
ORIGINAL INVESTIGATION

A preliminary double-blind, placebo-controlled randomized
study of baclofen effects in alcoholic smokers

Lorenzo Leggio & William H. Zywiak &

Steven M. Edwards & Jennifer W. Tidey &

Robert M. Swift & George A. Kenna

Received: 19 November 2013 /Accepted: 4 June 2014 /Published online: 29 June 2014
# Springer-Verlag Berlin Heidelberg (Outside the USA) 2014

Abstract
Rationale There is presently no approved single treatment for
dual alcohol and nicotine dependencies.
Objective This pilot study investigated baclofen effects in
alcoholic smokers.
Methods This was a preliminary double-blind placebo-
controlled randomized clinical study with 30 alcoholic smokers
randomized to baclofen at 80 mg/day or placebo. A subgroup
(n=18) participated in an alcohol cue-reactivity experiment.
Results Baclofen, compared with placebo, significantly de-
creased the percent days of abstinence from alcohol-tobacco
co-use (p=0.004). Alcohol dependence severity moderated
baclofen effects, with the higher severity group having the
greater baclofen response (p<0.001). Although the percent
days of alcohol-tobacco co-use declined in both groups, this
decline was greater after placebo than baclofen (p<0.001).
Secondary analyses on alcohol or tobacco use alone suggested
that the increase in percent days of co-abstinence was driven

by the medication differences on heavy drinking days and on
percent days smoking. In the cue-reactivity substudy, baclofen
slightly decreased alcohol urge (p=0.058) and significantly
reduced salivation (p=0.001), but these effects were not related
to cue type.
Conclusions This study provides preliminary evidence sug-
gesting a possible role of baclofen in the treatment of alcoholic
smokers. However, the mixed results and the small sample
require larger confirmatory studies.
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Introduction

Alcohol and nicotine use frequently co-occur (Schlaepfer et al.
2008), and approximately half of the alcoholic population
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smokes (Grant et al. 2004; Romberger and Grant 2004; Sobell
et al. 1990). Spontaneous smoking cessation is infrequent
among alcoholic individuals (Falk et al. 2006; Hintz and
Mann 2007) and up to 75 % of alcoholic smokers would
require treatment for both dependencies (Grant et al. 2004).
However, there is presently no approved solitary treatment
that addresses both addictions concurrently. Efforts have been
made to identify possible treatments that could help patients
with alcohol and nicotine co-dependence, e.g., varenicline
(Jimenez-Ruiz et al. 2009; Litten et al. 2013), naltrexone
(Fucito et al. 2012), topiramate (Baltieri et al. 2009; Johnson
et al. 2005), and combined nicotine patch and gum (Cooney
et al. 2009).

The GABAB receptor agonist baclofen (BACL) may be
an effective pharmacotherapy for alcoholism, as well as for
smoking. In animals, BACL diminishes: acquisition of
alcohol-drinking behavior (Colombo et al. 2000, 2002;
Daoust et al. 1987), the increase in alcohol intake after
abstinence (Colombo et al. 2003a, 2006), alcohol self-
administration (Anstrom et al. 2003; Besheer et al. 2004;
Janak and Michael Gill 2003; Liang et al. 2006; Maccioni
et al. 2005; Walker and Koob 2007), alcohol-related moti-
vation (Colombo et al. 2003b; Maccioni et al. 2008b), and
cue-induced reinstatement of alcohol-seeking behavior
(Maccioni et al. 2008a). In alcohol-dependent individuals,
two open-label pilot studies (Addolorato et al. 2000;
Flannery et al. 2004) and a small 4-week double-blind placebo
(PLA)-controlled randomized clinical trial (DBPCRCT)
(Addolorato et al. 2002a) found BACL at 30mg/day to reduce
alcohol drinking. Furthermore, a 12-week DBPCRCT dem-
onstrated that BACL at 30 mg/day was effective in promoting
alcohol abstinence in severely ill alcoholic cirrhotic patients
(Addolorato et al. 2007), including those with hepatitis C
infection (Leggio et al. 2012). Another 12-week DBPCRCT
with BACL at 30 mg/day, however, failed to find similar
results in alcohol-dependent patients (Garbutt et al. 2010).
Differences in alcohol dependence severity are highlighted
as a possible explanation of the inconsistencies across these
trials (Leggio et al. 2010).

