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Abstract

Opioid treatment program patients and staff often have concerns that smoking cessation may
jeopardize abstinence from illicit drug use. In this study, we evaluated whether smoking
abstinence produced with a two-week contingency-management (CM) intervention was associated
with relapse to illicit drug use among patients enrolled in opioid maintenance. Opioid-maintenance
patients who were stable in treatment and abstinent from illicit drugs were enrolled in a 14-day
smoking-cessation study. Participants were dichotomized into Abstainers (> 90% smoking-
negative samples, n=12) and Smokers (< 10% smoking-negative samples, n=16). Illicit drug
assays included opioids, oxycodone, propoxyphene, cannabis, amphetamines, cocaine and
benzodiazepines. There were no differences between the Abstainers and Smokers, with 99% and
96% of samples testing negative for all illicit drugs in each group, respectively. Data from this
study provide no evidence that smoking cessation among stable opioid-maintained patients
undermines drug abstinence and lend support for programs that encourage smoking cessation
during drug abuse treatment.

Introduction

Methadone maintenance (MM) represents one of the most widely used and effective
treatments for opioid dependence, with over 200,000 patients in the United States receiving
this opioid agonist medication in a clinic-based setting annually (DASIS, 2006). A second
opioid-agonist medication, buprenorphine, was more recently approved for the treatment of
opioid dependence in 2002. Available from trained physicians in an office-based setting,
buprenorphine also has been demonstrated effective in treating opioid dependence (see
Johnson et al., 2003 for a comprehensive review). While both forms of agonist treatment
have been proven to reduce illicit opioid use and maintain patients in treatment, rates of
cigarette smoking remain substantially higher among opioid-maintained individuals than in
the general population. For example, compared to 25% in the general U.S. adult population
(CDC, 2005; SAMHSA, 2007), prevalence of current smoking among MM patients is 84 —
94% (Nahvi, Richter, Li, Modali & Arnsten, 2006; Clemmey, Brooner, Chutuape, Kidorf &
Stitzer, 1997; Richter, Gibson, Ahulwalia & Schmelzle, 2001). While specific data is not yet
available on the prevalence of smoking among buprenorphine-maintained patients, it is
reasonable to assume a similar prevalence among these patients as well (e.g., Mello, Lukas
& Mendelson, 1985).

As is the case in the general population, smoking in opioid-treatment patients is associated
with increased morbidity and mortality (Engstrom, Adamsson, Alleback & Rydberg, 1991;
Hser, McCarthy, & Anglin, 1994). The ten-year mortality rate of opioid-dependent smokers
is estimated to be four-fold 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 tobacco-



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Dunnetal.

Page 2

related disorders than problems related to their drug use (Hurt et al., 1996). An effective
smoking cessation intervention among patients enrolled in opioid treatment could
significantly reduce the economic and health-related costs associated with their smoking.
Methadone and buprenorphine programs may offer an excellent setting for implementing
smoking-cessation interventions as many patients achieve prolonged periods of abstinence
from illicit drug use and remain engaged in treatment for extended periods of time. This set
of conditions could support the frequent and, if necessary, prolonged clinical contact to help
facilitate success with smoking cessation. Opioid maintenance programs adhere to a uniform
set of state and federal regulations (Federal Register 42 CFR, Section 8.12, 2001), which
could greatly facilitate the dissemination of an effective smoking-cessation intervention in
this population across the country.

Many opioid treatment patients express serious interest in quitting smoking (Clark, Stein,
McGarry & Gogineni, 2001; Clemmey et al, 1997; Frosch, Shoptaw, Jarvik, Rawson &
Ling, 1998; Kozlowski, Skinner, Kent & Pope, 1989; Richter, Gibson, Ahluwalia &
Schmelzle, 2001; Sees & Clark, 1993). For example, as many as 80% of MM smokers report
a desire to quit, approximately half report making at least one serious attempt to quit in the
past year, and approximately three quarters report being willing to participate in a program if
it were made available by their clinic (Nahvi et al., 2006; Richter et al., 2001). Despite such
interest in smoking cessation, few clinics seem to offer programs to patients (Fuller et al,
2007; Knapp, Rosheim, Meister & Kottke, 1993; Olsen, Alford, Horton & Saitz, 2005;
Richter, Choi & Alford, 2005). One commonly-cited barrier is the belief that smoking
cessation may undermine patients’ abstinence from other drugs (Bobo, Slade & Hoffman,
1995). A recent survey of MM clinics, for example, reported that 26% of clinic directors had
encouraged a patient to delay quitting smoking because they considered alcohol and illicit
drug use the top priority and believed that patients should not attempt to modify too many
behaviors at once (Richter, 2006). Another survey of MM patients noted that 32% had been
encouraged to delay quitting smoking during treatment (Richter, McCool, Okuyemi, Mayo
& Ahluwalia, 2002).

