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Abstract

INTRODUCTION—The cigarette purchase task (CPT) is a method that can be used to assess
relative value of cigarettes. Based on cigarettes purchased across a price range, five derived
metrics (Omax, Pmax, breakpoint, intensity, elasticity) can assess cigarette demand. A study with
adolescent smokers found that these could be reduced to two latent factors: Persistence (price
insensitivity) and Amplitude (volumetric consumption). We sought to replicate this structure with
adult smokers, and examine how these variables relate to cessation efforts.

METHOD—Web-based survey conducted in 2014 among adult (18+) current daily cigarette
smokers (N=1194). Participants completed the CPT, Fagerstrom Test for Nicotine Dependence
(FTND), reported past-year quit attempts, and future quit intentions. We included published scales
assessing perceived prevalence of smoking, social reactivity, smoker identity, and risk perception.

RESULTS—Our analysis supported two latent variables, Persistence and Amplitude, which
correlated positively with FTND. Persistence correlated with several psychosocial factors, and was
higher among those intending to quit very soon, but did not vary by number of past-year quit
attempts. Amplitude differed across quit attempts and intention (p’s <.001), and in multivariable
models was significantly associated with lower 30-day quit intention [OR=0.76, p=.001].

CONCLUSIONS—Persistence and Amplitude factors characterized CPT data in adults,
discriminated known groups (e.g., smokers by intentions to quit), and were positively associated
with nicotine dependence. Factor scores also appear to relate to certain psychosocial factors, such
as smoker identity and perceptions of risk. Future research should examine the predictive validity
of these constructs.
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Introduction

Behavioral economists have developed objective behavioral tasks that assess the relative
reinforcement value of commaodities, termed demand (Bickel et al. 2011). Specific to
substance use, purchase tasks quantify participants’ drug consumption across varying levels
of cost (Jacobs and Bickel 1999; MacKillop et al. 2008; Murphy and MacKillop 2006;
Murphy et al. 2009; Murphy et al. 2011a). These responses contribute to multidimensional
demand indices of consumption, expenditure, and price sensitivity (Mackillop et al. 2009).
Elevated demand is associated with higher levels of dependence on alcohol and nicotine
(MacKillop et al. 2010; Murphy et al. 2011a). Greater demand in purchase tasks appears to
be associated with treatment failure for both alcohol (MacKillop and Murphy 2007; Murphy
et al. 2015) and smoking (Mackillop et al. 2015). Others have extended the measure to
assess demand for marijuana, and have provided evidence for predictive validity of purchase
tasks on later marijuana use (Collins et al. 2014). Additionally, cigarette demand is increased
through experimental manipulation of acute nicotine deprivation (MacKillop et al. 2012).
Thus, demand may serve as an important motivational process that underlies cessation
failure (Heckman 2014).

The cigarette purchase task (CPT) and its variants have been used to assess the impact of
different smoking cessation interventions on demand for cigarettes (Mackillop et al. 2015;
Madden and Kalman 2010; McClure et al. 2013; Schlienz et al. 2014), compare differences
in cigarette dependence across mental health status (MacKillop and Tidey 2011), and to
examine propensity to initiate or quit smoking (Murphy et al. 2011b). Five indices are
typically derived from these measures (Murphy et al. 2011b): Breakpoint (the price where
consumption goes to zero); Pmax (the price at which expenditure is maximized); Omax
(maximum expenditure); Intensity (maximal consumption, typically at zero price); and
Elasticity. Elasticity is typically modeled using an exponential equation, with consumption a
declining function of increasing price (Hursh and Silberberg 2008). In general, demand has
been associated with nicotine dependence, but observed inconsistency regarding the 5
indices calls into question which of these indices is most relevant. A parsimonious approach
that reduces these indices into underlying latent factors may improve predictive utility. The
five metrics are conceptually related, but two studies examining demand for cigarettes and
alcohol have shown they can be reduced to two latent factors representing Persistence (i.e.,
maintaining consumption in the face of increasing price) and Amplitude (maximal level of
use), with Omax loading on both factors (Bidwell et al. 2012; Mackillop et al. 2009).
Persistence and Amplitude were shown to correlate positively with FTND, a measure of
nicotine dependence, and inversely with motivation to quit smoking, but were not associated
with longest abstinence from smoking (Bidwell et al. 2012). However, Persistence and
Amplitude accounted for relatively low proportions of variance in FTND and motivation to
quit, suggesting that other factors contribute substantially to smoking behaviors.

