high degrees of test – retest reliability 
( Pomerleau, Carton, Lutzke, Flessland, & Pomerleau, 1994 ).   

 Smoking cessation self-effi cacy  .   We used the Smoking 
Cessation Self-Effi cacy Scale (SSC;  Velicer, Diclemente, Rossi, & 
Prochaska, 1990 ) to measure confi dence in remaining abstinent. 
Specifi cally, the well-established SSC includes nine different sit-
uations (e.g.,  “ when I am extremely anxious or stressed ” ) and 
asks respondents to indicate whether they would smoke in such 
situations, with extent of confi dence in such judgments rated on 
a 5-point Likert-type scale (1 = not at all confi dent to 5 = ex-
tremely confi dent). In the present study, we used the negative 
affect subscale (SSC-N) to index confi dence in abstaining from 
smoking when experiencing negative affect.    

 Laboratory challenge tasks 
 We counterbalanced the order of the laboratory challenge tasks 
across participants according to a Latin square. Regardless of 
task order, the sessions began with baseline assessment of a se-
ries of single-item self-report questions, rated on a Likert scale 
ranging from 0 (none) to 100 (extreme), to assess moment-to-
moment levels of (a) anxiety, (b) irritability, (c) diffi culty con-
centrating, (d) bodily discomfort, (e) urge to smoke, and (f) 
frustration. These items were selected on the basis of their theo-
retical relevance for sensitivity to physical and psychological dis-
tress. Items (a), (b), (c), and (f) were summed to attain a general 
dysphoria score to assess psychological distress. The physical 
discomfort and urge to smoke items were evaluated separately. 

 Following the single-item self-report questions was a 10-
min physiological adaptation period. A Biopac MP100 system 
was used to digitally record physiological data at a sample rate of 
10 samples/s across all channels using Biopac’s Acknowledge 
Software. Raw electrocardiogram data were collected using the 
Biopac ECG100B electrocardiogram amplifi er, with disposable 
Ag – AgCl electrodes aligned in a standard confi guration (right 
and left of sternum just below the clavicle). Raw data were con-
verted to beats per min to obtain heart rate. Skin conductance 
levels, converted to microsiemens, were obtained using the 
Biopac GSR100B electrodermal activity amplifi er with the TS-
D103A Ag – AgCl electrodes placed on the middle segment of the 
middle and ring fi ngers. Blood pressure was measured automat-
ically with a self-infl ating adult-size cuff attached to the Dina-
map Compact Blood Pressure Monitor (Model BP; Critikon) 
on the participant’s nondominant arm. The concentration of 
CO 

2
  in the participant’s expired air was measured using the RI-

555 Infrared Gas analyzer (CEA Instruments), which measures 
up to 100% CO 

2
  concentration. Although we measured physi-

ological responsivity, no signifi cant effects in such factors were 
observed in predicting early lapse. (Contact the senior author 
for details about these fi ndings.) 

 Challenge tasks were separated by a 15-min break, followed 
by a second presentation of the baseline single-item questions 
and 10-min adaptation period. For heart rate and skin conduc-
tance, a baseline reading was taken for the average of 5 – 8 min to 
limit adaptation effects at the start of the baseline and anticipa-
tory effects at the end of the baseline and the start of the chal-
lenge tasks. For blood pressure, a baseline reading was taken 
once during the baseline assessment from 8 to 9 min.  

 Physical challenges  .   Breath-holding and CO 
2
  inhalation: At 

the start of this challenge, participants were asked to take a deep 
breath and hold it for as long as they could, while the duration 
of breath holding was recorded with a stopwatch. Following the 
breath-holding procedure and a 2-min recovery period, the CO 

2
  

challenge began. The CO 
2
  challenge task lasted 15 min and in-

cluded two CO 
2
  presentations set to occur at 7 and 12 min. The 

fi rst presentation lasted 25 s, and the participant determined the 
length of the fi nal presentation. That is, once the fi nal presenta-
tion had begun, participants could press a button on the pro-
vided computer keyboard to terminate the presentation 
immediately. Unbeknownst to participants, if a button press 
was not made within 60 s (i.e., maximum duration), the presen-
tation terminated automatically. Physiological and self-report 
responding was assessed in a similar fashion as for the PASAT, 
with the experimental reading occurring during the fi rst 10 s 
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following the fi rst CO 
2
  presentation for heart rate and skin con-

ductance. The experimental blood pressure reading occurred 
immediately after the 10-s period in which skin conductance 
and heart rate were collected. Similar to that for the PASAT, the 
single-item self-report questions followed the blood pressure 
reading. Repeated-measures analyses of physiological respond-
ing to the CO 