Initial studies also indicate that BACL may be an effective
treatment for smoking. Two studies in nondependent rats
trained to self-administer nicotine under limited access condi-
tions, found reduced intravenous nicotine self-administration,
after BACL microinfusions into the pedunculopontine teg-
mental nucleus (Corrigall et al. 2001), and the ventral tegmen-
tal area (Corrigall et al. 2000), suggesting that BACL reduced
the reinforcement effects of nicotine. BACL administered
intraperitoneally antagonized intravenous nicotine self-
administration and nicotine-rewarding effects in rats trained
to chronically self-administer nicotine under a continuous
reinforcement schedule (Fattore et al. 2002; Markou et al.
2004; Paterson et al. 2004), and these BACL effects were
dose-dependent (Fattore et al. 2009; Markou et al. 2004;

Paterson et al. 2004); furthermore, BACL inhibited nicotine
stimulant effects (Lobina et al. 2011). A 9-week DBPCRCT in
heavy smokers who were contemplating to quit smoking
indicated that BACL at 80 mg/day significantly reduced cig-
arettes smoked per day (CPD) (Franklin et al. 2009).

These results suggest that BACL could represent a unique
pharmacotherapy to treat alcoholic smokers. However, this
aspect has never been formally investigated. The primary aim
of this preliminary study was to investigate the dual effects of
BACL on alcohol consumption and smoking concurrently in
alcoholic smokers, examining the hypothesis that BACL
would significantly reduce alcohol and cigarette co-use.
Secondary aims were to investigate the effects of BACL on
reduction of or abstinence from either alcohol or tobacco. We
also explored whether BACL effects were moderated by
alcohol dependence severity, nicotine dependence severity or
treatment goals. Finally, in a substudy, we explored the effects
of BACL on alcohol cue-elicited craving for alcohol and
smoking.

Methods

Design and setting

This was a pilot between-subject DBPCRCT (Clinical Trial
Registration no. ISRCTN62137064) conducted at the Brown
University Center for Alcohol and Addiction Studies (CAAS)
and Roger Williams Medical Center (RWMC), Providence,
RI. Both Brown and RWMC Institutional Review Boards
approved the study.

Participants

Participants were alcohol-dependent heavy-drinking and
heavy-smoking individuals. To be eligible, participants: (a)
had to be between 18 and 75 years old (inclusive); (b) had to
have DSM-IV diagnoses of both alcohol and nicotine co-
dependency, with heavy use of alcohol (men ≥5 standard
drink units (SDUs), and women ≥4 SDUs, a day on average)
and cigarettes (≥10 CPD on average) during the last 90 days
before screening; (c) had to be interested in receiving treat-
ment for both drinking and smoking (either reducing or stop-
ping both substances; or reducing one substance and stopping
the other). Exclusion criteria included: (a) current (i.e., past
year) DSM-IV diagnosis of dependence on any psychoactive
substance other than alcohol and nicotine; (b) lifetime DSM-
IV diagnosis of schizophrenia, bipolar disorder, or other psy-
chosis; (c) past year diagnosis of major depression, anxiety
disorders, and eating disorders; (d) risk of suicide (e.g., active
plan or recent attempt in last year); (e) positive urine drug
screen at baseline for any illegal substance other than
marijuana; (f) significant alcohol withdrawal symptoms, as
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assessed by a Clinical Institute Withdrawal Assessment for
Alcohol revised (CIWA-Ar) score >10; (g) history of hos-
pitalization for alcohol intoxication delirium, alcohol with-
drawal delirium or seizure; (h) participation in any research
study for alcoholism and/or smoking treatment within
3 months prior to signing the consent document; (i) phar-
macological treatment with naltrexone, acamprosate,
topiramate, disulfiram, nicotine replacement, bupropion,
and varenicline within 1 month prior to randomization; (j)
current use of psychotropic medications or medications that
interfere with the metabolism of BACL, history of allergy
to BACL or medical contraindications to take BACL; (k)
severe medical diseases, such as cancer, cirrhosis, chronic
kidney failure, and chronic neurological disorders; and (l)
females who were of child bearing potential and not prac-
ticing effective birth control.