An ongoing program of research by our group provides a unique opportunity to investigate
whether quitting smoking during opioid-maintenance treatment is associated with relapse to
illicit drug use. Specifically, data were examined from one completed pilot study (Dunn,
Sigmon, Thomas, Heil & Higgins, 2008) and one ongoing clinical trial that used a
contingency-management (CM) intervention to promote smoking cessation among
methadone- and buprenorphine-maintained patients. CM has been widely shown to reduce
drug use by providing non-drug reinforcers contingent upon biochemical confirmation of
abstinence (Higgins, Alessi & Dantona, 2002; Higgins, Silverman & Heil, 2008). We have
been examining the potential efficacy of using voucher-based CM to promote smoking
cessation among opioid-maintained patients. Thus far, participants assigned to abstinence-
contingent voucher delivery have achieved significantly more smoking abstinence and
longer durations of continuous abstinence than those assigned to a control condition
involving noncontingent voucher delivery. Besides its therapeutic utility, CM also can serve
as an effective tool for investigating a variety of scientific questions related to changes in
drug use (Sigmon, Lamb & Dallery, 2008). In our studies on smoking cessation in
methadone and buprenorphine maintenance patients, the ability of CM to experimentally
produce smoking abstinence (largely in the Contingent group) and no abstinence (in the
Noncontingent group) in a prospectively randomized sample of smokers provided an
opportunity to directly compare rates of illicit drug use between these two experimental
conditions.
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Twenty-eight participants were recruited from local methadone treatment programs (n=16)
and office-based buprenorphine providers (n=12). Eleven subjects participated in an initial
pilot study and 17 in an ongoing clinical trial (described below). For both studies, eligible
participants had to report smoking > 10 cigarettes per day for at least 1 year and be on a
stable methadone or buprenorphine maintenance dose for the past 30 days. Also, because
illicit opioid and cocaine use can directly increase smoking rates (e.g., Chait & Griffiths,
1994; Roll, Higgins & Tidey, 1997) and cannabis use could confound carbon monoxide
testing, participants needed to be free from regular illicit drug use (> 70% negative urine
specimens during past 30 days). Participants provided consent in advance to allow staff to
collect from treatment providers the clinical information necessary to determine eligibility.

Participants were on average 39% male, 31 years old, and had completed 13 years of
education (Table 1). They reported smoking 20 cigarettes per day and 89% reported a prior
quit attempt with a median quit duration of 60 days. Mean (standard deviation) methadone
and buprenorphine maintenance doses were 106 (51) and 18.5 (8) mgs, respectively.
Participants had been maintained at their current dose for an average 193 (419) days.

Study Details

Full details of this smoking intervention have been reported elsewhere (Dunn et al., 2008.
Briefly, participants completed an intake assessment consisting of a demographic and
smoking questionnaire, the Fagerstrom Test of Nicotine Dependence (FTND; Heatherton,
Kozlowski, Frecker & Fagerstrom, 1991) and the Addiction Severity Index (ASI; McLellan
et al., 1985). They were also asked whether a counselor or healthcare professional had ever
discussed with them the importance of quitting smoking, if they had ever been advised to
delay quitting or to never quit smoking, and how much they thought cigarette smoking
harms their health. Follow-up assessments were completed at 14 and 30 days after quit date
and included the above questionnaires and collection of urine and breath samples.
Participants received $35 per follow-up, independent of smoking status.

Eligible participants were randomly assigned to the Contingent (n=11) or Noncontingent
(n=17) experimental group and visited the clinic daily for 14 consecutive days. While the
duration of this intervention was relatively brief, the aim was simply to demonstrate the
efficacy of a behavioral intervention in promoting initial abstinence in opioid-maintained
smokers. Considering that a positive relationship has been well-documented between
smoking abstinence during the initial two weeks of the quit attempt and longer-term
outcomes (Gourlay, Forbes, Marriner, Pethica & McNeil, 1994; Higgins, Heil, Dumeer,
Thomas, Solomon, & Bernstein, 2006; Kenford, Liore, Jorenby, Smith, Wetter & Baker,
1994; Yudkin, Jones, Lancaster & Fowler, 1996), promising levels of initial smoking
abstinence with this two-week intervention would bode well for longer-term outcomes.
Indeed, evidence that initial continuous abstinence can be established with an intensive
intervention early in the quit attempt will support future work by our group to develop an
intervention that sustains smoking abstinence for the longer term.

