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Abstract
Rationale Cigarette demand is a behavioral economic mea-
sure of the relative value of cigarettes. Decreasing the value
of cigarette reinforcement may help with quitting smoking.
Objectives This study aimed to evaluate the effects of initial
use of varenicline (VAR) versus nicotine replacement therapy
(NRT) on demand for cigarettes on quit day among smokers
with substance use disorders (SUD) and to determine whether
reduced demand was associated with subsequent abstinence
from smoking at 1 and 3 months.
Methods Participants (N = 110) were randomized to double-
blind, double-placebo conditions: VAR with placebo NRT or
NRTwith placebo capsules. The cigarette purchase task (CPT)
was used to assess demand for cigarettes at baseline and on
quit day, following a 1-week medication dose run-up/placebo
capsule lead-in and first day use of the patch.
Results Demand for cigarettes decreased from baseline to quit
day without significant differences between medications.
Reductions in CPT intensity (number of cigarettes that would
be smoked if they were free) and CPT breakpoint (lowest
price at which no cigarettes would be purchased) predicted
greater likelihood of abstaining on quit day. Reduced intensity
predicted length of abstinence at 1 and 3 months while re-
duced breakpoint predicted only 1month length of abstinence.

Conclusions Initial therapeutic doses of VAR and NRT result-
ed in similar reductions in cigarette reinforcement. Larger ini-
tial reductions in demand on quit day were associated with
early success with abstaining from cigarettes. Behavioral eco-
nomic approaches may be useful for identifying individuals
who benefit less from pharmacotherapy and may need addi-
tional treatment resources.
Trial registration https://clinicaltrials.gov/ct2/show/
NCT00756275
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Smokers with substance use disorders (SUD) have quit rates
that are half that of non-substance users (Richter et al. 2002). In
general population studies, the probability of sustained absti-
nence from smoking using varenicline (VAR) is greater than
for any other pharmacotherapy except combination nicotine
replacement therapy (NRT) (Anthenelli et al. 2016; Cahill
et al. 2014); however, the research on the effectiveness of
smoking cessation pharmacotherapies among individuals with
SUDs is limited. A recent review of 17 randomized controlled
trials of smoking cessation interventions for patients with SUD
reported some support for the effectiveness of NRT in this pop-
ulation but not for VAR (Thurgood et al. 2015). This review
was limited in that it only included one VAR study in which
VAR, NRT, and placebo were compared among methadone-
maintained opiate-dependent smokers; smoking cessation rates
were low (5.4%) and did not differ significantly between groups
(Stein et al. 2013). Given the difficulty of maintaining long-
term cessation among individuals with SUD, identifying mech-
anisms underlying treatment efficacy is important for
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developing effective cessation treatments for this high-risk
group (Prochaska et al. 2004).

Given that addiction pathology is associated with dysregu-
lation of reward circuitry in the brain (Koob and LeMoal 2001),
understanding mechanisms by which pharmacotherapy may
impact abstinence, particularly if medications are able to reduce
nicotine reinforcement, has the potential to inform the develop-
ment of more effective interventions and ultimately improve
smoking cessation outcomes. A growing body of work has
incorporated behavioral economic laboratory paradigms in the
study of mediating mechanisms of pharmacological treatments
for SUD. VAR is an α4β2 nicotinic acetylcholine receptor par-
tial agonist with selective activation of these receptors proposed
to be involved in the reinforcing effects of nicotine (Tapper et al.
2004). To date, two studies have examined the effects of VAR
on smoking reinforcement using the cigarette purchase task
(CPT; Jacobs and Bickel 1999; MacKillop et al. 2008). In the
first, following a week of medication induction, but before
abstaining from smoking, participants randomized to either
VAR or placebo reported reduced intensity of demand (the pa-
rameter reflecting purchases when cigarettes are free), without
significant differences between conditions (McClure et al.
2013); at higher prices, however, participants in the VAR con-
dition reported a steeper decline in the number of cigarettes
purchased resulting in increased demand elasticity (i.e., sensi-
tivity to price) relative to placebo. The second study collected
data from smokers in their natural environment using handheld
devices for 4 weeks prior to a target quit date (week 1:
premedication baseline; week 2: dose run-up; weeks 3–4: full
dose) (Schlienz et al. 2014). Two indices of demand (elasticity
and intensity) were reduced, suggesting decreases in smoking
reinforcement over the 3 weeks, whereas a third breakpoint (the
price at which purchases fall to zero) was unaffected. Findings
did not support VAR causing the reduced reinforcement from
cigarettes as changes over time tended to be comparable or
superior in the placebo condition.

