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Abstract

Background and Aims—Prior studies by our group demonstrated the efficacy of a brief but 

intensive behavioral intervention for producing initial smoking abstinence among opioid-

dependent patients. In the present study, our aim was to promote longer-duration abstinence in this 

population. Following an initial 2-week incentive intervention for smoking abstinence, we 

examined whether a 10-week maintenance arm involving continuation of contingent reinforcement 

will produce greater smoking abstinence than a similar duration of noncontingent reinforcement.

Design—Randomized, 12-week, parallel-group study.

Setting—Outpatient research clinic in Burlington, Vermont, USA.

Participants—Opioid-maintained smokers (n = 88) who provided breath carbon monoxide and 

urinary cotinine specimens and received contingent reinforcement for smoking abstinence during 

Weeks 1-2 (Phase 1), with 63 randomized on Day 14 to an Extended Contingent (EC; n = 31) or 

Extended Noncontingent (EN; n = 32) experimental condition for Weeks 3-12 (Phase 2).

Intervention and control—The EC condition consisted of voucher values that escalated across 

consecutive negative samples until they reached $30, after which they remained at $30 per 

negative sample. A positive or a missing sample resulted in no vouchers for that day and resent the 

value of the next negative same to $9. Two consecutive negatives returned the schedule to the pre-

reset value. The EN control condition consisted of vouchers delivered for providing scheduled 

samples but independent of smoking status.

Measurements—The primary outcome was percentage of biochemically-abstinent samples 

during Phase 2. Secondary measures included abstinence status at final study visit, complete 
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abstinence, participants' longest duration of continuous abstinence, cotinine and CO levels and 

self-reported cigarettes per day.

Findings—EC participants achieved greater smoking abstinence during Phase 2 than EN 

participants (46.7% vs. 23.5% negative samples, respectively; OR=2.98, 95% CI: 1.16-7.65, 

X2
1=5.0, p=0.02). When longest duration of continuous abstinence was compared between 

experimental groups, EC participants achieved twice the mean duration of continuous abstinence 

compared with EN participants (3.31 vs. 1.68 weeks; t61=1.83, p=0.07). An effect of experimental 

condition was also seen on mean cotinine levels (42.5 vs. 210.6 ng/ml, respectively; F1,61=5.9, 

p=0.02).

Conclusions—Among opioid-maintained smokers receiving an initial period of daily contingent 

incentives, a contingent reinforcement intervention appears to be more effective at extending 

smoking abstinence than non-contingent reinforcement over 10 weeks.
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INTRODUCTION

Maintenance therapy with opioid agonists represents the most widely used and efficacious 

treatment for opioid dependence (1–3). Despite the efficacy of methadone and 

buprenorphine treatment in reducing illicit opioid use, concurrent use of other substances 

remains a significant problem among some patients (4). One of the most virulent forms of 

other substance abuse is cigarette smoking, perhaps due to a pharmacological interaction 

between opioids and nicotine whereby opioids may increase the reinforcing effects of 

cigarettes (5–10). Indeed, 80–90% of opioid-dependent patients smoke cigarettes (11–14), in 

striking contrast to 18% in the general U.S. adult population (15). Finally, as with the 

general population, smoking in opioid-dependent individuals is associated with substantial 

morbidity and mortality (16, 17).

Most opioid-maintained patients are aware of the serious health risks associated with 

smoking, express interest in quitting and desire assistance with smoking cessation (11, 14, 

18–22). In one survey, for example, methadone-maintained patients rated smoking cessation 

as one of the most important services needed during their methadone treatment (18). Despite 

this, there have been relatively few scientific efforts to develop smoking interventions for 

opioid-maintained smokers. In the limited studies to date investigating the efficacy of 

pharmacotherapies in this population, outcomes have been modest (9, 23–29). The 

feasibility of using behavioral interventions, wherein patients earn tangible incentives 

contingent on smoking abstinence, has also been investigated (30–33). However, while some 

of those studies suggested that opioid-maintained smokers may be sensitive to incentive-

based treatments, sustained abstinence was generally low and the overall modest outcomes 

led researchers to suggest that opioid patients may not respond to incentive interventions for 

smoking cessation (31, 34).
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We have been programmatically developing and evaluating the efficacy of a behavioral 

intervention designed to maximize patients' success in smoking cessation. This treatment 

includes more rigorous biochemical monitoring, frequent clinical contact and greater 

magnitudes of abstinence-contingent financial incentives than were used in prior studies 

(35). These parameters are crucial determinants of the efficacy of behavioral-economic 

interventions and thus we sought to leverage them here with this group of recalcitrant 

smokers (36–40).