At each visit, participants provided breath and urine samples and reported the number of
cigarettes smoked since the last visit. Breath and urine specimens were analyzed
immediately for biochemical verification of smoking status. Breath carbon monoxide (CO)
levels were assessed using hand-held meters (Bedfont EC50 Smokerlyzer, Bedfont
Scientific Ltd., Kent, England). Urinary levels of cotinine, a metabolite of nicotine, were
measured using an on-site enzyme multiplied immunoassay test (EMIT) (Syva Co., San
Jose, CA). The abstinence criterion for earning vouchers was defined as a breath CO < 6
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ppm on Days 1-5 of the study and as a urine cotinine < 80 ng/ml on Days 6-14. Because of
the relatively short half-life of CO (4 hrs), smokers can meet the 6 ppm abstinence criterion
within 12—24 hours of stopping smoking (SRNT Subcommittee on Biochemical
Verification, 2002). With the relatively long half-life of cotinine, several continuous days of
abstinence are needed to meet the abstinence criterion (SRNT Subcommittee on
Biochemical Verification, 2002). Therefore, 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. We have
found this method of transitioning from CO to cotinine for monitoring of smoking status to
be effective for promoting smoking abstinence with CM in prior research by our group
(Higgins, et. al., 2004).

Contingent participants earned voucher-based incentives for samples that met the abstinence
criteria. The first negative sample earned $9.00 and values escalated by $1.50 with each
subsequent negative sample. Additional bonuses were available to further promote early and
complete smoking abstinence, and a reset contingency was included to discourage relapse
(Roll & Higgins, 2000). Contingent participants could earn a maximum of $362.50 in
vouchers for continuous abstinence during the 14-day study. Noncontingent participants
earned vouchers independent of smoking status and yoked to the Contingent group. In the
first study, Noncontingent participants were yoked to an individual Contingent participant
such that the amount and schedule of their voucher payments were yoked to that of a
Contingent group partner (but independent from their own smoking status). In the second
study, Noncontingent participants were yoked to the average earnings of the Contingent
group from the pilot study, meaning that the amount and schedule of their voucher payments
were yoked to the average payment amount obtained by the Contingent group in the pilot
trial (but independent from their own smoking status). The purpose of this yoking procedure
was to generally equate the amounts of vouchers, clinic contact, monitoring, and material
support were equal received by each experimental group.

There was a low occurrence of pharmacotherapy use by participants in these two studies.
Due to our use of urinary cotinine as a measure of smoking status, participants were not
permitted to use nicotine replacement, as this would confound the cotinine assay. During the
initial pilot study, no pharmacotherapy was provided as part of the study and participants
reported at each daily visit any medications taken since last visit. Overall, 14% of
participants in this report used pharmacotherapy, with 3 Contingent and 1 Noncontingent
participants using bupropion and 1 Contingent participant receiving varenicline from an
outside physician.

Analyses of lllicit Drug Use

All urine samples collected during the study and at 30-day follow-up were analyzed for
illicit drugs using an EMIT assay on an on-site Microgenics MCG240 analyzer. Samples
were tested for amphetamine (at a 1000 ng/ml cutoff), benzodiazepines (200 ng/ml),
cannabis (50 ng/ml), cocaine (300 ng/ml), opioids (300 ng/ml), oxycodone (100 ng/ml) and
propoxyphene (300 ng/ml). Methadone and buprenorphine assays were also used but these
data are not included in this report as they simply reflected the maintenance
pharmacotherapy being received by each participant.

Data Analysis

Participants were dichotomized post-hoc into Abstainer and Smoker groups, based on the
amount of smoking abstinence achieved during the study. There was a low occurrence of
missing samples during the study (3%). All missing samples were considered smoking-
positive for implementation of the CM intervention and for analyses of smoking outcomes;
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missing samples were not included in analyses on illicit drug use. Examination of the data
revealed a bimodal distribution, whereby participants provided either a majority of smoking-
negative or smoking-positive samples. Based on this distribution, all participants who
provided > 90% smoking-negative samples were categorized as Abstainers (n=12) and those
who provided < 10% smoking-negative samples as Smokers (n=16). As might be expected
most Abstainers (92%) had been randomly assigned to the Contingent experimental group
during the parent trials and all Smokers (100%) were members of the Noncontingent group.

