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Abstract
Prevalence of cigarette smoking among opioid-maintained patients is more than threefold that of
the general population and associated with increased morbidity and mortality. Relatively few
studies have evaluated smoking interventions in this population. The purpose of the present study
was to examine the efficacy of contingency management for promoting initial smoking abstinence.
Forty methadone- or buprenorphine-maintained cigarette smokers were randomly assigned to a
contingent (n = 20) or noncontingent (n = 20) experimental group and visited the clinic for 14
consecutive days. Contingent participants received vouchers based on breath carbon monoxide
levels during Study Days 1 to 5 and urinary cotinine levels during Days 6 to 14. Voucher earnings
began at $9.00 and increased by $1.50 with each subsequent negative sample for maximum
possible of $362.50. Noncontingent participants earned vouchers independent of smoking status.
Although not a primary focus, participants who were interested and medically eligible could also
receive bupropion (Zyban). Contingent participants achieved significantly more initial smoking
abstinence, as evidenced by a greater percentage of smoking-negative samples (55% vs. 17%) and
longer duration of continuous abstinence (7.7 vs. 2.4 days) during the 2 week quit attempt than
noncontingent participants, respectively. Bupropion did not significantly influence abstinence
outcomes. Results from this randomized clinical trial support the efficacy of contingency
management interventions in promoting initial smoking abstinence in this challenging population.
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Prevalence rates of cigarette smoking among methadone-maintained (MM) patients range
from 84 to 94% (Clemmey, Brooner, Chutuape, Kidorf, & Stitzer, 1997; Nahvi, Richter, Li,
Modali, & Arnsten, 2006; Richter, Gibson, Ahluwalia, & Schmelzle, 2001) compared to
approximately 25% in the general U.S. adult population (Centers for Disease Control, 2005;
Substance Abuse and Mental Health Services Administration, 2007). Smoking among MM
patients is associated with smoking-related morbidity and mortality (Engstrom, Adamsson,
Allebeck, & Rydberg, 1991; Hser, McCarthy, & Anglin, 1994). For example, the mortality
rate of opioid-dependent smokers is fourfold greater than that of opioid-dependent
nonsmokers (Hser et al., 1994), and individuals who abuse alcohol and other drugs are more
likely to die of problems related to tobacco than other drug use (Hurt et al., 1996).

Many MM patients report a desire to quit smoking (Clark, Stein, McGarry, & Gogineni,
2001; Clemmey et al., 1997; Frosch, Shoptaw, Jarvik, Rawson, & Ling, 1998; Kozlowski,
Skinner, Kent, & Pope, 1989; Richter et al., 2001; Sees & Clark, 1993). For example, 50%
of MM patients report making at least one serious attempt to quit smoking in the past year
(Nahvi et al., 2006) and 75% express interest in a smoking-cessation program if it were
offered by their clinic (Richter et al., 2001). Further, MM and other opioid-substitution
treatment modalities, such as office-based buprenorphine treatment, may be uniquely suited
for implementing smoking-cessation interventions (Reid et al., 2007). Many patients become
stable in treatment, achieve prolonged periods of abstinence from illicit drug use, and remain
engaged in treatment for extended periods of time. This combination of frequent and
extended contact and clinical stability could offer an ideal setting in which to implement a
smoking-cessation intervention. In addition, MM clinics generally adhere to a relatively
uniform set of state and federal regulations. As such, a successful smoking-cessation
intervention developed within the context of an MM program could have significant
potential for dissemination to other clinics throughout the country.

Of the relatively few scientific efforts to develop smoking-cessation interventions for
opioid-maintained patients, most have used pharmacotherapy or behavioral interventions.
The four studies that administered pharmacotherapies for smoking abstinence reported
generally modest outcomes (Reid et al., 2008; Richter, McCool, Catley, Hall, & Ahuwalia,
2005; Stein et al., 2006; Story & Stark, 1991). Five studies have examined contingency
management (CM) to promote smoking abstinence among MM patients (Dunn, Sigmon,
Thomas, Heil, & Higgins, 2008; Mooney et al., 2008; Schmitz, Rhoades, & Grabowski,
1995; Shoptaw, Jarvik, Ling, & Rawson, 1996; Shoptaw et al., 2002). CM is a behavioral
approach where patients earn tangible incentives contingent on providing evidence of
behavior change and has shown promise in reducing smoking among nondrug using
populations (see Sigmon, Lamb, & Dallery, 2008, for a recent review). Thus far, results of
CM smoking interventions in opioid-maintained patients have been modest. Although some
evidence of potential efficacy exists (Shoptaw et al., 1996; Shoptaw et al., 2002), other
studies have reported no effects (Mooney et al., 2008; Schmitz et al., 1995). It is possible the
modest outcomes were related to the relatively low frequency of testing (e.g., 2 to 5 times
per week) or relatively high carbon monoxide (CO) cutoffs (8 to 10 ppm) often employed in
these studies, which may have permitted low-level smoking to go undetected. In addition,
these studies provided relatively low magnitude of weekly voucher earnings ($10.00 to
$37.29). Notably, larger magnitude incentives and more frequent urinalysis monitoring have
been associated with more favorable drug abstinence outcomes within CM interventions
(Griffith, Rowan-Szal, Roark, & Simpson, 2000; Lussier, Heil, Mongeon, Badger, &
Higgins, 2006).

Dunn et al. (2008) recently conducted a pilot study that sought to increase the frequency and
sensitivity of abstinence monitoring, and to increase the magnitude of voucher earnings, in
an attempt to determine whether initial smoking abstinence could be achieved within a
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population of opioid-maintained smokers. Participants in that study (n = 20) were randomly
assigned to a contingent or noncontingent group and attended the study daily for 14
consecutive days. Breath CO and urinary cotinine (a nicotine metabolite) samples were
collected daily. Contingent participants earned voucher-based incentives (maximum possible
of $362.50) for meeting abstinence criteria and noncontingent participants could receive a
similar amount of vouchers independent of smoking status. Contingent participants achieved
significantly more smoking abstinence than noncontingent participants, as evidenced by
more smoking-negative samples (55% vs. 5%) and longer durations of continuous smoking
abstinence (6.3 vs. 0.6 days), respectively. Similar findings were evident across all measures
of smoking, including breath CO levels, urine cotinine levels, and self-reported number of
cigarettes smoked. Data from this pilot study provided initial support for the efficacy of a
brief yet intensive CM intervention in producing initial smoking abstinence among MM
patients.