2
  challenge indicated that participants showed sig-

nifi cant increases in skin conductance (mean difference = 1.99; 
 SD  = 2.68;  p  < .05) and blood pressure (systolic mean difference = 
4.2; diastolic mean difference = 3.60) in response to the fi rst 
presentation of CO 

2
 . However, after the CO 

2
  presentation was 

completed, participants did not report signifi cantly increased 
dysphoria (mean difference = 1.90;  SD  = 40.04;  p  > .05), physi-
cal discomfort (mean difference = 2.6;  SD  = 17.83;  p  > .05), or 
cigarette craving (mean difference = 0.90;  SD  = 17.80;  p  > .05) 
compared with the baseline ratings. We found no associations 
between lapse status and physiological or self-reported physical 
discomfort or urge to smoke responses to the CO 

2
 .   

 Psychological challenge  .   PASAT: As the psychological chal-
lenge, we used a modifi ed computer version of the PASAT 
( Lejuez et al., 2003 ), which was developed for the assessment of 
information processing and capacity in patients with head 
trauma ( Gronwall, 1977 ). The PASAT was used in the present 
study because it has been shown to produce elevated levels of 
stress ( Deary et al., 1994 ). A thorough description of this com-
puter version is provided by  Lejuez et al. (2003) . 

 The PASAT was set to last up to 20 min. In the task, sequen-
tial numbers were fl ashed on the screen. Participants summed 
the most recent number with the previous number and used the 
computer’s mouse to click on the correct answer using a key-
board provided on the computer screen. After providing each 
sum, the participant was to ignore that sum and add the follow-
ing number to the most recently presented number (e.g., 4 + 3 
[correct response = 7] + 6 [=9] + 1 [=7], etc.). 

 The fi rst level of the PASAT provided a 3-s latency between 
number presentations (i.e., low diffi culty). The second level 
provided a 1.5-s latency between number presentations (i.e., 
medium diffi culty). The fi nal level provided a 1-s latency be-
tween number presentations (i.e., high diffi culty). The fi rst level 
lasted for 3 min and the second level for 5 min. Following a 
2-min rest period, the fi nal level lasted up to 10 min, with the 
participant having an escape option. Specifi cally, participants 
were informed that once the fi nal level had begun, they could 
terminate exposure to the task at any time by pressing a button 
on the provided computer keyboard. To provide incentive to 
complete the task to the best of their abilities, participants were 
told that they would receive a gift certifi cate worth $5 if their 
total number of points earned was greater than the average score 
of the other participants. It was explained further that this  “ tar-
get ”  score could not be determined until the end of the study 
participation, but in the event that the participant’s score ex-
ceeded the target score, the gift certifi cate would be sent in the 
mail about 4 weeks after participation. These instructions were 
intended to produce some incentive for continuing the task 
while being weak enough not to create ceiling effects in the du-
ration of endurance across participants. All subjects were mailed 
the $5 payment following participation. 

 For analyses, we compared baseline and one experimental 
physiological reading. The experimental reading for heart rate 
and skin conductance included the fi rst 10 s of the second level 

of diffi culty on the PASAT to capture responses at a high level of 
diffi culty not confounded by the  “ quit ”  option in the third pre-
sentation. The experimental reading for blood pressure includ-
ed the fi rst minute during the rest period following the end of 
level 2 and the beginning of level 3. After this blood pressure 
reading, the participant again completed the single-item self-
report questions, thereby also providing a baseline and an ex-
perimental reading for analysis purposes. 

 Repeated-measures analyses of physiological responding to 
the PASAT indicated that participants showed signifi cant in-
creases in skin conductance (mean difference = 2.92;  SD  = 2.23; 
 d  = .67,  p  < .05) and blood pressure (systolic mean difference = 
2.85; diastolic mean difference = 3.01) in response to the fi rst 
two levels of the PASAT prior to being given the option to ter-
minate the task. After completing the fi rst two PASAT levels, 
participants reported signifi cantly increased dysphoria (mean 
difference = 77.5,  SD  = 76.91;  p  < .01), as well as increased phys-
ical discomfort (mean difference = 2.9;  SD  = 12.72;  p  < .05) and 
cigarette craving (mean difference = 7.24,  SD  = 14.10;  p  < .01) 
compared with the baseline ratings. We found no associations 
between lapse status and physiological or self-report responses 
to the PASAT ( p  values > .05).    