Study overview

The study consisted of four phases: telephone pre-screening,
in-person screening, 12-week treatment, and 4-week follow-
up. Potential participants, recruited via advertisements in pub-
lic transportation and mass media, referrals from other clinics,
and by word of mouth, were phone screened. Those meeting
initial screening criteria came for an in-person screen in which
they provided written informed consent. Screening procedures
(week 00 visit) included psychological assessments, blood/
urine lab work (e.g., liver and kidney function tests, CBC,
urine drug test, and urine pregnancy test), electrocardiogram,
medical history, and physical exam. Breath alcohol concen-
trations (Alco-Sensor IV; Intoximeters, Inc.) were measured;
vital signs were taken; alcohol consumption and smoking data
were collected using the Timeline Follow-back (TLFB)
(Lewis-Esquerre et al. 2005; Sobell et al. 1988); and partici-
pants filled out craving assessments. Cravings were measured
using the Alcohol Urge Questionnaire (AUQ) (Bohn et al.
1995), the Obsessive Compulsive Drinking Scale (OCDS)
(Anton et al. 1995), the Questionnaire on Smoking Urges-
Brief (QSU-B) (Cox et al. 2001), and a smoking Visual
Analogue Scale (S-VAS) on which scores range from 1 to
10 (Bertholet et al. 2012). Additionally, alcohol and nicotine
dependence severity were assessed by the Alcohol Dependence
Scale (ADS), on which scores range from 0 to 47 (Skinner and
Allen 1982) and the Fagerström Test for Nicotine Dependence
(FTND), on which scores range from 0 to 10 (Fagerstrom and
Schneider 1989). Readiness to consider smoking cessation was
assessed by the smoking contemplation ladder, on which scores
range from 0 to 10 (Biener and Abrams 1991).

At week 01 visit, eligible participants were randomized to
BACL or PLA using a 3-urn variable procedure (Stout et al.
1994), i.e., gender, baseline heavy drinking days (HDDs), and
baseline CPD. BACL at 80 mg/day (20 mg, q.i.d.), or PLA
was placed into blister packs as opaque capsules containing

drug and 25 mg riboflavin (as a compliance measure; Del
Boca et al. 1996). Medication adherence was assessed via pill
count, self-report and verified by riboflavin check.

The BACL dose was 80 mg/day. While most prior alcohol
studies have targeted 30 mg/day (Addolorato et al. 2000,
2002a, 2007; Garbutt et al. 2010; Leggio et al. 2013), a recent
secondary analysis provided preliminary evidence suggesting
a possible dose-response BACL effect (e.g., 60 vs. 30mg/day)
in alcoholic patients (Addolorato et al. 2011). Furthermore,
Franklin et al. (2009) showed that BACL at 80 mg/day was
effective in reducing CPD in smokers. Considering that a
three-group design was not feasible for this small-size study,
and that this study targeted a population of alcoholic smokers,
we opted for a BACL dose of 80 mg/day.

Consistent with the study by Franklin et al. 2009, BACL
was titrated up during the first 2 weeks until the targeted dose
of 80 mg/day was reached, then administered through a 10-
week period at the targeted dose, after which it was tapered
and discontinued over 1 week. Patients came back to our
facility seven times during the treatment phase, i.e., every
week during the first month and then every other week.
Participants were also seen at Week 16 for a brief follow-up.
At Weeks 5, 7, 9, and 11, a phone call was made to check
participants’ well-being. At each visit, measurements of
breath alcohol concentration, vital signs, alcohol and smoking
TLFB, and craving were taken. At Weeks 4, 8, and 12, blood/
urine lab work was repeated to check patients’ safety.
Compensation to cover travel expenses and time was provided
at each visit.

Medical management

At each visit, patients received a medical management (MM)
session, after which study medication for the following study
period was dispensed. The MM approach described in the
COMBINE (Anton et al. 2006; COMBINE Study Research
Group 2003) was used but modified in order to focus the
sessions on alcohol- and smoking-related (and their co-use)
problems. The sessions provided personalized education re-
garding alcohol and smoking, helped participants to develop
and implement a plan to reduce/stop alcohol and smoking,
motivated participants for medication adherence, assessed
adverse events, and evaluated concomitant medication use.

Participants recruited for this study were looking for treat-
ment for both alcoholism and smoking, but they could vary in
their treatment goals (i.e., reducing or quitting both substances
or quitting one and reducing the other). Treatment goals were
self-reported at baseline and were further elaborated during
the trial with the MM therapist. Although this may have
introduced variability across patients, this approach reduces
the risk of high dropouts (as it is often observed in studies with
a rigid “quit date” pre-set) and is closer to “real-world” set-
tings where health care providers may use a pharmacotherapy
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to treat alcoholic smokers, and discuss and revise with each
patient week-by-week reduction/abstinence goals.

