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       Introduction 
 Despite recent public health efforts, tobacco smoking remains a 
leading cause of preventable death. While the majority of smok-
ers wish to quit, only a small percentage of those who attempt 
cessation each year are successful ( Center for Disease Control 
and Prevention, 2002 ). As such, there is tremendous interest in 
identifying the factors that may lead some smokers to have 
greater diffi culty quitting smoking than others. 

 Clinical smoking cessation trials have identifi ed a multitude of 
variables predicting relapse among dependent smokers including, 
among other factors, severity of nicotine dependence ( Japuntich 
et al., 2011 ;  Piper et al., 2008 ), impulsivity  (  Powell, Dawkins, 
West, & Pickering, 2010 ;  Yoon et al., 2007 ), beliefs and attitudes 
about smoking ( Chassin, Presson, Sherman, Seo, & Macy, 2010 ; 
 Rose, Chassin, Presson, & Sherman, 1996 ), self-effi cacy ( Cox 
et al., 2011 ;  Schnoll, Subramanian, Martinez, & Engstrom, 2011 ), 
number of members within the social network providing social 
support ( Japuntich et al., 2011 ), and psychiatric comorbidity 
( Breslau & Johnson, 2000 ;  Kenney et al., 2009 ;  Piper et al., 2010 ). 
Such diverse fi ndings underscore the complexity of biological 
and contextual factors contributing to the persistence of smok-
ing and highlight the need for research to elucidate potential 
mechanisms that may mediate risk for relapse. Indeed, while 
large scale clinical trials afford the greatest ecological validity 
and generalizability to real world quit attempts, human labora-
tory models of relapse are critical for providing a more nuanced 
understanding of the process of relapse and the pathways by 
which vulnerability is conferred. By conducting assessments in a 
highly controlled  time- limited manner, laboratory models can 
dramatically reduce the overall expense and time commitment 
of clinical trials, target specifi c mechanisms of interest while 
minimizing unmeasured variance, and reduce attrition rates. 

 Several previous studies have explored smoking lapse and 
relapse using a variety of laboratory - based models ( Chornock, 
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viduals more vulnerable to smoking relapse during the early 
stages of a quit attempt is critical to tailoring treatment efforts. 
Development of laboratory models of relapse can provide a 
framework for identifying underlying mechanisms that may 
contribute to vulnerability. Here, we explored predictors of 
abstinence in a novel incentive-based model of relapse. 

   Methods:     Fifty-six nontreatment seeking daily smokers com-
pleted several nicotine dependence measures prior to partici-
pating in a 1-week abstinence incentive test. During the 
abstinence procedure, participants earned monetary reinforce-
ment for each biochemically verifi ed day of abstinence accord-
ing to a descending schedule of reinforcement. 

   Results:     Compliance with the procedure was excellent. All but 
3 participants were able to initiate abstinence; nearly 70% 
lapsed as incentives were reduced. Scores on the Fagerström 
Test for Nicotine Dependence (FTND), number of cigarettes 
smoked per day, and self-reported craving on the first day of 
abstinence each independently predicted time to lapse. The 
single item of time to fi rst cigarette in the morning on the 
FTND signifi cantly predicted time to lapse, even when control-
ling for other signifi cant predictors just listed. The Nicotine 
Dependence Syndrome Scale (NDSS) and Wisconsin Inventory 
of Smoking Dependence Motives did not predict lapse, but the 
NDSS did predict reinitiation of abstinence among those expe-
riencing an initial lapse. 

   Conclusions:     These fi ndings partially replicate those of previous 
full-scale clinical trials and support the feasibility and validity 
of an incentive-based model of relapse. The time-limited and 
laboratory-based nature of this model has the potential to 
further investigations of underlying mechanisms contributing to 
relapse. 

   Original Investigation 

    Dependence and Withdrawal-Induced 
Craving Predict Abstinence in an 
Incentive-Based Model of Smoking 
Relapse 
     Maggie M.      Sweitzer    ,   M.S.  ,  1  ,  2        Rachel L.      Denlinger    ,   B.S.  ,  1  ,  3      &     Eric C.      Donny    ,   Ph.D.  1  ,  2     

  1    Department of Psychology, University of Pittsburgh, Pittsburgh, PA 
  2    Center for Neural Basis of Cognition, University of Pittsburgh, Pittsburgh, PA   
  3    Department of Behavioral and Community Health Science, University of Pittsburgh, Pittsburgh, PA 

  Corresponding Author: Maggie M. Sweitzer, M.S.,  Department of Psychology, University of Pittsburgh, 4315 Sennott Square, 
210 S. Bouquet Street, Pittsburgh, PA 15260, USA. Telephone: 412-624-8196; Fax: 412-624-4428; E-mail:   mms74@pitt.edu   

  Received    September     27  ,   2011   ; accepted    February     9  ,   2012              

2

Predictors of abstinence in an incentive-based model

Stitzer, Gross, & Leischow, 1992 ;  Dallery & Raiff, 2007 ;  Juliano, 
Donny, Houtsmuller, & Stitzer, 2006 ;  Leeman, O ’ Malley, White, 
& McKee, 2010 ;  McKee, Krishnan-Sarin, Shi, Mase, & O ’ Malley, 
2006 ;  Mueller et al., 2009 ;  Shadel et al., 2011 ). These models 
typically involve offering an alternative incentive (e.g. ,  mone-
tary reward) for periods of abstinence from smoking, with 
increments of reinforced abstinence ranging from seconds 
( Dallery & Raiff, 2007 ) to minutes ( McKee et al., 2006 ) to days 
( Juliano et al., 2006 ). This general approach allows for the 
assessment of the   “  relative  ”   reinforcing value of smoking, which 
may go undetected in the absence of an alternative competing 
incentive ( McKee, 2009 ). Within this framework, individual 
differences in sensitivity to both smoking reward and nondrug 
rewards may contribute to the decision to smoke, thereby pro-
viding a laboratory corollary to real - world smoking behavior, in 
which the choice to smoke involves weighing trade-offs between 
motivation to smoke and benefi ts of abstaining. 

 In the present study, we developed a laboratory abstinence 
incentive test to approximate a quit attempt among nontreat-
ment seeking individuals lasting  1  week and using a descending 
payment schedule for reinforcement of abstinence. A  1 -week 
time frame was chosen to capture the initial volatile period during 
which most smoking lapses occur ( Brown et al., 2009 ;  Garvey, Bliss, 
Hitchcock, Heinold, & Rosner, 1992 ) and to minimize the bur-
den of daily laboratory assessments. Incentive amounts were 
selected to maximize intersubject variability in order to examine 
predictors of outcomes within the model. A high initial payment 
($75) was used to encourage the initiation of abstinence among all 
participants and enable measurement of abstinence - induced 
craving and withdrawal, while a descending schedule was cho-
sen in order to shorten the time to fi rst lapse ( Mueller et al., 2009 ) 
to facilitate assessment within a short - term laboratory model. 