 Measures of affective symptomatology 
and vulnerability 
 Affective symptomatology and vulnerability to negative affec-
tive states were measured using self-report measures of depres-
sive symptoms, fear of anxiety-related sensation, and a general 
vulnerability to negative affect.  

 Depressive symptoms  .   The Center for Epidemiological 
Studies Depression Scale (CES-D) ( Radloff, 1977 ) is a well-
established measure of depressive symptoms. Respondents indi-
cate how often within the past week they experienced the 
symptom in question, responding  “ rarely or none of the time, ”  
 “ some or little of the time, ”   “ occasionally or a moderate amount 
of the time, ”  and  “ most or all of the time. ”    

 Fear of anxiety-related sensations  .   The Anxiety Sensitivity 
Index (ASI) is a 16-item questionnaire in which respondents indi-
cate on a 5-point Likert-type scale (0 = very little to 4 = very much) 
the degree to which they fear the negative consequences of anxiety 
symptoms ( Reiss, Peterson, Gursky, & McNally, 1986 ). Factor 
analysis of this scale indicates that it has a hierarchical structure, 
with three fi rst-order factors titled anxiety sensitivity – physical 
concerns, mental incapacitation concerns, and social concerns and 
a single, higher order general factor ( Zinbarg, Barlow, & Brown, 
1997 ). The ASI has demonstrated good internal consistency and 
good psychometric properties ( Peterson & Reiss, 1992 ).   

 Negative affectivity  .   To assess vulnerability to negative affect 
(also referred to as negative emotionality or negative affectiv-
ity), we used the stress reaction scale (SR) of the Multidimen-
sional Personality Questionnaire (MPQ; Tellege   n, 1982). The 
MPQ has strong psychometric properties and good behavioral 
genetic data from twin studies ( Krueger, 2000 ).    

 Data analyses 
 We fi rst examined time to termination (i.e., persistence) on 
each of the laboratory challenge tasks and the intercorrelations 
among persistence on each task. To extend our previous  analyses 
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( Brown et al., 2002 ), we tested whether length of longest previ-
ous quit attempt was associated with greater persistence on these 
tasks. We also examined the associations between persistence on 
the challenge tasks and both smoking (dependence, smoking 
rate, years of regular smoking) and demographic variables (age, 
education, gender). We did not expect signifi cant relationships 
with these variables, but given the novelty of the persistence 
tasks, we wanted to characterize their relationships with other 
variables that may be relevant to smoking cessation. 

 We conducted correlational analyses to examine the rela-
tionship between distress tolerance and depressive symptoms, 
anxiety sensitivity, and stress reactivity. To test the effects of dis-
tress tolerance on relapse to smoking, we conducted discrete 
time survival analyses predicting day of fi rst lapse to smoking. 
We fi rst examined the effect of persistence on each task inde-
pendently. We then entered the variables simultaneously into 
the analyses to gauge the relative strength of associations with 
quitting behavior. We also created a composite variable from 
the persistence tasks to see how accurately we could predict 
lapsing using the combined information from each task.    

 Results  
 Task persistence 
 On average, participants terminated the PASAT after 266.5 s 
( SD  = 198.3). Two participants had missing data on this variable 
due to procedural problems in the task administration. This 
variable had some truncation (i.e., a ceiling effect) as 11 partici-
pants (13.9%) went the full 600 s. The median time to termina-
tion was 210 s. Mean breath-holding duration was 41.1 s ( SD  = 
16.3) with a median of 38 s. On average, participants terminated 
the CO 

2
  challenge after 44.1 s ( SD  = 17.1). Four participants had 

missing data on this variable due to procedural problems in the 
task administration. This variable had signifi cant truncation as 
33 participants (42.9%) went the full 60 s. 