Cue-reactivity experiment

A subgroup of 18 participants (nine BACL and nine PLA)
from the main RCT participated in an alcohol cue-reactivity
substudy conducted at Brown CAAS.1 All procedures were
performed on the same day during Week 6, after patients had
already reached the targeted BACL dose (80 mg/day). The
cue-reactivity procedure was performed as previously de-
scribed (Monti et al. 2000, 2001). Moreover, consistent with
Cooney et al. (2003), both urges to drink and smoke, after
exposure to alcohol cues were assessed. Upon arrival, partic-
ipants provided a urine sample for a drug screen, and carbon
monoxide (CO) levels were assessed. Participants had to have
a breath alcohol concentration=0.00 and a CIWA-Ar score
≤10 to participate. Participants were not allowed to smoke for
the next 5 h and were under continuous observation, with
periodic COmonitoring to assure compliancewith abstinence.
At the end of this 5-h period, participants first underwent a 3-
min relaxation period to collect baseline urge and physiological
arousal levels. Then, a staff member entered the room with a
tray covered by an inverted pitcher, containing a commercially
labeled bottle of water and a glass. The pitcher was removed,
the bottle was opened, and the glass was filled. Then the staff
member left the room, and the audiotape instructed the partic-
ipant to sniff the glass of water when s/he heard high tones and
stop sniffing when s/he heard low tone tones. Next, participants
underwent two 3-min alcohol trials identical to the water trial
except the bottle of water was replaced with the commercially
labeled participant’s preferred beverage. Cues were always
presented in the same order because previous studies reported
carry-over effects on urge ratings when alcohol cues are pre-
sented first (Monti et al. 1987, 1999; Rohsenow et al. 2000).
Self-report ratings were obtained immediately after the baseline
period and after each trial. Alcohol and smoking urges were
measured by the AUQ (Bohn et al. 1995) and QSU-B (Cox
et al. 2001), respectively. The Alcohol Attention Scale (AAS)
(Rohsenow et al. 2000) was used to assess attention to the sight/
smell of alcohol cues. During each trial, subjects placed three
cotton rolls in their mouths to collect saliva (White 1977). Rolls
were put in sealed, small-sized plastic bags to prevent loss
of saliva, and the weight difference indicated the amount of
saliva. Heart rate and mean arterial pressure were assessed

continuously using a Welch Allyn monitor. These values
were averaged over each 3-min trial.

Statistical analysis

Group comparisons on demographic, drinking, and smoking
history measures were conducted using independent-samples t
tests for continuous variables and chi-square tests for categorical
variables. For the main trial, percent days of abstinence from
alcohol-tobacco co-use and percent days of alcohol-tobacco co-
use were the two primary dependent measures. Co-use was
defined as the consumption on any given day of both any
amount of alcohol and any number of cigarettes. These two
outcomes do not add up to 100 % as they do not include days
when patients used only one substance. The skewness and
kurtosis of the outcome variables indicated that the normal
distribution was approximated (skewness and kurtosis between
−2 and +2).

Most analyses were conducted using mixed model analysis
with time (week at full BACL dose, i.e., 8 time points) nested
under subjects. If the outcome measure was not a difference
score (e.g., percent days co-use), a baseline covariate was
included in the analyses. As the two groups were not balanced
on race, this variable was added as a covariate to all multivar-
iate analyses. In addition to the main analyses with race added
as a covariate, this pair of analyses (effects for percent days
co-abstinence and percent days co-use) were each re-
conducted three more times, with different covariates added
in (separate analyses were conducted for each additional co-
variate due to the constrained sample size), i.e., adherence,
gender, and smoking contemplation ladder score.

Moderation of medication effects on percent days absti-
nence from co-use and percent days co-use were examined by
adding the relevant moderator term (ADS and FTND score) to
the models. Treatment goals were entered as moderators of the
medication effect, and a smoking goal×drinking goal interac-
tion was also added. To further clarify the results on percent
days co-abstinence and co-use, we also tested for medication
effects on five supplemental exploratory outcomes, i.e., per-
cent days smoking, percent days drinking, CPD, drinks per
day, and percent HDD. Analyses tested medication effects,
while controlling for race and the baseline value of the DV.
Furthermore, we examined whether BACL “decouples” alco-
hol and tobacco use by examining correlations between CPD
and drinks per day for the two groups (BACL and PLA).

