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aBstraCt

introduction: The relevance of tobacco use in opioid addiction (OA) has generated a demand for available and more effective 
interventions. Thus, further analysis of less explored nicotine–opioid clinical interactions is warranted.

Methods: A post-hoc analysis of OA participants in a double-blind, randomized very low dose naltrexone (VLNTX) inpatient 
detoxification trial evaluated measures of opioid withdrawal and tobacco use. Intreatment smokers were compared with non-
smokers, or smokers who were not allowed to smoke.

results: A total of 141 (81%) of 174 OA participants were smokers, all nicotine-dependent. Inpatient smoking was a predictor 
of opioid withdrawal discomfort. Intreatment smokers (n = 96) showed significantly higher opioid craving (F = 3.7, p < .001) and 
lower detoxification completion rate (χ2 = 7.9, p < .02) compared with smokers who were not allowed to smoke (n = 45) or non-
smokers (n = 33). Smoking during treatment was associated with more elevated cigarette craving during detoxification (F = 4.1, 
p < .001) and a higher number of cigarettes smoked at follow-up (F = 3.6, p < .02). Among intreatment smokers, VLNTX 
addition to methadone taper was effective in easing opioid withdrawal and craving more than other treatments, whereas the 
combination VLNTX–clonidine was associated with significantly reduced cigarette craving and smoking during detoxification.

Conclusions: Failure to address tobacco use may negatively affect pharmacologically managed opioid discontinuation. Opioid 
detoxification may offer a window of opportunity to expand smoking cessation treatment, hence improving OA outcomes. The 
observed effects support testing of VLNTX–clonidine in smoking cessation trials among individuals with or without substance abuse.

intrODuCtiOn

Tobacco use in opioid addiction (OA) remains a clinical chal-
lenge despite continued progress in treatment for smoking 
cessation. Smoking prevalence rates of 80%–95% among 
OA individuals (Clemmey, Brooner, Chutuape, Kidorf, & 
Stitzer, 1997; Haas et al., 2008; Richter, Gibson, Ahluwalia, 
& Schmelzle, 2001) are higher than in other addictions 
(Kalman, Morissette, & George, 2005) and nearly 5 times 
higher than in the general population (Blazer & Wu, 2012; 
Centers for Disease Control and Prevention, 2011). The health 
cost of tobacco use is greater among active or recovering drug 
abusers: longitudinal studies in OA demonstrate that smok-
ing is more detrimental than alcohol (Hughes et  al., 1992), 
contributing to fourfold rates of excess mortality (Engström, 
Adamsson, Allebeck, & Rydberg, 1991; Hser, McCarthy, & 
Anglin, 1994). In comparison, opioid replacement therapy 
reduces death risk by one half (Clark, Samnaliev, Baxter, 
& Leung, 2011; Cornish, Macleod, Strang, Vickerman, & 
Hickman, 2010). There is reasonable concern that tobacco use 
may offset the benefits of effective interventions for OA. Thus, 

smoking cessation in OA is crucial to eliminate health dispari-
ties and reduce the burden of disease.

OA patients show a considerable interest in quitting smoking 
(Clarke, Stein, McGarry, & Gogineni, 2001; Frosch, Shoptaw, 
Jarvik, Rawson, & Ling, 1998) but have limited access to 
smoking cessation treatment (Richter, Choi, McCool, Harris, & 
Ahluwalia, 2004) and show 4 times lower cessation rates than 
the general U.S. population (Okoli et al., 2010; Richter et al., 
2001). Tobacco use is often associated with negative opioid 
agonist treatment outcomes. Smoking increases requests for 
methadone and its rewarding effects (Frosch, Shoptaw, Nahom, 
& Jarvik, 2000; Spiga, Martinetti, Meisch, Cowan, & Hursh, 
2005; Spiga, Schmitz, & Day, 1998). In turn, the administration 
of methadone or buprenorphine enhances smoking preferences 
(Elkader, Brands, Selby, & Sproule, 2009; Mello, Lukas, & 
Mendelson, 1985; Mutschler, Stephen, Teoh, Mendelson, & 
Mello, 2002; Richter et al., 2007), and high smoking rates are 
associated with higher levels of illicit drug use (Frosch, Nahom, 
& Shoptaw, 2002; Frosch et  al., 2000; Harrell, Montoya, 
Preston, Juliano, & Gorelick, 2011; Shoptaw et  al., 2002), 
which makes smoking cessation even more difficult (Frosch 
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et  al., 2002; Stapleton, Keaney, & Sutherland, 2009). These 
clinical relationships suggest possible functional interactions 
of opioid and nicotinic pathways in the brain (Berrendero, 
Robledo, Trigo, Martin-Garcia, & Maldonado, 2010).