In our initial studies, our aim was to maximize the percentage of smokers who achieved 

abstinence during the first two weeks following their quit date, as abstinence during this 

period is associated with longer-term outcomes (41–45). We developed a brief but intensive 

2-week intervention wherein participants reviewed with staff a National Cancer Institute 

booklet on quitting smoking (46), set a quit date, visited the clinic daily thereafter and 

earned voucher-based incentives contingent upon biochemically-verified smoking 

abstinence. In two randomized trials, methadone- or buprenorphine-maintained patients 

were randomized to receive a Contingent incentive condition or a Noncontingent control 

condition wherein they received incentives independent of smoking status (47, 48). In both 

studies, Contingent participants achieved significantly more smoking abstinence than 

Noncontingent (55% vs. 5–17%, respectively), as well as longer durations of continuous 

abstinence (6.3–7.7 vs. 0.6–2.4 days, respectively).

Our next step in this line of research is to learn more about how to maintain the smoking 

abstinence achieved in the initial two weeks of the intervention. There is tremendous need 

for interventions that will produce sustained smoking abstinence among opioid-maintained 

patients. While having procedures to promote initial abstinence is a necessary step in 

developing an efficacious intervention to promote longer-term abstinence, we do not 

consider initial abstinence to be sufficient in and of itself. Thus, in the present randomized 

trial, smokers received an initial 2-week incentive intervention for smoking abstinence, after 

which we examined whether a 10-week maintenance arm involving continuation of 

contingent reinforcement will produce greater smoking abstinence than a similar duration of 

noncontingent reinforcement.

METHODS

Participants

This randomized, parallel-group study was conducted in an outpatient research clinic in 

Burlington, Vermont. Opioid-maintained adults were recruited via flyers distributed to 

treatment providers between April 2009 and March 2013. Eligible participants had to be 18–

65 years of age, report smoking ≥10 cigarettes per day for ≥ 1 year, be interested in cessation 

and be stable in methadone or buprenorphine treatment (i.e., no dose change or significant 

illicit drug use in the past month). Confirmation of participants' dose and urinalysis results 

were obtained from their treatment provider. Those who were pregnant or nursing or those 

with severe mental illness were not eligible and were referred to other smoking cessation 

resources in the community. The study was approved by the University of Vermont 

Institutional Review Board and participants provided informed consent to participate.
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Intake

Participants completed self- and experimenter-administered instruments at intake, including 

a Smoking History and Demographic Questionnaire, the Addiction Severity Index (ASI; 49), 

Fagerström Test for Nicotine Dependence (FTND; 50, 51), Minnesota Nicotine Withdrawal 

Questionnaire (MNWQ; 52), Nicotine Dependence Syndrome Scale (53) and the 

Questionnaire of Smoking Urges (QSU; 54), and Michigan Alcoholism Screening Test 

(MAST; 55). A modified version of the Time-Line Followback (56) was used to evaluate 

past 30-day smoking, alcohol use, any use of smoking pharmacotherapies, and any changes 

in opioid maintenance dose. Psychological symptoms were assessed via the Beck 

Depression Inventory (BDI-II; 57), Beck Anxiety Inventory (BAI; 58) and the Brief 

Symptom Inventory (BSI; 59). Participants provided breath carbon monoxide (CO) and 

urine cotinine samples and were compensated $35 for completing the intake.

Pharmacotherapy

All participants were offered bupropion (Zyban®) as an optional pharmacotherapy for use 

during the study. Bupropion is a non-nicotinic, first-line medication for smoking cessation 

(60, 61). At intake, staff reviewed bupropion information with the participant and assessed 

their interest using a single-item question: “Are you interested in receiving bupropion 

(Zyban®) to help you quit smoking during this study?” (Yes/No). Interested participants 

completed a medical history and met with the study physician. Upon approval, they began 

bupropion therapy according to manufacturer guidelines (GlaxoSmithKline Zyban®). A 

one-week lead-in period was used for stabilization on the medication before participants' 

quit date, during which they ingested one 150 mg tablet for the first 3 days and two 150 mg 

tablets daily thereafter. Observation of ingestion took place thrice-weekly during this initial 

week (Monday, Wednesday, Friday) and at each study visit thereafter, with the morning dose 

observed and evening dose taken at home (and both doses taken at home on non-visit days). 