In the present study, we sought to replicate and extend those initial results. The method were
generally similar to those used in the pilot. As in the pilot, our goal was to examine the
possibility of promoting initial smoking abstinence in opioid-maintained smokers during a
2-week period, as smoking abstinence during the first 2 weeks of a quit attempt have been
shown to robustly predict long-term outcomes (Frosch, Nahom, & Shoptaw, 2002; Gourlay,
Forbes, Marriner, Pethica, & McNeil, 1994; Kenford et al., 1994; Yudkin, Jones, Lancaster,
& Fowler, 1996). For example, one study that examined predictors of abstinence following a
7-week nicotine patch administration reported smoking status during the first 2 weeks of the
intervention was the most robust predictor of abstinence at a 6-month follow-up (Kenford et
al., 1994). A second study evaluated predictors of smoking abstinence among MM patients
enrolled in a 12-week smoking cessation treatment and found that smoking abstinence
during the second and third weeks of treatment was predictive of longer term cessation
(Frosch et al., 2002). Therefore, although it was not expected that a 14-day intervention
would likely be sufficient to promote extended smoking abstinence, this study represented a
necessary first step toward achieving the initial abstinence that could then be sustained with
a longer duration intervention.

Several differences between this trial and the pilot study should also be noted. First, the
present study involved a larger sample size (i.e., 40 vs. 20 randomized smokers). Second,
both methadone- and buprenorphine-maintained patients were recruited to participate. As of
yet, there has been only one study that examined smoking abstinence among buprenorphine
patients (Mooney et al., 2008). Buprenorphine can be prescribed directly by primary care
physicians and represents a new and important modality for treating opioid dependence.
Finally, participants who were interested and medically eligible were offered bupropion
(Zyban). Although the primary focus of this research was the behavioral intervention,
pharmacotherapies such as nicotine replacement therapies and bupropion are considered
first-line treatments for smoking (Fiore, Bailey, & Cohen, 2000; U.S. Public Health Service,
2003) and are used by 45.5% of smokers trying to quit annually (Centers for Disease
Control, 2006). Considering the elevated rates of smoking and smoking-related illnesses, as
well as the history of modest outcomes in this challenging population, we felt it prudent to
include an optional pharmacotherapy that could be delivered in conjunction with the
behavioral intervention. Bupropion was chosen as the pharmacotherapy for this study as
nicotine replacement therapy (NRT) products would confound our use of cotinine for
biochemical verification of smoking abstinence. It is important to note that bupropion was
offered as an optional, rather than required, component of treatment, as mandating it would
likely have excluded as many as half of participants from the study due to lack of interest or
medical contraindications (Richter, Choi, & Alford, 2005; Vogt, Hall & Marteau, 2008).
The administration of bupropion only to interested and medically eligible participants also
reflects real-world conditions and increases the generality of these findings to a clinical
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setting. Finally, to preserve experimental control, bupropion use was included as a
stratification variable to ensure comparable distribution between experimental groups.
Overall, these procedures enabled us to offer an empirically supported ancillary
pharmacotherapy while not undermining our primary aim of evaluating the efficacy of the
behavioral intervention.

Method
Participants

Participants interested in smoking cessation were recruited from a local methadone clinic
and office-based buprenorphine providers via mailings and flyers. Eligible participants were
required to be 18 to 65 years old and report smoking ≥ 10 cigarettes a day for ≥ 1 year.
Because opioid and cocaine administration can increase smoking (Chait & Griffiths, 1984;
Mello, Lukas, & Mendelson, 1985; Mello, Mendelson, Sellers, & Kuehnle, 1980; Mutschler,
Stephen, Teoh, Mendelson, & Mello, 2002; Roll, Higgins, & Tidey, 1997), participants were
required to be on a stable methadone or buprenorphine dose and have a relatively low
occurrence of illicit drug use (≤ 30% samples testing positive for illicit drugs) for ≥ 30 days
preceding intake. Duration of time at dose and urinalysis results were obtained from the
treatment provider after obtaining written permission from the participant. Finally, because
marijuana use may confound breath CO readings, participants were required to provide a
marijuana-negative urine sample at intake. Participants who were pregnant or presented with
active severe mental illness (e.g., evidence of current suicidal thoughts, active
hallucinations) that might interfere with study comprehension and participation were
excluded. The study was approved by the IRB and all participants provided informed
consent to participate. Overall, 95 opioid-maintained patients expressed interest in the study
and completed a phone screening form; 33 were excluded due to an inability to confirm
opioid-treatment criteria (e.g., failed to sign a release form, n = 29, or physicians could not
be contacted, n = 4), 7 declined to participate and 15 were excluded from participating for
not meeting eligibility criteria.

Intake
Participants completed a wide range of self-report and experimenter-administered
instruments at intake. A semi-structured questionnaire was used to assess basic demographic
and smoking characteristics (e.g., age started smoking, average number of cigarettes/day,
time to first cigarette in the morning, number of previous quit attempts). Smoking
questionnaires included the Fagerström Test of Nicotine Dependence, a measure of nicotine
dependence (FTND; Fagerström & Schneider, 1989; Heatherton, Kozlowski, Frecker, &
Fagerström, 1991), the Minnesota Nicotine Withdrawal Questionnaire (MNWQ; Hughes &
Hatsukami, 1986), the Nicotine Dependence and Syndrome Scale (Shiffman, Waters, &
Hickcox, 2004), which yields a global dependence score as well as five subscales of nicotine
dependence (e.g., Drive, Priority, Tolerance, Continuity, and Stereotypy), and the
Questionnaire on Smoking Urges (QSU; Tiffany & Drobes, 1991), a two-factor measure of
craving that examines desire/intention to smoke and relief from negative affect, respectively.
General mental health was assessed using the Beck Depression Inventory (BDI-II; Beck &
Beck, 1972) and the Brief Symptom Inventory (BSI; Derogatis, 1993), and use of substances
other than nicotine was assessed using the Addiction Severity Index (ASI; McLellan et al.,
1985) and Michigan Alcoholism Screening Test (MAST; Selzer, 1971). Finally, breath CO
and urine samples were collected to determine baseline carbon monoxide and cotinine
levels. Participants were compensated $35 for completing the intake. Participants also
completed a subset of these questionnaires (BDI, BSI, MNWQ, NDSS, QSU) and received
$35 at the end of the intervention (e.g., Day 14) and at three follow-up assessments (e.g., 30,
60, 90 days).
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Eligible participants were randomly assigned to a contingent or noncontingent group and
received a copy of the National Cancer Society’s booklet “Clearing the Air Today”
(National Cancer Institute, 2003), which was reviewed with them by a staff member who
emphasized reasons to quit smoking, aspects of nicotine dependence, triggers for smoking
and how to manage cravings, tips for not smoking, and ways to manage symptoms of
nicotine withdrawal. Immediately following this brief educational session, the staff member
helped the participant establish a “quit date,” which was required to be within 7 days of
providing study consent. The quit-date represented the first day of the 14-day intervention
and was not rescheduled if the participant was positive for smoking on that day.

