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Abstract

Cigarette smoking is common among patients in cocaine and opioid dependence treatment, and
may influence treatment outcome. We addressed this issue in a secondary analysis of data from an
outpatient clinical trial of buprenorphine treatment for concurrent cocaine and opioid dependence
(13 weeks, N = 200). The association between cigarette smoking (lifetime cigarette smoking
status, number of cigarettes smoked per day prior to study entry) and short-term treatment
outcome (% of urine samples positive for cocaine or opioids, treatment retention) was evaluated
with analysis of covariance, bivariate correlations, and multivariate linear regression. Nicotine-
dependent smokers (66% of participants) had a significantly higher percentage of cocaine-positive
urine samples than non-smokers (12% of participants) (76% vs. 62%), but did not differ in
percentage of opioid-positive urine samples or treatment retention. Number of cigarettes smoked
per day at baseline was positively associated with percentage of cocaine-positive urine samples,
even after controlling for baseline sociodemographic and drug use characteristics, but was not
significantly associated with percentage of opioid-positive urine samples or treatment retention.
These results suggest that cigarette smoking is associated with poorer short-term outcome of
outpatient treatment for cocaine dependence, but perhaps not of concurrent opioid dependence,
and support the importance of offering smoking cessation treatment to cocaine-dependent patients.
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1. Introduction

Cigarette smoking is substantially more prevalent among illicit drug users than in the
general population (Budney et al., 1993; Richter et al., 2002), with current smoking rates as
high as 92% reported for opioid-dependent patients (Clemmey et al., 1997) and 81% for
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cocaine-dependent patients (Patkar et al., 2002). Cigarette smoking typically precedes use of
other substances (Chen and Kandel, 1995; Gorelick et al., 1997), supporting a
conceptualization of cigarettes as a “gateway drug” (Lindsay and Rainey, 1997; Weinberger
and Sofuoglu, 2009).

Cigarette smoking may also influence the outcome of drug abuse treatment, based on several
published association studies. A study of 749 HMO patients (58.9% with alcohol
dependence, 8.3% with cocaine dependence, 1.1% with heroin dependence) in substance
abuse treatment reported less alcohol and illicit drug abstinence among smokers than among
nonsmokers (Kohn et al., 2003), even at 5-year follow-up (Satre et al., 2007). A study of 105
cocaine-dependent outpatients found nicotine dependence (high scores on the Fagerstrom
Test for Nicotine Dependence (FTND)) positively associated with cocaine use during
treatment (cocaine-positive urine samples) in the subsample that was negative for cocaine
use at baseline, but not among the full sample (Patkar et al., 2003). However, a smaller (N =
63) study of cocaine-dependent outpatients found a similar degree of cocaine abstinence
during treatment in both smokers and non-smokers (Roll et al., 1996). Similar results have
been observed in small studies of methadone-maintained outpatients participating in
smoking cessation treatment, i.e., a significant positive association between cigarette
smoking and heroin and cocaine use during treatment (Frosch et al., 2000; Frosch et al.,
2002; Shoptaw et al., 2002). One small (N = 17) study found this association only for
cocaine use, but not for opioid use (Shoptaw et al., 1996).