Clinicians’ efforts may be facilitated if they had more sys-
tematic information on how smoking interacts with opioids 
under diverse treatment conditions. Many studies have assessed 
the effects of smoking in methadone- or buprenorphine-treated 
patients (for a review, see Guydish et al., 2011; Okoli et al., 2010), 
whereas clinical investigations have not examined how active 
smoking influences opioid use and withdrawal during detoxifi-
cation. Although opioid detoxification cannot be considered an 
effective standalone treatment of OA, it is the primary point of 
contact with the treatment system for almost 50% of OA patients 
(Substance Abuse and Mental Health Services Administration, 
2010). Reduced smoking has been recorded during heroin, 
buprenorphine, or methadone taper (Bigelow, Stitzer, Griffiths, 
& Liebson, 1981; Mello et al., 1985; Mello, Mendelson, Sellers, 
& Kuehnle, 1980), though cigarette craving and relapse into 
higher smoking rates have been described shortly after detoxifi-
cation (Conner, Stein, Longshore, & Stacy, 1999). Tobacco users 
are less likely to successfully withdraw from opioids (Ziedonis 
et al., 2009), and some clinicians have argued that an attempt 
to quit smoking might interfere with a concurrent effort to dis-
continue other drug use (Campbell, Wander, Stark, & Holbert, 
1995; Weinberger, Reutenauer, Vessicchio, & George, 2008). In 
addition, medications commonly used in detoxification, such as 
naltrexone and clonidine have been studied in smoking cessa-
tion with mixed results (David, Lancaster, Stead, & Evins, 2006; 
Herman & Sofuoglu, 2010). Thus, the study of smoking behav-
iors during opioid detoxification warrants further exploration.

We describe a post-hoc analysis of opioid withdrawal 
symptoms and smoking behaviors during a clinical study of 
methadone taper, withdrawal, and inpatient medical stabiliza-
tion with very low dose naltrexone (VLNTX) in OA individu-
als. The observed attenuation of opioid withdrawal and craving 
intensity using VLNTX for the duration of detoxification was 
explained with its ability to reduce mu-opioid receptor activ-
ity and dependence levels during opioid agonist treatment 
(Mannelli, Gottheil, Peoples, Oropeza, & Van Bockstaele, 
2004; Mannelli et al., 2009). In this study, intreatment smokers 
were compared with nonsmokers, and with smokers who were 
not allowed to smoke.

MethODs

Study Design

This was a 6-day, double-blind, randomized trial evaluating the 
safety and efficacy of two different oral naltrexone regimens 
(0.125 and 0.25 mg/day) for the treatment of withdrawal in 174 
OA subjects during inpatient methadone-based detoxification 
at two community treatment programs (Mannelli et al., 2009). 
Smoking cessation was not offered as part of the treatment, 
though access to smoking was permitted at one study site.

Subjects and Procedures

Participants were nonmethadone-treated OD patients age 
18 years or older who were seeking detoxification at commu-
nity treatment programs. Potential subjects were excluded for 

any of the following criteria: hypersensitivity to naltrexone, 
pregnancy, psychiatric or medical conditions rendering par-
ticipation hazardous, current dependence on alcohol, or cur-
rent dependence on substances other than opioids or nicotine. 
Psychiatric and medical examination, with routine laboratory 
tests including urine testing for drugs of abuse, were per-
formed at screening. The Structured Clinical Interview for the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV; First, Spitzer, Gibbon, & Williams, 2002) 
was used to formulate psychiatric diagnoses. The Addiction 
Severity Index (ASI; McLellan et al., 1992) was used to evaluate 
drug use, social status, and psychological status. The Timeline 
Followback (TLFB) method (Sobell, Brown, Leo, & Sobell, 
1996) was used to gather information on the use of psycho-
tropic medications and pattern of illicit drug use. Patients were 
asked to participate in a 1-week evaluation following discharge. 
The screening process, treatment, and evaluation procedures are 
described in detail elsewhere (Mannelli et al., 2009).