While the two studies differed in notable ways (e.g., duration
of time VAR was taken, naturalistic versus laboratory design),
decreases in two demand indices were found over time in both,
without evidence of VAR having a greater effect on demand
intensity when compared to placebo and lack of consensus on
whether changes in elasticity could be attributable to VAR. A
limitation of these studies is that neither examined the associa-
tions between cigarette demand and abstinence. Additionally,
individuals with a history of past year SUDwere either excluded
or not recruited in large enough numbers to examine in these
trials; this reflects the larger trend of smokers who drink heavily
or have SUDs being excluded from or underrepresented in stud-
ies of varenicline and other pharmacotherapies (Fucito et al.
2011; Leeman et al. 2007). However, smokers with SUD have
more difficulty quitting smoking than smokers in general
(Richter et al. 2002) so need to be studied. We have previously
reported that, among smokers with SUD, lower cigarette demand

at baseline (intensity and Omax) was associated with greater ab-
stinence during treatment, although not at follow-up points
(MacKillop et al. 2016). Therefore, evaluating the effects of
established pharmacotherapies on demand for cigarettes on quit
day can determine if one medication reduces demand more, and
if reductions in demand are associated with greater likelihood of
success in abstaining. This is the first study assessing the effects
of VAR vs. NRTon relative reinforcing efficacy among smokers
with SUD. It is a secondary analysis from a clinical trial that
reported significant effects of VAR versus NRT on 3-month
smoking abstinence (Rohsenow et al. in press).

Method

Participants

Participants were smokers with SUD recruited from the com-
munity as part of a clinical trial (the parent study) that compared
the effects of VAR to nicotine patch on smoking, substance use,
and depressive symptoms (Rohsenow et al. in press). Inclusion
criteria were (a) smoking 10+ cigarettes per day for the past
6 months, (b) SUD diagnosis, (c) current participation in SUD
treatment, and (d) being 18–75 years old. Exclusionary criteria
included (a) current smoking cessation treatment, (b) medical
contraindications or use of medications that could be affected
by smoking cessation (e.g., antipsychotics, warfarin, insulin),
(c) recent use of substances (i.e., self-report of having used
alcohol or drugs within the 48 h before recruitment or positive
breath alcohol at screening), (d) evidence of hallucinations or
delusions, (e) recent (i.e., past 5 years) suicide plan or attempt,
(f) not willing to quit smoking, and (g) inability to understand
informed consent. Participants needed to endorse being
Bwilling to try to quit^ smoking; however, there was no eligi-
bility requirement regarding motivation or intention to quit
smoking or for participants to be seeking treatment.

In order to validly assess medication effects on the CPT
following the dose run-up period, participants who took <50%
of assigned capsules in either condition during the dose run-
up/lead-in week were excluded from analyses (n = 24), leav-
ing a sample of 113. Three additional participants did not
complete the CPT at either baseline or quit day and were
excluded. Thus, the final sample (N = 110) included 59 par-
ticipants randomized to VAR + placebo NRT and 51 partici-
pants randomized to NRT + placebo capsules. No participants
were excluded for low effort responding on the CPT.

Procedures

All procedures were approved by the university Institutional
Review Board as part of a clinical medication trial
(clinicaltrials.gov identifier: NCT00756275). Using a
double-blind double-placebo design, participants were
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randomized to one of two medication conditions for 13 weeks
with quit day following a 7-day dose run-up/capsule lead-in
period. Figure 1 illustrates the study design and procedures.
Participants provided written informed consent to participate.
They completed screening questionnaires and interviews, a
physical exam, and laboratory tests to assess full study eligi-
bility criteria. Eligible participants completed baseline ques-
tionnaires prior to urn randomization (stratified by gender,
nicotine dependence, and depression diagnosis) to medication
condition. Participants in both conditions participated in 10
weekly manualized Bbrief advice^ sessions. This included
one 20-min session at the start of the dose run-up week occur-
ring between the baseline and quit day administrations of the
CPT. Participants attended a 30-min counseling session on
quit day, then eight weekly 5–10 min sessions. Participants
also attended in-person assessment sessions on quit day and at
1- and 3-month post-quit by blinded assessors. Total compen-
sation for completing all assessments was $185.

Medication conditions Participants in both conditions re-
ceived two capsules (VAR or matching placebo) to take daily
and were instructed to take one in the morning and one in the
evening (except the first 3 days when they took one in the
morning only). In both conditions, participants were
instructed to apply the patch (NRTor matching placebo) upon
waking daily and to wear it for 24 h or until going to sleep (if
sleep interference was reported) beginning on quit day.