Animal and human laboratory studies suggest possible mechanisms for this association
between cigarette smoking and poor drug abuse treatment outcome. Nicotine enhances
cocaine self-administration in rats (Bechtholt and Mark, 2002; Horger et al., 1992) and
rhesus monkeys (Freeman and Woolverton, 2009) and conditioned place preference for
cocaine in mice, (Zachariou et al., 2001), while inactivation of the nicotinic receptor reduces
cocaine self-administration (Hansen and Mark, 2007; Levin et al., 2000) and conditioned
place preference for cocaine (Zachariou et al., 2001). Inactivation of the nicotine receptor in
mice reduces the dopamine-releasing effect of cocaine (Zachariou et al., 2001), suggesting
that the behavioral interaction of nicotine and cocaine is mediated through dopamine effects.
In people with concurrent nicotine and cocaine dependence, nicotine can enhance cue-
induced cocaine craving (Reid et al., 1998), while administration of a nicotinic receptor
antagonist can reduce cue-induced cocaine craving (Reid et al., 1999). A study in dual
heroin- and cocaine-dependent patients in methadone maintenance found a significant
positive relationship between cigarette smoking and cocaine use, i.e., cigarette smoking was
significantly lower during periods of cocaine abstinence compared to periods of cocaine use
(Epstein et al., 2009). That study obtained frequent, contemporaneous reports from
participants using the technique of ecological momentary assessment (EMA). The
availability of cigarettes makes methadone seem more rewarding to patients (e.g., they will
work harder for it and self-administer more) (Spiga et al., 2005; Spiga et al., 1998). In
addition, heavy smokers require larger doses of methadone per day than chippers and non-
smokers (Frosch et al., 2000).

The present study examined the association of cigarette smoking with short-term treatment
response (retention, objective measures of cocaine and opioid use) in a large (N = 200)
outpatient drug abuse treatment sample. It was predicted that greater cigarette smoking at
baseline would be associated with poorer illicit substance abuse treatment outcomes.
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2. Methods

2.1 Participants

Participants were research volunteers from an outpatient clinical trial conducted prior to
2005 for the treatment of concurrent opioid and cocaine dependence, conducted in the
outpatient research clinic of the National Institute on Drug Abuse Intramural Research
Program. The trial was a 13-week, randomized double-blind investigation of buprenorphine
for participants with concurrent cocaine and opioid dependence (N = 200) (Montoya et al.,
2004). Participants were eligible for the trial if they were 21-50 years old and met DSM-I11-
R criteria for current cocaine dependence and opioid dependence. Participants were
excluded if they (1) fulfilled criteria for other current substance dependence besides caffeine
or nicotine (approximately 62% reported current use of other drugs); (2) displayed current
severe psychiatric symptoms, based on a clinical interview by a master’s-level drug abuse
counselor, or a general distress score higher than 70 on the Symptom Checklist 90-R
(Derogatis and Cleary, 1977); (3) demonstrated a current need for psychiatric treatment, as
judged by the study psychiatrist; (4) had an active medical disorder or current need for
medical treatment; (5) were currently nursing, pregnant, or of child-bearing potential and not
using a medically accepted method of birth control; or (6) were unable to read or speak
English. The study was approved by the NIDA Institutional Review Board. Written
informed consent was obtained from all participants.

2.2 Procedures

All participants received a thorough medical and psychological evaluation at baseline,
including the Diagnostic Interview Schedule (DIS) (Robins et al., 1982) to obtain
information relating to psychiatric diagnoses and cigarette smoking behavior. Participants
were randomized into 4 medication groups: 2 mg, 8 mg, or 16 mg daily or 16 mg every
other day (Montoya et al., 2004).. In addition to study medication, all participants received
weekly individual drug abuse counseling based on interpersonal psychotherapy. The two
highest buprenorphine doses significantly reduced both cocaine and opioid use (Montoya et
al., 2004).

Participants attended the outpatient clinic three times each week to provide urine samples
under direct staff observation. Urine samples were tested for morphine and the cocaine
metabolite benzoylecgonine by a screening immunoassay. The primary treatment outcome
variables were proportion of cocaine-positive and opioid-positive urine samples. Urine drug
test data were not available for 8 participants who did not attend their first clinic
appointment. These data were treated as missing and not analyzed. Thirteen subjects
dropped out before achieving their target buprenorphine dose on day 5; their urine data are
included in the analyses. Ninety subjects completed the entire 10-week trial. There were no
significant medication group differences in drop-out rate (Montoya et al., 2004). A
secondary outcome variable was length of stay (retention) in treatment. This variable has
been correlated with positive treatment outcome amongst cocaine-dependent outpatients in
previous studies (e.g., Siqueland et al., 2002). Participants who consented to treatment but
never appeared for the first visit were assigned a length of stay of 0.

