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Abstract
Rationale Nicotine replacement is commonly used to treat
tobacco use in heavy-drinking smokers. However, few
studies have examined the effect of nicotine replacement on
subjective and physiological responses to alcohol and
alcohol drinking behavior.
Objective The primary aim of this within-subject, double-
blind study was to examine whether transdermal nicotine
replacement (0 mg vs 21 mg/day) altered response to a low-
dose priming drink and subsequent ad libitum drinking
behavior.
Materials and methods Subjects (n=19) were non-treatment-
seeking, non-dependent heavy drinkers who were daily
smokers. Six hours after transdermal patch application,
subjective and physiological responses to a priming drink
[designed to raise blood alcohol levels (BALs) to 0.03 g/dl]
were assessed. This was followed by a 2-h self-administration
period where subjects could choose to consume up to
eight additional drinks (each designed to raise BALs by
0.015 g/dl) or to receive monetary reinforcement for
drinks not consumed.
Results We found that 6 h after patch application, tobacco
craving associated with withdrawal relief was decreased, and
systolic blood pressure and heart rate were increased in the

active patch condition compared to the placebo patch
condition. Subjective intoxication in response to the priming
drink was attenuated in the active nicotine patch condition
compared to 6 h of nicotine deprivation (i.e., placebo patch).
During the self-administration period, subjects had longer
latencies to start drinking and consequently appeared to
consume fewer drinks when administered the active patch
compared to the placebo patch.
Conclusions In heavy drinkers, transdermal nicotine re-
placement compared to mild nicotine deprivation attenuated
subjective and physiological alcohol responses and delayed
the initiation of drinking.
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Introduction

Given the substantial health risks associated with concur-
rent alcohol and tobacco use (Hurt et al. 1996; Rosengren
et al. 1993; Blot et al. 1988; Klatsky and Armstrong 1992;
Vaillant et al. 1991), there has been a growing effort to
address smoking cessation in those experiencing alcohol
problems. Most studies have been conducted with alcohol-
dependent drinkers (Burling et al. 1991; Joseph et al. 1990;
Hurt et al. 1994), and less is known about how to promote
smoking cessation in non-dependent heavy drinkers who
represent the majority of those with problems resulting
from alcohol consumption (Institute of Medicine 1990).
Moreover, little is known about what effects standard
smoking cessation treatments have on alcohol consumption
in non-dependent heavy drinking smokers. Alcohol use has
been shown to promote smoking relapse across studies
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using different methodologies (Baer and Lichenstein 1988;
McKee et al. 2006; Shiffman 1986; Shiffman et al. 1996;
Zimmerman et al. 1990). One way in which smoking
cessation medications could promote quitting behavior in this
population is by reducing alcohol responses and consumption,
thereby attenuating the ability of alcohol to prompt smoking
relapse.

While a number of studies document that alcohol reliably
increases smoking behavior (e.g., Glautier et al. 1996;
Griffiths et al. 1976; Mintz et al. 1985; Mitchell et al.
1995; Shiffman et al. 1994) and potentiates nicotine reward
(Rose et al. 2004), relatively fewer studies examine the
impact of nicotine on alcohol self-administration. In preclin-
ical studies, acute administrations of nicotine decreased
alcohol self-administration behavior (Katner et al. 1997;
Nadel et al. 1998), whereas chronic administration of nicotine
increased alcohol intake in alcohol-experienced rats
(Blomqvist et al. 1996; Clark et al. 2001; Lê et al. 2000;
Smith et al. 1999; Soderpalm et al. 2000). Nicotine has also
been shown to facilitate the acquisition of alcohol self-
administration behavior in rats (Smith et al. 1999) and
reinstate alcohol seeking behavior (Lê et al. 2003).