Varenicline and placebo patches Those in the VAR condi-
tion underwent a standard 1-week VAR dose run-up (0.5 mg
per day for 3 days, followed by 0.5 mg twice per day for
4 days), followed by 12 weeks of VAR (1 mg twice per
day). Starting on quit day, after the dose run-up week, all
received placebo patches (Rejuvenation Labs, Inc., Midvale,
UT) that matched active transdermal NRT patches.

Nicotine replacement therapy and placebo capsules Those
in the NRT condition underwent a placebo capsule lead-in on
the same schedule as the VAR group. Starting on quit day,
after the 7-day lead-in, they received 12 weeks of NicoDerm
CQ® transdermal patches (4 weeks each of 21, 14, and 7 mg/
day) with placebo capsules (one capsule twice per day).

Measures

Demographics Age, sex, race, education, and income were
assessed at baseline.

Structured clinical interview for DSM-IV diagnosis
(SCID)-patient version (First et al. 1997) This interview
was completed to establish a SUD diagnosis and to assess
history of Major Depressive Disorder for the purpose of strat-
ified randomization.

Fagerström test of nicotine dependence (FTND)
(Heatherton et al. 1991) This was used to assess nicotine
dependence at baseline. This 6-item measure is scored 0–10
with higher scores indicating greater dependence.

Participant medication adherence In both conditions, ad-
herence was assessed weekly using participant self-report,
Medication Event Monitoring System caps (MEMSCaps™;
Aardex) for capsules, and count of returned used patches.

Cigarette purchase task (CPT) (Jacobs and Bickel 1999;
MacKillop et al. 2008) Hypothetical demand for cigarettes in
a 24-h period was assessed at baseline and quit day at 41
escalating prices (0.00, 0.02, 0.04, 0.06, 0.08, 0.1, 0.12,
0.14, 0.16, 0.18, 0.2, 0.22, 0.24, 0.26, 0.28, 0.3, 0.32, 0.34,
0.36, 0.38, 0.4, 0.42, 0.44, 0.46, 0.48, 0.5, 0.6, 0.7, 0.8, 0.9, 1,
2, 3, 4, 5, 10, 15, 20, 25, 30, and 35 $/cigarette). At baseline,
participants were asked, BIf you were smoking today accord-
ing to your typical habits, how many cigarettes would you
smoke at the following prices?^ On quit day, they were asked
BIf you were smoking today at this level of the medication,
how many cigarettes would you smoke at the following
prices?^ The remainders of the instructions for the CPT were
identical during both administrations: BThe available ciga-
rettes are your favorite brand. Assume that you have the same
income/savings that you have now, and NO ACCESS to any
cigarettes or nicotine products other than those offered at these
prices. In addition, assume that you would consume cigarettes
that you request on that day, that is, you cannot save or stock-
pile cigarettes for a later date.^

Fig. 1 Study design schematic of procedures by week. Note: Brief
weekly counseling sessions scheduled in weeks 1–10. Double asterisks
indicate cigarette purchase task (CPT) administered. Single asterisk

indicates assessments of smoking abstinence outcome at 1 and 3 months.
QD quit day (begin use of patch), VAR varenicline, NRT nicotine replace-
ment therapy, PBO placebo
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Three behavioral economic indices of demand were calcu-
lated using an observed values approach: (1) breakpoint—the
first price to suppress cigarette consumption to zero, (2) inten-
sity—the number of cigarettes consumed at zero cost, and (3)
Omax—the maximum amount of money allocated to ciga-
rettes. Pmax (i.e., the price at which expenditure is maximized)
was not generated given typical collinearity (rs > .80) with
breakpoint (MacKillop et al. 2008; MacKillop and Tidey
2011; Murphy et al. 2011). The fourth (4), elasticity of de-
mand—overall proportionate price sensitivity, was generated
using non-linear regression and defined as the α parameter in
the exponential demand equation, log10Q = log10 Q0 +
k(e-αQ0C–1) (Hursh and Silberberg 2008). In this equation,
Q = consumption at a given price; Q0 = maximum consump-
tion (consumption at $.00); k = 3, a constant that denotes the
range of consumption values in log10 across individuals;
C = cost/price; and α = the derived elasticity parameter
reflecting the rate of decline in consumption across price.

Smoking abstinence

Point prevalence abstinence from smoking was assessed on
quit day and at 1- and 3-month post-quit dichotomously coded
(abstinent/smoked). On quit day, abstinence was based on
self-reported abstinence that day and biochemically verified
with alveolar carbon monoxide (CO) levels using a Bedfont
Micro Smokerlyzer®. An abstinence criterion of ≤6 ppm was
used because participants had been abstinent for less than a
day. At 1- and 3-month post-quit, abstinence was based on
self-report of no smoking during the past week and biochem-
ically verified by CO ≤ 4 ppm. At 3-month post-quit, use of
NRT had been discontinued and salivary cotinine ≤15 ng/ml
was used as an additional source of biochemical verification.