 In adopting this approach ,  we sought to expand beyond the 
existing literature in two ways. Whereas several previous inves-
tigations have examined latency to smoke following a specifi c 
manipulation within a single laboratory session ( Leeman et al., 
2010 ;  McKee et al., 2006 ), the current extension of the absti-
nence assessment across multiple days including only brief 
laboratory visits allows for a more naturalistic assessment of 
smoking behavior, thereby more closely approximating an actual 
quit attempt. Furthermore, in contrast to previous studies 
assessing reinstatement of smoking behavior following an initial 
  “  priming  ”   exposure in a subset of individuals achieving initial 
abstinence over a period of several days ( Chornock et al., 1992 ; 
 Juliano et al., 2006 ), the present model sought to evaluate the 
early phases of a quit attempt in all participants, examining the 
ability to initiate abstinence and avoid a fi rst lapse. 

 Within this framework ,  we explored whether known pre-
dictors of abstinence in full-scale clinical trials — namely, nico-
tine dependence, craving, and withdrawal — predicted variability 
in time to fi rst lapse. We included the Wisconsin Inventory 
of Smoking Dependence Motives (WISDM), the Nicotine 
Dependence Syndrome Scale (NDSS), and the  Fagerström  Test 
 for  Nicotine Dependence (FTND) as measures of dependence, all 
of which have been previously shown to predict cessation success 
in clinical trials ( Baker et al., 2007 ;  Piper et al., 2008 ). Interestingly, 
the FTND and, in particular, the single item of the FTND assessing 
time to smoke the fi rst cigarette  (TTFC)  in the morning ha s  most 
consistently been shown to be associated with cessation success, 
with variability predicting abstinence above and beyond the 

WISDM or NDSS ( Baker et al., 2007 ). Therefore, we predicted that 
both the FTND and the TTFC item would predict time to the fi rst 
lapse within the abstinence incentive test. Furthermore, we pre-
dicted that smokers experiencing greater craving and withdrawal 
upon initiating abstinence would lapse sooner within the model.   

 Methods  
 Participants 
 Participants were smokers recruited from the community who 
participated in one of two different studies involving the ability to 
abstain from smoking when given an incentive to do so. Smokers   
qualifi ed for participation if they were 18  –  65 years of age, self-
reported smoking at least 5 cigarettes / day (CPD) for the past year, 
exhaled  an   expired-air carbon monoxide  (CO) level of at least 
8 ppm at the initial screening visit, and reported no intention to 
quit smoking in the next month. Exclusion criteria included self-
reported signifi cant medical or psychiatric illness in the past year, 
drug or alcohol dependence, use of nicotine replacement therapy, 
pharmacotherapy for smoking cessation, use of other tobacco 
products within the past 30 days, current use of any psychotropic 
medication, or pregnancy/lactation. Study assignment was based 
primarily on the timing of participant contact, given that the fi rst 
study was nearly completed before the second study began. How-
ever, given that the second study required completion   of a func-
tional magnetic resonance imaging (fMRI) scan (described below), 
a few additional participants were routed into the fi rst study 
when they had contraindications for completing the scan but were 
otherwise eligible for participation. All participants provided in-
formed consent in accordance with approved protocol and guide-
lines of the University of Pittsburgh Institutional Review Board. 

 Fifty-eight participants were consented and participated in 
the abstinence incentive test; two were subsequently excluded 
due to procedural errors. The remaining 56 participants (55.4% 
female; mean age, 38.8 years  ±  11.0  SD ) were included in analyses. 
Of these, 46.4% were Caucasian, 48.2% were  Black , and 5.4% 
identifi ed with more than one race or preferred not to answer.   

 Study Design 
 All participants fi rst completed an in-person screening and base-
line assessment of several self-report and behavioral measures. 
Subsequent procedures differed according to which study partici-
pants were enrolled in: Twenty-seven were included in Study 1, 
during which  ad libitum  smoking behavior was assessed for  1 
 week; the remaining 29 participated in Study 2 and completed an 
fMRI session   assessing blood oxygenation level dependent 
response to monetary reward following a period of overnight 
abstinence. Overnight abstinence was not explicitly reinforced 
with a monetary incentive but was required for continuation in 
the study. The results of the  ad libitum  smoking and fMRI assess-
ments are not reported here. After a minimum of  2  days following 
completion of these procedures, all participants then participated 
in an abstinence incentive test during which abstinence from 
smoking was reinforced with money (see below for details).   

 Procedures  
 Screening and Assessment 
 Participants were recruited via fl yers and advertisements and 
completed an initial telephone screen to determine interest and 
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eligibility. Participants were then invited to complete an in-person 
screening session during which informed consent was obtained 
and further eligibility was determined. During the in-person 
screen, breath and urine samples were used to assess blood alco-
hol level and illicit drug use, respectively. CO was assessed with 
two breath samples :  one upon arrival and the other after par-
ticipants were allowed to smoke a cigarette. In order to prevent 
exclusion of participants who may not have smoked recently 
prior to entering the laboratory, the minimum CO inclusion 
criterion was satisfi ed if either CO sample was greater than 
8 ppm (All but four participants met criteria with the fi rst breath 
sample) .  Participants then completed a battery of computer - 
administered questionnaires assessing demographic information, 
medical and psychiatric history, nicotine use history, and nicotine 
dependence. Following determination of eligibility, an assess-
ment battery was administered ,  including additional measures 
of nicotine dependence, cigarette craving, and withdrawal. 
These scales have been thoroughly described elsewhere (FTND: 
   Heatherton, Kozlowski, Frecker, & Fagerström, 1991   ; NDSS: 
   Shiffman, Waters, & Hickcox, 2004   ; WISDM:    Piper et al., 
2004   ; Minnesota Nicotine Withdrawal Scale [MNWS]:    Hughes & 
Hatsukami, 1986   ). A  four -item version of the Questionnaire 
on Smoking Urges (QSU-4:  Carter & Tiffany, 2001 ) was adminis-
tered during assessment only for Study 1.   