Participants were provided with sufficient doses to last until their next visit. Research staff 

monitored medication adherence as well as any side effects.

Phase 1 study procedures

Procedures during Weeks 1-2 (Phase 1) were identical for all participants and are consistent 

with our prior randomized studies (47, 48). After reviewing the National Cancer Institute's 

smoking cessation pamphlet (46), participants were assisted in identifying either the 

upcoming or following Monday as their “quit date”, which served as the first day of the 

abstinence-monitoring period. Beginning on the quit date, participants visited the clinic daily 

for two weeks and provided a CO and cotinine sample at each visit. CO was assessed via 

handheld monitors (Bedfont EC50 Smokerlyzer, Bedfont Scientific Ltd., Kent, England) and 

cotinine via an on-site enzyme multiplied immunoassay test with a semi-quantitative 

cotinine assay on an MGC240 machine (Microgenics, Fremont CA). Abstinence on Days 

1-5 was defined as CO ≤ 6ppm; on Days 6–14, as cotinine ≤ 80ng/ml. CO was used early in 

the intervention to allow us to reinforce initial smoking abstinence, and the cotinine measure 

was used later to provide a more sensitive test likely to detect even low levels of ongoing 

smoking. This method of transitioning from CO to cotinine for monitoring of smoking status 

has been shown to be effective for promoting smoking abstinence in prior studies (47, 48). 
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All participants earned voucher-based incentives contingent upon smoking abstinence, using 

the schedule of reinforcement described previously (47, 48). Briefly, the first negative 

sample earned $9.00, and values escalated by $1.50 with each subsequent negative sample 

for a maximum possible of $362.50. A positive or a missing sample resulted in no vouchers 

for that day and reset the value of the next negative sample to the initial $9.00. However, to 

encourage abstinence following a relapse, two consecutive negatives returned the schedule to 

the pre-reset value.

At each visit, self-report measures of withdrawal and craving were completed using the 

MNWQ and the Questionnaire of Smoking Urges-Brief Version (QSU-B; 62). Staff also 

monitored any recent smoking, use of nicotine replacement, bupropion or other smoking 

pharmacotherapies, any alcohol use, as well as any changes in methadone or buprenorphine 

dose using a Time-Line Followback questionnaire.

Phase 2 randomization

On Day 14, participants were randomly assigned by research staff using a minimization 

allocation procedure to one of two experimental conditions: (1) an Extended Contingent 

(EC) condition or (2) an Extended Noncontingent (EN) condition (63). Participant 

characteristics used to balance the randomization included opioid maintenance drug 

(methadone, buprenorphine), maintenance dose (≤ 100mg methadone/ ≤8mg buprenorphine, 

> 100mg methadone/ > 8mg buprenorphine), abstinence during Phase 1 (< 50%, ≥ 50% 

negative samples), use of bupropion (yes, no) and whether the participant had participated in 

a prior smoking study (yes, no).

Phase 2 study procedures

During Weeks 3-12 (Phase 2), abstinence was defined as cotinine ≤ 80ng/ml. The schedule 

of visits during Phase 2 was identical for both groups (i.e., daily during Weeks 1-2, thrice-

weekly in Weeks 3–5, twice-weekly in Weeks 6–8, once-weekly in Weeks 9–12).

Extended Contingent—EC participants received 10 additional weeks of abstinence 

reinforcement during Weeks 3-12. Voucher values continued to escalate across consecutive 

negative samples until they reached $30, after which they remained at $30 per negative 

sample. The reset component remained in place throughout Phase 2. EC participants could 

earn a maximum of $570 during Phase 2 if they remained completely abstinent.

Extended Noncontingent—EN participants received 10 weeks of noncontingent 

reinforcement during Weeks 3-12, with vouchers delivered for providing scheduled samples 

but independent of smoking status. Earnings were yoked to the mean earnings of the EC 

group ($353.40), with the aim of producing a comparable amount of clinical contact and 

resources between groups. Earnings at each study visit ranged from $0 to $50 and were 

randomly determined by a computer program developed by us. Participants were told that 

they would receive vouchers independent of their smoking results and were not informed of 

their yoked status. To further emphasize that voucher delivery was not linked to smoking 

status, vouchers were provided prior to collection of biochemical samples. All other aspects 
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of the study were identical across the two groups (e.g., frequency of visits, monitoring of 

smoking, data collection, protocol for spending vouchers).

