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       Introduction 
 In numerous laboratory studies, smokers have shown increased 
craving and physiological arousal when exposed to cigarette 
stimuli ( Carter & Tiffany, 1999 ). In these experiments, the gold 
standard of reactivity to cigarette cues is calculated as the differ-
ence in reactivity to cigarette cues compared with neutral cues. 
These reactions are believed to be established through learning 
processes. For example, a classical conditioning model suggests 
that during a smoker ’ s individual history of cigarette use, cer-
tain stimuli, such as environmental contexts or cigarette para-
phernalia, reliably accompany nicotine administration. It is 
assumed that these stimuli, by virtue of their pairing with the 
unconditioned drug stimulus, become conditioned stimuli ca-
pable of eliciting conditioned responses in the form of reactions 
such as increased craving and skin conductance ( Tiffany, 1995 ). 
Other learning-based theories include negative reinforcement 
( Baker, Piper, McCarthy, Majeskie, & Fiore, 2004 ), automatized 
behaviors ( Tiffany, 1990 ), and the incentive salience of the cues 
( Robinson & Berridge, 1993 ). Although these models posit dif-
ferent mechanisms for producing cue responses, they are in 
general agreement that the cue responses refl ect behaviors sup-
ported by a learning process. 

 Presumably, these cue-specifi c reactions refl ect motivation-
al processes responsible for continuing smoking in nicotine-
dependent people as well as relapse in smokers attempting to 
remain abstinent ( Tiffany, 1995 ). Indeed, a number of natural-
istic studies have shown that craving is associated with smoking 
and relapse ( Bagot, Heishman, & Moolchan, 2007 ;  Carter et al., 
2008 ;  Shiffman et al., 2002 ). Not surprisingly, self-report of 
craving is perhaps the most studied of cue responses. However, 
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evidence suggests that a distinction exists between cue-induced 
craving and non-cue – induced craving. In cue-reactivity re-
search, smokers exposed to neutral cues do not report zero crav-
ing; rather, they report a low level of craving, in contrast to the 
higher level of craving experienced when exposed to cigarette 
cues ( Carter & Tiffany, 1999 ). For the purposes of the present 
study, reports of low levels of craving in response to non-
cigarette cues are operationalized as a generalized form of craving. 
Although direct empirical evidence is lacking, these laboratory 
fi ndings suggest that smokers may experience some level of 
generalized craving throughout the day that is punctuated with 
higher spikes in craving level when they are exposed to smoking 
cues such as cigarettes or other people smoking. 

 Previous research by  Tiffany, Cox, and Elash (2000)  has 
shown that these two forms of craving appear to combine ad-
ditively rather than interactively ( Burton & Tiffany, 1997 ;  Cern, 
Bailey, & Tiffany, 2002 ;  Maude-Griffi n & Tiffany, 1996 ;  Tiffany 
& Drobes, 1990 ). For example, evidence shows that generalized 
craving is more easily reduced through treatment ( Tiffany et al., 
2000 ), whereas cue reactivity, defi ned as the difference between 
neutral- and cigarette-cue – induced craving, appears highly sta-
ble, suggesting that these two forms of craving may be controlled 
by different processes. That is, experimental manipulations 
(e.g., nicotine patch and short-term deprivation) that decrease 
or increase generalized craving do not otherwise interact with or 
alter cue-induced craving. 

 Most investigations that have studied abstinence as a poten-
tial infl uence on both generalized and cue-induced craving have 
examined only short-term abstinence (e.g., 24 hr;  Tiffany et al., 
2000 ). To date, no studies have looked at longer periods of ab-
stinence to determine whether, over time, generalized craving 
remains an additive or interactive infl uence on cue-induced 
craving. The present study compared cue reactivity to neutral 
and cigarette stimuli in continuing smokers versus smokers who 
have been abstinent for 14 – 17 days. If craving ratings to neutral- 
and cigarette-related stimuli change in concert in abstinent 
smokers, compared with continuing smokers, it would suggest 
an additive relationship. In contrast, if craving in response to 
one type of stimuli changes more signifi cantly from baseline 
than the other, it would suggest that longer periods of absti-
nence (e.g., 14 – 17 days vs. 24 hr) produce an interactive effect 
between generalized and cigarette-cue – induced craving.   