In the cue-reactivity substudy, changes from pre-stimulus
baseline in drinking urge, smoking urge, mean arterial pressure,
heart rate, and salivation were examined using mixed model
analyses with the predictors medication condition and stimulus
condition (water vs. alcohol). As the groups were balanced on
race, this variable was not included as a covariate. Baseline
covariates paralleling the respective outcome measures were
not included in these analyses due to collinearity issues.

1 This substudy was funded when the main RCT was already ongoing,
thus not all patients were able to participate in. Specifically, after it was
funded, the cue-reactivity sub-study was offered to any ongoing partici-
pant at Week 6, and all individuals, among those who were invited,
volunteered to take part in the sub-study. A separate consent form was
obtained, which stated clearly that their decision to participate or not in
the cue-reactivity substudy was completely independent and would not
compromise their participation in the main treatment RCT
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Moderation of medication effects on cue reactivity by alcohol
or nicotine dependence severity was examined by adding the
relevant moderator variable (ADS and FTND score) to the
models.

Results

Sample description

Of 237 telephone pre-screenings, 45 signed the consent form
and were screened in-person; 15 individuals were ineligible,
while 30 individuals were eligible and randomized; 24 com-
pleted the study (Supplemental Fig. 1). Demographic, alcohol
and smoking characteristics of the 30 patients are reported in
Table 1. The groups differed on race but not other measures
including contemplation ladder score, smoking goals, or
drinking goals. In the overall group, 79 % wanted to quit
smoking and 48 % wanted to quit drinking. Sixty percent of
the BACL group and 36 % of the PLA group identified
abstinence as their alcohol treatment goal. Average contem-
plation ladder scores were 5.3±1.8 for BACL and 5.3±1.0 for
PLA. Eighty percent of the BACL group and 79% of the PLA
group identified abstinence as their smoking treatment goal.
Medication compliance was 96.4 % in the BACL group and
90.2 % in the PLA group (t(28)=0.93, p=0.36).

Primary aims

Drinking and smoking co-use

BACL significantly reduced the % days of abstinence from
alcohol-tobacco co-use (BACL, 12.1±2.0 vs. PLA, 3.5±2.2
(M±SE); F(1,197.6)=8.27, p=0.004; Fig. 1a). Although the
percent days of alcohol-tobacco co-use declined in both
groups, this decline was greater after PLA than BACL
(BACL, 44.7±3.1 vs. PLA, 28.8±3.3; F(1, 204.2)=12.39,
p<0.001) (Fig. 2). The baseline value of the DV, and race
covariates, were significant predictors in the latter but not the
former analyses.

The BACL effect for percent days co-abstinence persisted
when adherence, or gender or the smoking contemplation
ladder score was added as a covariate. Likewise, the PLA effect
on percent days co-use persisted in the three parallel analyses.
Medication compliance did not impact the main outcomes.

Secondary aims

Secondary outcomes

Analyses of the single use of each substance did not reveal an
effect of BACL vs. PLA on duration of abstinence from

alcohol or tobacco. Post-hoc analyses demonstrated that
BACL was slightly more effective in promoting smoking
cessation for 2 weeks or more, i.e., 20 % in the BACL group,
but 0 % of the PLA group, stopped smoking for ≥2 weeks
(X2(1, N=30)=3.33, p=0.07).

Additional exploratory outcomes on either drinking or
smoking were analyzed. BACL significantly reduced percent
days smoking (BACL, 85.1±2.3 and PLA, 96.3±2.4;
F(1, 188.5)=11.69, p=0.001; Fig. 1b) and percent HDD
(BACL, 14.1±2.8 and PLA, 39.8±2.6; F(1, 199.4)=45.3,
p<0.001). PLA significantly reduced percent days drinking
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(BACL, 48.1±3.0 and PLA, 29.4±3.1; F(1, 204.7)=18.42,
p<0.001; Fig. 1c) and drinks per day (BACL, 3.68±0.31 and
PLA, 2.14±0.33; F(1, 164)=11.18, p=0.001). There was no
difference between the two groups on CPD (BACL, 12.0±0.7
and PLA, 10.6±0.7, n.s.). Finally, we also analyzed possible
BACL effects on de-coupling of tobacco and alcohol use.
Correlations between CPD and drinks per day in the BACL
and PLA groups indicated that there was a decoupling during
Week 9 in the trial. An examination of percent days smoking
and percent days drinking was not possible, as for several time
points percent days smoking was a constant (100 %) in the
PLA group.