Outcome measures and data analysis

The primary outcome measure was the percentage of biochemically-confirmed abstinent 

samples during Phase 2. Secondary measures included abstinence status at final visit, 

complete abstinence during Phase 2, participants' longest duration of continuous abstinence 

during Phase 2, cotinine and CO levels, and self-reported cigarettes per day. Experimental 

groups were compared on baseline demographic, opioid and smoking characteristics using 

two-sample t-tests, Wilcoxon rank sum tests, and chi-square tests. Primary analyses included 

all subjects randomized independent of early dropout and noncompliance, consistent with an 

intent-to-treat approach to clinical trials. Missing samples were considered positive. Logistic 

regression based on generalized estimating equations was used to compare the percentage of 

abstinent samples during Phase 2 between groups. The model included variables 

representing group, visit and their interaction, which were tested with a Wald chi-square. If 

the interaction was not significant, a main effect model was used to obtain an estimated odds 

ratio for group independent of visit. Participants' longest duration of continuous abstinence 

was compared across groups using a two-sample t-test, and dichotomous outcomes were 

compared using chi-square tests. Repeated measures analyses of variance were used to 

compare groups across study visits on cotinine and CO levels and self-reported cigarette use. 

Because the distribution of cotinine values was heavily skewed, data were log transformed 

prior to analysis and corresponding means represent geometric means. F-tests corresponding 

to simple effects were used to compare groups at each study visit and chi-square tests were 

used to compare groups on dichotomous outcomes. Statistical significance was determined 

based on α=.05 with all analyses performed using SAS statistical software Version 9.3 (SAS 

Institute, Cary, NC). The study had estimated power of 0.80 to detect an odds ratio of 

approximately 3.75 when comparing the EC and EN conditions in overall abstinence in 

Phase 2.

RESULTS

Participants

Eighty-eight participants were enrolled into Phase 1 of the study, with 63 randomized to EC 

(n=31) or EN (n=32) experimental groups in Phase 2 (Figure 1). There were no significant 

differences between groups on baseline demographic, opioid or smoking characteristics 

(Table 1).

Smoking abstinence

During Phase 1 (Visits 1–14) when all participants received incentives contingent upon 

abstinence, 74.5% of samples were smoking negative and 61.9% of patients were smoking-

negative at Visit 14 (Figure 2). There were no differences between groups on any abstinence 

measure during this pre-randomization phase, including percent of participants abstinent at 

the last Phase 1 visit (p=0.92), overall amount of abstinence during Phase 1 (p=0.77) or 

longest duration of continuous abstinence (p=0.95).
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During Phase 2 (Visits 15–33), there was a significant difference between groups on total 

abstinence, with 46.7% vs. 23.5% smoking-negative samples in the EC and EN groups, 

respectively (OR=2.98, 95% CI: 1.16-7.65, X2
1=5.0, p=0.02). Percent of participants 

abstinent at each visit is shown in Figure 2. There was no evidence that the difference 

between groups was dependent on study visit (X2
18=16.3, p=0.57). At the final study visit 

(Visit 33), 35.5% and 15.6% of EC and EN participants were abstinent, respectively 

(X2
1=3.27, p=.07). When longest duration of continuous abstinence was compared between 

experimental groups, EC participants achieved twice the mean duration of continuous 

abstinence compared to EN participants (3.31 vs. 1.68 weeks; t61=1.83, p=0.07). Finally, 

complete abstinence across all 19 visits in Phase 2 was relatively rare and did not differ 

between groups (22.6% and 12.5% for EC vs. EN groups, respectively; X2
1=1.11, p=0.29).

For the subgroup of participants who were abstinent at the end of Phase 1 (EC n=19; EN 

n=20), mean longest duration of continuous abstinence during Phase 2 was 5.47 and 2.85 

weeks for EC and EN participants, respectively (t37=2.0, p=0.05), with 37% (EC) and 20% 

(EN) achieving complete abstinence throughout the entire 10 weeks (X2
1=1.36, p=0.24).

Biochemical and self-report measures of smoking

During Phase 1, mean urinary cotinine levels were 38.6 ng/ml for the overall group. Mean 

cotinine values across visits are shown in Figure 3. During Phase 2, there was a significant 

difference between groups (F1,61=5.9, p=0.02), with mean cotinine levels of 42.5 vs. 210.6 

ng/ml in the EC and EN groups, respectively. There was no statistical evidence that the 

group difference was dependent on study day (F18,916=1.09, p=0.36), though it did take 

several days for cotinine values in the groups to diverge.