This latent structure implies that Persistence and Amplitude should correlate with
psychosocial factors associated with addiction. For smokers, some of these psychosocial
characteristics may include social reactivity, smoking identity, and normative beliefs about
smoking behaviors. Smokers, particularly adolescent smokers, have higher social reactivity
(e.g., rebelliousness) (Klabbers et al. 2009), which may relate to impulsiveness and other
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elements known to be associated with nicotine dependence. Those individuals who indicate
a strong personal identity as smokers may be more protective of their consumption, and less
likely to quit (Tombor et al. 2013). Similarly, those who perceive smoking as a normative
behavior may also be resistant to change (Dohnke et al. 2011; Hitchman et al. 2014). And,
finally, smokers who perceive fewer health risks associated with tobacco use are less likely
to make quit attempts (Costello et al. 2012; Savoy et al. 2014). Home smoking restrictions
are also shown to relate to smoking cessation, often serving as an intermediate step (Borland
et al. 2006; Hyland et al. 2009; Mills et al. 2009). Voluntarily placing an environmental
restriction on behavior might indicate greater ability to regulate use, which may translate as
lower price sensitivity. Examining whether latent factors that may underlie demand
measures are also related to these smoking-associated psychosocial variables, and whether
the latent demand characteristics add value in multivariable models of quitting behavior, is
worthwhile. There is a need to see if demand measures capture the same or unique variance
compared to psychosocial variables, which could reduce the total number of measures
needed, or alternatively, indicate that more comprehensive assessment batteries are required.

The current study sought to 1) replicate the Bidwell et al. (2012) findings of a two-factor
latent structure for a CPT administered to a web-based sample of adult smokers, and 2)
examine the relationship of Persistence and Amplitude of cigarette demand to quitting
behavior, controlling for other behavioral indicators and self-reported measures of tobacco
dependence and related psychosocial factors.

A web-based survey designed to explore factors related to perceptions of health warnings
and claims in snus advertisements was conducted in May 2014. Participants (N=3001, aged
15+) were drawn from existing web panels (GMI/Lightspeed) via email invitation. GMI/
Lightspeed is a marketing research firm with access to pre-enrolled panels who complete
various consumer-oriented surveys, with defined sociodemographic characteristics
(including smoking status). For our research, we set minimum targets on accrual for age (at
least 500 under 18) and smoking status (at least 25% smokers). Panel membership involves a
double opt-in process where interested persons complete an online registration form and
activate their account by email reply. After reviewing the risks, benefits, compensation, and
confidentiality involved in the study, participants provided informed consent. Participants
were compensated with 60 GMI “marketpoints” for completing the survey (approx US $3).
Data here focus only on adult (18+) current daily cigarette smokers from that sample
(N=1194). Questionnaire measures included the FTND (Heatherton et al. 1991), quit
attempts (/n the last year, how many times have you quit smoking for at least 24 hours?), and
intentions (Are you seriously thinking of quitting smoking?—- Yes, in the next 30 days; Yes,
in the next 6 months; No). We also included previously published scales assessing perceived
prevalence of smoking, social reactivity (Klabbers et al. 2009), smoker identity (van den
Putte et al. 2009), and perceived risk of smoking related diseases (Hatsukami et al. 2015).
Five items assessing beliefs about health risks of using unfiltered, natural, light, ultralight,
and full flavored cigarettes (each assessed on a 1-10 scale) was summed to create a cigarette
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harm scale (Cronbach’s alpha = 0.93). The study protocol was reviewed and approved by the
Roswell Park Cancer Institute Institutional Review Board.

Cigarette demand assessment

Participants completed an abbreviated CPT, with 12 possible price points ($0, $0.01, $0.05,
$0.13, $0.25, $1, $2, $3, $4, $5, $6, $11) per cigarette of their usual brand. The CPT
requires the participant to imagine they have no access to any other cigarettes, and to report
how many cigarettes they would smoke over 24 hours if they were available at the various
prices. Elasticity values were derived by fitting individual curves using Prism (Graphpad),
using a modified exponential demand equation (Koffarnus et al. 2015): Q = Qg *

10K(&-aQoC -1). This is a modification to the Hursh and Silberburg (2008) exponential demand
equation that does not require eliminating, or substituting for, consumption values of zero. A
fixed value of k=1.032 was applied across analyses, determined as the difference between
the log of mean consumption at the highest price ($11) and the log of mean consumption at
the lowest modeled price ($0.01) (Koffarnus et al. 2015). QO was fitted as a free parameter.
In 131 cases, participants reported the same level of consumption across the range of prices,
which results in extremely low (1x10719) alpha values. As the reported levels were plausible
given the price range, rather than drop these cases (Stein et al. 2015), we recoded alpha as
1x1078, such that they remained lower than the lowest modeled value (2.6x107%). The
remaining demand indices were empirically derived from the observed CPT responses (BP =
price at which consumption goes to 0; Pmax = price at maximum consumption; Omax =
highest observed expenditure). For participants who did not achieve a breakpoint within the
range of prices, BP was set to equal $35 (the next price that would have appeared
sequentially in the MacKillop et al 2008 purchase task). Additionally, we derived new
estimates of essential value, Omax and Pmax, proposed by Hursh (Hursh 2014a; b) based on
the exponential demand equation, using an Excel calculator (Kaplan and Reed 2014).
Consistent with prior work (O’Connor et al. 2014), we excluded cases where R? < .30 for
the exponential demand model. Accounting for exclusions per the above criteria, the final
analytic sample was N=1114.