Study Details
Participants attended the study for 14 consecutive days. The smoking study was not
affiliated with any opioid-treatment program and participants’ opioid treatment was not
influenced by their status in the smoking cessation study. At each visit, they completed the
MNWQ and the Questionnaire of Smoking Urges-Brief Version (QSU-B; Cox, Tiffany, &
Christen, 2001), which is an abbreviated version of the QSU that also yields factors for
desire/intention to smoke and relief from negative affect, respectively. Also completed were
modified versions of the Time Line Follow-Back (Sobell, Sobell, Leo, & Cancilla, 1988) to
monitor cigarette use, changes in opioid-maintenance dose, any use of any NRT, and, for
those receiving pharmacotherapy as part of the study, ingestion of bupropion. Participants
also provided a breath CO sample, assessed using hand-held meters (Bedfont EC50
Smokerlyzer, Bedfont Scientific Ltd., Kent, England) and a urine sample that was tested for
the nicotine metabolite cotinine. Cotinine was measured immediately using an onsite
enzyme multiplied immunoassay test (EMIT) with a semiquantitative cotinine assay
(Microgenics, Fremont CA).

Although both CO and cotinine samples were collected daily, the abstinence criteria (e.g.,
either CO or cotinine) varied depending on study day. Smoking abstinence was defined as a
breath CO ≤ 6 ppm during Study Days 1 to 5 and a urine cotinine ≤ 80 ng/ml on Days 6 to
14. A brief note on this combination of criteria is warranted. Due to the relatively short half-
life of CO (2 to 3 hr), smokers can meet the 6 ppm abstinence criterion within 12 to 24 hr of
stopping smoking (Society for Research on Nicotine and Tobacco Subcommittee on
Biochemical Verification, 2002); however, the relatively long half-life of cotinine requires
several continuous days of abstinence in order to meet the abstinence criterion (Society for
Research on Nicotine and Tobacco Subcommittee on Biochemical Verification, 2002).
Thus, 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 with CM in prior studies by Dunn et al. (2008), Heil et al. (2008), and
Higgins et al. (2004).

Experimental Groups
Contingent participants (n = 20) earned voucher-based incentives contingent on providing
biochemical evidence of smoking abstinence. Vouchers were provided on an escalating
schedule (cf. Higgins et al., 1991) beginning at $9 for the first negative sample and
increasing by $1.50 for each subsequent negative sample. A smoking-positive sample
resulted in no vouchers being given and voucher values were reset to the initial starting
value ($9). However, to encourage participants to become abstinent again, two consecutive
negative samples returned the voucher schedule to the value at which it would be have been
at prior to the reset. In addition, to further encourage early continuous smoking abstinence,
participants received a $10 bonus for any CO samples ≤ 4 ppm during Days 1 to 5, as well
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as a $50 bonus on Study Day 6 if they successfully met the 80 ng/ml cotinine criteria.
Maximum earnings possible in the contingent group was $362.50. All vouchers were
redeemable for goods and services at local stores or bill payments. Study staff purchased all
vouchers; no participant received cash directly.

Noncontingent participants (n = 20) earned voucher-based incentives independent of
smoking status, and voucher earnings were yoked to the mean earnings of the contingent
group during the pilot study ($216.50). Voucher earnings were randomly determined by a
computer program developed by us to generate a random distribution of payments for each
noncontingent participant based on three parameters (i.e., maximum earnings, monetary
range of individual payments, number of payments to be delivered during the study). Each
noncontingent participant could earn a total of $216.50 (mean earnings by the contingent
group in the previous pilot trial) in vouchers, with daily values ranging from $10 to $20 over
the 14-day period. Noncontingent participants were informed at the beginning of the study
that voucher values would be determined randomly and that daily amounts to be earned
would be unpredictable. All other aspects of the study were identical across the two
experimental groups (e.g., frequency of visits, monitoring of smoking, data collection,
protocol for spending vouchers).

Pharmacotherapy
Participants were offered an opportunity to receive bupropion as a pharmacotherapy to assist
with their cessation attempt. Interested participants completed a medical history at intake
and met with the study physician for a brief physical examination. Exclusion criteria
included history of seizures, acute alcohol withdrawal, eating disorders, head trauma, or
compromised liver function. Only one participant who was interested in bupropion was
deemed medically ineligible.

On physician approval, participants began bupropion therapy 1 week prior to the scheduled
quit attempt and were provided bupropion for the 2-week study as well as an additional 4
weeks, which is consistent with the 7-week regimen recommended in published guidelines
(Zyban Prescribing Information; GlaxoSmithKline, 2009). Adherence and any potential side
effects were assessed at each study visit. Fifteen participants (nine contingent, six
noncontingent) ingested ≥ 1 bupropion dose during the study. There was a relatively low
rate of bupropion-related side effects, with only three participants reporting any potential
side effects (e.g., sweating, dry mouth, rash) and discontinuing bupropion treatment. There
were no significant differences between experimental groups in percentage of participants
taking bupropion, χ2(1, N = 40) = 0.96, p = .33.