 Correlation analyses (Spearman’s rank-order correlations 
were used with the nonnormal CO 

2
  persistence data) revealed 

that breath-holding duration was signifi cantly correlated with 
greater persistence on the CO 

2
  challenge,  r  

S
 (77) = .27, but the 

positive correlation with PASAT persistence did not reach sig-
nifi cance,  r (79) = .17,  p  = .14. PASAT persistence was positively 
correlated with CO 

2
  persistence,  r  

S
 (77) = .20, although this cor-

relation also did not reach signifi cance,  p  = .09. Breath holding 
was signifi cantly and positively correlated with duration of lon-
gest previous quit attempt (log-transformed to correct positive 
skewness),  r (81) = .24. CO 

2
  and PASAT persistence were not 

signifi cantly correlated with longest previous quit attempt,  r  
S
  = 

 – .12 and .17, respectively. None of the persistence measures 
were signifi cantly correlated with age, years of education, mea-
sures of affective symptomatology and vulnerability (CES-D, 
ASI, MPQ-SR, major depressive disorder [MDD] history), self-
effi cacy (SSC-N), or smoking-related variables including FTND 
score, cigarettes smoked per day, and number of years of regular 
smoking. However, men showed signifi cantly greater breath-
holding duration than women,  M  

men
  = 46.6 s ( SD  = 15.3),  M  

women
  = 

34.9 s ( SD  = 15.2), and this difference represented a large effect, 
 d  = .77. Men also showed greater persistence on the CO 

2
  chal-

lenge according to Wilcoxon ’ s rank-sum test,  median  
men

  = 52 s; 
 median  

women
  = 39 s.   

 Smoking outcome 
 Of the 81 participants who completed baseline assessments, we 
obtained verifi ed follow-up data on the day of initial lapse or 
verifi ed abstinence for 77 (95.1%) participants. Of these, 16 
(20.8%) successfully remained abstinent for the full 28-day 
follow-up. Of the 61 participants who slipped, 25 (41.0%) 
slipped within the fi rst day and a total of 50 (82.0%) slipped 
within the fi rst week. 

 Prior to running survival analyses with the persistence tasks 
as predictors, we examined other covariates that might predict 
outcome in this sample. These included age, years of education, 
measures of affective symptomatology and vulnerability (CES-D, 
ASI, MPQ-SR, MDD history), self-effi cacy (SSC-N), or smoking-
related variables including FTND score, cigarettes smoked per 
day, and number of years of regular smoking. Of these, only 
level of dependence (FTND), level of education, and having a 
history of MDD signifi cantly predicted survival to initial smok-
ing lapses. We therefore controlled for these variables in our 
analyses. We also controlled for gender, given its relation to per-
sistence on breath-holding and the CO 

2
  challenge, although it 

was not signifi cantly associated with survival ( p  = .20). 

 In the fi rst step of the analysis, we entered FTND, gender, 
education, and history of MDD into the model simultaneously. 
Having a higher FTND score was associated with a slightly low-
er risk of lapsing,  RR  = 0.88,  p  = .05. Greater education, coded 
in years, was associated with a low risk of lapsing,  RR  = 0.77,  p  = 
.001. Having a history of MDD, compared with having no his-
tory of MDD, was associated with a signifi cantly greater risk of 
lapsing during the 28-day follow-up,  RR  = 1.96,  p  = .013. 

 In the next set of analyses, we entered each persistence task 
separately into the proportional hazards regression model along 
with FTND, gender, education, and history of MDD. In the fi rst 
model, the effect of PASAT persistence was nonsignifi cant,  RR  = 
1.0,  p  = .93. In the second model, greater breath-holding dura-
tion, measured in seconds, was signifi cantly associated with re-
duced risk of lapsing,  RR  = 0.98,  p  = .035. Because of the 
severely truncated distribution of the CO 

2
  persistence variable, 

we dichotomized this variable as high vs. low using a median 
split prior to analysis. High CO 

2
  persistence was associated with 

a signifi cantly lower risk of lapsing relative to low CO 
2
  persis-

tence,  RR  = 0.55,  p  = .031. Finally, given that both breath-hold-
ing and CO 

2
  persistence were signifi cantly associated with 

survival to a fi rst lapse, we entered both of these variables simul-
taneously into the model. So that both variables would be on a 
similar metric, we dichotomized breath-holding persistence for 
this analysis. In this model, high breath-holding persistence was 
signifi cant,  RR  = 0.52,  p  = .045, and the effect of high CO 

2
  per-

sistence was of similar magnitude and approached signifi cance, 
 RR  = 0.61,  p  = .082, suggesting that both measures might have 
unique effects on outcome. 