 Methods 
 Treatment-seeking smokers ( N  = 104) were taken from a four-
session laboratory study investigating the psychophysiological 
effects of nicotine withdrawal. Some 52% of participants were 
male; 48% were White; 34% were Black; and 19% were Asian, 
Hispanic, or other. Participants were on average 38.7 years old 
( SD  10.7); they smoked an average of 21 cigarettes/day ( SD  7.9), 
had a mean baseline expired carbon monoxide (CO) level of 
25.1 ppm ( SD  10.6), and had a baseline Fagerström Test for 
Nicotine Dependence (FTND;  Fagerström, 1978 ) score of 4.65 
( SD  2.1). The FTND is a 10-item instrument that asks questions 
such as,  “ How soon after you wake up do you smoke your fi rst 
cigarette? ”  It is scored on a single-point scale (range = 0 – 10), 
with higher scores indicating greater nicotine dependence. Par-
ticipants were assigned to a control group (members of this 
group continued smoking their usual amount) or to a treatment 

group (members of this group entered treatment immediately 
after the baseline laboratory session); the control – treatment ra-
tio was 1 to 2. That is, twice as many participants were random-
ly assigned to the treatment group to account for relapse and 
dropouts. 

 At the baseline laboratory session, participants were ran-
domly assigned to continue smoking for 2 weeks or to enter a 
2-week behavioral treatment program, which involved a coun-
seling session at each visit that covered topics such as dealing 
with cravings, how to spot risky situations, management of the 
environment (avoiding smoking cues), and relaxation tech-
niques. Because of the demands of the primary study, use of 
nicotine replacement was not allowed. Immediately before the 
baseline laboratory session, participants completed the Ques-
tionnaire on Smoking Urges (QSU)-brief ( Cox, Tiffany, & 
Christen, 2001 ) while they smoked a cigarette and completed 
other study questionnaires. The QSU-brief is a craving ques-
tionnaire that asks respondents to rate 10 items (e.g.,  “ I have a 
desire for a cigarette right now ” ) on a scale of 0 ( not at all agree ) 
to 100 ( strongly agree ). Participants were scheduled for three ad-
ditional laboratory sessions 3 – 4 days apart. 

 Abstainers ( n  = 25) were continuously abstinent for 14 – 17 
days at the time of cue-reactivity testing. Relapsers ( n  = 41) were 
assigned to the treatment condition but had resumed smoking 
by self-report, had dropped out, or had an expired CO of 10 
ppm or greater before the end of the study. Controls ( n  = 38) 
were assigned to smoke at their usual rate until after the study 
ended. 

 After the completion of the fi nal laboratory session for the 
nicotine withdrawal study (approximately 90 min; controls 
smoked 1 cigarette at the beginning of the study), participants 
viewed a series of neutral pictures ( n  = 12; e.g., household 
objects) and a series of cigarette pictures ( n  = 12; e.g., lit 
cigarette in an ashtray;  Carter et al., 2006 ) displayed in random 
order. A    Pentium III PC using Psychology Tools ’  E-prime soft-
ware (Pittsburgh, PA) was used to project a 91.5 × 122 – cm im-
age of the slides through an In-Focus LCD projector on a screen 
positioned approximately 1.5 m from the participant. Each pic-
ture was displayed for 6 s, and participants were instructed to 
look at the picture the entire time it was on the screen. After 
viewing the picture, participants rated their craving and arousal 
on two scales from 1 to 9 ( no craving  to  extreme craving  and 
 very calm  to  very excited ). After participants completed the rat-
ings, the next picture was displayed.   

 Results 
 A series of parametric and nonparametric tests was performed to 
detect differences among smoker groups (controls, relapsers, and 
abstainers) on demographic variables (e.g., age and race), base-
line QSU ratings, and smoking characteristics (number of ciga-
rettes smoked, FTND scores, CO, and cotinine). The salient 
difference, naturally, was the abstainers ’  ability to abstain from 
smoking for 14 – 17 days, for reasons that remain as yet unex-
plored. No other signifi cant differences emerged. Because this 
report is an examination of the craving and arousal differences 
between absolute abstainers and continuing smokers, data from 
the relapsers were removed from the analysis. Although the re-
lapsers had resumed smoking or dropped out and were presumed 
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to have returned to smoking by the end of the study, their partial 
participation in a treatment program distinguishes them from 
assigned controls; thus, they were not combined with controls in 
our analyses. 