 Abstinence Incentive Test 
 The abstinence incentive test involved a series of brief daily visits 
to the laboratory during which abstinence from smoking was 
biochemically verifi ed and reinforced with money according to 
a descending payment schedule. All participants were instructed 
to initiate abstinence on the Sunday following completion of 
initial procedures. Participants then attended daily sessions last-
ing approximately 15 min each on Monday through Friday, plus 
an additional visit the following Monday. During each visit, 
participants reported the number of cigarettes smoked over the 
previous 24 h r  (or 72 h r  on the last day) and completed com-
puterized questionnaires assessing craving (QSU-4) and with-
drawal (MNWS). Breath CO samples were obtained daily to 
verify abstinence status. Participants were considered abstinent 
if they reported not smoking and had a CO reading of <6 ppm 
or a 50% reduction from the previous sample. In addition, 
salivary cotinine was measured beginning on the  third  day of 
reported abstinence using NicAlert test strips (cotinine level of 
 ≤ 100 ng/mL was considered abstinent). Participants were paid 
immediately following verifi cation of abstinence according to 
the following schedule: $75 on Monday, $55 on Tuesday, $40 on 
Wednesday, $25 on Thursday, $15 on Friday, and $15 on Monday 
for a total of $225 possible. Payments were made in cash or with 
bank cards from which cash could be immediately obtained. 
Participants were instructed that they could reinitiate absti-
nence following a slip, such that only the immediate incentive 
was lost.    

 Data Analyses 
 Cox regression was used to assess hazard   ratios  ( HR s)  for variables 
predicting the primary outcome of time to the fi rst lapse in the 
abstinence incentive test. Signifi cance testing for categorical vari-
ables (e.g. ,  race) was determined by chi-square test. Furthermore, 
among those who lapsed prior to the last day of the abstinence 
incentive test, secondary analyses were conducted using binary 
logistic regression to identify factors predicting successful reiniti-
ation of abstinence, defi ned as achieving at least one additional 

day of abstinence following the lapse. Statistical signifi cance was 
defi ned as   α   < .05.    

 Results  
 Sample Smoking Characteristics 
 On average, participants were moderately dependent daily 
smokers, with a mean FTND of 5.3 ( ± 2.0  SD ) and a mean CPD 
of 16.4 ( ± 5.6  SD ). However, there was substantial variation 
across participants, with FTND scores ranging from 0 to 9 and 
CPD ranging from 6 to 30. Similarly, participants had extensive 
smoking histories as a group, reporting smoking daily for an aver-
age of 18.4 years ( ± 10.7  SD ), but ranging widely from 1.5 years 
to 40 years. 

 Compliance with the abstinence incentive test was excellent. 
Participants attended all in-person visits with the exception of 
two individuals who each missed one appointment and one 
individual who missed two appointments. Samples for these four 
missing data points were coded as nonabstinent. Furthermore, a 
high degree of convergence was observed between biochemical 
measures of abstinence. A total of 114 cotinine samples were 
analyzed from 42 participants. Of these samples, 107 (94%) 
were consistent with the classifi cation based on the correspond-
ing  CO  test. For the remaining  seven  samples, the cotinine reading 
was higher than the abstinence cutoff of 100 ng/mL  or less  
despite  CO  readings of less than 6 ppm. On those occasions ,  
participants were not reinforced for abstinence. 

 Substantial variability was observed in abstinence outcomes 
during the abstinence incentive test ( Figure 1 ). The vast majority 
of participants (95%) were able to initiate abstinence on the fi rst 
day of the test, earning the $75 incentive (only three participants 
did not initiate abstinence). However, as incentives decreased, 
participants began to lapse so that by the last day of the study 
nearly 70% ( n  = 39) had lapsed. Percentage of participants lapsing 
for the fi rst time on each day of the test were as follows: 23% on 
Day 2, 11% on Day 3, 7% on Day 4, 16% on Day 5, and 7% on 
Day 8. Seventeen participants (30%) remained abstinent through-
out the entire procedure and earned the full $225 (percentages 

   

 Figure 1 .         Survival curves for time to smoking lapse plotted separately 
for individuals high and low in nicotine dependence as defi ned by time 
to fi rst cigarette in the morning of less than, or greater than, 30 min, 
respectively.      
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Dependence and withdrawal-induced craving predict abstinence

likelihood, as the remaining FTND items failed to signifi cantly 
predict lapse when the TTFC item was removed ( HR  = 1.175, 
 p  > .10). To determine the extent to which TTFC predicted 
outcomes beyond smoking intensity (i.e. ,  CPD), we tested the 
association between TTFC and lapse with CPD included as a 
covariate. Smoking within 30 min of waking continued to inde-
pendently predict a greater likelihood of lapse when controlling 
for CPD ( HR  = 6.245,  p  < .05).     

 We then evaluated whether craving and withdrawal during 
abstinence predicted time to fi rst lapse in the abstinence incentive 
test ( Table 1 ). Excluding the three participants who were unable 
to initiate abstinence on the fi rst day of the test, scores on  D ay 1 
of abstinence for the QSU-4 and MNWS were used as predictors 
within the Cox regression models. When entered separately, 
higher levels of craving and withdrawal when initiating absti-
nence were each associated with a greater likelihood of lapsing 
during the abstinence test ( HR  = 1.016 and 1.015, respectively, 
both  p    < .05). The signifi cant effect of craving on abstinence out-
comes persisted when controlling for CPD ( HR  = 1.015,  p  < .05) 
or for the effects of withdrawal (1.014,  p    <   .05). Furthermore, 
when TTFC and craving during abstinence were entered together 
into the same model, TTFC continued to independently predict 
lapse ( HR  = 4.971,  p  < .05), although craving during abstinence 
did not ( HR  = 1.009,  p  > .10). Finally, we evaluated whether the 
abstinence-induced changes in craving and withdrawal from 
baseline levels similarly predicted abstinence outcomes ( Table 2 ). 
Because the QSU-4 was only available at baseline for Study 1, anal-
yses of abstinence-induced changes in craving were restricted to 
Study 1 participants. As a group, participants showed a signifi cant 
increase in both craving ,   t  ( 24 )  = 6.139,  p  < .001 ,  and withdrawal ,  
 t  ( 52 )  = 4.516,  p  < .001 ,  as a function of abstinence. When using the 
difference scores between baseline and  D ay 1 of abstinence for both 
craving and withdrawal, results described above were unchanged 
with the exception that abstinence-induced increases in with-
drawal did not signifi cantly predict lapse outcomes ( HR    = 1.008, 
 p  > 0.10).       

 Predictors of Reinitiating Abstinence 
 A fter Lapse 
 Of the 39 participants who lapsed during the abstinence   incentive 
test, 35 of them did so prior to the last day of the test, thereby 
allowing them the possibility of reinitiating abstinence. While 
most participants continued to smoke after their fi rst lapse, 11 
(31%) successfully achieved abstinence on at least one day follow-
ing their initial lapse. We therefore explored possible factors 
contributing to the reinitiation of abstinence. No demographic 
or smoking use variables reached signifi cance, including CPD. 
Furthermore, contrary to time to fi rst lapse, FTND and TTFC 
were not associated with the ability to reinitiate abstinence. 

total 99 due to rounding). Among those who lapsed prior to the 
last day of the study ( n    =   35), 11 (31%) reinitiated abstinence on a 
subsequent day and earned further incentives, while 24 (69%) 
continued to smoke throughout the remainder of the procedure.       