It should also be noted that because NRT could confound urinary cotinine testing,
participants were asked at intake to abstain from using NRT during the 14-day intervention.
A time-line followback of NRT use was conducted at each daily visit and revealed that two
participants (one in each experimental group) reported use of NRT. The contingent
participant reported taking four to seven puffs from a nicotine inhaler on 4 study days,
however never provided a biochemical sample that exceeded the relevant abstinence
criterion and therefore did not lose any potential voucher earnings. The noncontingent
participant reported 14 mg nicotine patch use on 11 of the 14 study days, however due to the
noncontingent nature of the group assignment that participant did not lose any voucher
earnings for nicotine patch use. The noncontingent participant also reported smoking on
each study day, thereby precluding an evaluation of the contribution nicotine patch use may
have had on urinary cotinine.
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Follow-Up Assessments
Follow-up assessments were conducted at 30-, 60- and 90-days postintake. At each
assessment, breath and urine samples were collected to determine carbon monoxide and
cotinine levels, and a subset of the intake questionnaires (e.g., BDI, BSI, MNWQ, NDSS,
QSU) was administered. Participants were compensated $35 for completing each follow-up
assessment, independent of smoking status.

Statistical Analyses
Experimental groups were compared on baseline demographic and other characteristics
using analyses of variance for continuous variables and chi-square tests for categorical
variables. Primary analyses included all participants who were randomized to experimental
conditions, independent of early dropout, noncompliance, and so forth, consistent with an
intent-to-treat approach to clinical trials (Armitage, 1983). Missed samples were considered
to be smoking positive. The primary outcome measure was the percentage of biochemical
samples meeting the abstinence criteria, compared between the two experimental groups
using a chi-square test. Mean days of continuous abstinence were analyzed using an
independent groups t test. Abstinence at Day 14, and at the 30-, 60-, and 90-day follow-ups,
was defined as a self-report of no smoking in the past 7 days and a negative urine cotinine
test (≤ 80 ng/ml) and was compared using a chi-square test. Contribution of bupropion- and
opioid-treatment modality on smoking abstinence was examined using an analysis of
variance (ANOVA) test, and percentage retention over the 14-day intervention was
compared using a chi-square test. Outcomes of self-report measures (e.g., self-reported
smoking, nicotine withdrawal) across experimental group and time were analyzed using
repeated-measures ANOVA (SAS Version 9, PROC MIXED).

MNWQ data were analyzed in a manner consistent with prior reports, with seven individual
items averaged for a single severity score, and desire to smoke analyzed separately as an
individual item (Hughes & Hatsukami, 1998). MNWQ analyses were restricted to
participants who achieved high levels (> 85%) of smoking abstinence (e.g., responders) to
prevent any continued smoking from confounding the examination of withdrawal.
Withdrawal within responders was also evaluated as a function of receiving bupropion,
which has been shown to reduce symptoms of nicotine withdrawal (Gonzales et al., 2006;
Jorenby et al., 2006; Shiffman et al., 2000; West, Baker, Cappelleri, & Bushmakin, 2008).

Results
Participants

Forty participants were enrolled into the study and randomized into contingent (n = 20) and
noncontingent (n = 20) groups. There were no significant group differences in demographic,
opioid treatment, smoking, drug use, and other characteristics at intake (see Table 1).

Retention
Noncontingent participants attended significantly more study visits than contingent
participants, t(38) =−2.18, p = .04, with 67.8% and 92.9% visits attended by contingent and
noncontingent groups, respectively. There also was a significant difference in the percentage
of participants retained at Day 14, χ2(1, N = 40) = 4.44, p < .04, with 65% and 95% of
contingent and noncontingent participants retained at the end of the study, respectively.

There were no significant differences between contingent and noncontingent participants in
the percentage completing follow-up assessments at the 30-day, χ2 (1, N = 40) = 0.00, p =
1.00, 60-day, χ2(1, N = 40) = 0.00, p = 1.00, and 90-day, χ2(1, N = 40) = 0.11, p = .74
assessments. Specifically, 80% and 70% of both contingent and noncontingent participants

Dunn et al. Page 7

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2013 March 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



completed the 30- and 60-day assessments, respectively, and 65% and 60% of contingent
and noncontingent participants, respectively, completed the 90-day assessment.

Smoking Outcomes
Abstinence during intervention—Contingent participants achieved more smoking
abstinence than noncontingent participants during the 14-day intervention. Specifically,
contingent participants submitted a greater percentage of smoking-abstinent samples than
noncontingent participants, with 55% and 17% of samples meeting the abstinence criterion,
respectively, t(30.1) = 3.24, p < .01 (Figure 1, top panel). Contingent participants also
achieved significantly longer durations of continuous smoking abstinence than
noncontingent participants (7.7 vs. 2.4 days, respectively), t(30.1) = 3.24, p < .01 (Figure 1,
bottom panel). Analyses of daily smoking data also showed this effect. For example,
contingent participants reported smoking significantly fewer cigarettes per day than
noncontingent, F(1, 34) = 13.75, p ≤ .01 (Figure 2, top panel). Contingent participants
provided significantly more CO samples, F(1, 35) = 18.17, p < .01 (Figure 2, middle panel),
and cotinine samples, F(1, 35) = 9.67, p < .01 that met the abstinence criteria than
noncontingent participants at each of the 14 study visits (Figure 2, bottom panel).

Abstinence at Day 14—Contingent participants were significantly more likely to be
abstinent than noncontingent participants, χ2(1, N = 40) = 7.02, p < .01, with 45% and 10%
of contingent and noncontingent participants meeting this abstinence criterion at Day 14,
respectively.

Abstinence at follow-up—Smoking abstinence did not differ significantly between the
experimental groups at the 30-day, χ2(1, N = 40) = 2.11, p = .15, 60-day, χ2(1, N = 40) =
2.11, p = .15, or 90-day, χ2(1, N = 40) = 2.11, p = .15, follow-up assessments, with 10% and
0% of contingent and noncontingent participants abstinent at the 30- and 60-day follow-up
assessments, and 5% and 0% abstinent at the 90-day follow-up assessment, respectively.