Human laboratory studies have examined the effect of
smoked tobacco on alcohol use (Barrett et al. 2006;
Madden et al. 1995; Mello et al. 1980, 1987) as well as
the effect of nicotine deprivation on the reinforcing value of
alcohol (Colby et al. 2004; Cooney et al. 2003; Palfai et al.
2000; Perkins et al. 2000a). Fewer studies have tested the
effect of nicotine replacement on subjective alcohol
responses (Cooney et al. 2001; Kouri et al. 2004; Perkins
et al. 1995) and alcohol self-administration behavior
(Acheson et al. 2006). Cooney et al. (2001) found that in
a sample of abstinent alcoholics who had quit smoking,
those receiving nicotine patch had lower cravings for
alcohol compared to those not receiving nicotine patch.
Perkins et al. (1995) examined the acute effects of fixed
doses of alcohol (0, 0.5 g/kg) and nicotine nasal spray
(0, 1.3 mg/kg) on subjective intoxication and cardiovascu-
lar responses in daily smokers who were light to moderate
drinkers after overnight abstinence. Nicotine was found to
attenuate the effect of alcohol on intoxication ratings and
produced additive effects with regard to cardiovascular
responses. Kouri et al. (2004) examined the effect of
transdermal nicotine patch (21 mg/day), compared to
overnight nicotine deprivation, on responses to acute doses
of alcohol (0.4, 0.7 mg/kg) in moderate to heavy-drinking
daily-smoking males. Nicotine and alcohol additively
increased heart rate response, similar to findings produced
by others (Benowitz et al. 1986; Michel and Battig 1989;
Perkins et al. 1995). However, in contrast to findings
produced by Perkins et al. (1995), nicotine was found to
increase ratings of subjective intoxication, alcohol craving,
and tobacco craving.

The only study to examine the effect of nicotine
replacement on alcohol self-administration behavior did so
in light-smoking social drinkers. Acheson et al. (2006)
examined the effect of transdermal nicotine replacement
(0, 7, 14 mg/day) on responses to an initial priming drink
(0.2 g/kg) and subsequent alcohol self-administration
behavior in light-smoking social drinkers (one to ten
cigarettes per day; at least four drinks per week). The
2-h self-administration procedure allowed subjects to
purchase up to eight additional beverages (0.1 g/kg each),
using an individually determined monetary amount, equiv-
alent to a standard drink (see Young et al. 2005). Testing
occurred in small groups, and results demonstrated that the
priming drink increased heart rate and ratings of desire for
additional alcohol regardless of nicotine condition. However,
during the self-administration phase, nicotine replacement
increased drinking behavior in men, but decreased drinking
behavior in women.

Based on these findings, the relationship between
nicotine replacement, alcohol responses, and self-adminis-
tration behavior is complex and appears to be influenced by
the degree of experience with alcohol and nicotine, type
and dose of nicotine replacement, dose of alcohol, gender,
and availability of alternate reinforcers. For the current
study, we were interested in examining the effect of
transdermal nicotine replacement on subjective and physi-
ological responses to a low-dose priming drink of alcohol
and subsequent self-administration behavior in a sample of
heavy-drinking daily smokers. While alcohol–nicotine
interactions have been documented in lighter users (e.g.,
Barrett et al. 2006), it has been suggested that the nature of
these interactions may be more pronounced in those with
heavier use (e.g., Henningfield et al. 1984; Mello et al.
1987). We enrolled individuals with heavier patterns of
alcohol and cigarette use (15–25 cigarettes per day; at least
nine drinks per week for females; at least 12 drinks per
week for males) than the Acheson et al. (2006). Similar to
the Acheson et al. (2006) we used an alcohol self-
administration paradigm that has demonstrated sensitivity
for detecting medication effects (see O’Malley et al. 2002),
that includes money as an alternative reinforcer to provide
some incentive for not drinking and to enhance the
likelihood that the effects of nicotine on the relative
reinforcing value of alcohol would be detected (see Higgins
1997; Rodefer et al. 1997).