Longest continuous abstinence from smoking was assessed
using a calendar-facilitated interview. Smoking on each day
was self-reported by the participant from quit day to 1 month
(1-month assessment) and from 1 to 3 months (3-month
assessment) with the greatest consecutive number of days of
abstinence calculated within each period.

Data analysis approach

Baseline and quit day responses on CPT items were initially
examined for outlying values (Z > 3.29) and these outliers
were Winsorized to one unit above the next non-outlying val-
ue to minimize excessive leverage on individual items
(Tabachnick and Fidell 2007). Responses on the CPT at base-
line and again on quit day were assessed for invariant
responding. While no participant demonstrated an invariant
response pattern at baseline, 30 participants did so on quit
day including 29 participants who reported no demand (i.e.,
reported they would smoke zero cigarettes at every cigarette
price including $0). As these responses were believed to

reflect change in demand for cigarettes rather than low effort
responding, these participants were not excluded from analy-
ses (Smith et al. 2016). Given the large proportion of individ-
uals reporting no cigarette purchases on quit day (i.e., invari-
ant responders), elasticity of demand could only be validly
calculated at baseline. Thus, changes in elasticity from base-
line to quit day could not be assessed. Outlying values for the
four calculated demand indices were also Winsorized and
log10 transformed to improve normality. A trivial non-zero
value (0.1) was used to permit modeling of zero consumption
values.

Group comparisons on demographic and smoking mea-
sures at baseline were conducted using independent sample t
tests for continuous variables and chi-square tests for categor-
ical variables. Independent sample t tests were conducted to
verify group equivalence at baseline on demand indices.
Correlation analyses were conducted to examine relationships
between variables and to identify any collinearity between
CPT indices.

To examine changes in demand from baseline to quit day
and whether assigned pharmacotherapy resulted in differential
changes between groups mixed ANOVAwas used. Cohen’s f
is reported to show effect sizes with medium effect sizes be-
ginning at f = 0.25 and large effect sizes beginning at f = 0.40
(Cohen 1988). Logistic regression was used to determine the
extent to which baseline demand or reduction in demand from
baseline to quit day predicted biochemically verified point
prevalence abstinence from smoking on quit day, 1-month
post-quit, or 3-month post-quit, covarying the effects of med-
ication condition. Regression analyses were repeated using
the longest period of continuous abstinence at 1 and 3 months
due to limited power to detect dichotomous abstinence
outcomes.

Results

Preliminary analyses

Baseline characteristics of participants are reported in Table 1;
there were no significant differences at baseline with regard to
SUD diagnoses, smoking severity, or demographic character-
istics. Similarly, baseline demand indices as measured by the
CPT did not differ significantly by medication condition, t-
s(108) = 0.65–0.41, ps > 0.52.Mean capsule adherence during
dose run-up was 90%, from quit day to 1-month follow-up
was 57%, and from 1- to 3-month follow-up was 35%,with no
significant differences by medication condition during any
time interval, ts(108) = −0.95–0.91, ps > 0.35. Capsule and
patch adherence at 1 and 3-month follow-ups was highly col-
linear, rs = 0.84–0.87, ps < .01.

Associations between demand indices at baseline and at
quit day are shown in Table 2. Baseline smoking and level
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of nicotine dependence were associated with initial CPT re-
sponses but unassociated with responses on quit day or the
degree of change from baseline to quit day. Breakpoint was

not correlated with intensity at baseline but was positively
correlated with intensity on quit day. Elasticity was signifi-
cantly negatively associated with the other demand indices
at baseline. Associations between elasticity and other demand
indices were not assessed on quit day due to the large number
of invariant responses, as noted above. Omax was highly pos-
itively correlated with the other demand indices at both time
points (rs = .47–.90). Therefore, Omax was not used for anal-
yses of hypotheses in order to reduce potential error inflation
due tomulti-collinearity. Relationships observed in other stud-
ies suggest Omax may often be confounded with the one or
more CPT demand indices (MacKillop et al. 2008; MacKillop
and Tidey 2011; Murphy et al. 2011). As a result, evaluation
of primary study aims was conducted using intensity of de-
mand and breakpoint.