Treatment responders—Inspection of individual participant data in the contingent group
revealed a bimodal distribution whereas 50% of contingent participants achieved near
perfect levels of abstinence, although 50% achieved moderate to low levels of abstinence
(see Figure 1). In an effort to determine whether any baseline characteristics might have
predicted better treatment response, contingent participants were dichotomized post hoc into
responders (n = 10) and nonresponders (n = 10) based on level of smoking abstinence
achieved during the 14-day intervention. These two groups were compared on a number of
baseline demographic, smoking, and opioid-treatment characteristics. There were no
significant differences between the responders and nonresponders on any of the baseline
characteristics examined.

Self-Report Measures
Self-report measures during daily visits—Contingent participants reported significant
reductions over time in the QSU-B Factor 1, F(13, 39.6) = 2.14, p = .01, and Factor 2, F(1,
33.9) = 4.62, p = .04, during the 14-day intervention. Mean MNWQ scores, F(1, 13) = 2.23,
p < .01 (Figure 3 top-left panel), and desire to smoke, F(1, 13) = 2.21, p < .01 (Figure 3 top-
right panel) decreased significantly over the 14-day intervention in contingent responders. In
addition, bupropion significantly reduced MNWQ total scores, F(1, 13) = 6.55, p = .02
(Figure 3 bottom-left panel) and desire to smoke, F(1, 13) = 15.5, p < .001 (Figure 3 bottom-
right panel) over the 14-day intervention in this group.

Self-report measures at intake and Day 14—Contingent participants reported
significant reductions between intake and Day 14 on the NDSS Global Dependence scale,
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F(1, 40) = 6.18, p < .01, and on the Drive subscale, F(1, 40) = 9.03, p < .01. Contingent
participants also reported a significant increase between intake and Day 14 on the NDSS
Priority subscale, F(1, 40) = 2.95, p = .02. There were no significant changes on any NDSS
scales in the noncontingent group. Contingent participants reported significant reductions
between intake and Day 14 on the QSU Factor 1, F(1, 40) = 5.02, p = .03. There were no
significant changes on the QSU Factor 2 within the contingent group and no changes on any
QSU scales in the noncontingent group. Finally, there were no significant differences
observed between intake and Day 14 on the BDI or BSI scales within contingent or
noncontingent participants.

Contribution of Bupropion to Study Outcomes
Smoking abstinence, collapsed across the 14-day study, was evaluated as a function of
bupropion administration. Although somewhat more participants with bupropion achieved
more smoking abstinence, differences were not statistically significant, F(1, 40) = 0.99, p = .
33. For example, contingent participants with and without bupropion achieved 64% and
47% abstinence, whereas noncontingent participants with and without bupropion achieved
23% and 15% abstinence, respectively (Figure 4, top panel). Similarly, contingent
participants with and without bupropion achieved 9.2 and 6.6 day of continuous abstinence,
whereas noncontingent participants with and without bupropion achieved 3.2 and 2.1 day of
continuous abstinence, respectively, F(1, 40) = 1.16, p = .28 (Figure 4, bottom panel).

Contribution of Opioid-Treatment Modality to Study Outcomes
The contribution of opioid-treatment modality (methadone or buprenorphine) on primary
study outcomes also was evaluated. Although there were slightly more participants receiving
methadone in the noncontingent versus contingent group (65% vs. 60%, respectively), the
difference was not statistically significant, χ2(1, N = 40) = 0.11, p = .74. Opioid-treatment
modality had no significant effect on total smoking abstinence, F(1, 40) = 0.31, p = .58,
longest duration of continuous abstinence, F(1, 40) = 0.37, p = .54, or smoking status at Day
14, χ2(1, N = 40) = 0.89, p = .34. There was also no significant effect of opioid-treatment
modality on number of study visits attended, F(1, 40) = 0.26, p = .61, or the percentage of
participants retained in treatment at Day 14, F(1, 40) = 0.64, p = .43.

Discussion
In the present study we sought to examine whether a CM intervention would promote initial
smoking abstinence in opioid-maintained smokers. Participants randomly assigned to the
contingent experimental group achieved more smoking abstinence than noncontingent
participants, as evidenced by 55% and 17% smoking-negative samples submitted by
contingent and noncontingent participants, respectively. These results are consistent with
those of prior studies (55% and 5%, respectively; Dunn et al., 2008). Contingent participants
also achieved longer durations of smoking abstinence, with contingent and noncontingent
participants achieving 7.7 and 2.4 days of continuous smoking abstinence, respectively.
These results also are consistent with the Dunn et al. (2008) study, which found 6.3 versus
0.6 days of continuous smoking-negative samples between contingent and noncontingent
groups, respectively. One potential difference between studies is the higher degree of
smoking abstinence among the noncontingent group in the present trial compared to the
Dunn et al. 2008 study. At first glance this could be related to bupropion, which had not
been used previously but was offered in this study. However, although nine noncontingent
participants provided one or more smoking-negative samples, only four of those participants
were using bupropion. Further, when abstinence rates were compared between
noncontingent participants with and without bupropion, those receiving bupropion (n = 4)
provided 34% smoking-abstinent samples whereas those not taking bupropion (n = 5)
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submitted 48% abstinent samples. Overall, the reasons for the higher abstinence levels
among noncontingent participants in this study remain unknown, though these data may
suggest that a subset of opioid-maintained patients may not need an intensive smoking
cessation intervention to successfully abstain from smoking. It would be important for future
studies to evaluate the characteristics of this group.