Alcohol dependence severity, nicotine dependence severity
and treatment goals were analyzed as possible moderators
(Electronic supplementary material). Adverse events were
also analyzed (Electroni supplementary material).

Craving

BACL, as compared with PLA, did not significantly reduce
alcohol craving, assessed by either the AUQ or the
OCDS. By contrast, BACL significantly reduced cigarette
craving. Specifically, after controlling for baseline scores
and race, BACL significantly reduced the QSU-B score
(BACL, 23.7±1.5 and PLA, 28.9±1.5; F(1, 180.4)=5.98,
p=0.02) and slightly reduced the S-VAS score (BACL,
5.04±0.24 and PLA, 5.70±0.25; F(1, 170.0)=3.60, p=0.059).2

Cue-reactivity experiment

Demographics and baseline characteristics of these 18 partic-
ipants are in Table 1. The two groups did not differ on any
variable. BACL slightly decreased alcohol urge (p=0.058)
and significantly reduced salivation (F(1, 34.6)=14.38,
p=0.001; Fig. 3), but these effects were not related to
cue type (Table 2). No significant differences between BACL
and PLA were observed for AAS, mean arterial pressure or
heart rate (data not shown).

Discussion

This is the first study to test the dual effects of BACL on
concurrent alcohol and tobacco use in alcoholic smokers.
Therefore, this study provides novel, albeit very preliminary,
information on the possible use of BACL in alcoholism-
smoking comorbidity. However, the mixed findings obtained

in this study require caution and need for replication in larger
trials.

BACL, compared with PLA, was significantly more effec-
tive in increasing days of abstinence from alcohol-tobacco co-
use in treatment-seeking alcoholic smokers. If confirmed by
future larger studies, this finding is important because this
population shows an increased risk of tobacco-related
mortality and morbidity and smoking-related illnesses that
are the leading cause of death among alcoholic patients
(Hurt et al. 1996).

Similarly to other treatment studies in the addiction field
(e.g., Anton et al. 2006; Garbutt et al. 2010), there was a
robust treatment effect in this study. Consistent with previous
findings (Anton et al. 2006; Weiss et al. 2008), here the MM
itself may have partially contributed to our findings.
Conversely, the secondary analyses on either alcohol or to-
bacco use alone provide alternative and/or additional possible
explanations of the different BACL and PLA effects observed
in this study. In fact, examination of these outcomes found that
the increase in days of co-use appears to be driven by in-
creased percent days drinking in the BACL vs. PLA group.
By contrast, the increase in percent days of co-abstinence was
driven by the BACL effects on HDD and percent days
smoking.

These data appear mixed and as such complex to interpret.
However, one may speculate that, in this specific population,
BACL effects were selective to specific drinking and smoking
patterns. In fact, BACL reduced heavy drinking, an effect that
was probably independent from smoking. This suggests that
BACL helped to cut drinking below harmful (heavy) levels in
patients who were still smoking. This effect might be due to
the ability of BACL to alter the biphasic effects of alcohol, as
previously reported (Leggio et al. 2013). Notably, compared
with alcoholic nonsmokers, alcoholic smokers have reduced
sensitivity to the intoxicating effects of alcohol (Funk et al.
2006) and BACL may have altered alcohol sensitivity, which
in turn resulted in reduction in heavy drinking. Conversely,
BACL’s effect in increasing percent co-abstinent days from
both alcohol and cigarettes was driven by the medication
difference on percent days smoking. This second effect may
be consistent with preclinical research showing that BACL
reduced nicotine-reinforced behavior, which resulted in the
ability of abstaining from smoking. This, in turn, may have
helped patients to abstain from alcohol, thus resulting in the
overall ability to abstain from both smoking and drinking
concurrently. In summary, BACL’s effects on alcohol sensi-
tivity and nicotine reinforcement may have been responsible,
respectively, for the ability of BACL to reduce heavy drinking
and increase alcohol/smoking co-abstinence in this population
of alcoholic smokers. Although this is merely speculative at
this stage, on the other hand, this interpretation would also
support an effect of BACL not mediated by possible specific
effects on alcohol craving. Consistent with the latter point, this

2 Other parameters, including anxiety, saliva cotinine (nicotine metabo-
lite) levels (Salimetrics, LLC, State College, PA), carbon monoxide
(Smokerlyzer®; Bedfont Scientific Ltd.), and liver tests (GGT, AST,
ALT) were not significantly different between the two groups either at
baseline or during any other time point in the study (data not shown).