Treatment

Subjects received the standard methadone taper schedule that 
was in use at the community treatment programs: a single 30-
mg dose on Day 1 following baseline assessment, after which 
methadone was tapered by 5 mg/day, with treatment comple-
tion and discharge on Day 6. In addition to methadone taper, 
subjects were randomly assigned to one of three add-on medi-
cation groups: placebo, naltrexone 0.125 mg daily, or naltrex-
one 0.250 mg daily. Ancillary medications were available as 
needed. Need for, and use of ancillary medications was deter-
mined in routine clinical fashion by the nursing and medical 
staff (Mannelli et al., 2009).

Clonidine flexible dose (0.1–0.2 mg every 6 hr) was rou-
tinely used for detoxification only at the site where patients 
received permission to smoke. However, a nonconsecutive 
group of participants enrolled at that site did not receive the 
medication due to factors unrelated to the study or to character-
istics of the subjects (e.g., low supply).

Smoking

The diagnosis of nicotine dependence was based on DSM-IV 
criteria; severity of dependence was rated using the Fagerström 
Test for Nicotine Dependence (FTND; 0–2 = very low 
dependence, 3–4 = low dependence, 5 = medium dependence, 
6–7 = high dependence, and 8–10 = very high dependence) 
(Heatherton, Kozlowski, Frecker, & Fagerström, 1991). At one 
study site, subjects were allowed to smoke in a dedicated area 
between 10 a.m. and 12 p.m. and between 3 and 5 p.m. Cigarette 
counts were performed by study staff and every patient was 
asked to keep a daily smoking diary. Figure 1 shows the patient 
flow for the participants in the study, including smoking status 
and treatment received.

In-Study Assessments

Daily evaluation of opioid withdrawal and opioid and tobacco 
cravings was conducted between 9 and 10 a.m., before metha-
done and naltrexone administration or smoking. Opioid with-
drawal was assessed using the Subjective Opiate Withdrawal 
Scale (SOWS; Handelsman et al., 1987), a self-rating instrument 
that evaluates the intensity of 16 symptoms on a 5-point Likert 
scale including a single item-defined craving (Kanof et al., 1992).

1706



nicotine & tobacco research

Cigarette craving was evaluated using the Brief Ques-
tionnaire of Smoking Urges (QSU-Brief; Cox, Tiffany, & 
Christen, 2001). The QSU-Brief is a self-report list of 10 items 
rated on a 100-point scale. Factor analyses of the items have 
identified distinct verbal descriptions of craving of the reward-
ing properties of smoking (“positive craving” five items) or of 
its capacity of relief from negative affect (“negative craving” 
five items; Cox et  al., 2001). Adverse events were noted as 
reported by patients and observed during treatment.

Follow-up

Patients were contacted and interviewed by telephone after 1 
week using the TLFB method to gather information on use of 
psychotropic medications, tobacco, or illicit drugs. Subjects 
were then given an appointment to return to the study site and 
provide urine drug test.

Statistical Analysis

All analyses were carried out on the intent-to-treat sample. 
Demographic and clinical characteristics were compared using 
analysis of variance (ANOVA) for continuous variables and 
chi-square test for categorical variables. Peak reduction in 
SOWS scores (ΔSOWS) were used as a measure of withdrawal 
discomfort and calculated by subtracting the lowest intreatment 
daily withdrawal scores from baseline values. Hierarchical 
regression analyses were performed with ΔSOWS as the inde-
pendent value and naltrexone treatment, nicotine dependence, 
and smoking during treatment as predictor variables, control-
ling for effects of demographics and ASI scores. Changes of 
SOWS and QSU-Brief scores from baseline were analyzed 
using one-way repeated measure ANOVA with Bonferroni cor-
rection to control for experiment-wise errors. The odds ratio 
approximation of relative probability (RR; Sheskin, 2004) for 
subjects to smoke less than the daily average was calculated in 
each treatment group, using the “no naltrexone–no clonidine” 
condition as the reference group.

results

Subjects

A total of 141 of the 174 OA participants were smokers (81%), 
of whom 96 had permission to smoke, whereas 45 were not 
allowed to smoke during inpatient detoxification (Figure  1). 
All smokers had medium–high levels of nicotine depend-
ence based on FTND scores of 5–7 (Heatherton et al., 1991). 
The characteristics of the sample are summarized in Table 1. 
There were no significant differences in demographic and 
clinical measures among patients with nicotine dependence 
who smoked during treatment (NDS), nicotine-dependent 
individuals who were not allowed to smoke (ND), and non– 
nicotine-dependent patients (NOND).