Taken together, these data replicate the findings of the Dunn et al. (2008) study and provide
further evidence that smoking among methadone- and buprenorphine-maintained patients is
sensitive to CM-based interventions. These results also compare favorably to prior efforts by
others to use CM to promote abstinence with an opioid-maintained population (Mooney et
al., 2008; Schmitz et al., 1995; Shoptaw et al., 1996; Shoptaw et al., 2002). Abstinence rates
in those studies were modest and ranged from 0 to 24%. The more robust abstinence effects
observed in this study may be attributable to several methodological differences between the
current and prior studies. First, we used a combination of breath CO and urinary cotinine as
biochemical markers of smoking status, whereas prior studies had relied solely on CO as an
indicator of smoking. The addition of the urinary cotinine measure may have enabled a more
rigorous monitoring protocol than in prior studies. It also provides support for the utility of
using a CO-to-cotinine transition, and urinary cotinine more generally, in contingency-
management interventions for cigarette smoking. Second, participants in the current study
were required to attend the clinic daily during the 14-day intervention; this stands in contrast
to 2 to 3 times per week visits in prior studies (Schmitz et al., 1995; Shoptaw et al., 1996;
Shoptaw et al., 2002). This relatively intensive frequency of biochemical monitoring
allowed us to reinforce abstinence frequently and potentially minimize low levels of
smoking that might have gone undetected with less frequent monitoring. Third, participants
in this study could earn $181.25/week and a total of $362.50 over the 2-week study.
Potential earnings in prior CM studies averaged $18.63/week (range: $10.00 to $37.29).
Magnitude of voucher earnings has been shown to influence abstinence from licit and illicit
drugs (Higgins et al., 2007; Lussier et al., 2006; Silverman, Chutuape, Bigelow, & Stitzer,
1999) and may have contributed to the favorable outcomes observed in the current study.
Finally, it is possible that the brief duration of the present study may have contributed to the
favorable outcomes. That is, it may be easier to achieve smoking abstinence for a short-term
(i.e., 2 week) intervention than to sustain that abstinence throughout a longer duration (i.e.,
12 week) smoking-cessation treatment. This is an empirical question and we know of no
studies that have experimentally investigated duration of a behavioral smoking-cessation
treatment. However, we are currently conducting a longer term, 12-week randomized trial
that may help to inform this question. It is also the case that, when smoking abstinence rates
are compared over equivalent time periods between this and longer duration studies, the
favorable outcomes in the present trial are evident. For example, in the 12-week randomized
clinical trial by Shoptaw and colleagues (2002), only 6 to 12% of contingent participants
met the abstinence criterion at the end of the initial 2 weeks, compared to 48% of
participants in the current study. These data suggest that our favorable outcomes in the
contingent group are likely not just a function of comparing abstinence rates between two
interventions that vary markedly in duration.

Inspection of abstinence data revealed marked differences across individuals in response to
the intervention. For example, as can be seen in Figure 1, 50% (n = 10) of contingent
participants achieved nearly complete abstinence whereas 50% (n = 10) achieved low to
moderate levels of abstinence. This finding is consistent with our prior study in this
population (Dunn et al., 2008). We examined possible individual differences in responders
and nonresponders, but no significant differences between the two groups on any of the
baseline characteristics were observed. This stands in contrast to some prior studies that
have found lower nicotine dependence to be associated with better smoking outcomes
(Fagerström & Schneider, 1989; Heatherton, Kozlowski, Frecker, Rickert, & Robinson,
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1989; John, Meyer, Rumpf, & Hapke, 2004; Lerman et al., 2004). The lack of significant
differences in this study may be due to the relatively small sample size used in these
analyses (i.e., 10 per responder group). It would be important for future studies with larger
sample sizes to examine the characteristics that predict response to a smoking cessation
intervention within an opioid-maintained population. For example, it is possible that
participants who do not respond favorably to a single treatment strategy may benefit more
from a combination of multiple-smoking cessation treatments, including CM,
pharmacotherapies, cognitive-behavioral or relapse-prevention techniques. Once an effective
combination strategy is identified and implemented, future research could then aim to
dismantle and examine the relative contribution of each treatment component. Overall,
future studies should examine, using larger sample sizes, the individual demographic and
drug use characteristics that may predict success or failure in smoking cessation, as well as
how to enhance outcomes in subsets of particularly challenging smokers.

In the present study, noncontingent participants had greater study retention than contingent
participants, which is likely related to the lack of contingencies placed on their smoking
abstinence. That is, due to the nature of their group assignment, noncontingent participants
were able to earn vouchers simply for attending study visits, whereas contingent participants
were required to provide evidence of smoking-abstinence to earn vouchers. We saw similar
retention results in a previous study (Dunn et al., 2008). It is important to note, however, that
despite the poorer retention, contingent participants still provided significantly more
smoking-negative samples than noncontingent participants. This suggests that the greater
rate of abstinence among contingent participants is indeed a function of the experimental
intervention and not related solely to study attendance. A more scientifically problematic
finding would have been for retention differences to lean in the other direction. That is, if
contingent participants would have had better retention than noncontingent, it would have
been difficult to distinguish whether the increased smoking abstinence in the contingent
group was due to the delivery of contingent reinforcement of smoking abstinence or,
alternatively, due simply to the enhanced retention.

A high rate of relapse to smoking was observed following completion of this brief
intervention, even among participants who achieved smoking abstinence during the study.
For example, only 5% of all participants were abstinent at the 30- and 60-day follow-ups,
and only 3% remained abstinent at the 90-day follow-up. These results are consistent with
the findings in the pilot study, where 15% of participants remained abstinent at the 30- and
60-day follow-ups and 10% were abstinent at the 90-day assessment (Dunn et al., 2008).
Our primary aim was to develop an intervention that would promote initial smoking
abstinence among opioid-maintained smokers. Although we did not necessarily expect that
this brief intervention would be sufficient in-and-of itself to produce extended abstinence,
initial abstinence is a necessary step in developing an efficacious intervention to promote
longer term smoking abstinence. In the present study we established a proof-of-concept that
opioid-maintained patients can quit smoking, which provides a positive control from which
to work in terms of developing more sustained interventions. Indeed, these data suggest that
this population would benefit from the inclusion of an extended abstinence-monitoring
period to sustain the abstinence achieved early in the quit attempt. A 12-week randomized
trial is currently being conducted to experimentally investigate this question.