 Predictors of Time to First Lapse 
 Hazard ratios for individual predictors of time to fi rst lapse in 
the abstinence incentive test are presented in  Table 1 . None of 
the demographic variables, including age, sex, race, income ,  or 
education level were signifi cant predictors of lapse. Among 
smoking use variables, higher CPD was associated with greater 
likelihood of lapse ( HR  = 1.069,  p  < .05), while baseline CO 
(taken after smoking), years smoking daily, and age of fi rst puff 
of a cigarette all failed to reach signifi cance. Among nicotine 
dependence measures, higher scores on the FTND predicted a 
greater likelihood of lapse ( HR  = 1.188,  p  < .05). Furthermore, 
smoking within 30 min of waking in the morning — as indicated 
by the single item TTFC — was strongly associated with greater 
likelihood of lapse ( Figure 1 ;  HR  = 6.974,  p  < .01). Indeed, TTFC 
appeared to explain the association between FTND and lapse 

  Table 1 .       Hazard  R atios and   CI   s  for  D emo-
graphic  V ariables,  S moking  U se  V ariables, 
and  N icotine  D ependence  M easures 
 P redicting  T ime to  F irst  L apse  

  Predictor variable Hazard ratio  CI   

  Age 1.004 (0.974 – 1.035) 
 Sex 0.649 (0.345 – 1.220) 
 Race X 2  = .966  
 Income 0.980 (0.785 – 1.225) 
 Education level 0.954 (0.564 – 1.614) 
 Cigarettes per day 1.069* (1.002 – 1.140) 
 Carbon monoxide 1.016 (0.979 – 1.054) 
 Years of daily smoking 1.018 (0.987 – 1.050) 
 Age fi rst puff 0.989 (0.895 – 1.093) 
 FTND 1.188* (1.016 – 1.390) 
 Time to fi rst cigarette 6.974** (1.670 – 29.119) 
 NDSS 1.004 (0.975 – 1.035) 
 WISDM 1.013 (0.991 – 1.035) 
 Craving on Day 1 of abstinence 1.016* (1.004 – 1.029) 
 Withdrawal on Day 1 of abstinence 1.015* (1.000 – 1.030)  

     Note.    FTND = Fagerström Test for Nicotine Dependence;   NDSS = Nicotine 
dependence syndrome scale; WISDM = Wisconsin inventory of 
smoking dependence motives .  

  * p  < .05 .    ** p  < .01 .    

  Table 2 .       Hazard  R atios and   CI   s  for  A bstinence- I nduced  C hanges in  C raving and 
 W ithdrawal  P redicting  T ime to  F irst  L apse  

  Variable Baseline measure Day 1 abstinence measure  T  difference Hazard ratio  CI   

  Questionnaire of Smoking Urges-4 a 23.14 72.22  − 6.139** 1.014* (1.001 – 1.027) 
 Minnesota Withdrawal Scale 22.42 38.16 4.516** 1.008 (0.996 – 1.021)  

    Note.   a Includes only participants from Study 1 ( n  =   25) .   
  * p  < .05 .    ** p  < .001 .    
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eligibility. Participants were then invited to complete an in-person 
screening session during which informed consent was obtained 
and further eligibility was determined. During the in-person 
screen, breath and urine samples were used to assess blood alco-
hol level and illicit drug use, respectively. CO was assessed with 
two breath samples :  one upon arrival and the other after par-
ticipants were allowed to smoke a cigarette. In order to prevent 
exclusion of participants who may not have smoked recently 
prior to entering the laboratory, the minimum CO inclusion 
criterion was satisfi ed if either CO sample was greater than 
8 ppm (All but four participants met criteria with the fi rst breath 
sample) .  Participants then completed a battery of computer - 
administered questionnaires assessing demographic information, 
medical and psychiatric history, nicotine use history, and nicotine 
dependence. Following determination of eligibility, an assess-
ment battery was administered ,  including additional measures 
of nicotine dependence, cigarette craving, and withdrawal. 
These scales have been thoroughly described elsewhere (FTND: 
   Heatherton, Kozlowski, Frecker, & Fagerström, 1991   ; NDSS: 
   Shiffman, Waters, & Hickcox, 2004   ; WISDM:    Piper et al., 
2004   ; Minnesota Nicotine Withdrawal Scale [MNWS]:    Hughes & 
Hatsukami, 1986   ). A  four -item version of the Questionnaire 
on Smoking Urges (QSU-4:  Carter & Tiffany, 2001 ) was adminis-
tered during assessment only for Study 1.   

 Abstinence Incentive Test 
 The abstinence incentive test involved a series of brief daily visits 
to the laboratory during which abstinence from smoking was 
biochemically verifi ed and reinforced with money according to 
a descending payment schedule. All participants were instructed 
to initiate abstinence on the Sunday following completion of 
initial procedures. Participants then attended daily sessions last-
ing approximately 15 min each on Monday through Friday, plus 
an additional visit the following Monday. During each visit, 
participants reported the number of cigarettes smoked over the 
previous 24 h r  (or 72 h r  on the last day) and completed com-
puterized questionnaires assessing craving (QSU-4) and with-
drawal (MNWS). Breath CO samples were obtained daily to 
verify abstinence status. Participants were considered abstinent 
if they reported not smoking and had a CO reading of <6 ppm 
or a 50% reduction from the previous sample. In addition, 
salivary cotinine was measured beginning on the  third  day of 
reported abstinence using NicAlert test strips (cotinine level of 
 ≤ 100 ng/mL was considered abstinent). Participants were paid 
immediately following verifi cation of abstinence according to 
the following schedule: $75 on Monday, $55 on Tuesday, $40 on 
Wednesday, $25 on Thursday, $15 on Friday, and $15 on Monday 
for a total of $225 possible. Payments were made in cash or with 
bank cards from which cash could be immediately obtained. 
Participants were instructed that they could reinitiate absti-
nence following a slip, such that only the immediate incentive 
was lost.    

 Data Analyses 
 Cox regression was used to assess hazard   ratios  ( HR s)  for variables 
predicting the primary outcome of time to the fi rst lapse in the 
abstinence incentive test. Signifi cance testing for categorical vari-
ables (e.g. ,  race) was determined by chi-square test. Furthermore, 
among those who lapsed prior to the last day of the abstinence 
incentive test, secondary analyses were conducted using binary 
logistic regression to identify factors predicting successful reiniti-
ation of abstinence, defi ned as achieving at least one additional 

day of abstinence following the lapse. Statistical signifi cance was 
defi ned as   α   < .05.    