2.3 Statistical analysis

For purposes of statistical analysis, cigarette smoking by participants at study entry was
classified quantitatively by both number of cigarettes smoked per day and number of DSM-
I11-R nicotine dependence criteria satisfied. In addition, participants were placed into three
mutually exclusive groups based on lifetime smoking status retrospectively reported at
baseline: 1) non-smokers (NS; never smoked at least one cigarette a day for at least one
month), 2) non-dependent smokers (NDS; qualified as a smoker, but did not meet DSM-111-
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R criteria for nicotine dependence), or 3) dependent smokers (DS; met DSM-III-R criteria
for nicotine dependence).

Univariate comparisons of baseline characteristics for the three smoking status groups were
conducted by one-way analyses of variance (ANOVA) for continuous variables and chi-
square tests for categorical variables. Least Significant Difference (LSD) post-hoc tests were
used to compare groups when ANOVA indicated significant differences (p < .05) overall.
Variables showing a “trend” level of significance (p <.1) were used as covariates in
analyses of covariance (ANCOVA) evaluating the association of cigarette smoking status on
treatment outcomes. Associations between relevant baseline characteristics (cigarettes
smoked per day, number of nicotine dependence criteria met, days of cocaine use in the 30
days prior to screening, days of opioid use in the 30 days prior to screening) and treatment
outcome variables were initially evaluated using bivariate Pearson correlation coefficients.
To control for potentially confounding variables, further evaluation attempted to predict
cocaine and opioid treatment outcome by using multivariate linear regression models that
included all demographic and baseline drug use characteristics except number of nicotine
dependence criteria met. This variable was not included due to its high correlation with
number of cigarettes smoked per day (r = 0.62, p < .05), thus raising multicollinearity issues
if both variables were used in the same regression model (Morton, 1977).

All statistical analyses used SPSS v. 17.0 (SPSS Inc., Chicago, IL) with a two-tailed
significance level set at p < .05, except where otherwise noted.

3.1 Sociodemographic characteristics

Participant sociodemographic characteristics had few significant associations with lifetime
smoking status (Table 1). African-Americans were more likely than others to be non-
dependent smokers (26% vs. 10%) and less likely to be dependent smokers (62% vs. 78%).
There was a trend towards less baseline days of cocaine use in the non-dependent smoker
group (p < .07 for both post-hoc group comparisons). Therefore, race and baseline days of
cocaine use were used as covariates when analyzing treatment outcome data.

3.2 Baseline substance use

As expected from the study eligibility criteria, participants were heavy users of cocaine and
heroin in the month prior to study screening (Table 1). These characteristics were not
significantly associated with number of cigarettes smoked per day at study entry (Table 2).
Number of cigarettes smoked per day was highly correlated with number of nicotine
dependence criteria met (Table 2).

3.2 Lifetime smoking status and treatment outcome

Lifetime smoking status was not significantly associated with cocaine use during treatment,
after adjusting for race and baseline days of cocaine use, F(1, 186) = 2.11, p = .124.
However, non-smokers (NS) had a significantly lower proportion of cocaine-positive urine
samples (61.2%, SE = 6.9) than dependent (DS) smokers (76.4%, SE = 3.0) (LSD p < .05),
although they did not differ significantly from non-dependent smokers (NDS, Figure 1). The
number of nicotine dependence criteria met was significantly positively correlated with
proportion of cocaine-positive urine samples, r = .16, p < 0.05 (Table 2). Lifetime smoking
status had no significant association with opioid use during treatment (Figure 1) nor with
retention in treatment: NS length of stay = 50.8 (SE = 7.4) days, NDS = 52.0 (SE = 5.8)
days, DS =53.2 (SE = 3.2) days; F(1,194) = 0.06, p = .95.
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3.3 Cigarette smoking at baseline and treatment outcome