Factor analysis

Principal components extraction, followed by Oblimin rotation with a specified two factor
solution to replicate earlier findings was employed (Bidwell et al. 2012). A two-factor
solution was confirmed by parallel analysis (O’Connor 2000). The entered variables were
breakpoint, observed Pmax, observed Omax, observed intensity, and 1/elasticity (Model 1).
The latter three variables were logyq transformed for analysis to meet normality
assumptions. Factor scores were derived by the regression method, such that the scores on
each have mean 0 and SD of 1. We then repeated this analysis using the Kaplan and Reed
(2014) calculations of Omax, Pmax, and essential value (Model 2); these values were all
logqq transformed for factor analysis. All analyses were conducted using SPSS 21.0 (IBM,
Armonk, NY).

Dependence and Psychosocial relationships

Correlations and analysis of variance (with Dunnet post-hoc test) were used to assess
relationships between demand measures and psychosocial variables putatively related to
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smoking behavior and dependence. Multivariate simultaneous logistic regression was used
to examine correlates of quit intentions and attempts. All analyses were conducted using
SPSS 21.0 (IBM, Armonk, NY).

Results

The analytic sample was 54.5% female and 75.9% non-Hispanic white. Younger adults (18—
34) comprised 42% of the sample, compared to 38% aged 35-49, and 20% aged 50 or
greater. Considering quit attempts, 43% reported none in the past year, 33% reported 1 or 2
attempts, while 24% reported three or more. Nineteen percent of respondents reported an
intention to quit within the next 30 days, while 42% reported an intention in the next 6
months.

Factor analysis

The factor analysis largely replicated the pattern matrix reported by Bidwell et al., 2012.
Two factors were extracted -- Persistence and Amplitude. Factor loadings and mean scores
are presented in Table 1. The extracted factors combined to explain 87% of variance. The
factor patterns did not appear to differ dramatically when using the observed versus the
modeled versions of Omax and Pmax, though there appeared to be more cross loading with
the modeled parameters. Persistence (r=.89) and Amplitude (r=.96) scores under both
models were strongly correlated. We use the Model 2-derived versions for subsequent
analyses to reflect the most current recommended methods for estimating essential value,
Omax, and Pmax.

Association of Persistence and Amplitude with dependence and smoking pattern

We saw no difference in either Persistence or Amplitude by sex, age, or race. Both
Persistence (r = .11; p<.001) and Amplitude (r = .29; p<.001) correlated positively with
FTND. (Note, Table 1 shows the correlations of each of the component items with FTND
scores to facilitate comparisons to prior research). Table 2 outlines the relationships between
Persistence and Amplitude with quitting and home policy measures. Those with no smoking
restrictions showed the highest levels of Persistence and Amplitude compared to those with
any restriction, with scores generally decreasing with increasing restriction. Persistence did
not differ by number of past-year quit attempts (p=.972), but did differ significantly across
levels of intention to quit in the future (p=.025). Persistence was highest among those
intending to quit very soon, and lowest among those planning to quit in the next 6 months.
Amplitude differed across both attempts (p=.006) and intention (p=.033). Those who had
made three or more attempts in the past year had substantially lower Amplitude scores than
those with fewer attempts. Amplitude was lowest among those with more immediate quit
intentions, and highest among those with no intention to quit smoking.

Bivariate Associations of Persistence and Amplitude with psychosocial factors

Higher persistence was associated with lower scores on social reactivity (r = —0.07, p=.018)
and health risks of cigarette types (r = -0.09, p=.002). Higher Persistence was positively
associated with greater smoker identity (r = 0.11, p<.001) and perceived smoking prevalence
(r=0.10, p=.002). When sex, age, race, and FTND score were partialed out, we still see
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significant correlations between Persistence and smoker identity (r,=0.09, p=.002),
perceived prevalence (r,=0.07, p=.027), and cigarette risks (r,=—0.09, p=.005). Amplitude
was bivariately associated with lower perceived cigarette health risks (r = —0.10, p=.001),
and this remained significant when adjusted for demographics and dependence (r, = —0.09,
p=.004).