To evaluate treatment effects on smoking, NDS participants 
were divided into four treatment groups: VLNTX (NTX, 
n = 31), VLNTX plus clonidine (NTX/CLO, n = 29), clonidine 
(CLO, n = 18), and no naltrexone/no clonidine (NONTX/CLO, 
n = 18) (Figure 1, Table 1). There was no significant difference 
in withdrawal intensity between patients randomized to different 
VLNTX doses, either administered alone (naltrexone 0.125 mg/
day  =  14, 0.25 mg/day  =  17) or with clonidine (naltrexone 
0.125 mg/day = 15, 0.25 mg/day = 14; data not shown). Thus, 
patients receiving the two naltrexone doses were combined into 
a single treatment condition in the NTX and NTX/CLO groups. 
There were no significant differences in demographic and clinical 
measures among the four groups (data not shown). The daily 
dose of clonidine administered during the 6-day detoxification 
treatment did not significantly differ between NTX/CLO and 
CLO groups (0.41 vs. 0.39 mg, F = 1.1 [1,51], p < .8).

Nicotine Dependence, Smoking, and Opioid Withdrawal

VLNTX addition was significantly associated with reduced 
withdrawal severity in the primary detoxification trial 
(Mannelli et  al., 2009). We performed hierarchical regres-
sions to determine the relative contribution of treatment, 
nicotine dependence, and smoking toward predicting peak 

Figure 1. Flow diagram of clinical trial participants describing smoking and treatment status. CLO = clonidine; NONTX/
CLO = no naltrexone–no clonidine; NTX = naltrexone; NTX/CLO = naltrexone + clonidine. *Patients receiving the two naltrexone 
doses were combined into a single naltrexone treatment condition as reported in Results section.
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withdrawal reduction, a measure of withdrawal discomfort 
(ΔSOWS, Table  2). Step 1 entered VLNTX treatment that 
was positively correlated with withdrawal reduction. On Step 
2, after nicotine dependence failed to add significance and 

was excluded, intreatment smoking was found to be nega-
tively correlated with ΔSOWS. Step 3 showed a significant 
interaction between VLNTX use and smoking during treat-
ment in predicting withdrawal changes. Age, gender, and 

table 1.  Sociodemographic, Substance Use Characteristics, and Detoxification Treatment Status of 174 
Opioid-Addicted Patients Undergoing 6-Day Methadone Detoxification

NDS (n = 96) ND (n = 45) NOND (n = 33)

% or mean (SD)
Demographics
 Age 30.9 (5.4) 32.8 (6.4) 32.2 (4.9)
 Male 70 65.4 64
 African American 30 38.5 28
 Years of education 9.6 (3.2) 9.2 (2.8) 7.9 (2.7)
 Married or cohabitant 27 19.2 20
 Unemployed 60 57.7 60.1
Substance use
Smoking behavior
 Cigarettes/day/30 days 20.3 (7.1) 22.8 (6.9) –
 Fagerström test score 5.21 (1.1) 5.46 (1.2) –
Days of use in last month
 Opioids 23.6 (2.9) 19.1 (3.5) 24.2 (3.5)
 Alcohol 7.8 (3.5) 8.9 (6.7) 3.9 (4.1)
 Cannabis 5.8 (4.2) 7.9 (5.3) 6.2 (8.5)
 Cocaine 6.7 (6.6) 10.1 (8.9) 9.1 (3.1)
 Tobacco 26.1 (3.1) 24.6 (2.1) –
Years of use
 Opioids 9.3 (3.7) 7.8 (6.7) 8.7 (3.9)
 Alcohol 7.9 (6.8) 8.6 (7.4) 5.9 (4.1)
 Cannabis 5.6 (6.2) 6.1 (3.5) 7.4 (3.3)
 Cocaine 6.8 (3.1) 5.7 (6.2) 5.9 (4.1)
 Tobacco 10.6 (6.1) 8.9 (7.7) 8.2 (6.2)
Addiction Severity Index
 Drug Composite Score .23 (.10) .29 (.11) .20 (.12)
 Alcohol Composite Score .11 (.04) .14 (.06) .08 (.05)
 Psychiatric Composite Score .19 (.09) .17 (.10) .15 (.12)
Other drug test at admission
 Positive cocaine 43 53.4 52
 Positive cannabis 46.6 42.3 56
 Positive amphetamine 3.3 7.7 4
 Positive alcohol 33.3 30.8 27
Treatments
 Naltrexone 0.125 mg/day 30.2 33.3 30.3
 Naltrexone 0.25 mg/day 32.3 31.1 33.3
 Naltrexone placebo 37.5 35.5 36.4
 Clonidine 48.9 – 60.6
 Clonidine mg/day .43 (.11) – –
 Ancillary medications (request) 59.1 57.6 59.9