Number of cigarettes smoked per day was significantly positively correlated with percentage
of cocaine-positive urine samples (Table 2), even after controlling for baseline participant
characteristics in the regression model (Table 3). Cocaine use during treatment had no
significant association with any other baseline characteristic in the regression model,
including with cocaine or heroin use in the 30 days prior to study screening (Table 3).
Number of cigarettes smoked per day had no significant correlation with opioid use during
treatment (Table 2), even after controlling for baseline participant characteristics in the
regression model (Table 4). However, several other baseline characteristics (sex, marital
status, education level) were significantly associated with opioid use (Table 4).

Number of cigarettes smoked per day was not significantly associated with treatment
retention (Table 2). However, as expected from prior studies (Siqueland et al., 2002),
treatment retention was negatively correlated with both cocaine use and opioid use during
treatment (Table 2).

4. Discussion

This study found a significant association between cigarette smoking and short-term
outcome of cocaine dependence treatment, with greater smoking involvement predicting
poorer treatment outcome (Tables 1-2), even after controlling for potential confounding
variables, such as pre-treatment drug use and baseline sociodemographic characteristics
(Table 3). Such an association was not observed in two previous studies of cocaine-
dependent outpatients (Patkar et al., 2003;Roll et al., 1996), possibly because smaller sample
sizes (63 and 105, respectively) may have resulted in those studies being underpowered. Our
observed association between cigarette smoking and cocaine use during treatment is
consistent with prior studies showing nicotine enhancement of cocaine self-administration in
rats (Bechtholt and Mark, 2002;Horger et al., 1992) and rhesus monkeys (Freeman and
Woolverton, 2009), and of cue-induced cocaine craving in people with concurrent nicotine
and cocaine dependence (Reid et al., 1998). It may also explain the significant association
between cigarette abstinence and cocaine abstinence observed in a study using EMA
(Epstein et al., 2009).

We did not observe a significant association between cigarette smoking and short-term
outcome of opioid dependence treatment (in patients with concurrent cocaine dependence),
despite prior human laboratory studies suggesting that cigarette smoking may make opioids
(specifically, methadone) more rewarding (Spiga et al., 2005; Spiga et al., 1998). However,
our findings are consistent with results of a prior study of seventeen methadone-maintained
patients that found associations between reduced cigarette smoking and reduced cocaine use,
but not with opioid use (Shoptaw et al., 1996). The EMA study also found a weaker short-
term association of cigarette abstinence with opioid abstinence than with cocaine abstinence
(Epstein et al., 2009). This pattern of findings suggests that cigarette smoking may have a
stronger influence on cocaine use than on opioid use.

In contrast to the significant association between cigarette smoking and cocaine use during
treatment, we did not observe a significant association between cigarette smoking (either
lifetime smoking status or number of cigarettes smoked per day prior to the study) and
cocaine use prior to study entry (Table 2). This dissociation suggests that cigarette smoking
may have a stronger influence on cocaine use when people are trying to cut down or stop
such use (as during treatment) than at other times. We are not aware of any other data that
bear on this possibility.
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Both pharmacological and non-pharmacological mechanisms might explain the association
between cigarette smoking and cocaine use. The reinforcing aspects of cocaine use are
linked to direct activation of the mesolimbic dopamine system via blockade of the
presynaptic dopamine transporter (Gorelick et al., 2004; Haile et al., 2009). Nicotine
increases dopamine release in the mesolimbic system (Tanda and Di Chiara, 1998), thereby
potentially augmenting the effect of cocaine (Zachariou et al., 2001). In contrast, opioids
indirectly activate the mesolimbic dopamine system via activation of mu-opioid receptors
(Gianoulakis, 2009). This difference in pharmacological mechanisms may account for the
observed difference in associations between cigarette smoking and cocaine versus opioid
use.