Multivariable associations with quit intentions and attempts

Results are shown in Table 3. Relative to no intention to quit, increased Amplitude was
significantly associated with lower intent to quit in the next 30 days [OR=0.76, p=.003], but
was not associated with six month intention [OR = 0.91, p=.23]. Smoker identity and social
reactivity were inversely related to 30-day intention, while perceived prevalence and
cigarette health risks were all positively associated with 30-day intention. Indoor smoking
policy did not seem to be associated with quit intentions. Smoker identity was strongly
associated with 6-month intention to quit, with stronger identity associated with lower
intention to quit (OR=0.49, p<.001). Perceived prevalence of smoking was positively
associated with 6 month intention.

Neither Persistence nor Amplitude was associated with having made quit attempts (either 1—
2 or 3+) adjusting for other factors. Smoker identity was inversely associated, while
perceived prevalence was positively associated, with having made 1-2 or 3+ quit attempts.
Smoker identity and social reactivity were associated with lower likelihood of having made
3 or more quit attempts.

Discussion

Overall, results of this study are highly consistent with previous reports finding two latent
factors underlying demand measures derived from purchase tasks for cigarettes and alcohol
(Bidwell et al. 2012; Mackillop et al. 2009). Factor scores discriminated on quit history and
current intentions to quit, and were positively associated with nicotine dependence scores,
providing evidence of concurrent validity. The correlation between FTND and Amplitude is
stronger here than in analyses reported by Bidwell and colleagues, perhaps because the
current sample included adult smokers whose smoking behavior was presumably more
established. The factor model also holds whether we examined observed values for Pmax
and Omax or values derived from the exponential demand equation (Hursh 2014a; Kaplan
and Reed 2014), suggesting that the underlying concept is fundamentally sound.

Psychosocial variables are often not considered in the behavioral economics literature. The
current study, attempting to integrate perspectives on nicotine dependence, examined the
relationship of Persistence and Amplitude of cigarette demand to psychosocial measures
associated with smoking. We found that Persistence in particular was associated with a
number of measures, including social reactivity, smoker identity, and perceived risk. Though
effects were small in magnitude, those who show greater Persistence self-identified more as
smokers more strongly, perceived greater smoking prevalence in the population, were less
apt to perceive cigarettes as dangerous, and perceived themselves at less at risk of
developing smoking related diseases. However, when controlling for demographic factors
and dependence, these relationships were attenuated, suggesting that they share common

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Connor et al.

Page 7

variance. Persistence, then, may be a behavioral reflection of attitudes and beliefs that relate
to (or are a consequence of) nicotine dependence. It is equally possible, given the cross-
sectional nature of these data, that dependence is a manifestation of persistent demand.
Persistence had a nonlinear relationship with quit intention, with the lowest scores observed
for those planning to quit in the next six months, relative to those with more immediate (30
day) or no intention. This may reflect an internal recognition of dependence -- those with a
strong drive to continue smoking despite increased cost (i.e., greater Persistence) may also
have a strong desire to quit (even if those quit attempts may be unsuccessful), while those
with a less manifest drive may recognize a value in quitting, but defer that goal to a later
time. Amplitude did show an independent relationship with short-term quit intention, with
higher Amplitude scores associated with lower intention. Amplitude was also associated
with lower likelihood of having made a high number of past-year quit attempts. This is
consistent with other literature on the predictive validity of the Heaviness of Smoking index
(which largely captures consumption) for smoking cessation (Borland et al. 2010; Kozlowski
et al. 1994; Yong et al. 2014). An important next step is to examine prospectively whether
demand has the same pattern: predicts quit outcomes over the short term (weeks) but has less
predictive power over the longer term (months or years).

The data highlight smokers’ struggles to balance a desire to quit against the reward value of
smoking. This suggests the need to replace this reinforcing value if quitting is to be
successful (e.g., alternative nicotine sources or rewards). A recent study shows that, in the
context of contingency management, high indices of demand predicted smoking behavior
when abstinence was not incentivized (Mackillop et al. 2015), suggesting that monetarily
reinforced abstinence could overcome the reinforcement value of cigarettes. However, the
current study indicates that addressing psychosocial factors such as smoker identity and
misperceptions of risk may be as important to supporting cessation intentions and attempts.
This provides further support for more comprehensive cessation interventions that address
both dependence on nicotine (e.g., medication, alternative reinforcers) and conditions that
hamper attempts to quit (e.g., cognitive behavioral therapy, public education). Future
research should examine the predictive validity of these measures when assessed
longitudinally—testing if demand metrics perform better as predictors of behavioral outcomes
(i.e., quit attempt initiation, quit success), or as mediators between established predictors of
behavioral outcomes. Similarly, further research on the interrelationship of measures of
demand and psychosocial factors related to dependence could help elucidate targets for
intervention. These findings support applications of the CPT in clinical as well as research
settings as a tool for the assessment of smoker’s valuation of cigarettes.

Acknowledgments

FUNDING: This work was supported by a cooperative agreement from the National Cancer Institute
(U19CA157345). Bryan W. Heckman was supported by K12DA031794.