Although there were no significant changes between intake and Day 14 on any of the
psychosocial (e.g., BDI, BSI) measures, there were some significant effects within the
contingent group on several smoking-related questionnaires. For example, significant
decreases were observed in some measures of nicotine dependence (e.g., NDSS), craving
(e.g., QSU, QSU-B), and nicotine withdrawal (e.g., MNWQ). Overall, these data suggest
that several aspects related to nicotine dependence decreased over the course of the 14-day
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intervention, and are consistent with prior studies using a 14-day smoking-cessation
intervention in non-opioid dependent smokers (Heil, Alessi, Lussier, Badger, & Higgins,
2004; Lussier, Higgins, & Badger, 2005; Yoon, Higgins, Bradstreet, Badger, & Thomas,
2009). Several challenges associated with interpreting the MNWQ data should also be
noted. First, although the MNWQ is a widely used measure of nicotine withdrawal, there are
no standardized norms available. Second, there is substantial variability in scores across
studies that have reported MNWQ scores. Third, prior studies also have often collapsed
MNWQ scores across a period of time (e.g., over a 1-week period) rather than providing
daily withdrawal data as is presented in the current study. However, because a great deal of
relapse to smoking occurs during the initial few days of a quit attempt (Hughes et al., 1992;
Hughes, Keely, & Naud, 2004), it may be particularly important to examine withdrawal on a
daily basis during that initial period. Finally, we know of no prior smoking cessation studies
among opioid-maintained patients that have reported withdrawal outcomes. As a result, it is
challenging to identify a specific cutpoint that may distinguish clinically meaningful
withdrawal or to directly compare the results of the current trial with previously published
studies. However, as this study represents the first examination to our knowledge of nicotine
withdrawal in opioid-maintained populations, we hope that including that data here will
encourage other researchers to also investigate the relationship between nicotine withdrawal,
bupropion, and cessation outcomes among opioid-maintained patients. Overall, it will be
important to learn whether opioid-maintained patients report a nicotine withdrawal
syndrome similar to other smokers, or whether they may have unique needs and thus may
warrant different treatment strategies.

Bupropion did not significantly influence smoking outcomes. The lack of a significant
bupropion effect is inconsistent with several prior reports in the literature on this topic. For
example, a recent meta-analysis of the effectiveness of bupropion administration to reduce
smoking among non-opioid populations reported bupropion can approximately double the
odds of quitting smoking (Hughes, Stead, & Lancaster, 2009). However, these data are
consistent with several prior studies that have used pharmacotherapies for smoking cessation
among opioid-maintained patients. For example, bupropion did not contribute significantly
to smoking abstinence in two prior studies with opioid-maintained patients (Mooney et al.,
2008; Richter, McCool et al., 2005), and the nicotine patch has failed to substantially impact
smoking outcomes among opioid-maintained populations (Shoptaw et al., 2002; Stein et al.,
2006). It is also possible that the limited sample size in the present study reduced statistical
power and prevented us from seeing a significant effect of bupropion on smoking outcomes.
For example, as seen in Figure 4, bupropion produced a nonsignificant increase in percent
smoking abstinence and duration of continuous abstinence in the contingent and
noncontingent groups. Although not statistically significant, these data suggest that
bupropion may influence smoking outcomes. Bupropion administration also was associated
with significant reductions in nicotine withdrawal, consistent with other reports suggesting
that bupropion influences the symptoms of nicotine withdrawal (Gonzales et al., 2006;
Jorenby et al., 2006; Shiffman et al., 2000; West et al., 2008). Overall, future studies that
employ larger sample sizes and experimentally control bupropion administration are needed
to examine the contribution of bupropion to a CM intervention for opioid-maintained
smokers.

The effect of opioid-treatment modality on smoking and retention outcomes also was
evaluated. Although prior studies have suggested that opioid agonists can increase the
reinforcing effects of cigarettes (Chait & Griffiths, 1984; Mello et al., 1980, 1985; Mutschler
et al., 2002; Story & Stark, 1991), it is not clear whether methadone and buprenorphine
would differentially impact smoking-cessation outcomes. Further, a potentially greater
difference between these two pharmacological treatments may be the clinical setting in
which they are administered. For example, although methadone clinics typically involve
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extensive over-sight of clients, office-based buprenorphine treatment is more variable
(Walley et al., 2008). Despite these potential differences between treatment modalities, the
present study provided no evidence that smoking and study retention outcomes varied as a
function of opioid-treatment setting. This study also provides the first experimental evidence
that buprenorphine-maintained patients are sensitive to a CM smoking-cessation
intervention. As such, these data extend the prior research with MM patients and suggest
that this smoking-cessation intervention holds potential utility for buprenorphine-maintained
patients as well. Continued research efforts with buprenorphine-maintained smokers will be
important, particularly as this treatment modality becomes increasingly available throughout
the United States (Fiellin, 2007).

Several limitations of the current study should be noted. First, participants were required to
be relatively stable on their opioid-agonist dose and abstinent from illicit drugs to
participate. Although these procedures may limit the generality of our findings to unstable
patients, we believe this is not likely to be a significant concern. Many opioid-maintained
patients achieve stability and become abstinent from illicit drugs for extended periods, and
this subset of patients may be strong candidates for a smoking-cessation intervention.
Further, this eligibility criterion prevented only 15% of interested participants from being
enrolled into the study, suggesting it was not so restrictive that it prevented a significant
number of interested people from participating. Second, the duration of this study was brief
and, although this intervention was successful in producing short-term abstinence, the
majority of participants resumed smoking following the study. As noted previously,
although abstinence during the initial 2 weeks of a quit attempt has been shown to be a
robust predictor of long-term abstinence within smoking cessation interventions (Frosch et
al., 2002; Gourlay et al., 1994; Kenford et al., 1994; Yudkin et al., 1996), we did not
necessarily expect that a 2-week intervention would result in long-term smoking abstinence.
Rather, the 2-week timeframe was chosen as an initial first step toward determining whether
opioid-maintained participants would be sensitive to a CM smoking cessation intervention.
Additional studies are needed to examine how to maintain the abstinence achieved during
the initial 2-week period. Finally, although the current study included a larger sample of
opioid-maintained participants than a previous pilot study (40 vs. 20 participants,
respectively), additional studies with even larger sample sizes will be important for
replicating these findings in the larger population of opioid-maintained smokers.