Psychological factors common to cigarette smoking and cocaine use might also be involved,
such as depression (Dierker et al., 2002; Meyer et al., 1996), impulsivity (Moeller and
Dougherty, 2002), lack of task persistence (Brandon et al., 2003), or positive expectancies
for drug use (Brandon et al., 1999; Kirsch, 1999). However, it is not clear why any of these
factors should differentially operate on cocaine use and not on opioid use. Clinically
depressed participants were excluded from our study, so depression was unlikely to be a
factor.

One possible differential factor between cocaine use and opioid use is stimulus
generalization. A related possibility is that cigarette smoking serves as a conditioned cue for
the availability of cocaine (Neugebauer et al., 2010), thus stimulating cocaine craving and
seeking. Cigarette smoking and cocaine smoking both involve lighting a substance, hand-to-
mouth action, and inhaling and exhaling (Sees and Clark, 1993). A majority of people using
heroin do so by injection, while only a minority of cocaine users do so (Substance Abuse
and Mental Health Services Administration, 2009). Smoking of cocaine is much more
common in the US than smoking of heroin (Substance Abuse and Mental Health Services
Administration, 2009), which was also the pattern in our study participants. This difference
in drug route of administration would favor stimulus generalization from cigarette smoking
promoting cocaine use more than heroin use. We are not aware of any human data on
cigarette smoking serving as a conditioned cue for cocaine availability. A recent rat study
found no evidence that subcutaneous nicotine served as a conditioned cue for
methamphetamine self-administration (Neugebauer et al., 2010).

This study found a significant positive association between cocaine use prior to treatment
entry and cocaine use during treatment, but no such association for opiate use (Table 2).
This finding may be related to buprenorphine treatment reducing opiate use sufficiently to
weaken the association.

This study has several limitations. External validity is limited because participants were
concurrently dependent on both opioids and cocaine, so results may not generalize to people
with only cocaine dependence, although co-use of opioids and cocaine is relatively common
(Leri et al., 2003). All participants were taking buprenorphine, which causes a dose-
dependent increase in cigarette smoking (Mello et al., 1985; Mutschler et al., 2002). It is
possible that buprenorphine may have influenced the interaction between cigarette smoking
and treatment outcome. Buprenorphine, at higher doses, reduced illicit opioid use and this
reduction may have obscured any association between illicit opioid use during treatment and
baseline cigarette use. However, because higher buprenorphine doses were also associated
with better cocaine treatment outcome (Montoya et al., 2004), it is not clear how a
buprenorphine influence could explain our observed finding of a negative association
between higher levels of cigarette smoking and cocaine treatment outcome.
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All data on cigarette smoking were based on participant self-report obtained at baseline.
However, there were no adverse contingencies for reporting cigarette (or other drug) use at
baseline, and self-reports of cigarette smoking are relatively accurate (Shiffman, 2009).
Cigarette smoking was not measured during treatment, so it is possible that participants
changed their smoking behavior during the course of the study. However, there is evidence
that cigarette smoking patterns remain stable among outpatients in treatment for cocaine
dependence (Patkar et al., 2006) and opioid dependence (Haas et al., 2008).

This study has several strengths. It is the largest study of which we are aware on the
association of cigarette smoking and the outcome of cocaine dependence treatment. It
assessed cigarette smoking in terms of both lifetime categorical (lifetime nicotine
dependence) and quantitative (number of cigarettes smoked per day) measures, and
treatment outcome by an objective measure of drug use (urine drug testing) and treatment
retention.