References

Bickel WK, Jarmolowicz DP, Mueller ET, Gatchalian KM. The behavioral economics and
neuroeconomics of reinforcer pathologies: implications for etiology and treatment of addiction.
Current psychiatry reports. 2011; 13:406-15. [PubMed: 21732213]

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Connor et al.

Page 8

Bidwell LC, MacKillop J, Murphy JG, Tidey JW, Colby SM. Latent factor structure of a behavioral
economic cigarette demand curve in adolescent smokers. Addictive behaviors. 2012; 37:1257-1263.
[PubMed: 22727784]

Borland R, Yong HH, Cummings KM, Hyland A, Anderson S, Fong GT. Determinants and
consequences of smoke-free homes: findings from the International Tobacco Control (ITC) Four
Country Survey. Tobacco control. 2006; 15(Suppl 3):iii42-50. [PubMed: 16754946]

Borland R, Yong HH, O’Connor RJ, Hyland A, Thompson ME. The reliability and predictive validity
of the Heaviness of Smoking Index and its two components: findings from the International
Tobacco Control Four Country study. Nicotine & tobacco research : official journal of the Society
for Research on Nicotine and Tobacco. 2010; 12(Suppl):S45-50. [PubMed: 20889480]

Collins RL, Vincent PC, Yu J, Liu L, Epstein LH. A behavioral economic approach to assessing
demand for marijuana. Exp Clin Psychopharmacol. 2014; 22:211-21. [PubMed: 24467370]
Costello MJ, Logel C, Fong GT, Zanna MP, McDonald PW. Perceived risk and quitting behaviors:

results from the ITC 4-country survey. American journal of health behavior. 2012; 36:681-92.
[PubMed: 22584095]

Dohnke B, Weiss-Gerlach E, Spies CD. Social influences on the motivation to quit smoking: main and
moderating effects of social norms. Addictive behaviors. 2011; 36:286-93. [PubMed: 21183283]
Hatsukami DK, Vogel RI, Severson HH, Jensen JA, O’Connor RJ. Perceived Health Risks of Snus and
Medicinal Nicotine Products. Nicotine & tobacco research : official journal of the Society for

Research on Nicotine and Tobacco. 2015

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerstrom Test for Nicotine
Dependence: a revision of the Fagerstrom Tolerance Questionnaire. British journal of addiction.
1991; 86:1119-27. [PubMed: 1932883]

Heckman, BW. Self-Control Depletion and Nicotine Deprivation as Precipitants of Smoking Cessation
Failure: A Human Laboratory Model Psychology. University of South Florida, Graduate Theses
and Dissertations; 2014.

Hitchman SC, Fong GT, Zanna MP, Thrasher JF, Laux FL. The relation between number of smoking
friends, and quit intentions, attempts, and success: findings from the International Tobacco Control
(ITC) Four Country Survey. Psychology of addictive behaviors : journal of the Society of
Psychologists in Addictive Behaviors. 2014; 28:1144-52. [PubMed: 24841185]

Hursh, SR. Behavioral economics and the analysis of consumption and choice. In: McSweeney, FK.;
Murphy, ES., editors. The Wiley Blackwell handbook of operant and classical conditioning. John
Wiley & Sons; Hoboken, NJ: 2014a. p. 275-305.

Hursh, SR. Generalized essential value based on exponential demand. Society for the Quantitative
Analyses of Behavior; Chicago, IL: 2014b.

Hursh SR, Silberberg A. Economic demand and essential value. Psychological review. 2008; 115:186—
98. [PubMed: 18211190]

Hyland A, Higbee C, Travers MJ, Van Deusen A, Bansal-Travers M, King B, Cummings KM. Smoke-
free homes and smoking cessation and relapse in a longitudinal population of adults. Nicotine &
tobacco research : official journal of the Society for Research on Nicotine and Tobacco. 2009;
11:614-8. [PubMed: 19346505]

Jacobs EA, Bickel WK. Modeling drug consumption in the clinic using simulation procedures:
demand for heroin and cigarettes in opioid-dependent outpatients. Exp Clin Psychopharmacol.
1999; 7:412-26. [PubMed: 10609976]

Kaplan, BA.; Reed, DD. Essential value, Pmax, and Omax automated calculator (spreadsheet
application). KU Scholarworks, University of Kansas; 2014. http://hdl.handle.net/1808/14934

Klabbers G, Bosma H, Van den Akker M, van Boxtel M, Kempen G, McDermott M, Van Eijk JTM.
Measuring Rebelliousness and Predicting Health Behaviour and Outcomes An Investigation of the
Construct Validity of the Social Reactivity Scale. Journal of health psychology. 2009; 14:771-779.
[PubMed: 19687114]

Koffarnus MN, Franck CT, Stein JS, Bickel WK. A modified exponential behavioral economic demand
model to better describe consumption data. Exp Clin Psychopharmacol. 2015; 23:504-12.
[PubMed: 26280591]

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.


http://hdl.handle.net/1808/14934

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Connor et al.