238 Psychopharmacology (2015) 232:233–243



Table 1 Baseline demographics and characteristics of the study participants (M±SD or %)

Total sample Baclofen group Placebo group

n=30 n=18 n=15 n=9 n=15 n=9

Age (years) 46.3±8.6 47.9±9.9 44.7±7.0

Male gender 70 67 73

Hispanic ethnicity 3 7 0

Racea

American Indian 7 13 0

Asian 3 0 7

Caucasian 43 20 67

African-American 33 40 27

Multiracial or others 13 27 0

Heavy drinking days (HDD) 74.3±26.8 78.0±27.3 70.5±26.7

Cigarettes per day (CPD) 24.7±9.4 24.9±10.2 24.4±8.9

Alcohol dependence scale (ADS) score 14.7±7.9 15.8±8.4 13.5±7.5

Fagerström test for nicotine dependence (FTND) score 7.2±1.8 7.1±1.6 7.3±2.1

Smoking contemplation ladder score 5.3±1.4 5.3±1.8 5.3±1.0

Cue-reactivity experiment substudy

Age (Years) 45.2±9.3 45.0±11.6 45.3±6.9

Male Gender 67 67 67

Hispanic Ethnicity 6 11 0

Race

American Indian 6 11 0

Caucasian 44 22 67

African-American 33 33 33

Multiracial or others 17 33 0

Heavy drinking days (HDD) 73.8±26.8 74.3±30.6 73.2±24.2

Cigarettes per day (CPD) 24.7±8.8 24.6±8.9 24.7±9.2

Alcohol dependence scale (ADS) score 16.6±8.4 17.4±9.3 15.8±7.9

Fagerström test for nicotine dependence (FTND) score 7.2±2.1 7.4±1.8 7.0±2.4

Smoking contemplation ladder score 5.4±1.5 5.3±1.9 5.4±1.1

a There were no differences in the baseline demographics and characteristics among groups, except for race (X2 (4, N=30)=11.2, p=0.025 and with race
dichotomized: X2 (1, N=30)=6.7, p=0.01). This difference was not significant in the sample that participated in the cue-reactivity experiment substudy
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study included a preliminary laboratory experiment which
showed BACL effects on alcohol urge (trend) and salivation
(an objective physiological index of cue-reactivity), but these
effects were not specific for alcohol cues. Considering
Drummond’s model which separated withdrawal-related and
cue-related cravings (Drummond 2000), and the previous
literature showing BACL beneficial effects on alcohol with-
drawal (Addolorato et al. 2002b, 2006; Colombo et al. 2000;
Knapp et al. 2007; Lyon et al. 2011), we speculate that BACL
promotes alcohol abstinence via an effect on tonic, as opposed
to phasic craving, and not on cue-elicited craving. This
hypothesis is consistent with the fact that BACL was not
effective in the co-use of the two substances (a scenario
where cues and alcohol-precipitated smoking may play an
important role), while the termination of use would affect
the withdrawal from both substances and would prolong
the abstinence from both, thus explaining the medication
effect on alcohol-tobacco abstinent days. Preclinical exper-
iments have indicated, however, that BACL attenuates
cue-induced reinstatement of alcohol-seeking when injected
specifically in the basolateral amygdala (as a mixture with
muscimol) (Chaudhri et al. 2013) or ventral tegmental area
(Murschall and Hauber 2006), as well as when injected
peripherally in alcohol-preferring rats (Maccioni et al. 2008a).
Conversely, Duke et al. (2014) recently reported that, in
baboons, BACL decreased alcohol-seeking during extinction
effects but the effects were not specific to alcohol, suggesting
that these findings may be related to a more general suppres-
sion of consummatory and conditioned behaviors. Future
fully-powered human studies are needed to draw definitive
conclusions on the role of BACL in cue-elicited cravings in
alcoholic smokers.

Conflicting results among previous alcoholism RCTs with
BACL led to a comparative analysis that indicated that
patients in the positive RCT were likely to have a more
severe alcohol dependence, compared with those in the
negative RCT (Leggio et al. 2010). Consistent with this
hypothesis, here we found that BACL was more effective
in increasing days of abstinence from alcohol-tobacco co-use
in those patients with a greater degree of alcohol depen-
dence. Conversely, BACL was more effective at promoting
abstinence from co-use in those with lower nicotine depen-
dence severity. This finding is consistent with the strong

predictive effects of nicotine dependence severity on cessation
in smoking treatments in general (Vangeli et al. 2011).
Furthermore, the present findings are intriguing given that
previous studies suggest a stronger pharmacological associa-
tion between alcohol and smoking among low dependent
smokers (Harrison et al. 2009; Peloquin et al. 2013).