 Results  
 Sample Smoking Characteristics 
 On average, participants were moderately dependent daily 
smokers, with a mean FTND of 5.3 ( ± 2.0  SD ) and a mean CPD 
of 16.4 ( ± 5.6  SD ). However, there was substantial variation 
across participants, with FTND scores ranging from 0 to 9 and 
CPD ranging from 6 to 30. Similarly, participants had extensive 
smoking histories as a group, reporting smoking daily for an aver-
age of 18.4 years ( ± 10.7  SD ), but ranging widely from 1.5 years 
to 40 years. 

 Compliance with the abstinence incentive test was excellent. 
Participants attended all in-person visits with the exception of 
two individuals who each missed one appointment and one 
individual who missed two appointments. Samples for these four 
missing data points were coded as nonabstinent. Furthermore, a 
high degree of convergence was observed between biochemical 
measures of abstinence. A total of 114 cotinine samples were 
analyzed from 42 participants. Of these samples, 107 (94%) 
were consistent with the classifi cation based on the correspond-
ing  CO  test. For the remaining  seven  samples, the cotinine reading 
was higher than the abstinence cutoff of 100 ng/mL  or less  
despite  CO  readings of less than 6 ppm. On those occasions ,  
participants were not reinforced for abstinence. 

 Substantial variability was observed in abstinence outcomes 
during the abstinence incentive test ( Figure 1 ). The vast majority 
of participants (95%) were able to initiate abstinence on the fi rst 
day of the test, earning the $75 incentive (only three participants 
did not initiate abstinence). However, as incentives decreased, 
participants began to lapse so that by the last day of the study 
nearly 70% ( n  = 39) had lapsed. Percentage of participants lapsing 
for the fi rst time on each day of the test were as follows: 23% on 
Day 2, 11% on Day 3, 7% on Day 4, 16% on Day 5, and 7% on 
Day 8. Seventeen participants (30%) remained abstinent through-
out the entire procedure and earned the full $225 (percentages 

   

 Figure 1 .         Survival curves for time to smoking lapse plotted separately 
for individuals high and low in nicotine dependence as defi ned by time 
to fi rst cigarette in the morning of less than, or greater than, 30 min, 
respectively.      
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likelihood, as the remaining FTND items failed to signifi cantly 
predict lapse when the TTFC item was removed ( HR  = 1.175, 
 p  > .10). To determine the extent to which TTFC predicted 
outcomes beyond smoking intensity (i.e. ,  CPD), we tested the 
association between TTFC and lapse with CPD included as a 
covariate. Smoking within 30 min of waking continued to inde-
pendently predict a greater likelihood of lapse when controlling 
for CPD ( HR  = 6.245,  p  < .05).     

 We then evaluated whether craving and withdrawal during 
abstinence predicted time to fi rst lapse in the abstinence incentive 
test ( Table 1 ). Excluding the three participants who were unable 
to initiate abstinence on the fi rst day of the test, scores on  D ay 1 
of abstinence for the QSU-4 and MNWS were used as predictors 
within the Cox regression models. When entered separately, 
higher levels of craving and withdrawal when initiating absti-
nence were each associated with a greater likelihood of lapsing 
during the abstinence test ( HR  = 1.016 and 1.015, respectively, 
both  p    < .05). The signifi cant effect of craving on abstinence out-
comes persisted when controlling for CPD ( HR  = 1.015,  p  < .05) 
or for the effects of withdrawal (1.014,  p    <   .05). Furthermore, 
when TTFC and craving during abstinence were entered together 
into the same model, TTFC continued to independently predict 
lapse ( HR  = 4.971,  p  < .05), although craving during abstinence 
did not ( HR  = 1.009,  p  > .10). Finally, we evaluated whether the 
abstinence-induced changes in craving and withdrawal from 
baseline levels similarly predicted abstinence outcomes ( Table 2 ). 
Because the QSU-4 was only available at baseline for Study 1, anal-
yses of abstinence-induced changes in craving were restricted to 
Study 1 participants. As a group, participants showed a signifi cant 
increase in both craving ,   t  ( 24 )  = 6.139,  p  < .001 ,  and withdrawal ,  
 t  ( 52 )  = 4.516,  p  < .001 ,  as a function of abstinence. When using the 
difference scores between baseline and  D ay 1 of abstinence for both 
craving and withdrawal, results described above were unchanged 
with the exception that abstinence-induced increases in with-
drawal did not signifi cantly predict lapse outcomes ( HR    = 1.008, 
 p  > 0.10).       

 Predictors of Reinitiating Abstinence 
 A fter Lapse 
 Of the 39 participants who lapsed during the abstinence   incentive 
test, 35 of them did so prior to the last day of the test, thereby 
allowing them the possibility of reinitiating abstinence. While 
most participants continued to smoke after their fi rst lapse, 11 
(31%) successfully achieved abstinence on at least one day follow-
ing their initial lapse. We therefore explored possible factors 
contributing to the reinitiation of abstinence. No demographic 
or smoking use variables reached signifi cance, including CPD. 
Furthermore, contrary to time to fi rst lapse, FTND and TTFC 
were not associated with the ability to reinitiate abstinence. 

total 99 due to rounding). Among those who lapsed prior to the 
last day of the study ( n    =   35), 11 (31%) reinitiated abstinence on a 
subsequent day and earned further incentives, while 24 (69%) 
continued to smoke throughout the remainder of the procedure.       

 Predictors of Time to First Lapse 
 Hazard ratios for individual predictors of time to fi rst lapse in 
the abstinence incentive test are presented in  Table 1 . None of 
the demographic variables, including age, sex, race, income ,  or 
education level were signifi cant predictors of lapse. Among 
smoking use variables, higher CPD was associated with greater 
likelihood of lapse ( HR  = 1.069,  p  < .05), while baseline CO 
(taken after smoking), years smoking daily, and age of fi rst puff 
of a cigarette all failed to reach signifi cance. Among nicotine 
dependence measures, higher scores on the FTND predicted a 
greater likelihood of lapse ( HR  = 1.188,  p  < .05). Furthermore, 
smoking within 30 min of waking in the morning — as indicated 
by the single item TTFC — was strongly associated with greater 
likelihood of lapse ( Figure 1 ;  HR  = 6.974,  p  < .01). Indeed, TTFC 
appeared to explain the association between FTND and lapse 

  Table 1 .       Hazard  R atios and   CI   s  for  D emo-
graphic  V ariables,  S moking  U se  V ariables, 
and  N icotine  D ependence  M easures 
 P redicting  T ime to  F irst  L apse  

  Predictor variable Hazard ratio  CI   

  Age 1.004 (0.974 – 1.035) 
 Sex 0.649 (0.345 – 1.220) 
 Race X 2  = .966  
 Income 0.980 (0.785 – 1.225) 
 Education level 0.954 (0.564 – 1.614) 
 Cigarettes per day 1.069* (1.002 – 1.140) 
 Carbon monoxide 1.016 (0.979 – 1.054) 
 Years of daily smoking 1.018 (0.987 – 1.050) 
 Age fi rst puff 0.989 (0.895 – 1.093) 
 FTND 1.188* (1.016 – 1.390) 
 Time to fi rst cigarette 6.974** (1.670 – 29.119) 
 NDSS 1.004 (0.975 – 1.035) 
 WISDM 1.013 (0.991 – 1.035) 
 Craving on Day 1 of abstinence 1.016* (1.004 – 1.029) 
 Withdrawal on Day 1 of abstinence 1.015* (1.000 – 1.030)  

     Note.    FTND = Fagerström Test for Nicotine Dependence;   NDSS = Nicotine 
dependence syndrome scale; WISDM = Wisconsin inventory of 
smoking dependence motives .  