Note. All comparisons were nonsignificant (p > .05). ND = smokers who were not allowed to smoke during treatment; 
NDS = smokers who smoked during treatment; NOND = nonsmoker.

table 2.  Hierarchical Regression of ΔSOWS (Peak Subjective Withdrawal Reduction) on Very Low Naltrexone 
Treatment and Smoking During Opioid Detoxification (N = 174)

Step Variable r R2 added Beta 95% CI F(3,174)

1 NTX treatment (y/n) .520*** .270*** .460 441.7 to 478.1
2 Smoking (y/n) −.401** −.060* −.133 −161.1 to −179.4
3 1 × 2 .380** .108** .492 460.8 to 522.8

5.07***

Note. *p < .03; **p < .01; ***p < .001; cumulative R2 = .438; adjusted R2 = .435.
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ASI drug, alcohol, and psychiatric scores entered as a block 
did not improve ΔSOWS prediction and were excluded from 
the model. Overall, VLNTX treatment explained 27% of the 
variance in peak opioid withdrawal reduction; smoking dur-
ing treatment and a combination of VLNTX and smoking 
explained an additional almost 17% of the variance.

Smoking and Behavioral Changes

Opioid Withdrawal and Craving
Total subjective withdrawal scores did not differ between 
intreatment smokers, nonsmokers, and smokers who were not 
allowed to smoke during opioid detoxification (F = 1.8 [2,173], 
p < .09). Clonidine is commonly used to treat tobacco and OA 
(van den Brink, 2012). To investigate whether clonidine use 
influenced withdrawal expression, we repeated the analysis 
excluding participants who received clonidine (NDS, n = 47; 
NOND, n  =  20; Figure  1). Subjective withdrawal scores 
remained nonsignificantly different among groups (F  =  2.1 
[1,107], p < .10). NDS participants, including those treated 
with clonidine, reported more elevated craving for opioids 
compared with the other groups (F  =  3.7 [2,171], p < .001; 
NDS vs. ND, p < .002; NDS vs. NOND, p < .001).

Cigarette Craving
Craving for cigarettes was higher in patients who smoked dur-
ing treatment (NDS) compared with smokers who were not 
allowed to smoke (ND; Figure 2; QSU-Brief, F = 4.1 [1,141], 
p < .001). Clonidine use has shown to reduce craving for 
tobacco (Gourlay, Stead, & Benowitz, 2004). Nonetheless, 
even when only smokers treated with clonidine in the NDS 
group (n  =  47) were compared with those in the ND group, 

craving remained significantly higher among nicotine-depend-
ent patients who smoked during treatment (F  =  3.8 [1,94], 
p < .002). NDS individuals’ scores of “positive craving” items 
were significantly higher (F = 5.4 [1,141], p < .0001), whereas 
no significant difference was noted for “negative craving” 
items (F = 1.4 [1,141], p < .11).