In this study, BACLwas titrated up to 80mg/day. This dose
administered for 9 weeks reduced CPD (Franklin et al. 2009).
By contrast, a lab study with nontreatment seeking smokers
found that a single dose of 20 mg BACL negatively impacted
cigarette enjoyment but did not reduce smoking (Cousins et al.
2001). This was likely due to two reasons: (1) the dose used
(20 vs. 80mg), as dose-related differences have been observed
in animal studies (Fattore et al. 2009; Markou et al. 2004;
Paterson et al. 2004); and (2) the need for the drug to be
administered for a period of time enough to reach a steady
state and show its effects, like in our study and that of Franklin
et al. (2009). Therefore, this study does not allow us to draw
conclusions on whether the abstinence from alcohol-tobacco
co-use is related to the length of time on the medication and/or
to the dose chosen here. Therefore, this study leaves open the
question if doses <80 mg/day are still clinically effective and/
or if doses >80 mg/day are more effective in promoting
abstinence from alcohol-tobacco co-use.

From a neurobiological standpoint, the combination of
alcohol and nicotine provides additive neurochemical effects,
which potentiate reinforcement for both substances. Alcohol
and nicotine co-administration results in increased dopamine
release in the nucleus accumbens (Tizabi et al. 2002). Alcohol
may exert its reinforcing effects through an interaction with
nicotinic acetylcholine receptors in the mesolimbic tract, thus
providing a basis for the alcoholism-smoking comorbidity
(Tizabi et al. 2002). By stimulating GABAB receptors on the
cell bodies of ventral tegmental area dopamine neurons and on
the terminals of glutamatergic afferent neurons (Bowery et al.
1987), BACL may directly and indirectly inhibit dopamine
neurons (Yoshida et al. 1994). Through this mechanism,
BACL suppresses alcohol- and drug-stimulated dopamine
release and, in turn, dopamine-mediated behaviors. Co-
administration of alcohol and nicotine results in increased
dopamine release, which may be blocked by BACL, thus
resulting in its ability to promote abstinence from both sub-
stances. This hypothesis has never been formally tested in

Table 2 Increase in urge to drink alcohol (d-AUQ) and increase in urge to smoke (d-Q-SUB) from baseline

Predictors Alcohol urge (AUQ) Smoking urge (Q-SUB)

Medication condition F(1, 44.3)=3.80, p=0.058a F(1, 36.5)=1.01, p=0.32

Water vs. alcohol cues F(1, 44.3)=2.87, p=0.097b F(1, 36.5)=0.09, p=0.76

Medication×cue type F(1, 44.3)=2.72, p=0.106 F(1, 36.5)=0.20, p=0.66

a Increase in alcohol urge in placebo vs. baclofen (Ms and SEs), 7.69 (2.10) vs. 2.00 (2.03), respectively
b Increase in alcohol urge for water cue M=2.37 (SE=2.10) vs. alcohol cue M=7.32 (2.03)
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animals; therefore, this clinical pilot study might serve as a
platform for future reverse translational animal experiments.

These partially conflicting findings among different out-
comesmight be due to the small sample, which is an important
limitation of this study. For example, this does not allow us to
conduct additional sub-analyses aimed to identify possible
responders vs. non-responders to BACL treatment, as has
been done with pharmacological treatments for other disor-
ders (Gueorguieva et al. 2011).

The human laboratory findings also need to be considered
preliminary and need to be replicated and expanded. Although
future laboratory studies of BACL effects could include an ad
lib smoking period to validate self-reported effects on
smoking urge, an ad lib smoking period was not included in
the current study for ethical reasons, given that these outpa-
tient individuals were seeking treatment from smoking.
Participants were also seeking treatment for alcoholism; there-
fore, an alcohol self-administration experimental session was
not included either.

The above limitations notwithstanding, this is the first RCT
testing BACL in treatment-seeking alcoholic smokers and
suggesting a possible role of BACL in treating alcoholic
smokers. However, larger studies are needed to confirm these
preliminary findings.
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