Page 9

Kozlowski LT, Porter CQ, Orleans CT, Pope MA, Heatherton T. Predicting smoking cessation with
self-reported measures of nicotine dependence: FTQ, FTND, and HSI. Drug Alcohol Depend.
1994; 34:211-6. [PubMed: 8033758]

MacKillop J, Brown CL, Stojek MK, Murphy CM, Sweet L, Niaura RS. Behavioral economic analysis
of withdrawal- and cue-elicited craving for tobacco: an initial investigation. Nicotine & tobacco
research : official journal of the Society for Research on Nicotine and Tobacco. 2012; 14:1426-34.
[PubMed: 22416117]

MacK:illop J, Miranda R Jr, Monti PM, Ray LA, Murphy JG, Rohsenow DJ, McGeary JE, Swift RM,
Tidey JW, Gwaltney CJ. Alcohol demand, delayed reward discounting, and craving in relation to
drinking and alcohol use disorders. Journal of abnormal psychology. 2010; 119:106-14. [PubMed:
20141247]

Mackillop J, Murphy CM, Martin RA, Stojek M, Tidey JW, Colby SM, Rohsenow DJ. Predictive
Validity of a Cigarette Purchase Task in a Randomized Controlled Trial of Contingent Vouchers
for Smoking in Individuals With Substance Use Disorders. Nicotine & tobacco research : official
journal of the Society for Research on Nicotine and Tobacco. 2015

MacKillop J, Murphy JG. A behavioral economic measure of demand for alcohol predicts brief
intervention outcomes. Drug Alcohol Depend. 2007; 89:227-33. [PubMed: 17289297]

MacKillop J, Murphy JG, Ray LA, Eisenberg DT, Lisman SA, Lum JK, Wilson DS. Further validation
of a cigarette purchase task for assessing the relative reinforcing efficacy of nicotine in college
smokers. Experimental and clinical psychopharmacology. 2008; 16:57. [PubMed: 18266552]

Mackillop J, Murphy JG, Tidey JW, Kahler CW, Ray LA, Bickel WK. Latent structure of facets of
alcohol reinforcement from a behavioral economic demand curve. Psychopharmacology (Berl).
2009; 203:33-40. [PubMed: 18925387]

MacKillop J, Tidey JW. Cigarette demand and delayed reward discounting in nicotine-dependent
individuals with schizophrenia and controls: an initial study. Psychopharmacology (Berl). 2011,
216:91-9. [PubMed: 21327760]

Madden GJ, Kalman D. Effects of bupropion on simulated demand for cigarettes and the subjective
effects of smoking. Nicotine & tobacco research : official journal of the Society for Research on
Nicotine and Tobacco. 2010; 12:416-22. [PubMed: 20194522]

McClure EA, Vandrey RG, Johnson MW, Stitzer ML. Effects of varenicline on abstinence and
smoking reward following a programmed lapse. Nicotine & tobacco research : official journal of
the Society for Research on Nicotine and Tobacco. 2013; 15:139-48. [PubMed: 22573730]

Mills AL, Messer K, Gilpin EA, Pierce JP. The effect of smoke-free homes on adult smoking behavior:
a review. Nicotine & tobacco research : official journal of the Society for Research on Nicotine
and Tobacco. 2009; 11:1131-41. [PubMed: 19633273]

Murphy JG, Dennhardt AA, Yurasek AM, Skidmore JR, Martens MP, MacKillop J, McDevitt-Murphy
ME. Behavioral economic predictors of brief alcohol intervention outcomes. J Consult Clin
Psychol. 2015; 83:1033-43. [PubMed: 26167945]

Murphy JG, MacKillop J. Relative reinforcing efficacy of alcohol among college student drinkers. Exp
Clin Psychopharmacol. 2006; 14:219-27. [PubMed: 16756426]

Murphy JG, MacKillop J, Skidmore JR, Pederson AA. Reliability and validity of a demand curve
measure of alcohol reinforcement. Exp Clin Psychopharmacol. 2009; 17:396-404. [PubMed:
19968404]

Murphy JG, MacKillop J, Tidey JW, Brazil LA, Colby SM. Validity of a demand curve measure of
nicotine reinforcement with adolescent smokers. Drug Alcohol Depend. 2011a; 113:207-14.
[PubMed: 20832200]

Murphy JG, MacKillop J, Tidey JW, Brazil LA, Colby SM. Validity of a demand curve measure of
nicotine reinforcement with adolescent smokers. Drug and alcohol dependence. 2011b; 113:207-
214. [PubMed: 20832200]

O’Connor BP. SPSS and SAS programs for determining the number of components using parallel
analysis and Velicer’s MAP test. Behavior Research Methods, Instrumentation, and Computers.
2000; 32:396-402.