Primary analyses

Figure 2 shows the demand curves generated from CPT data
at baseline and quit day. There was a significant effect of time
on breakpointF(1, 108) = 53.57, p < .01, f = 0.70, but no effect
of medication condition F(1, 108)= 0.00, p = .97, f = 0.00, nor
an interaction between medication and time F(1, 108) = 0.75,
p = .39, f = 0.10. Similarly, there was a significant effect of
time on intensity F(1, 108) = 60.95, p < .01, f = 0.75, but no
effect of medication condition F(1, 108) = 0.02, p = .88,
f = 0.00, nor an interaction between medication and time
F(1, 108) = 0.06, p = .80, f = 0.00. Figure 3 depicts intensity
and breakpoint by condition and time point.

On quit day, 9/59 (15%) participants in the VAR condition
and 11/51 (22%) participants in the NRT condition had bio-
chemically verified abstinence from smoking. At 1-month
post-quit, 6/59 (10%) participants in the VAR condition and
9/51 (18%) participants in the NRT condition had

Table 1 Baseline participant characteristics: mean (SD) or percentage

NRT VAR Full sample

N 51 59 110

Male 59% 49% 54%

Race

White/Caucasian 86% 83% 85%

Black/African American 12% 15% 14%

Multi-racial 2% 2% 2%

Annual household income

$0–$9999 45% 63% 55%

$10,000–$19,999 22% 19% 20%

$20,000–$29,999 12% 8% 10%

$30,000–$39,999 12% 3% 7%

$40,000+ 10% 7% 8%

Age 39.6 (9.5) 40.0 (10.7) 39.8 (10.1)

Years education 12.3 (2.3) 12.2 (2.2) 12.3 (2.2)

Cigarettes/day 18.4 (9.4) 21.0 (12.0) 19.8 (10.9)

Carbon monoxide (ppm) 20.9 (16.4) 19.6 (11.3) 20.2 (13.9)

FTND 5.5 (1.9) 5.6 (2.0) 5.5 (1.9)

Number of SUD diagnoses 1.9 (0.9) 1.9 (0.8) 1.9 (0.9)

Alcohol use disorder 75% 75% 75%

Cocaine use disorder 55% 58% 56%

Opiate use disorder 33% 32% 33%

Marijuana use disorder 24% 22% 23%

All p > .05

VAR varenicline + placebo transdermal NRT, NRT transdermal nicotine
replacement therapy + placebo medication capsules, ppm parts per mil-
lion, FTND Fagerström test of nicotine dependence total score, SUD
substance use disorder

Table 2 Correlations between CPT demand indices and with baseline smoking variables

A. Baseline B. Quit day C. Change

Variable BP I O E BP I O Δ BP Δ I Δ O

Breakpoint (BP) 1.00 1.00 Δ BP 1.00

Intensity (I) 0.17 1.00 0.62b 1.00 Δ I 0.56b 1.00

Omax (O) 0.63b 0.47b 1.00 0.83b 0.90b 1.00 Δ O 0.78b 0.90b 1.00

Elasticity (E) −0.93b −0.35b −0.81b 1.00 – – – – – –

BL cigs/day 0.03 0.61b 0.33b −0.21b −0.02 0.00 −0.04 −0.04 −0.12 −0.14
BL FTND 0.21a 0.54b 0.47b −0.35b 0.04 0.02 0.01 −0.11 −0.08 −0.13

Panel A: correlations between demand indices measured at baseline, panel B: correlations between demand indices measured at quit day, and panel C:
correlations between change in demand from baseline to quit day

CPT cigarette purchase task, BL baseline, FTND Fagerström test of nicotine dependence total score, Δ change in demand (quit day demand–baseline
demand)
a Correlation is significant at the 0.05 level (two-tailed)
b Correlation is significant at the 0.01 level (two-tailed)
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biochemically verified abstinence from smoking. At 3-month
follow-up, 9/59 (15%) participants in the VAR condition and
2/51 (4%) participants in the NRT condition had biochemical-
ly verified abstinence from smoking. In the subset of partici-
pants in this study, medication conditions did not differ in
abstinence on quit day (OR = 0.66, p = .39), 1-month post-
quit (OR = .53, p = .26), or 3-month post-quit (OR = 4.41,
p = .07). Similarly, there were no significant differences as a
function of medication condition on the longest number of
days of continuous abstinence reported at 1-month (VAR:
M = 5.36, SD = 8.58; NRT: M = 7.27, SD = 9.91; t = −1.09,
p = .28) or 3-month (VAR: M = 9.61, SD = 19.25; NRT:
M = 10.18, SD = 17.62; t = −.16, p = .87) follow-ups.
Longest continuous abstinence was significantly positively
correlated with CO-confirmed point prevalence abstinence at
both time points (rs = .70, ps < .01). Mediational models (i.e.,
medication affecting abstinence via changes in cigarette

reinforcement) were considered but rejected given lack of as-
sociation between medication and abstinence.