  * p  < .05 .    ** p  < .01 .    

  Table 2 .       Hazard  R atios and   CI   s  for  A bstinence- I nduced  C hanges in  C raving and 
 W ithdrawal  P redicting  T ime to  F irst  L apse  

  Variable Baseline measure Day 1 abstinence measure  T  difference Hazard ratio  CI   

  Questionnaire of Smoking Urges-4 a 23.14 72.22  − 6.139** 1.014* (1.001 – 1.027) 
 Minnesota Withdrawal Scale 22.42 38.16 4.516** 1.008 (0.996 – 1.021)  

    Note.   a Includes only participants from Study 1 ( n  =   25) .   
  * p  < .05 .    ** p  < .001 .    
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However, higher total score on the NDSS was associated with 
signifi cantly reduced likelihood of abstinence following a lapse 
( OR  =  0 .909,  p  < .05), while total score on the WISDM exhibited a 
nearly signifi cant trend in the same direction ( OR  = .946,  p  = .055).    

 Discussion 
 This study examined predictors of smoking lapse in a brief 
incentive-based laboratory model of smoking abstinence. Although 
participants were required to make daily laboratory visits to 
verify abstinence, compliance was excellent ,  supporting the fea-
sibility of the procedure. In addition, a wide range of interindi-
vidual variability in time to fi rst lapse was observed, indicating 
that the model was sensitive to individual differences in smok-
ing behavior. When examining predictors of abstinence within 
the model, FTND and TTFC were both signifi cant predictors of 
time to the fi rst lapse. These fi ndings are consistent with results 
from full - scale clinical trials ( Baker et al., 2007 ;  Japuntich et al., 
2011 ;  Kozlowski, Porter, Orleans, Pope, & Heatherton, 1994 ; 
 Piper et al., 2008 ), supporting the validity of the model as an 
index of the ability to successfully initiate a quit attempt. 

 Given the substantial time and resources required for con-
ducting large clinical trials, the laboratory model described here 
has the potential to provide a cost-effective alternative for testing 
both individual differences and experimental factors that might 
infl uence the ability to quit smoking. Furthermore, the inclusion 
of daily laboratory visits provides an opportunity for conducting 
detailed assessment of the processes and state-based changes 
occurring within individual participants that may contribute to 
lapse and relapse. In the present study, higher levels of craving and 
withdrawal upon initiating abstinence were associated with earlier 
lapse. However, craving did not appear to explain the association 
between TTFC and smoking lapse, as TTFC continued to sig-
nifi cantly predict abstinence outcomes when both variables were 
included in the same model. These fi ndings illustrate the potential 
utility of this model in exploring how state-based changes may 
explain or add to trait level predictors, thus providing a frame-
work for elucidating mechanisms by which nicotine dependence 
or other factors may contribute to relapse. Although the assess-
ment of craving and withdrawal in the present study represents 
a small initial step, exploration of other state changes in mood, 
affect, or behavior remains an important future direction. 

 Although FTND and TTFC were signifi cant predictors of 
abstinence outcomes, no association was found between NDSS 
or WISDM and time to fi rst lapse. This is surprising ,  given that 
both NDSS and WISDM have been shown to predict smoking 
cessation outcomes in other studies ( Courvoisier & Etter, 2010 ; 
 Piper et al., 2008 ;  Shiffman et al., 2004 ). However, in one 
study comparing all three measures of nicotine dependence, the 
FTND was found to be the single best predictor of smoking ces-
sation outcomes across all time points, from abstinence initia-
tion to 6 - month follow - up ( Piper et al., 2008 ). By contrast, 
specifi c subscales of the WISDM and NDSS improved prediction 
of outcomes beyond the FTND only at the end of treatment. 
Thus, it is possible that the lack of association between absti-
nence and the NDSS and WISDM in the present study is a func-
tion of  ( a) the FTND as a better index of smoking cessation 
success,  ( b) the focus on initiation rather than maintenance of 
abstinence in the present study, and  ( c) analysis of the global 
measures rather than evaluation of specifi c subscales. 

 Furthermore, each of these dependence measures was derived 
from distinct theoretical backgrounds and may be assessing 
different aspects of dependence. The FTND was designed to 
emphasize physical dependence and withdrawal ( Fagerström, 
1978 ;  Heatherton et al., 1991 ), although it has also been argued 
to primarily assess the motivational impact of abstinence on 
smoking behavior ( Piper, McCarthy, & Baker, 2006 ). In this 
regard, it is not surprising that the FTND (and TTFC) was the 
strongest predictor of lapse within the abstinence incentive test. 
By contrast, the NDSS and WISDM are both multidimensional 
scales, attempting to capture underlying processes or motives 
inherent in nicotine addiction. For example, the WISDM includes 
subscales such as   “  tolerance , ”   which is conceptually similar to 
the FTND, as well as those capturing such diverse constructs as 
response to environmental smoking cues and a sense of emo-
tional attachment to smoking. Thus, it is possible that some 
subscales of these measures — particularly those that are con-
ceptually relevant to the present procedure, like   “  tolerance  ”   or 
  “  craving  ”   — may be predictive of lapse, while other subscales 
may be sensitive to factors that have less impact in the present 
test. We restricted the present analyses to total scores to mini-
mize the number of comparisons; however, exploration of sub-
scale scores would be of interest in future studies aimed at 
determining whether specifi c dependence-related processes are 
associated with risk for a smoking lapse. 