In summary, the present study demonstrates the efficacy of a brief voucher-based CM
intervention in promoting initial smoking abstinence among opioid-maintained patients.
Although demonstrating the efficacy of CM for smoking cessation per se is not new,
demonstration that its efficacy extends to this particularly challenging clinical population
represents a unique contribution to the scientific literature on this topic. That is, it had
seemed reasonable to wonder whether opioid-dependent patients would even respond to a
smoking-cessation intervention, particularly when one considers the modest outcomes in
prior studies and the scientific evidence suggesting that opioids themselves can increase the
reinforcing effects of cigarettes (Bigelow, Stitzer, Griffiths & Liebson, 1981; Chait &
Griffiths, 1984; Mello et al., 1985, 1980; Mutschler et al., 2002; Richter et al., 2007;
Schmitz, Grabowski, & Rhoades, 1994). The development of effective smoking cessation
programs in the opioid-treatment setting also holds potential for wide dissemination to
methadone and buprenorphine treatment programs throughout the country, as well as to
clinics treating other forms of drug abuse. Indeed, as one exciting example, the New York
State Office of Alcoholism and Substance Abuse Services (Office of Alcoholism and
Substance Abuse Services, 2007) recently implemented new regulations to prohibit use of
tobacco products in all drug abuse prevention, treatment, or recovery services throughout the
state, as well as to establish treatment modalities for patients who use tobacco. Overall, the
results from this clinical trial suggest that behavioral treatments, such as contingency
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management, offer significant promise for efforts to promote smoking cessation among drug
abusers.
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Figure 1.
Smoking abstinence for contingent (filled symbols) and noncontingent (open symbols)
participants. Data are collapsed across 14-day intervention. Bars represent group mean;
symbols represent individual data. Top panel: Total percentage smoking-abstinent samples.
Bottom panel: Mean longest duration of smoking abstinence. Error bars on bottom panel
represent SEM. Asterisks indicate significant group effects between contingent and
noncontingent groups.
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Figure 2.
Daily smoking abstinence across the 14-day intervention for contingent (filled symbols) and
noncontingent (open symbols) participants. Error bars represent SEM. Top panel: Self-
report of cigarettes per day at each study visit. Middle panel: Mean breath carbon monoxide
(CO) levels. Bottom panel: Mean urine cotinine levels. Asterisks indicate significant group
effects between contingent and noncontingent groups.
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Figure 3.
Nicotine withdrawal across the 14-day intervention for responders in the contingent group.
Data presented are from the Minnesota Nicotine Withdrawal Questionnaire (MNWQ). Mean
total score (left panels) and desire to smoke (right panels) are presented. Top panels:
MNWQ data from all contingent responders (collapsed across bupropion groups). Bottom
panels: MNWQ data as a function of bupropion (filled symbols) or no bupropion (open
symbols). Error bars represent SEM.

Dunn et al. Page 21

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2013 March 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Smoking abstinence among contingent (left bars) and noncontingent (right bars) participants
as a function of bupropion (solid bars) or no bupropion (open bars) administration. Data are
collapsed across the 14-day intervention. Top panel: Total percentage smoking-abstinent
samples. Bottom panel: Mean longest duration of smoking abstinence. Bars represent group
mean; error bars represent SEM.

Dunn et al. Page 22

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2013 March 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Dunn et al. Page 23

Table 1

Baseline Demographic and Smoking Characteristics

Total sample
(N = 40)

Contingent
(n = 20)

Noncontingent
(n = 20) p value

a

Demographics

 Age (years) 31.0 ± 1.8 31.0 ± 1.8 31.0 ± 1.7 .89

 Education (years) 12.5 ± 0.3 12.0 ± 0.3 13.0 ± 0.3 .22

 Male (%) 33 40 25 .31

 Never married (%) 58 55 60 .75

Opioid-treatment characteristics

 Methadone maintained (%) 63 60 65 .74

 Methadone dose (mgs) 107.6 ± 8.8 114.4 ± 12.6 101.4 ± 12.5 .47

 Buprenorphine dose (mgs) 14.9 ± 1.3 15.5 ± 1.9 14.3 ± 1.7 .65

 Length of time at maintenance dose (days) 171.8 ± 48.2 144.6 ± 41.5 198.9 ± 88.0 .58

Smoking characteristics

 Cigarettes smoked in the past 7 days (no. per day) 18.5 ± 1.8 17.0 ± 1.9 20.0 ± 1.7 .21

 Age at first cigarette (years) 12.7 ± 0.6 13.3 ± 0.7 12.0 ± 0.6 .14

 M no. of years smoked regularly 10.9 ± 1.3 12.4 ± 2.1 9.5 ± 1.6 .29

 Fagerström Test for Nicotine Dependence (0–10)
b 5.4 ± 0.4 5.2 ± 0.4 5.6 ± 0.4 .73

 Baseline CO (ppm) 15.5 ± 1.6 13.0 ± 1.6 17.0 ± 1.6 .06

 Baseline cotinine (ng/ml) 1488.8 ± 136.1 1377.0 ± 121.6 1601.0 ± 150.6 .25

 Planning to quit next 30 days (%) 93 90 95 .56

 Believe maintenance treatment increases smoking (%) 45 45 45 1.00

Smoking quit history

 Ever tried to quit (%) 93 100 85 .07

 Previous quit attempts (no.) 7.0 ± 1.5 7.0 ± 1.7 7.0 ± 1.3 .76

 Longest duration quit (days) 280.3 ± 120.0 138.7 ± 50.0 421.8 ± 190.0 .13

 Counselor ever advised delay quitting smoking (%) 50 45 55 .53

 Counselor ever advised never quit smoking (%) 0.5 0 1 .31

ASI subscale scores

 Medical (0–1) 0.2 ± 0.1 0.1 ± 0.1 0.2 ± 0.1 .42

 Employment (0–1) 0.7 ± 0.1 0.7 ± 0.1 0.6 ± 0.1 .30

 Alcohol (0–1) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .78

 Drug (0–1) 0.1 ± 0.0 0.1 ± 0.0 0.1 ± 0.0 .14

 Opiate (0–1) 0.2 ± 0.0 0.2 ± 0.0 0.2 ± 0.0 .10

 Cocaine (0–1) 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .65

 Legal (0–1) 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.0 .29

 Family/Social (0–1) 0.2 ± 0.0 0.2 ± 0.0 0.1 ± 0.1 .30

 Psychiatric (0–1) 0.2 ± 0.4 0.2 ± 0.4 0.2 ± 0.4 .94

Note. Values represent M ± SEM unless otherwise indicated. ASI = Addiction Severity Index.

a
p values based on independent sample t tests for continuous variables and chi-square measures for categorical variables.

b
Represent score range.
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