Retention and Follow-up
One-hundred and twenty patients (69%) completed detoxifi-
cation. Intreatment smokers showed significantly lower com-
pletion rates (NDS 59.4%, ND 79%, NOND 78.8%, χ2 = 7.9, 
df = 2, p < .02; NDS vs. ND, p < .02; NDS vs. NOND, p 
< .04) and a higher number of cigarettes smoked the week 
following discharge compared with patients who were not 
allowed to smoke during detoxification (cigarettes per day: 
NDS 19.8 [5.6] vs. ND 13.3 [4.3], F = 3.6 [1,85], p < .02). 
No significant between-group differences were found in use 
of opioids (χ2 = 1.3), alcohol (χ2 = 2.1), cocaine (χ2 = 0.9), or 
cannabis (χ2 = 1.3).

Treatment Outcomes of Active Smokers

Opioid Withdrawal and Craving
NDS patients treated with VLNTX reported significantly 
lower subjective withdrawal intensity compared with cloni-
dine or no naltrexone/no clonidine conditions (SOWS, F = 4.5 
[3,101], p < .01; NTX vs. NONTX/CLO, p < .001; NTX vs. 
CLO, p < .01; NTX vs. NTX/CLO, p < .9). Individuals in the 
NTX/CLO group reported attenuated withdrawal compared 
with those in the CLO group (p < .01). There were no sig-
nificant differences in withdrawal scores between clonidine 
or no naltrexone/no clonidine groups (CLO vs. NONTX/

Figure 2. Brief Questionnaire of Smoking Urges (QSU-Brief) scores rating cigarette craving for intreatment smokers (NDS), 
smokers who were not allowed to smoke during treatment (ND), and NDS patients treated with very low dose naltrexone–clonidine 
combination (dashed line). See text for comparisons.
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CLO, p < .18). Opioid craving scores were significantly 
lower among patients treated with VLNTX compared with 
clonidine or those receiving neither naltrexone nor clonidine 
(F  =  3.9 [3,96], p < .02; NTX vs. NONTX/CLO, p < .03; 
NTX vs. CLO, p < .03; NTX vs. NTX/CLO, p < .10; CLO vs. 
NONTX/CLO, p < .43).

Cigarette Smoking and Craving
All NDS patients smoked daily during treatment, an average 7.6 
(4.8) cigarettes/day. Patients treated with VLNTX plus clonidine 
reported reduced smoking compared with other groups (F = 4.2 
[3,96], p < .01; NTX/CLO vs. NONTX/CLO, p < .01; NTX/
CLO vs. CLO, p < .01; NTX/CLO vs. NTX, p < .02). Craving 
for cigarettes was significantly attenuated among intreatment 
smokers receiving VLNTX plus clonidine (Figure 1; QSU-Brief, 
F = 4.9 [3,96], p < .003; NTX/CLO vs. NONTX/CLO, p < .001; 
NTX/CLO vs. CLO, p < .001; NTX/CLO vs. NTX, p < .01; 
CLO vs. NONTX/CLO, p < .13). Scores of both “positive” and 
“negative” craving items were significantly lower in the NTX/
CLO group compare with NTX (positive: p < .03, negative: p < 
.01) and CLO (positive: p < .02, negative: p < .002).

The probability of smoking less than the daily average was 
significantly higher in the NTX/CLO group compared with the 
NONTX/CLO group (RR = 1.78, 95% CI = 1.03–3.09, p < .04). 
No significant difference was found in probability of departing 
from daily smoking average among patients who were admin-
istered naltrexone or clonidine compared with those individuals 
who did not receive either medication (NTX vs. NONTX/CLO, 
RR = .73, p = .4; CLO vs. NONTX/CLO, RR = 1.2, p = .5).

Use of Ancillary Medications and Adverse Events

All subjects received ancillary medications, including ibu-
profen, acetaminophen, loperamide, hydroxyzine, prochlor-
perazine, and cyclobenzaprine. Medications were requested 
by subjects in 59.5% of cases, with no significant difference 
between active smokers, smokers who were not allowed to 
smoke, and nonsmokers (Table 1). Requests of each medica-
tion did not differ significantly between groups (range = 53%–
78%, χ2 = 0.15–1.77, p < .21–.78). Among intreatment active 
smokers, there were no significant differences in amount of 
each medication administered to the four treatment groups (for 
Days 1–6, F range = 0.27–1.61 [3]; p < .17–.81).