 In the fi nal set of outcome analyses, we created a composite 
score for breath-holding and CO 

2
  persistence by adding the two 

dichotomized variables to form three groups: low persistence 
(low persistence on both tasks;  n  = 24), average persistence 
(high persistence on one of the tasks;  n  = 35), and high persis-
tence (high persistence on both tasks;  n  = 22). Continuous ab-
stinence rates at 7 days were 16.6%, 28.6%, and 59.1% across 
the respective groups and dropped to 4.1%, 20.6%, and 36.4%, 
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respectively, by 28 days. These outcomes are shown in  Figure 1 . 
Proportional hazards models conducted using dummy codes 
for persistence group and controlling for signifi cant covariates 
(FTND, years of education, and having a history of MDD) indi-
cated that those low in persistence had 3.27 times higher risk of 
lapsing during follow-up relative to those with high persistence, 
 p  = .006. Those with low persistence had 1.29 times greater risk 
of lapsing relative to those with average persistence, a difference 
that was not signifi cant,  p  = .411. However, those with average 
persistence still had 2.54 times the risk of lapsing relative to 
those with high persistence ( p  = .011).        

 Discussion 
 An increased level of scientifi c attention has focused on better 
understanding the nature of early lapse to smoking. Emerging 
work suggests that early lapsers may be characterized by a ten-
dency toward negative affect during nicotine withdrawal and by 
an inability to tolerate such negative affect ( Brown et al., 2005 ). 
Building from such research, our aim was to replicate and ex-
tend past research on distress tolerance and early smoking lapse 
by exploring whether prequit persistence on physical and psy-
chological challenge tasks would be signifi cantly associated with 
reduced risk of lapsing, using a prospective design. 

 Consistent with expectation, greater breath-holding dura-
tion and CO 

2
  persistence were associated singularly with a sig-

nifi cantly lower risk of smoking lapse following an unaided quit 
attempt. These effects were above and beyond the risk associat-
ed with levels of nicotine dependence, education, and history of 
MDD. These results suggest that distress tolerance and task per-
sistence may operate independently of risk factors such as nico-
tine dependence and depressive history. Thus, smoking cessation 
interventions designed to affect distress tolerance may comple-
ment the effects of more traditional pharmacological approach-
es using nicotine replacement that are intended to ameliorate 
nicotine withdrawal. 

 In contrast to expectation, the PASAT was not a signifi cant 
predictor of early smoking lapse. This fi nding does not replicate 
that observed using the PASAT in the earlier study by  Brown 
et al. (2002) . Additionally,  Brandon et al. (2003)  found that 

persistence to a different psychological challenge, mirror trac-
ing, prospectively predicted time to smoking lapse. At this time, 
further work is needed to sort out the specifi city of task persis-
tence under physical and/or psychological challenges in relation 
to smoking outcome. 

 A follow-up analysis was completed to further evaluate the 
unique associations between breath-holding duration, CO 

2
  per-

sistence, and smoking outcomes in one model. In this analysis, 
high breath-holding persistence remained a signifi cant predic-
tor of smoking lapse, and the effect of high CO 

2
  persistence 

(similar magnitude of an effect) approached traditional levels of 
statistical signifi cance ( p  = .08). We then conducted compli-
mentary outcome analyses, categorizing participants on these 
two challenge tasks as low, medium, or high on task persistence 
based on being above the median in persistence on none, one, 
or two of the tasks, respectively. These analyses yielded empiri-
cal evidence that smokers low in persistence to these challenge 
tasks were signifi cantly more likely to lapse during follow-up 
relative to those with high persistence. No statistically signifi -
cant effects were evident between those with low persistence and 
average persistence. These fi ndings indicate that distress toler-
ance effects are most readily apparent at the high and low ends 
of a putative distress tolerance continuum. 