During Phase 1, mean CO levels were 1.62 ppm for the overall group. During Phase 2, COs 

(collapsed across study visits) were 3.53 and 5.51 ppm in the EC and EN groups, 

respectively. The difference between groups was not significant (F1,61=2.9, p=0.10) and 

there was no evidence of a group by day interaction (F18,916=0.54, p=0.94). However, there 

was a significant difference at end of study (Visit 33), with COs significantly lower in the 

EC vs. EN group (5.30 vs. 8.45 ppm, respectively; F1,916=5.09, p=0.02).

During Phase 1, participants reported smoking 1.18±0.37 cigarettes per day. During Phase 2, 

differences between experimental groups in self-reported number of cigarettes smoked per 

day varied across study visits (F65,3513=1.35, p=0.03 for group by visit interaction). EC 

participants reported smoking significantly fewer cigarettes per day than EN participants on 

26 of the 66 study days in Phase 2, generally during the first month following randomization 

(p's<.05).

Effect of bupropion

At the time of randomization, there were no differences between EC and EN groups in the 

percent of individuals using bupropion (29% vs. 34%, respectively, X2
1=0.21, p=0.65). 

Furthermore, there was no significant difference in smoking abstinence between subjects 

using versus not using bupropion during Phase 1 (X2
1=0.16, p=0.69) or Phase 2 (X2

1=2.52, 

p=0.11) with estimated odds ratios of 0.82 (95% CI: 0.32 –2.14) and 0.41 (95% CI: 0.14–

1.43), respectively.
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DISCUSSION

We sought to evaluate whether continued reinforcement is necessary for promoting extended 

smoking abstinence following an initial brief but efficacious behavioral intervention with 

opioid-dependent smokers. In Phase 1, participants achieved high levels of abstinence, with 

61.9% smoking abstinent at the end of Week 2. These findings replicate the amounts of 

initial abstinence (approximately 55%) seen in our prior incentive studies with opioid-

dependent smokers and provide additional evidence that methadone- and buprenorphine-

maintained patients are sensitive to incentive interventions for smoking (47, 48).

In Phase 2, the experimental groups quickly diverged following randomization, with 

participants assigned to the EC condition achieving significantly more smoking abstinence 

during Weeks 3-12 than those in the EN condition (i.e., 46.7% and 23.5% abstinent samples, 

respectively). These data support the use of ongoing, intermittent reinforcement to promote 

extended smoking abstinence. They also compare favorably to prior studies using 

abstinence-contingent incentives to promote smoking cessation among opioid-maintained 

patients which have generally shown modest treatment effects (30–33). Several 

methodological details may account for these differences. First, we used a rigorous 

monitoring procedure, involving frequent collection of biochemical samples and a CO-to-

cotinine transition, that permitted detection of ongoing smoking and minimized delay in 

reinforcing recent abstinence when it occurred. In contrast, prior incentive interventions 

have generally relied on a lower frequency of testing (2–3 times per week) or high CO 

cutoffs (8–10 ppm), both of which can permit low levels of smoking to go undetected and 

undermine future abstinence (31–33). Second, participants in the present study could earn an 

average of $77.70 in incentives per week, compared to the relatively low magnitude of 

voucher earnings in prior studies ($10.00 – $37.29 per week; 31–33). Magnitude of 

reinforcement is a crucial determinant of incentive intervention efficacy, with larger 

magnitudes associated with more favorable outcomes (36–40). Finally, participants were 

required to be stable in their current opioid treatment, with no significant changes in opioid 

dose or illicit drug use in the past month. While one prior study did limit enrollment to 

patients who were abstinent from illicit drug use (31), none required participants to be stable 

on their opioid dose and one even involved concurrent initiation of opioid-maintenance 

treatment and the smoking cessation attempt (30). Clinical stability is likely important to 

consider when undertaking smoking cessation with a patient in opioid treatment, as changes 

in opioid dose may influence the number of cigarettes smoked (5, 7, 64, 65), and ongoing 

illicit opiate or cocaine use can increase smoking rates (5–7, 66–68). As a result, 61.9% of 

our participants were abstinent at the end of Week 2, compared to 6–12% in a prior 12-week 

incentive intervention (33).

It is also worth noting that participants randomized to the EN control condition provided 

23.5% smoking-negative samples during Phase 2, and 16% were biochemically-verified as 

abstinent at the final study visit. This exceeds the near-zero abstinence rates typically seen in 

noncontingent or other control conditions. These data suggest that some beneficial effects of 

an initial, albeit brief, exposure to abstinence-contingent incentives may persist, even when 

followed by 10 weeks of noncontingent control condition. This is consistent with prior 
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studies suggesting a dose-dependent relationship between duration of abstinence and later 

outcomes (76).