Breakpoint measured at baseline did not predict abstinence
on quit day (OR = 1.35, p = .50), 1-month post-quit
(OR = 0.47, p = .18), or 3-month post-quit (OR = 0.49,
p = .29). Similarly, intensity of demand at baseline did not
predict abstinence on quit day (OR = 0.52, p = .62), 1-month
post-quit (OR = 0.48, p = .62), or 3-month post-quit
(ORs = 0.16, p = .29).

Results predicting abstinence from initial reductions in de-
mand from baseline to quit day are shown in Table 3. Having
larger initial decreases in intensity of demand and in breakpoint
were associated with increased likelihood of abstinence on quit
day. Reduced demand intensity, but not breakpoint, predicted
greater likelihood of point prevalence abstinence at 1-month
post-quit. The decreases in intensity of demand and in
breakpoint observed on quit day were not associated with

Fig. 2 Demand curves of number
of cigarettes purchased on
hypothetical cigarette purchase
task (CPT) at baseline and quit
day by medication condition.
VAREN varenicline, NRT nicotine
replacement therapy

Fig. 3 Demand indices by
medication condition at baseline
and quit day. NRT nicotine
replacement therapy. Standard
error bars are displayed
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increased likelihood of point prevalence abstinence at 3-month
post-quit. Results predicting longest period of continuous absti-
nence are shown in Table 3. Both reduced demand intensity and
breakpoint predicted longest number of days of continuous ab-
stinence at 1-month post-quit. Reduced demand intensity, but
not breakpoint, predicted the longest number of days of contin-
uous abstinence at 3-month post-quit.

Discussion

The current study used a behavioral economic framework to
test the effects of pharmacotherapy (VAR vs. NRT) on demand
for cigarettes in smokers with SUD. Demand for cigarettes was
significantly reduced on quit day compared to baseline for both
CPT indices studied: intensity of demand and breakpoint. The

reductions were comparable on quit day in both medication
conditions. These findings suggest either that both medications
reduced demand equivalently or that demand is reduced by quit
day as a function of time rather than medication. The latter
explanation is likely given that past research has suggested that
some of the changes in demand observed during a dose run-up
regimen are comparable whether taking VAR or placebo and
that indices of smoking reinforcementmay diminish as smokers
approached their quit date more generally (McClure et al. 2013;
Schlienz et al. 2014).

If changes in demand were not due to medication effects,
possibly some cognitive or motivational changes (e.g., shift in
decision balance (Prochaska et al. 1994)) resulted in the re-
ductions observed on quit day. Another possible explanation
is that demand was reduced by the provision of cessation
resources including medication and brief advice to individuals
who were willing to try to quit smoking but not seeking treat-
ment. Research has suggested that more than three quarters of
smokers in outpatient treatment for alcohol said they would be
willing to consider stopping smoking during or after alcohol
treatment (Ellingstad et al. 1999). Thus, engaging a population
of smokers with SUD in treatment and providing medication
in conjunction with brief counseling may be an important step
in changing the perceived value of smoking among a popula-
tion characterized by higher levels of nicotine dependence.
Understanding what is driving changes in demand remains
an important future direction that may shed light on how to
facilitate reducing the reinforcing value of cigarettes and pos-
sibly improve smoking cessation outcomes. Nonetheless, as
participants in both conditions were taking the recommended
therapeutic dose of medication (i.e., 2 mg split dose of VAR;
21 mg transdermal dose of NRT) on quit day when CPT was
reassessed, it is also possible that the change in demand was
secondary to the effects of pharmacotherapy, with NRT and
VAR not differing significantly in their effects.

Greater reductions in demand intensity and breakpoint
were associated with greater likelihood of abstaining from
smoking on quit day. Conversely, individuals for whom de-
mand was unwavering despite pharmacotherapy were less
likely to be abstinent on quit day. For that reason, individuals
who do not show reductions in demand by quit day are at risk
and may need stronger treatments to succeed. This may be
particularly relevant among individuals with SUD given dis-
appointingly low quit rates despite reportedly high levels of
motivation and first-line therapy being provided free of charge
and on-site in the context of SUD treatment (Stein et al. 2013).
In addition, because individuals with SUD are likely to
have experienced changes in the reinforcing effects of
nicotine and other substances from their concurrent expo-
sure (Littleton et al. 2007), understanding differences be-
tween the individuals who report reductions in smoking
reinforcement while preparing to quit and those who do
not is an important next step.