 It will be useful for future work to identify the mechanisms 
underlying such effects to further refi ne our understanding of 
early lapse processes within a distress tolerance conceptual 
framework. For example, smokers with low levels of distress tol-
erance skills may be more highly reactive to the early (interocep-
tive) signs of nicotine withdrawal and, hence, lapse to smoking 
sooner than others to help cope with such distress ( Baker, Piper 
et al., 2004 ). Overall, the present results are consistent with theo-
retical models of distress tolerance and early smoking lapse 
( Brown et al., 2005 ) and suggest that tolerance to distress as evi-
denced by persistence to laboratory challenge tasks is indeed a 
clinically relevant process.    

 Findings of the present study can conceptually guide the 
development of specialized intervention strategies for smokers 
who tend to lapse early in their quit attempts. For example, 
there may be merit in devising specialized treatment ap-
proaches that can modify distress tolerance prior to quitting so 
that these high-risk smokers can maintain longer periods of 
smoking abstinence and, by extension, corresponding degrees 
of ultimate success in quitting. Examples of strategies for such 
specialized treatment programs may be drawn from cognitive –
 behavioral methods such as interoceptive exposure and from 
acceptance and commitment therapy ( Hayes, 2004 ), with its 
focus on acceptance as  “ the undefended  ‘ exposure ’  to thought, 
feelings, and bodily sensations as they are directly experienced 
to be ”  (p. 21) while behaving according to one’s goals and val-
ues (i.e., refraining from smoking). Drawing from distress tol-
erance theory and research, an overarching purpose in this 
type of work would be to provide smokers with a new model 
for interpreting and managing internal distress and emergent 
withdrawal symptoms. The goal would not be to attempt the 
(perhaps impossible) task of eliminating emotion-laden with-
drawal sensations but rather to ensure acceptance or reinter-
pretation of these internal cues, so as not to allow them to 
precipitate smoking lapse ( Brown et al., 2005 ).  Brown et al. 
(2008)  have developed and described a distress tolerance 
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 Figure 1.        Plot of the survival probability of participants in the days 
following a quit attempt, by persistence group.    
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smoking cessation treatment with these clinical treatment tar-
gets; the use of this approach in smokers with a history of 
early smoking lapse has had promising preliminary fi ndings. 
Though not focused on early lapse, conceptually related strat-
egies have been used successfully for other populations, in-
cluding smokers with anxiety problems ( Zvolensky, Lejuez, 
Kahler, & Brown, 2003 ) and patients with anxiety disorder and 
benzodiazepine dependence ( Otto, Hong, & Safren, 2002 ). 

 A number of limitations of the present investigation and 
points for future direction should be considered. First, the 
present investigation used a sophisticated prospective design 
to examine the nature of task persistence variables in regard to 
early smoking lapse. A natural next step would be to use an 
experimental design to manipulate task persistence and exam-
ine associations with early smoking lapse. For example, re-
searchers could randomly assign participants to brief 
intervention groups focused on changing distress tolerance 
and then examine the corresponding impact of such training 
on smoking lapse following a designated quit attempt. This 
type of work would bolster the conclusions that can be drawn 
about distress tolerance and smoking lapse. Second, a striking 
fi nding was that none of the persistence measures were related 
to history of MDD or current depressive symptoms. These 
data suggest that depressive proneness is not related to the 
present laboratory-based indices of distress tolerance. Because 
participants were excluded from the investigation if they had a 
current Axis I disorder (excluding nicotine dependence), it is 
unclear if this lack of a relationship would be evident for other 
types of psychopathology or affect-based vulnerability vari-
ables. Future work could seek to better understand the nature 
of distress tolerance by studying it in relation to a broader 
range of psychopathology and other psychological factors. 
This type of work would help explicate the parameters of dis-
tress tolerance and tie such understanding to other variables of 
known relevance to problems in smoking cessation. Finally, 
the present sample was comprised of a relatively homogeneous 
(e.g., primarily White) group of psychologically healthy adult 
smokers who volunteered to participate in the study for mon-
etary reward. To rule out potential self-selection bias among 
persons with these characteristics and increase the generaliz-
ability of these fi ndings, it will be important for researchers to 
draw from other populations and use recruitment tactics other 
than those used here. 

 Together, the present fi ndings uniquely extend previous 
work documenting an association between distress tolerance 
and early smoking lapse among adult daily smokers. Results 
suggest that elevations in physical-based indices of distress tol-
erance may increase the probability of early lapse and that this 
association is not attributable to other theoretically relevant fac-
tors. These fi ndings provide further evidence that distress toler-
ance is an important construct in terms of smoking cessation.   
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