Abstainers and Smokers were compared on demographic and drug use characteristics using
chi square tests for categorical variables and t-tests or Wilcoxon Rank Sum tests for
continuous variables. Chi square tests also were used to compare the two groups on the
percentage of samples that tested positive for each illicit drug during the study and at 30-day
follow-up. Analyses were performed using SAS statistical software (SAS Institute, Cary,
NC). Statistical significance was based on o=.05.

With respect to smoking-related outcomes, Abstainers provided significantly more smoking-
negative samples during the 14-day intervention than Smokers (97% vs. 1%, p<.01). This
difference persisted at the 30-day follow-up, with 25% of urine samples provided by
Abstainers testing negative for recent smoking compared to 0% of samples among Smokers
(p< .05, data not shown).

With regards to demographic and smoking characteristics, there were no significant
differences between Abstainers and Smokers on opioid treatment variables. The two groups
were also largely similar in smoking characteristics, with the exception of Abstainers having
lower cotinine and CO levels than Smokers at baseline, respectively (Table 1). There were
no significant group differences on ASI composite scores at intake or 30-day follow-up (not
shown). Overall, 89% of participants reported having discussed the importance of quitting
smoking with their doctor. Forty-three percent reported that a counselor had advised them to
delay quitting smoking because it may interfere with their opioid treatment, and 4% reported
that a counselor had instructed them to never quit smoking. Despite this, 100% of
participants reported that they believed their cigarette smoking presented a serious health
risk. There were no significant differences between Abstainers and Smokers in the
percentage who had discussed with a doctor the importance of quitting smoking (92% vs.
88%), had been advised to delay quitting (50% vs. 38%) or had been advised to never quit
smoking (0% vs. 6%), respectively.

There were no differences between Abstainers and Smokers in illicit drug use during the
smoking intervention, with 99% and 96% of samples testing negative for all illicit drugs in
each group, respectively. Data on individual illicit drug assays are presented in Figure 1.
Though there appeared to be a trend toward greater illicit drug abstinence among Abstainers,
there were no statistically-significant differences between the two groups for any drug. At
30-day follow-up, 96% of participants in the Smoker and Abstainer groups provided
negative urine results for any illicit drug (data not shown); there were no significant group
differences.

Discussion

Results from this pilot study provide no evidence that quitting smoking during methadone or
buprenorphine treatment increases use of illicit drugs in this sample of stable maintenance
patients. Patients in the present study who provided >90% smoking-negative samples
maintained near-perfect levels of illicit drug abstinence and there was no difference in drug
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use between those who were essentially smoking-abstinent and those who continued to
smoke cigarettes throughout the study. These findings are consistent with data from several
prior studies. For example, two recent studies examining smoking cessation among MM
patients found that quitting smoking was associated with either no change in illicit drug use
(Reid et al., in press) or an increase in opioid- and cocaine-negative urines (Shoptaw et al.,
2002). Several additional reports have noted that smoking cessation in more general
substance abuse treatment settings does not appear to increase alcohol or drug use (Miller,
Hendrick & Taylor, 1983; Hurt et al., 1994) and also may be associated with a decreased
urge to use alcohol or drugs (Bobo, Gilchrist, Schilling, Noach & Schinke, 1987; Campbell,
Wander, Stark & Holbert, 1995; Prochaska, Delucchi & Hall, 2004). Overall, data from this
study replicate those results using a more experimentally rigorous methodology than has
generally been used previously. They also may extend the findings to buprenorphine-
maintained smokers, though additional research with a larger sample of buprenorphine-
maintained patients will be necessary to address this question more definitively.