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

O’Connor et al.

Page 10

O’Connor RJ, June KM, Bansal-Travers M, Rousu MC, Thrasher JF, Hyland A, Cummings KM.
Estimating demand for alternatives to cigarettes with online purchase tasks. American journal of
health behavior. 2014; 38:103-13. [PubMed: 24034685]

Savoy E, Reitzel LR, Scheuermann TS, Agarwal M, Mathur C, Choi WS, Ahluwalia JS. Risk
perception and intention to quit among a tri-ethnic sample of nondaily, light daily, and moderate/
heavy daily smokers. Addictive behaviors. 2014; 39:1398-403. [PubMed: 24926907]

Schlienz NJ, Hawk LW Jr, Tiffany ST, O’Connor RJ, Mahoney MC. The impact of precessation
varenicline on behavioral economic indices of smoking reinforcement. Addictive behaviors. 2014;
39:1484-90. [PubMed: 24949949]

Stein JS, Koffarnus MN, Snider SE, Quisenberry AJ, Bickel WK. Identification and management of
nonsystematic purchase task data: Toward best practice. Exp Clin Psychopharmacol. 2015;
23:377-86. [PubMed: 26147181]

Tombor |, Shahab L, Brown J, West R. Positive smoker identity as a barrier to quitting smoking:
findings from a national survey of smokers in England. Drug Alcohol Depend. 2013; 133:740-5.
[PubMed: 24075070]

van den Putte B, Yzer M, Willemsen MC, de Bruijn GJ. The effects of smoking self-identity and
quitting self-identity on attempts to quit smoking. Health psychology : official journal of the
Division of Health Psychology, American Psychological Association. 2009; 28:535-44.

Yong HH, Borland R, Balmford J, Hyland A, O’Connor RJ, Thompson ME, Spittal MJ. Heaviness of
smoking predicts smoking relapse only in the first weeks of a quit attempt: findings from the
International Tobacco Control Four-Country Survey. Nicotine & tobacco research : official journal
of the Society for Research on Nicotine and Tobacco. 2014; 16:423-9. [PubMed: 24158228]

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



Page 11

O’Connor et al.

Author Manuscript

100> Qu

0THo] Jo 8sIaAUl WOJS PawIoSURI] Yoeg

q

0T6o| wouy pawoysuely v_%mw

anjeausbis = A3

600'— 86" 2070 (e'ev 'T'62) p §'SE POI3POIA - XBWO
152- 956° £0°0 (89'8'9.°9) p L0°L PaIBPOIN — Xewld
600"~ 86" 2070 (S6'T'TET) » 09'T anfen [enuass3
alg z8 2020 (L'zz'8'81) p 902 Xewo
29T - £26' 2010 (ev's‘e6'p) 8T'S xewd
010~ 608" 2210 (££00°0 '6700°0) 4 6500°0 fonse|3
00z’ 089 150°- 168° 2510 (r'61'L'LT) 98T jurodxeaig
86" 500'— 286" 180'— 2820 (TG°LT'GL'ST) » T9'OT Asus]
apnijdwy 0UBSS Rd apnijdwy Eali=) S SF=X| 1D %56
ETZ=TeN % | ¥99=TeA % | T2 =1eA % | 609= feA %
L0T=A3 z€e=N3 TT'T=A3 S0€ = A3
Z PPOIN T PPON AN L yim uotep110d uea

'sBUIpeO| J019B) JUBTR| PATRIDOSSE 113Y) PUR SAIND PUBLUSP 8] WO PAALISP SOLIIBW Y] J0J SaN|eA ues|p|

Author Manuscript

T alqeL

Author Manuscript

Author Manuscript

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



Page 12

O’Connor et al.

"Ajani1oadsal 1ouod ayy se Buinlas dnolb alaymAue/auou/o1az ayr yim ‘1se) Bauung ayy Buisn suosiiedwod d0y-1sod wolj sanjea-d mos [enpiaipu]

(2o11'2)4,
100> zz6" | seT- | soo 116 | s90- | 2w 8pIsul pamo[e 10N
120 066" | TvO- | 10O 6.8 | LeT- | 65z | apisur saoeid swos pamoly
194 150T | 15T | ted TeTT | b1 | 66y | spisut alsymAue pamoly
700> | S80'6 100> | 6622 » Bubjows swoH
zeo 69T'T | sz1- | st18° 6vcT | 860" | otz poE
18T vs6 | zzo- | vso e8| veo- | sov ow g
JEXY 056" | 80" | e z86° | 20 | 62w ON
g0 | sTre sz0° | 289°€ p UORUSIUI INO
850’ evT'T | ¥sT- | 000T €0T'T | 900" | 692 +€
gee’ 850T | 10T | 696° 86 | oto- | e9¢ z1
JEX sy | 010" | Jod 26" | so0 | s 0
900" | 660° 26 | 8200 p (1eaf15ed) sidwiape und
d | as | uvesnw d E| as | N [ N
wUDH__QF_< QUBISIS JIod

"Su0I191ISal Bujows awoy Jo aduasaid pue ‘suonusaiul 1inb ‘sydwane 1nb Jeak-1sed Jo UOIIOUNY € SB S8109S 10108} Uea|A

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



Page 13

O’Connor et al.