Table 3 Smoking status on quit day and 1- and 3-month post-quit
predicted by change in cigarette demand and medication condition

Point prevalence abstinence

Predictor B SE B Wald p OR 95% CI (OR)

Quit day

Breakpoint −0.90 0.32 7.32 0.01 0.42 0.22, 0.79

Medication −0.37 0.52 0.50 0.48 0.69 0.25, 1.91

Intensity −1.06 0.26 16.37 0.00 0.35 0.21, 0.58

Medication −0.31 0.51 0.38 0.54 0.73 0.27, 1.97

1 month

Breakpoint −0.25 0.35 0.51 0.48 0.78 0.39, 1.55

Medication −0.61 0.57 1.16 0.28 0.54 0.18, 1.65

Intensity −0.68 0.27 6.35 0.01 0.51 0.30, 0.86

Medication −0.66 0.59 1.28 0.26 0.52 0.16, 1.63

3 months

Breakpoint −0.08 0.40 0.04 0.84 0.92 0.42, 2.01

Medication −1.50 0.81 3.41 0.07 4.46 0.91, 21.77

Intensity −0.34 0.31 1.18 0.28 0.72 0.39, 1.31

Medication 1.51 0.81 3.47 0.06 4.53 0.92, 22.20

Longest continuous abstinence

Predictor B SE B Beta p t 95% CI (B)

1 month

Breakpoint −2.96 1.09 −0.25 0.01 −2.71 −5.12, −0.79
Medication −1.53 1.72 −0.08 0.38 −0.89 −4.94, 1.88
Intensity −4.85 0.79 −0.51 0.00 −6.12 −6.42, −3.28
Medication −1.70 1.52 −0.09 0.27 −1.11 −4.72, 1.33

3 monthsa

Breakpoint −3.39 2.24 −0.14 0.13 −1.51 −7.83, 1.06
Medication −0.12 3.53 0.00 0.97 −0.03 −7.12, 6.88
Intensity −4.95 1.79 −0.26 0.01 −2.77 −8.49, −1.41
Medication −0.34 3.44 −0.01 0.92 −0.10 −7.15, 6.47

Medication varenicline compared to nicotine replacement therapy (refer-
ence category)
a Longest continuous abstinence during months 2 and 3
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To date, evidence does not support an effect of VAR on either
intensity of demand or breakpoint using the CPT. Demand inten-
sity is a measure of the number of cigarettes an individual would
purchase over the course of a day if they were Bfree.^ In two
previous studies of VAR compared to placebo in general popu-
lations of smokers (McClure et al. 2013; Schlienz et al. 2014), as
well as in the current study of smokers with SUD, initial intensity
was approximately 21–26 cigarettes/day and decreased by 20–
50% when assessed on or immediately before quit day, without
differences between conditions. Only one previous study has
assessed changes in breakpoint secondary to medication use
using the CPT; this study reported no effects of either time or
medication on breakpoint (Schlienz et al. 2014). The authors note
that rapidly increasing price intervals (i.e., $5, $6, $11, $35/cig-
arette) may have contributed to non-significant findings regard-
ing breakpoint. In the current study, the use of a greater number
of prices within this range (i.e., $5, $10, $15, $20, $25, $30, $35/
cigarette) likely provided greater resolution and contributed to
the significant effect of time on breakpoint. Nonetheless, the
current study replicates the finding that there were no effects of
medication on breakpoint, and extends findings to a sample of
smokers with SUD. Therefore, there is considerable evidence to
suggest that intensity of demand is reduced as one prepares to
quit smoking and initial evidence that breakpoint may also be
reduced, without evidence suggesting reductions are attributable
to VAR.

Change in intensity but not breakpoint predicted 1-month
point prevalence abstinence. While the reductions in both in-
tensities of demand and breakpoint observed on quit day were
associated with initial length of abstinence from smoking,
changes in intensity predicted length of smoking abstinence
that persisted at 3 months, unlike changes in breakpoint.
Previous factor analytic research has suggested that different
demand indices may aggregate to form two separate dimen-
sions of reinforcement (MacKillop et al. 2009). Intensity is a
component of the Bamplitude^ dimension reflecting how
much of something is wanted, depicted on the y-axis of the
demand curve. In contrast, breakpoint is a component of the
Bpersistence^ dimension of the demand curve reflecting how
far an individual will go in terms of defending cigarette pur-
chasing against rising costs before the finally ceasing purchas-
ing cigarettes completely, depicted on the x-axis (MacKillop
et al. 2009). The fact that change in intensity predicted absti-
nence for a longer time than did breakpoint may indicate that
changes on the x-axis (persistence) of the demand curve when
quitting smoking are less clinically relevant than changes on
the y-axis (amplitude). Within the context of smoking cessa-
tion, it seems logical that greater likelihood of future absti-
nence would be associated with a larger decrease in intensity
(i.e., BI won’t smoke as much or as many cigarettes as I used
to (even if they are free)^) than breakpoint (i.e., BI won’t go as
far as I used to in order to smoke; I won’t persist with smoking
at high prices^).