There were no medication-related adverse events. Of 
the two adverse events previously described in this sample 
(Mannelli et  al., 2009), one (brief seizure-like episode) was 
recorded in an actively smoking individual receiving naltrex-
one placebo and no clonidine, the other (hyperglycemia) was 
observed in a nonsmoker treated with clonidine and naltrexone 
placebo. There were no episodes of medication-precipitated 
withdrawal. There were no significant differences among the 
four treatment groups in peak heart rate (F = 0.58 [3]; p < .89; 
total mean [SD] = 70.8 [7.6]) or peak systolic (F = 1.02 [3]; 
p < .16; total mean [SD] = 100.9 [20.8]) or diastolic blood pres-
sure (F = 0.24 [3]; p < 1.07; total mean [SD] = 57.8 [9.4]).

DisCussiOn

In this inpatient opioid detoxification trial, smoking during 
treatment was associated with increased opioid withdrawal 
discomfort. Patients who smoked reported more intense opioid 

craving and had lower detoxification completion rates com-
pared with smokers who were not allowed to smoke and with 
nonsmokers. Increased cigarette craving during detoxification 
and higher number of cigarettes smoked at follow-up distin-
guished intreatment smokers from those who were not allowed 
to smoke. Among active smokers, VLNTX addition to meth-
adone taper was more effective than clonidine or naltrexone 
placebo in easing opioid withdrawal, whereas the combination 
of VLNTX with clonidine attenuated cigarette craving and 
reduced intreatment smoking more than each medication alone.

Potential modifiers of withdrawal and craving, including 
sociodemographic, psychiatric, and drug/alcohol use charac-
teristics, or use of ancillary medications during detoxification, 
did not differ significantly between groups. Thus, it is unlikely 
that such variables biased the observed findings.

More than 80% of OA individuals were daily smokers and 
nicotine-dependent. At one study site, the rate of nicotine-
dependent OA patients was 96%  (Figure 1). This is consistent 
with findings in opioid-addicted populations treated at com-
munity treatment programs (Reid et al., 2011; Ziedonis et al., 
2009).

To our knowledge, this is the first investigation of the effects 
of cigarette smoking during opioid detoxification. A  recent 
investigation in a large nonsubstance abusing population 
reported that active smokers treated for chronic pain were less 
likely to complete methadone taper (Hooten, Townsend, Bruce, 
& Warner, 2009). Ziedonis et al. (2009) found that smoking was 
a predictor of negative opioid detoxification outcome in a mul-
tisite trial and argued for the need to study the impact of tobacco 
on opioid withdrawal. We identified an association between 
active smoking and opioid withdrawal and craving intensity, 
in combination with lower rates of detoxification completion. 
These findings were not associated with nicotine dependence 
alone and may have a biological explanation. At the pharma-
cokinetic level, the strong induction of hepatic cytochrome 
P-450 1A2-isoenzymes by polycyclic aromatic hydrocarbons in 
tobacco smoke may enhance methadone metabolism, resulting 
in lower methadone levels and increased behavioral discomfort 
during taper. Although these enzymes have only a secondary 
role in methadone metabolism (Kapur, Hutson, Chibber, Luk, 
& Selby, 2011), their concentration changes rapidly in response 
to smoking (Faber & Fuhr, 2004), and a sudden decrease has 
been implicated in the onset of methadone toxicity due to smok-
ing cessation (Wahawisan, Kolluru, Nguyen, Molina, & Speake, 
2011). Another possibility is a pharmacodynamic interaction. 
Daily evaluations were performed in the morning before smok-
ing or treatment delivery, when methadone and nicotine were at 
trough levels. Hence, “abstinence” effects of smoking would be 
expected to interact with similar effect of methadone, opposite 
to the positive effects observed when methadone and tobacco 
are taken together (Elkader et al., 2009).

The finding of higher cigarette craving among active smok-
ers, including those treated with clonidine, compared with 
patients who were not allowed to smoke and did not receive 
clonidine may seem counterintuitive. Smokers frequently 
report intense craving even without nicotine deprivation 
(Hughes, 1992), and many endorse more severe urges than 
during abstinence (Cox et  al., 2001; Piper et  al., 2011). In 
this regard, clonidine has shown to reduce craving following 
smoking cessation and it seems less effective in attenuating 
smoking-induced craving (Knott et al., 2005). The observation 
that only “positive” tobacco urges were significantly elevated 
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among intreatment smokers is consistent with laboratory find-
ings that smoking does not extinguish craving but may generate 
expectations of more reward through more smoking (Dols, van 
den Hout, Kindt, & Willems, 2002), as confirmed by higher 
number of cigarettes smoked at early follow-up in our sample. 
Such findings are of clinical interest, given the frequent focus 
of smoking cessation treatment on craving during abstinence.