 It is important to note that the abstinence incentive test 
employed here provides an index of the relative reinforcing 
value of smoking. Thus, failure to sustain abstinence may refl ect 
heightened reinforcing value of smoking per se or a decrease in 
the reinforcing value of the alternative monetary reward. Several 
studies have demonstrated that abstinent smokers experience 
diminished capacity for reward relative to both satiated smokers 
and nonsmokers ,  including less enjoyment from ordinarily plea-
surable events and reduced response to fi nancial reward ( Dawkins, 
Powell, West, Powell, & Pickering, 2006 ;  Powell, Dawkins, & 
Davis, 2002 ;  Powell, Pickering, Dawkins, West, & Powell, 2004 ). 
Thus, individual differences in nondrug reward processing during 
abstinence may predict lapse behavior above and beyond a 
simple drive for smoking reinforcement. Furthermore, some 
smokers, such as those with a history of depression, could be par-
ticularly vulnerable to defi cits in reward processing contributing 
to smoking relapse — a hypothesis that could be explored within 
this model. The potential for nondrug reward processing to in-
fl uence smoking behavior also has direct implications for con-
tingency management procedures, to which all smokers are not 
equally responsive ( Dallery, Glenn, & Raiff, 2007 ;  Glenn & Dal-
lery, 2007 ). The present model provides a framework for 
exploring who may most benefi t from incentives for abstinence 
and the processes contributing to their success. 

 Higher scores on the NDSS and, marginally, the WISDM 
predicted reduced likelihood of reinitiating abstinence follow-
ing a lapse. However, the FTND was not associated with absti-
nence reinitiation. Although at fi rst glance this seems puzzling, 
the FTND was itself a strong predictor of lapse likelihood. By 
restricting the sample to those who lapsed during the proce-
dure, we also restricted the range of FTND scores ,  so that only 
the most highly dependent remained. By contrast, variation in 
the NDSS and WISDM — which were not predictive of lapse 
likelihood — remained among those who lapsed and was shown 
to be predictive of reinitiation. This suggests that even among 
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those who are heavily dependent on the FTND, the WISDM and 
NDSS may tap into additional factors contributing to resump-
tion of smoking after an initial lapse. Of course ,  the short dura-
tion of the procedure and the limited sample size leave it unclear 
as to what aspect of smoking behavior is actually being exam-
ined here. However, it is tempting to speculate that the ability to 
resume abstinence after a slip within the present model may be 
relevant for preventing the transition from lapse to relapse 
among those making a quit attempt ( Shiffman et al., 2006 ). 
Future work would be needed to formally test this possibility. 

 A potential barrier to interpretation is the likely covariance 
between time-dependent changes in the processes underlying 
risk for a lapse (e.g., withdrawal) and decreasing monetary 
incentives. Although withdrawal symptoms reported during the 
fi rst day of abstinence did predict greater likelihood of lapse, the 
sample size limitations noted above prevented assessment of 
whether increases in withdrawal beyond the fi rst day may have 
further contributed to lapse. Withdrawal typically increases and 
peaks within the fi rst week of abstinence ( Hughes, 2007 ), so that 
increases in symptoms may have covaried with the decreasing 
schedule of abstinence incentives, leaving it unclear as to which 
factor was more infl uential. Furthermore, withdrawal in the 
present study was not a signifi cant predictor of abstinence out-
comes when analyzing change in symptoms from baseline. 
Without accounting for baseline levels, self-reported withdrawal 
during abstinence could have been confounded by other mood 
or anxiety related symptoms not specifically evoked by absti-
nence from smoking. The lack of an effect of abstinence-
induced changes in withdrawal on abstinence outcomes may 
be due to limited sample size and prevents drawing any clear 
conclusions about the role of withdrawal in the present study. 
Future work with larger samples and other schedules of rein-
forcement for abstinence could help to determine the role of 
withdrawal and parse out the relative importance of withdrawal 
versus the value of abstinence incentives. 

 The present sample was restricted to smokers who were 
nontreatment seekers with no comorbid psychopathology, 
thereby limiting generalizability ( Perkins, Stitzer, & Lerman, 
2 0 0 6  ) . 
For example, it is unclear to what extent the participants  ’   expec-
tations of returning to smoking at the conclusion of the study 
may have infl uenced their behavior. However, it is particularly 
striking that the same measures shown to predict cessation in 
clinical trials also predicted outcomes here, given the sharp con-
trast in motives for abstaining. It would be of interest to explicitly 
evaluate the role of treatment seeking status, as well as other vari-
ables including psychiatric comorbidity or pharmacotherapy, 
within this model in future studies. 

 Overall, this study provides initial support for the feasibility 
and validity of a short-term laboratory - based model of absti-
nence that may be useful for evaluating individual differences in 
vulnerability to lapse and relapse.   
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However, higher total score on the NDSS was associated with 
signifi cantly reduced likelihood of abstinence following a lapse 
( OR  =  0 .909,  p  < .05), while total score on the WISDM exhibited a 
nearly signifi cant trend in the same direction ( OR  = .946,  p  = .055).    

 Discussion 
 This study examined predictors of smoking lapse in a brief 
incentive-based laboratory model of smoking abstinence. Although 
participants were required to make daily laboratory visits to 
verify abstinence, compliance was excellent ,  supporting the fea-
sibility of the procedure. In addition, a wide range of interindi-
vidual variability in time to fi rst lapse was observed, indicating 
that the model was sensitive to individual differences in smok-
ing behavior. When examining predictors of abstinence within 
the model, FTND and TTFC were both signifi cant predictors of 
time to the fi rst lapse. These fi ndings are consistent with results 
from full - scale clinical trials ( Baker et al., 2007 ;  Japuntich et al., 
2011 ;  Kozlowski, Porter, Orleans, Pope, & Heatherton, 1994 ; 
 Piper et al., 2008 ), supporting the validity of the model as an 
index of the ability to successfully initiate a quit attempt. 

 Given the substantial time and resources required for con-
ducting large clinical trials, the laboratory model described here 
has the potential to provide a cost-effective alternative for testing 
both individual differences and experimental factors that might 
infl uence the ability to quit smoking. Furthermore, the inclusion 
of daily laboratory visits provides an opportunity for conducting 
detailed assessment of the processes and state-based changes 
occurring within individual participants that may contribute to 
lapse and relapse. In the present study, higher levels of craving and 
withdrawal upon initiating abstinence were associated with earlier 
lapse. However, craving did not appear to explain the association 
between TTFC and smoking lapse, as TTFC continued to sig-
nifi cantly predict abstinence outcomes when both variables were 
included in the same model. These fi ndings illustrate the potential 
utility of this model in exploring how state-based changes may 
explain or add to trait level predictors, thus providing a frame-
work for elucidating mechanisms by which nicotine dependence 
or other factors may contribute to relapse. Although the assess-
ment of craving and withdrawal in the present study represents 
a small initial step, exploration of other state changes in mood, 
affect, or behavior remains an important future direction. 