 Confi rming the accuracy of group membership, abstainers 
and controls were signifi cantly different on two biochemical 
markers of smoking activity at the time of picture rating: ex-
pired CO (abstainers,  M  = 3.6 ppm,  SD  3.8; controls,  M  = 24.1 
ppm,  SD  13.5) and salivary cotinine (abstainers,  M  = 40.4 ng/
ml,  SD  53.8; controls,  M  = 265.0 ng/ml,  SD  223.0). 

 A 2 × 2 analysis of variance was conducted with smoker type 
(abstainer vs. control) as a between-subject factor and picture 
type (neutral vs. cigarette) as a within-subject factor. There was 
a main effect of picture type,  F (1, 65) = 386.8,  p  < .0001, with 
participants across both groups reporting higher craving after 
viewing cigarette pictures compared with neutral pictures. There 
also was a main effect of smoker group,  F (1, 64) = 57.3, 
 p  < .01, on craving ratings, with controls reporting higher crav-
ing than abstaining smokers to both cigarette stimuli,  F (1, 65) = 
44.9,  p  < .0001, and neutral stimuli,  F (1, 65) = 47.7,  p  < .0001 
( Figure 1 ). We found no signifi cant interactions.     

 On self-report of arousal, we found a signifi cant interaction, 
 F (1 ,64) = 4.5,  p  < .05, with controls reporting higher arousal 
after viewing cigarette pictures compared with abstainers,  F (1, 
64) = 3.9,  p  < .05. We found no signifi cant difference in arousal 
ratings between groups after viewing neutral pictures ( Figure 2 ). 
A correlational analysis revealed no signifi cant correlation be-
tween arousal and craving.       

 Discussion 
 These fi ndings suggest that smokers abstinent for 2 weeks dis-
play a decrement in generalized craving (i.e., craving measured 
during exposure to neutral cues), but their smoking-cue – related 
craving declined at the same rate. That is, both abstainers and 
controls had the same craving rating difference between ciga-
rette and neutral cues, although abstainers ’  profi les were lower. 
This fi nding supports the proposition that generalized craving 
and cue-induced craving are additive rather than interactive. 
This fi nding also suggests that cue-induced reactivity, if it is a 
learned behavior, is highly resistant to change. Considering a 
classical conditioning model, one would expect abstainers, who 

surely must have experienced numerous unreinforced expo-
sures to specifi c cues during their 2 weeks of abstinence, to show 
extra abatement of cue-induced craving compared with con-
trols. However, smoking cues still evoked craving increases 
among abstainers in the present study. 

 Self-report of arousal showed a different pattern. In abstain-
ing smokers, cue-induced arousal to cigarette pictures declined 
after 14 – 17 days of abstinence. The signifi cant drop in self-
reported arousal suggests some weakening in the learning pro-
cesses that may support physiological responding. In this case, 
the classical conditioning model is supported if one assumes 
that this decline is the result of numerous unreinforced expo-
sures to cues. In the present study, these smokers were not as-
sessed for objective data (e.g., heart rate and skin conductance) 
that would show a decline in physiological responding to ciga-
rette cues. However, self-report of arousal is strongly associated 
with physiological measures of arousal in many cases ( Bradley, 
Codispoti, Cuthbert, & Lang, 2001 ). 

 Research on cue reactivity with ex-smokers, who have been 
abstinent for much longer periods of time, has yet to be investi-
gated fully. Decrements in cue reactivity may be seen after longer 
periods of abstinence. For example, some cognitive features of 
nicotine dependence (e.g., cognitive processing bias for cigarette-
related cues) have been shown to decay completely in ex-smokers 
to the level of never-smokers.  Munafò, Mogg, Roberts, Bradley, 
and Murphy (2003)  used a modifi ed smoking Stroop task (i.e., 
smoking-related and neutral words in different colors) to test cue-
processing bias (i.e., greater latency to name the correct color) and 
found no difference between ex-smokers and never-smokers, 
whereas current smokers retained the bias. Assuming that this 
bias is a learned phenomenon, as  Robinson and Berridge (1993)  
suggest, then this fi nding indicates that some smoking-related 
learning can weaken over time. However, the fi ndings from the 
present study are based on self-report, which raises the possibility 
that the decrements in craving and arousal may be restricted to 
self-report methodology. A larger more controlled study using 
multiple reactivity measures is needed to clarify this possibility. 