It should be noted that the shrinking number of abstainers
20 (18%) on quit day, 15 (14%) at 1-month post-quit, and 11
(10%) at 3-month post-quit likely reduced the power to detect
effects on abstinence when dichotomously coded. Rates of
medication adherence decreased considerably over the course
of the study which likely contributed to low rates of abstinence
as has been show previously among smokers with SUD treat-
ed with NRT (Stein et al. 2006) and with VAR (Stein et al.
2013). While medication condition was not associated with
greater likelihood of abstinence, differences in abstinence de-
tected between the VAR (15%) and NRT (4%) conditions at 3-
month follow-up just missed the threshold for statistical sig-
nificance in this secondary analysis of a subset; VAR was
associated with significantly greater likelihood of abstinence
at 3 months in the larger parent trial (Rohsenow et al. in press).
Therefore, the combined effects of low levels of medication
adherence contributing to reduced rates of abstinence with
increased outcome variance likely attributable to VAR effects
over time makes the decreased associations between demand
and abstinence outcomes not surprising.

Contrary to prediction, pretreatment levels of demand did
not predict subsequent abstinence at any time point. Much of
the research examining the predictive validity of the CPT on
smoking abstinence more generally has relied on baseline as-
sessment of cigarette demand for prediction and results have
been inconsistent and specific to population and intervention
(MacKillop et al. 2016; Secades-Villa et al. 2016), possibly
because demand was not reassessed after treatment was initi-
ated. Many changes can result in treatment that would affect
outcomes. A novel aspect of this study is that it examined
whether changes in demand during the initial week of treat-
ment predicted abstinence. Findings suggest that the degree to
which demand is reduced initially, rather than absolute levels
of demand at baseline, may play an important role in early
success with abstaining from smoking. This is consistent with
other research of smokers with SUD that found that increased
elasticity during the initial week of treatment, but not baseline
demand, predicted smoking cessation (Madden and Kalman
2010).

Strengths and limitations

The strengths of this study included its use of an at-risk
group of smokers, its prospective double-blind double-
placebo design for medication assignment, its use of bio-
chemically verified measures of abstinence from smoking,
and its repeated administration of the CPT at baseline and
quit day. This approach served to overcome previously
reported limitations related to assessing demand only at
baseline (Secades-Villa et al. 2016). Measuring demand
for cigarettes at more than one time point permits greater
understanding of the ways demand changes during the
process of quitting smoking and the ways that these
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changes may impact subsequent smoking outcomes.
Nonetheless, the use of a population of smokers with
SUD, a group known to have particular difficulty quitting
(Prochaska et al. 2004; Richter et al. 2002), combined
with participants not being treatment-seeking, and de-
creased medication adherence over time, resulted in low
rates of abstinence in this study and reduced prediction
power. Similarly, participants were smokers with SUD
from one urban setting and less racially diverse than those
from public substance treatment facilities nationally
(National Institute on Drug Abuse 2011). Finally, as this
study included two active medication conditions plus
smoking cessation counseling, it is impossible to deter-
mine whether the reductions in demand reported by par-
ticipants across conditions were a function of taking med-
ication more generally or whether these effects would
have been present in the absence of either medication
and were due to counseling, the provision of cessation
resources, or some other aspect of the quitting process.
As both conditions received manualized brief advice, it
is impossible to know the effects of the medication in
the absence of counseling and counseling may have con-
tributed to the reduction in demand observed.

Conclusions

Behavioral economic methodology has been used extensively
as a way to better understand why certain populations are
more vulnerable to the reinforcing efficacy of drugs of abuse
and possible mechanistic effects of pharmacotherapy (Hursh
and Silberberg 2008). The data from the present study indi-
cated that there was a reduction in intensity of demand and
breakpoint from baseline to quit day among smokers with
SUD. This reduction was comparable across medications
and did not suggest beneficial effects of VAR relative to
NRT in reducing the value of cigarettes. While pretreatment
demand did not predict subsequent abstinence, changes in
demand, particularly intensity of demand, secondary to initial
medication use, predicted short-term abstinence. Thus, chang-
es in behavioral economic indices were predictive of early
smoking abstinence. Future studies might consider investigat-
ing demand throughout treatment to better understand how
cessation affects demand and whether those changes are asso-
ciated with long-term quitting.
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