There was no significant effect of bupropion in the present study, consistent with prior 

studies showing no robust contribution of bupropion or other pharmacotherapies in opioid-

maintained smokers (23, 27, 29, 30, 48). In the only randomized trial to date of bupropion 

for smoking cessation among opioid-maintained smokers, for example, there were no 

differences in abstinence, with only 13.7% and 11.4% of patients receiving bupropion and 

placebo smoking-abstinent during the 10-week study, respectively (30). However, the 

primary aim of this study was to evaluate the efficacy of the behavioral intervention; thus, 

we did not include random assignment to medication group, pharmacotherapy was optional, 

and there was no double-blind medication administration or placebo comparison group. As 

prior studies have suggested that a self-selection bias may exist among smokers who elect to 

take a smoking pharmacotherapy (69, 70), caution must be taken when interpreting 

bupropion outcomes in this trial. However, at least under the present experimental 

conditions, we found no significant benefit of adding bupropion to an intensive behavioral 

intervention for smoking cessation in opioid-maintained smokers.

Several potential limitations of this study should be noted. First, participants were required 

to be stable in their opioid treatment in order to participate. While this may limit the 

generality of our findings, we do not believe it is excessively limiting as many opioid-

maintained patients achieve prolonged stability and it is this subset of patients who are likely 

the best candidates for a smoking intervention during treatment. Second, the costs associated 

with offering financial incentives of a sufficient magnitude and duration to produce lasting 

behavior change could limit the large-scale dissemination. However, several observations are 

worth noting on this point. Whereas monetary incentives are among the most highly valued 

rewards, opioid clinics are uniquely positioned to leverage other naturally occurring, 

relatively low-cost clinic privileges to promote positive behavior change (e.g., medication 

take-home doses, scheduling flexibility, fee rebates; 71, 72). Considering the high smoking 

rates, poor treatment response and public health costs associated with smoking among 

opioid-dependent patients, there is potential for using Medicaid or other funds as incentives 

for cessation (73, 74). Also important to remember is that the costs of incentive interventions 

are proportional to the degree of behavior change they produce, with higher costs when the 

intervention produces the desired results (which are accompanied by health-related 

improvements and net savings) and reduced costs when the individual fails to respond. 

Finally, the differences between experimental conditions in complete abstinence were less 

robust than was seen with overall abstinence. That is, while the EC intervention doubled 

amounts of continuous abstinence achieved during Phase 2, the majority of participants did 

not achieve complete abstinence during this period. While increasing overall amounts of 

abstinence is an important step towards achieving longer-term success, prolonged durations 

of complete abstinence are ideal and should be the aim of future research efforts.

The present study demonstrates the efficacy of incentive interventions in promoting 

extended periods of smoking abstinence among opioid-dependent smokers. While future 

efforts should further explore innovative ways to implement incentive treatments over 

extended durations, results from this randomized trial support the potential of extended-
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duration incentives as a tool to promote clinically relevant durations of smoking abstinence 

in this challenging population.
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Figure 1. 
CONSORT profile of the randomized 12-week trial of Extended Contingent vs. Extended 

Noncontingent experimental conditions in promoting smoking abstinence among opioid-

maintained patients.
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Figure 2. 
Percent of participants abstinent as a function of intake (Visit 0) and subsequent study visits 

(Visits 1–33). During Phase 1, participants provided breath CO and urinary cotinine 

specimens daily and earned voucher-based incentives contingent on smoking abstinence. 

During Phase 2, participants were randomized to either a group that continued to receive 

abstinent-contingent incentives (Extended Contingent) or a group that received incentives 

independent of smoking status (Extended Noncontingent). Abstinence at Study Visits 1-5 

was defined as a breath CO ≤ 6ppm; starting at Visit 6, it was defined using the more 

sensitive measure of urine cotinine ≤ 80ng/ml and this remained in place for the remainder 

of the study. Data are presented for Extended Contingent (filled symbols) and Extended 

Noncontingent (open symbols) groups, with asterisks indicating a significant difference 

between experimental conditions at that study visit.
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Figure 3. 
Mean urine cotinine values (ng/ml) as a function of study visit. Data are presented for 

Extended Contingent (filled symbols) and Extended Noncontingent (open symbols) groups, 

with asterisks indicating a significant difference between experimental conditions at that 

study visit. Error bars represent SEM.
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