 Had we conducted a cue-reactivity assessment for these 
smokers at baseline, a more direct comparison could be made 
between baseline and end-of-session cue reactivity. We did 
conduct a baseline measure of craving with the QSU while 
the participant smoked a cigarette. Although it is diffi cult to 
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 Figure 1.        Self-report of craving by picture type.    
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 Figure 2.        Self-report of arousal by picture type.    
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interpret this baseline craving rating in terms of cue reactivity, 
it does serve as a prerandomization, global craving rating on 
which the eventual smoker groups (abstainers, relapsers, and 
controls) did not differ at baseline. 

 The results of the present study suggest several factors that 
may infl uence learned nicotine dependence. First, generalized 
craving and cue reactivity appear to be controlled by separate 
processes, given the unequal rates of decline among groups. In 
the case of cue reactivity, there was no decline at all. Second, the 
decline in generalized craving could be due to the behavioral 
treatment effects, which included relaxation techniques. There-
fore, it is possible that both types of craving are the result of 
learning but are controlled by different processes. 

 Several limitations of this preliminary study need to be 
kept in mind when interpreting the results. The study was con-
strained by the parameters of a larger study, of which it is a 
part. It would have been more desirable to have assessed smok-
ers at a more traditional 1-, 3-, 6-, or 12-month follow-up. 
However, this was a preliminary study on the short-term ef-
fects of abstinence on cue reactivity. We were limited by the 
design of the main study, which did not allow for extensive 
follow-up. It also would have been fruitful to have collected 
physiological data (e.g., heart rate and skin conductance) dur-
ing the cue-reactivity phase to supplement the self-report of 
arousal. 

 Most current research efforts, and current nicotine depen-
dence models on cue-induced reactivity, are focused on how the 
cue-response association is established and maintained, whereas 
the decrement of these responses in ex-smokers remains largely 
unstudied. This area of study, how or whether the cue-response 
association decays over time in ex-smokers, should help shed 
light on the potential learning and other factors that may be in-
volved in the basic mechanisms of nicotine dependence.   

 Funding 
 This research was funded by  National Cancer Institute  grants to 
the BLC ( K07CA92209 ) and the PMC ( R21CA81649  and 
 P50CA70907 ).   

 Declaration of Interests 
  None declared.      

 References 
     Bagot  ,   K. S.   ,    Heishman  ,   S. J.   , &    Moolchan  ,   E. T.     (  2007  ).   Tobacco 
craving predicts lapse to smoking among adolescent smokers in 
cessation treatment  .   Nicotine & Tobacco Research  ,   9  ,   647   –   652  .   

     Baker  ,   T. B.   ,    Piper  ,   M. E.   ,    McCarthy  ,   D. E.   ,    Majeskie  ,   M. R.   , & 
   Fiore  ,   M. C.     (  2004  ).   Addiction motivation reformulated: An af-
fective processing model of negative reinforcement  .   Psychologi-
cal Review  ,   111  ,   33   –   51  .   

     Bradley  ,   M. M.   ,    Codispoti  ,   M.   ,    Cuthbert  ,   B. N.   , &    Lang  ,   P. J.     
(  2001  ).   Emotion and motivation I: Defensive and appetitive 
reactions in picture processing  .   Emotion  ,   1  ,   276   –   298  .   

     Burton  ,   S. M.   , &    Tiffany  ,   S. T.     (  1997  ).   The effect of alcohol con-
sumption on imaginal and in vivo manipulations of smoking 
urges  .   Addiction  ,   92  ,   15   –   26  .   

     Carter  ,   B. L.   ,    Lam  ,   C. Y.   ,    Robinson  ,   J. D.   ,    Paris  ,   M. M.   ,    Waters  , 
  A. J.   ,    Wetter  ,   D. W.   ,   et al.    (  2008  ).   Real-time craving and mood 
assessments before and after smoking  .   Nicotine & Tobacco Re-
search  ,   10  ,   1165   –   1169  .   