Our findings, consistent with other evidence discussed above, suggest a substantial adverse
association between cigarette smoking and cocaine dependence treatment outcome. This
finding, coupled with the fact that cigarette smoking significantly damages the health of
substance abusers (Hurt et al., 1996; Patkar et al., 2002), offers support for providing
smoking cessation programs to cocaine-dependent patients. While this study did not
measure cigarette smoking during treatment, it is likely that the cigarette smoking observed
at baseline (along with its adverse association with short-term treatment outcome) continued
during treatment (Patkar et al., 2006; Haas et al., 2008). Thus, enhancing smoking cessation
is likely to improve the outcome of treatment for cocaine dependence by reducing this
adverse association. Despite the concerns of some treatment providers that providing
treatment for nicotine dependence would detract from treatment of the illegal drug of choice
(Guydish et al., 2007; Weinberger et al., 2008), there is little evidence that smoking
abstinence or smoking cessation attempts are associated with worse substance abuse
treatment outcomes (Kalman, 1998; Reid et al., 2008). In fact, individuals who quit smoking
during substance abuse treatment generally have better outcomes than those who do not
(Friend and Pagano, 2005; Lemon et al., 2003; Shoptaw et al., 1996; Shoptaw et al., 2002;
Sussman, 2002). Studies also suggest that patients in treatment for illicit drug use are
interested in nicotine dependence treatment (Clemmey et al., 1997; McDonald et al., 2000).

Future research should evaluate smoking cessation interventions in relation to treatment
outcomes for specific drugs of abuse. In particular, it would be useful to determine if
concurrent treatment for nicotine dependence improves cocaine dependence treatment
outcome, independent of opioid treatment outcome.
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Figure 1.
Association of cigarette smoking status with cocaine and opioid use during treatment. Mean

(= SE) percentages of urine samples positive for cocaine or opioids during treatment as a
function of cigarette smoking status. Urine samples were collected under direct staff
observation three times each week over 13 weeks and tested for morphine and the cocaine
metabolite benzoylecgonine by a screening immunoassay. Percentages adjusted for race and
baseline cocaine use as covariates.
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Participant characteristics as predictors of cocaine treatment outcome in 186 cocaine- and opioid-dependent

outpatients.

% of Cocaine-Positive Urine Samples

Predictor Variables Standardized B t p

Age 0.02 0.23 0.74
Female 0.12 1.65 0.09
African-American 0.14 1.85 0.08
Never Married —-0.01 —-0.15 0.92
Highest Grade in School Completed 0.13 1.72 0.08
Number of Months Employed Past Year -0.12 -1.67 0.10
# of Past 30 Datys1 Used Cocaine 0.13 175 0.09
# of Past 30 Days1 Used Heroin —0.11 —1.52 0.12
8 Mg of Buprenorphine Per Day2 —0.11 —1.20 0.23
16 Mg of Buprenorphine Per Day2 —.012 —1.35 0.18
16 Mg of Buprenorphine Every Other Day2 —0.01 —0.16 087
Number of Cigarettes Smoked Per Day 0.22 2.84 0.005

Multivariate linear regression was used to evaluate the association between baseline characteristics and % of cocaine-positive urine samples during

treatment
1 . .
prior to screening.

2Compared to 2 milligrams (mg) of buprenorphine per day
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Participant characteristics as predictors of opioid treatment outcome in 186 cocaine- and opioid-dependent

outpatients.

% of Opioid-Positive Urine Samples

Predictor Variables Standardized B t p

Age 0.00 —-0.03 0.98
Female 0.20 —2.70  0.008
African-American 0.04 —-0.55 0.59
Never Married 0.16 -1.97 0.05
Highest Grade in School Completed 0.16 —2.07 0.04
Number of Months Employed Past Year —0.04 -0.57 0.57
# of Past 30 Datys1 Used Cocaine 0.06 —0.81 0.42
# of Past 30 Days1 Used Heroin —0.04 —0.61 0.54
8 Mg of Buprenorphine Per Day2 —0.13 —1.44 0.15
16 Mg of Buprenorphine Per Day2 —0.14 —1.54 0.12
16 Mg of Buprenorphine Every Other Day2 —0.14 -1.52 013
Number of Cigarettes Smoked Per Day 0.01 -0.15 0.88

Multivariate linear regression was used to evaluate the association between baseline characteristics and % of opioid-positive urine samples during

treatment
1 . .
prior to screening.

2Compared to 2 milligrams (mg) of buprenorphine per day
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