These data would argue against relapse risk as a rationale for not encouraging smoking
cessation, at least among stable maintenance patients. This finding may offer important
clinical implications. In this study, 100% of patients believed cigarette smoking is harmful
to their health. While the majority of participants in our study had discussed the importance
of quitting smoking with a healthcare professional, 43% of those participants had received
advice not to attempt quitting smoking at some point and 4% reported being instructed
against any attempt to ever quit smoking. The high prevalence of smoking and increased risk
of smoking-related morbidity and mortality would seem to underscore the need to explore
smoking cessation for at least patients who are relatively stable in their opioid treatment.
There is evidence that community methadone and other substance abuse treatment clinics
are beginning to emphasize the importance of, and provide support for, quitting smoking. In
terms of policy, the American Society of Addiction Medicine has issued a policy statement
in support of treating nicotine dependence among substance abusers (American Society of
Addiction Medicine, 2001), and the state of New Jersey now requires substance abuse
facilities to address cigarette smoking among their patients (Hoffman et al., 1997). Reports
also show that an increasing number of MM programs are providing patients with smoking
cessation aids (McCool, Richter & Choi, 2005) and establishing bans on indoor cigarette
smoking (Knapp et al., 1993; Richter, Choi & Alford, 2005). Interestingly, one study
examining staff attitudes towards smoking cessation found that significantly more staff
supported a smoking intervention after one was instituted, suggesting that experience with
providing an intervention may improve staff attitudes toward smoking cessation during drug
treatment (Hurt, Croghan, Offord, Eberman & Morse, 1995).

Several potential limitations of these findings should be noted. First, because participants in
this smoking cessation trial had to be relatively stable with regard to their opioid and other
drug use, our findings cannot address effects of smoking cessation on drug use among
unstable patients. That said, large portions of opioid maintenance patients are often
remarkably stable and abstinent from illicit drugs for long periods. As such, it seems
reasonable that they may be appropriate candidates for making a quit attempt during
treatment. Second, it is possible that the findings seen with this brief voucher-based CM
intervention may not generalize to other types of smoking-cessation treatments. Future
research efforts should assess illicit drug outcomes during other types of smoking-cessation
interventions as well as with the commonly-used pharmacotherapies for quitting smoking. A
final limitation is the limited sample size used in the present report. Future studies will be
important to replicate and extend these findings with a larger number of participants.
Overall, our findings provide no evidence that smoking cessation increases drug use among
stable opioid-maintained patients. This information provides additional support for programs
that aim to encourage smoking cessation during drug abuse treatment.
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Figure 1.

Represents abstinence from smoking and illicit-drug use. Percent of negative samples
provided by Abstainers (black bars) and Smokers (gray bars) for each illicit drug collapsed
across the 14-day intervention. Individual illicit drugs are (from left): amphetamines
(amphet), benzodiazepines (benzo), cocaine, opioids, oxycodone, propoxyphene (propox)
and cannabis.
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Table 1

Demographic and Smoking Characteristics

Overall (n=28)  Abstainers (n=12) Smokers (n=16) p-value

Demographics

Male (%) 39 50 31 0.44
Age (yrs) 31.3(8.8) 36.7 (10.6) 30.2 (7.5) 0.47
Education (yrs) 125 (1.3) 12.3 (1.6) 125 (1.1) 0.80
Opioid Treatment Characteristics
Methadone dose (mg) 106.9 (51.4) 127.9 (52.9) 90.7 (46.7) 0.16
Buprenorphine dose (mg) 18.5(8.8) 16.4 (9.2) 20.0 (8.9) 0.51
Length of time at current dose (days) 193.2 (519.2) 136.8 (154.8) 238.3 (550.1) 0.54
Negative urines in prior 30 days (%) 90 88 91 0.72
Smoking Characteristics
Cigarettes smoked per day 20.0(7.1) 20.0 (5.3) 20.0 (8.4) 0.99
Age first cigarette smoked (yrs) 12.4 (3.0) 125(3.7) 12.3(2.5) 0.87
Living with a smoker (%) 61 50 69 0.44
Nicotine yield of typical cigarette (mg) 1.0 (0.2) 0.9(0.2) 1.0 (0.2) 0.18
Tried to quit smoking (%) 89 100 81 0.24
Longest successful quit duration (days)  gg (30, 270)@ 60 (30, 456)@ 90 (45, 270)@ 0.93
Baseline cotinine (ng/ml) 1493.9 (710.0) 1173.7 (554.3) 1734 (734.3) 0.04
Baseline CO (ppm) 15.0 (7.1) 11.1(7.3) 18.0 (5.3) 0.01
FTND 5.9 (1.5) 5.3 (1.8) 6.1(1.2) 0.76

Values represent average (SD) unless otherwise indicated.

a . .
Represents interquartile range
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