     Carter  ,   B. L.   ,    Robinson  ,   J. D.   ,    Lam  ,   C. Y.   ,    Wetter  ,   D. D.   ,    Tsan  ,   J. 
Y.   ,    Day  ,   S. X.   ,   et al.    (  2006  ).   A psychometric evaluation of ciga-
rette stimuli used in a cue reactivity study  .   Nicotine & Tobacco 
Research  ,   8  ,   1   –   9  .   

     Carter  ,   B. L.   , &    Tiffany  ,   S. T.     (  1999  ).   Meta-analysis of cue reac-
tivity and addiction research  .   Addiction  ,   94  ,   327   –   340  .   

     Cern  ,   K. A.   ,    Bailey  ,   S. R.   , &    Tiffany  ,   S. T.     (  2002, February  ).   The 
impact of anticipated cigarette availability on smokers ’  reactions to 
smoking stimuli  .   Paper presented at the 8th annual meeting of the 
Society for Research on Nicotine and Tobacco  .   Savannah, GA.   

     Cox  ,   L. S.   ,    Tiffany  ,   S. T.   , &    Christen  ,   A. G.     (  2001  ).   Evaluation of 
the Brief Questionnaire of Smoking Urges (QSU-Brief) in labo-
ratory and clinical settings  .   Nicotine & Tobacco Research  ,   3  ,   7   –   16  .   

     Fagerström  ,   K. O.     (  1978  ).   Measuring degree of physical depen-
dence to tobacco smoking with reference to individualization of 
treatment  .   Addictive Behaviors  ,   3  ,   235   –   241  .   

     Maude-Griffi n  ,   P. M.   , &    Tiffany  ,   S. T.     (  1996  ).   Production of smok-
ing urges through imagery: The impact of affect and smoking absti-
nence  .   Experimental and Clinical Psychopharmacology  ,   4  ,   198   –   208  .   

     Munafò  ,   M.   ,    Mogg  ,   K.   ,    Roberts  ,   S.   ,    Bradley  ,   B. P.   , &    Murphy  , 
  M.     (  2003  ).   Selective processing of smoking-related cues in cur-
rent smokers, ex-smokers, and never-smokers on the modifi ed 
Stroop task  .   Journal of Psychopharmacology  ,   17  ,   310   –   316  .   

     Robinson  ,   T. E.   , &    Berridge  ,   K. C.     (  1993  ).   The neural basis of 
drug craving: An incentive sensitization theory of addiction  . 
  Brain Research Reviews  ,   18  ,   247   –   291  .   

     Shiffman  ,   S.   ,    Gwaltney  ,   C. J.   ,    Balabanis  ,   M. H.   ,    Liu  ,   K. S.   ,    Paty  , 
  J. A.   ,    Kassel  ,   J. D.   ,   et al.    (  2002  ).   Immediate antecedents of ciga-
rette smoking: An analysis from ecological momentary assess-
ment  .   Journal of Abnormal Psychology  ,   111  ,   531   –   545  .   

     Tiffany  ,   S. T.     (  1990  ).   A cognitive model of drug urges and drug-
use behavior: The role of automatic and non-automatic pro-
cesses  .   Psychological Review  ,   97  ,   147   –   168  .   

     Tiffany  ,   S. T.     (  1995  ).   Potential functions of classical condition-
ing in drug addiction  . In     D. C.     Drummond  ,     S. T.     Tiffany  ,     S.   
  Glautier   and     B.     Remington     (Eds.),   Addictive behaviour: Cue 
exposure theory and practice   (pp.   47   –   71  ),   London  :   Wiley  .   

     Tiffany  ,   S. T.   ,    Cox  ,   L. S.   , &    Elash  ,   C. A.     (  2000  ).   Effects of trans-
dermal nicotine patches on abstinence-induced and cue-elicited 
craving in cigarette smokers  .   Journal of Consulting and Clinical 
Psychology  ,   68  ,   233   –   240  .   

     Tiffany  ,   S. T.   , &    Drobes  ,   D. J.     (  1990  ).   Imagery and smoking 
urges: The manipulation of affective content  .   Addictive Behav-
iors  ,   15  ,   531   –   539  .       