“HWI| B0UBPIUOD %HGE JBMO] = DT ‘HUI| BOUBPLUOD %466 Jaddn = DN "0 sem S1dWsNY 1NY JesA-1Sed 10 JUBIBJaY ‘SUOIIUBIUI OU SeM SUoIUBIU|
1nQ 1WUa1INY 1oy WaIe)ey "0 >d 1e uediIubis Ajfeansiiels aie sanjea papjog *(0G'< s.d) sidwane 3nb ylm uoIeIo0SSe aleLeAIUN OU PaMOYS A3Y) Se [3POW S1RLIBAINW WOJ) PSYIWO SB|qeLIeA YSIY
¥

43y 43y 43y EEN sioopu] Bunjows oN

9¢’¢c | ¥6'0 | S¥'T | 99T 9.0 | ¢I'T | ¥0C | 60 | 6T | 86T 040 | 8TT uoIoLISay J00pu| BWOS

L0T | 9¥0 [ 0L0 | €0T | 150 | 220 | 90T | €50 | G20 | v¥'T | 850 | T6°0 | uonouissy Bumjows Joopuj ON

434 434 434 434 Auaiuyyajeoey Joyo
¢80 | 6€°0 | 990 | 62T | €90 | 060 | 860 | 870 | 690 | 080 | S€0 | €90 MUY d1uedsiH-UON
434 434 434 434 +0G 9y
Sy'T | €50 | 880 | ¥E€'T | €90 | ¢60 | OV'T | 990 | 960 | 06'€ | ¥I'T | TIC 6v—G€ abv
09 | TLT | 08¢ | 9TC | S6'0 | EV'T | 16T | S80 | 8T | ¥99 | 06T | SS€ 7€-8T by
434 434 434 434 dewa
T6'T | 60 | 9€'T | ¢0C | €T'T | IST | 89T | ¥6'0 | G¢T | 0LC | 8T | 981 3eN
€0'T | 860 | TOT | ¢OT | 660 | OOT | €0T | 660 | TOT | L0T | ¢OT | SOT Ys1y 8paIeBI paniadlad
G0'T | 00T | €0T | ¥OT | 00T | ¢OT | 20T | 860 | OOT | ¥OT | 660 | 20T 1Y YHESH PaAlsdlsd

0T ¢0T | €0T | €01 10T | 20T | 201 10T | TOT | €01 TOT | 20T | 9dudlendld Bunjows pantadiad

660 | TL0 | ¥80 | 680 | 990 | ZL0 | 850 | ¢v'0 | 6V0 | 260 | ¥9°0 | L0 Anuap] Jaows
160 | 880 | ¢60 | 00T | ¢60 | 960 | ¥O'T | G6'0 | 660 | S6'0 | 98°0 | 060 Annnoesy [e10os
TOT | ¢/0 | 980 | L&T | €60 | 60T | 90T | 8.0 | 160 | 160 | €90 | 920 apnyjdwy
GT'T | €80 | 460 | 9T'T | 980 | 00T | SOT | 8.0 | 160 | LT'T | ¢80 | 860 aoussIsiad
80T | ¢60 | OOT | 80T | ¥60 | TOT | ¥T'T | 660 | 90T | ¢€T | 60T | OCT aN1d

1oN | 70T | 40 | 10N | 107 | 40 | 1OoN | 10T | IO | 1ON | 1071 | °O

alow log ZIioT wo pog

sidweie 1Y fesA-1sed uonue | INY US1IND

(1D %56 ®
HO) syuow g 1xau Jo SAep Qg 1xau 8y} ul unb 01 suonualul pue (+¢ Jo z—T) sidwsne unb Jeak-1sed Jo s81e[81409 JO S|apow uoissalbal 211s160] sreLreAn|nA

€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 June 01.



	Abstract
	Introduction
	Methods
	Survey
	Cigarette demand assessment
	Factor analysis
	Dependence and Psychosocial relationships

	Results
	Factor analysis
	Association of Persistence and Amplitude with dependence and smoking pattern
	Bivariate Associations of Persistence and Amplitude with psychosocial factors
	Multivariable associations with quit intentions and attempts

	Discussion
	References
	Table 1
	Table 2
	Table 3