The efficacy of VLNTX treatment in reducing opioid with-
drawal symptoms among active smokers confirms results 
observed in the whole sample (Mannelli et al., 2009), though it 
was significantly less effective than the combination VLNTX–
clonidine in modifying smoking behaviors. This is in line with 
mechanistic evidence. Early studies have indicated that naltrex-
one reduces smoking reward (Gorelick, Rose, & Jarvik, 1988). 
However, naltrexone does not affect negative reinforcing prop-
erties of tobacco and its use at higher doses is associated with 
side effects such as sedation (Epstein & King, 2004). In addi-
tion, even when naltrexone is administered following detoxi-
fication to avoid severe withdrawal, its antirewarding effects 
may contribute to worsen persisting anhedonic symptoms in 
opioid-dependent patients (Martinotti, Cloninger, & Janiri, 
2008). VLNTX downregulates activity at the mu-opioid receptor 
(Mannelli et al., 2004) that is selectively involved with dopamine 
response to hedonic stimuli (Wise, 2008), as well as to smoking 
and tobacco reinforcement (Domino et al., 2012; Liu & Jernigan, 
2011). Clonidine moderates positive and negative smoking rein-
forcement through alpha-2-adrenergic agonism and GABA(B) 
receptor modulation (Bruijnzeel et  al., 2011; Vlachou et  al., 
2011), though its clinical use is limited by orthostatic hypoten-
sion (Herman & Sofuoglu, 2010). A synergistic action on ciga-
rette craving and smoking would explain the stronger efficacy of 
VLNTX + clonidine than each medication separately and allow 
use of lower doses of each drug, with reduced adverse events.

This study has several limitations. Tobacco use and smoking 
cessation were not taken into account in the design and tobacco 
withdrawal was not assessed. The intreatment smoking condi-
tion did not result from prospective randomization of subjects 
and may be a confounding factor. Patients were randomized 
to receive VLNTX or placebo, not clonidine, and a compari-
son of VLNTX–clonidine treatment response between active 
and smokers who were not allowed to smoke could not be per-
formed. Although confounding by individual or treatment vari-
ables is unlikely because patients did not significantly differ in 
such characteristics, it is possible that the association between 
nicotine dependence, smoking, and response to treatment is 
accounted for by unmeasured confounds.

The investigation was conducted in community treatment 
programs, a “real world” setting. Although this can be consid-
ered one strong point of the study, the exclusion of patients with 
dependence from substances other than opioids and tobacco, or 
major psychiatric comorbidity may limit the generalizability of 
the results. However, a high proportion of patients who were 
screened were included in the study (86%, Figure 1), and rates 
of other drug use or ASI composite scores of comorbid psy-
chiatric burden (Table 1) were comparable with those of large 
opioid-dependent populations (Back et al., 2011).

This investigation shows that tobacco use negatively affects 
pharmacologically managed opioid agonist detoxification. 
Patients who smoked during detoxification displayed worse 
OA and smoking outcomes than those who were not allowed to 
smoke and experienced unassisted smoking cessation. Under 
these circumstances, failure to address tobacco use during 

substance abuse treatment may be a clinical liability more 
than an erroneous application of “harm-reduction” principles 
(Prochaska, 2010).

The advantage of including smoking cessation in detoxifica-
tion programs may be twofold: first a reciprocal pharmacologi-
cal gain from combining treatments and second, the possibility 
of extending the intervention to otherwise undertreated popula-
tions, similar to what done with drug abusers attending primary 
care visits (Ong, Zhou, & Sung, 2011).

Despite its limitations, this study suggests that VLNTX 
+ low dose clonidine is well tolerated and associated with 
improved smoking behaviors in OA. Further investigations 
should test the effectiveness of this pharmacological combina-
tion for smoking cessation in patients with or without comor-
bid substance abuse disorders.
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