 Although FTND and TTFC were signifi cant predictors of 
abstinence outcomes, no association was found between NDSS 
or WISDM and time to fi rst lapse. This is surprising ,  given that 
both NDSS and WISDM have been shown to predict smoking 
cessation outcomes in other studies ( Courvoisier & Etter, 2010 ; 
 Piper et al., 2008 ;  Shiffman et al., 2004 ). However, in one 
study comparing all three measures of nicotine dependence, the 
FTND was found to be the single best predictor of smoking ces-
sation outcomes across all time points, from abstinence initia-
tion to 6 - month follow - up ( Piper et al., 2008 ). By contrast, 
specifi c subscales of the WISDM and NDSS improved prediction 
of outcomes beyond the FTND only at the end of treatment. 
Thus, it is possible that the lack of association between absti-
nence and the NDSS and WISDM in the present study is a func-
tion of  ( a) the FTND as a better index of smoking cessation 
success,  ( b) the focus on initiation rather than maintenance of 
abstinence in the present study, and  ( c) analysis of the global 
measures rather than evaluation of specifi c subscales. 

 Furthermore, each of these dependence measures was derived 
from distinct theoretical backgrounds and may be assessing 
different aspects of dependence. The FTND was designed to 
emphasize physical dependence and withdrawal ( Fagerström, 
1978 ;  Heatherton et al., 1991 ), although it has also been argued 
to primarily assess the motivational impact of abstinence on 
smoking behavior ( Piper, McCarthy, & Baker, 2006 ). In this 
regard, it is not surprising that the FTND (and TTFC) was the 
strongest predictor of lapse within the abstinence incentive test. 
By contrast, the NDSS and WISDM are both multidimensional 
scales, attempting to capture underlying processes or motives 
inherent in nicotine addiction. For example, the WISDM includes 
subscales such as   “  tolerance , ”   which is conceptually similar to 
the FTND, as well as those capturing such diverse constructs as 
response to environmental smoking cues and a sense of emo-
tional attachment to smoking. Thus, it is possible that some 
subscales of these measures — particularly those that are con-
ceptually relevant to the present procedure, like   “  tolerance  ”   or 
  “  craving  ”   — may be predictive of lapse, while other subscales 
may be sensitive to factors that have less impact in the present 
test. We restricted the present analyses to total scores to mini-
mize the number of comparisons; however, exploration of sub-
scale scores would be of interest in future studies aimed at 
determining whether specifi c dependence-related processes are 
associated with risk for a smoking lapse. 

 It is important to note that the abstinence incentive test 
employed here provides an index of the relative reinforcing 
value of smoking. Thus, failure to sustain abstinence may refl ect 
heightened reinforcing value of smoking per se or a decrease in 
the reinforcing value of the alternative monetary reward. Several 
studies have demonstrated that abstinent smokers experience 
diminished capacity for reward relative to both satiated smokers 
and nonsmokers ,  including less enjoyment from ordinarily plea-
surable events and reduced response to fi nancial reward ( Dawkins, 
Powell, West, Powell, & Pickering, 2006 ;  Powell, Dawkins, & 
Davis, 2002 ;  Powell, Pickering, Dawkins, West, & Powell, 2004 ). 
Thus, individual differences in nondrug reward processing during 
abstinence may predict lapse behavior above and beyond a 
simple drive for smoking reinforcement. Furthermore, some 
smokers, such as those with a history of depression, could be par-
ticularly vulnerable to defi cits in reward processing contributing 
to smoking relapse — a hypothesis that could be explored within 
this model. The potential for nondrug reward processing to in-
fl uence smoking behavior also has direct implications for con-
tingency management procedures, to which all smokers are not 
equally responsive ( Dallery, Glenn, & Raiff, 2007 ;  Glenn & Dal-
lery, 2007 ). The present model provides a framework for 
exploring who may most benefi t from incentives for abstinence 
and the processes contributing to their success. 

 Higher scores on the NDSS and, marginally, the WISDM 
predicted reduced likelihood of reinitiating abstinence follow-
ing a lapse. However, the FTND was not associated with absti-
nence reinitiation. Although at fi rst glance this seems puzzling, 
the FTND was itself a strong predictor of lapse likelihood. By 
restricting the sample to those who lapsed during the proce-
dure, we also restricted the range of FTND scores ,  so that only 
the most highly dependent remained. By contrast, variation in 
the NDSS and WISDM — which were not predictive of lapse 
likelihood — remained among those who lapsed and was shown 
to be predictive of reinitiation. This suggests that even among 
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those who are heavily dependent on the FTND, the WISDM and 
NDSS may tap into additional factors contributing to resump-
tion of smoking after an initial lapse. Of course ,  the short dura-
tion of the procedure and the limited sample size leave it unclear 
as to what aspect of smoking behavior is actually being exam-
ined here. However, it is tempting to speculate that the ability to 
resume abstinence after a slip within the present model may be 
relevant for preventing the transition from lapse to relapse 
among those making a quit attempt ( Shiffman et al., 2006 ). 
Future work would be needed to formally test this possibility. 

 A potential barrier to interpretation is the likely covariance 
between time-dependent changes in the processes underlying 
risk for a lapse (e.g., withdrawal) and decreasing monetary 
incentives. Although withdrawal symptoms reported during the 
fi rst day of abstinence did predict greater likelihood of lapse, the 
sample size limitations noted above prevented assessment of 
whether increases in withdrawal beyond the fi rst day may have 
further contributed to lapse. Withdrawal typically increases and 
peaks within the fi rst week of abstinence ( Hughes, 2007 ), so that 
increases in symptoms may have covaried with the decreasing 
schedule of abstinence incentives, leaving it unclear as to which 
factor was more infl uential. Furthermore, withdrawal in the 
present study was not a signifi cant predictor of abstinence out-
comes when analyzing change in symptoms from baseline. 
Without accounting for baseline levels, self-reported withdrawal 
during abstinence could have been confounded by other mood 
or anxiety related symptoms not specifically evoked by absti-
nence from smoking. The lack of an effect of abstinence-
induced changes in withdrawal on abstinence outcomes may 
be due to limited sample size and prevents drawing any clear 
conclusions about the role of withdrawal in the present study. 
Future work with larger samples and other schedules of rein-
forcement for abstinence could help to determine the role of 
withdrawal and parse out the relative importance of withdrawal 
versus the value of abstinence incentives. 

 The present sample was restricted to smokers who were 
nontreatment seekers with no comorbid psychopathology, 
thereby limiting generalizability ( Perkins, Stitzer, & Lerman, 
2 0 0 6  ) . 
For example, it is unclear to what extent the participants  ’   expec-
tations of returning to smoking at the conclusion of the study 
may have infl uenced their behavior. However, it is particularly 
striking that the same measures shown to predict cessation in 
clinical trials also predicted outcomes here, given the sharp con-
trast in motives for abstaining. It would be of interest to explicitly 
evaluate the role of treatment seeking status, as well as other vari-
ables including psychiatric comorbidity or pharmacotherapy, 
within this model in future studies. 

 Overall, this study provides initial support for the feasibility 
and validity of a short-term laboratory - based model of absti-
nence that may be useful for evaluating individual differences in 
vulnerability to lapse and relapse.   
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