Heavy-drinking daily smokers completed two laboratory
sessions (0, 21 mg/day transdermal nicotine patch) in which
they were first exposed to a low-dose alcohol drink [designed
to raise blood alcohol levels (BALs) to 0.03 g/dl and prime
drinking behavior] followed by a 2-h self-administration
period where subjects could choose to consume up to eight
additional drinks (each designed to raise BALs by 0.015 g/dl)
or to receive monetary reinforcement for drinks not
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consumed. Drinking topography and the number of drinks
consumed during the self-administration period were our
primary outcome measures. Secondary measures included
alcohol and tobacco craving (Burton and Tiffany 1997;
Cooney et al. 2001; Drobes et al. 2000: Mintz et al. 1991),
subjective alcohol effects (Madden et al. 1995; Perkins et al.
1995), cardiovascular responses (Kouri et al. 2004; Perkins
et al. 1995), and blood alcohol levels (to confirm drinking
behavior). Given that nicotine replacement has been shown
to attenuate responses to tobacco, and in some cases alcohol
[e.g., Acheson et al. 2006 (females only); Cooney et al.
2001; Perkins et al. 1995], we predicted that transdermal
nicotine replacement would reduce drinking behavior in
heavy-drinking daily smokers. In light of the results of
Acheson et al. (2006), we also examined the effect of
gender on our primary outcome.

Materials and methods

Participants

Participants were eligible to enroll if they were 21 to 55 years
of age, smoked between 15 and 25 cigarettes per day, drank
alcohol at least 3 days per week, and drank at least four drinks
per episode for men and at least three drinks per episode for
women. Subjects were excluded if they were alcohol-
dependent, using illicit drugs, currently seeking treatment
for alcohol use or smoking behavior, presented with current
severe psychiatric disorders, or had medical conditions that
would contraindicate alcohol use or transdermal nicotine use.
A total of 19 subjects completed the study (8 women, 11
men). The average age was 26.68 (SD=9.01), and participants
were primarily white (61%; 39% African American), had at
least some college education (68%; 16% high school
graduates; 16% some high school), and were not married
(89%). Participants smoked, on average, 18.98 (SD=4.13)
cigarettes per day, had baseline carbon monoxide readings of
19.95 ppm (SD=6.96), baseline urine cotinine values of
1079.85 ng/ml (SD=645.79), and average Fagerstrom nico-
tine dependence scores (Heatherton et al. 1991) of 5.16
(SD=1.50; possible range 1–10). Participants consumed an
average of 24.04 (SD=8.67) standard drinks per week, drank
an average of 4.05 (SD=1.23) times per week, had average
Alcohol Use Disorders Identification Test (Babor et al. 1992)
scores of 10.63 (SD=3.32; scores of 8 or greater indicate
problematic drinking), and 21% met DSM-IV criteria for
current alcohol abuse.

Procedures

Intake sessions Written informed consent was obtained at
the start of the intake session. The Structured Clinical

Interview for DSM-IV (First et al. 1995) was used to
exclude individuals who met diagnostic criteria for alcohol
dependence or other Axis I disorders. The Timeline
Followback (Sobell and Sobell 1993) was used to assess
past 30-day drinking and smoking behavior. A physical
examination was conducted in addition to an electrocardio-
gram, urine toxicology, pregnancy tests for women, and
basic blood chemistries including liver function tests.

Laboratory sessions Each subject completed two 14-h lab-
oratory sessions (0 vs 21 mg transdermal nicotine patch),
which took place at the Yale General Clinical Research
Center. The order of sessions was counterbalanced. For
women, laboratory sessions were scheduled during the
follicular phase of the menstrual cycle to control for
potential menstrual cycle effects (e.g., Perkins et al.
2000b). The average time between laboratory sessions
was 24.37 days (SD=13.97), and this interval did not differ
across gender. Subjects were paid $120 to complete each
laboratory session and received a $50 bonus for completing
the study.

Baseline assessment period Laboratory sessions started at
8:00 A.M. Subjects were asked to not consume alcohol
24 h before the session but were free to smoke as they
normally would up until 8:00 A.M. of the morning of the
laboratory session. An IV cannulae was inserted to obtain
blood samples throughout the laboratory procedure. Baseline
assessments of breath CO (MCO2 Monitor, MicroDirect,
Auburn, ME, USA), breath alcohol (Alco-Sensor III,
Intoximeter, St. Louis, MI, USA), physiologic measures
(blood pressure, heart rate, skin temperature), plasma
cotinine and nicotine levels, urine drug screen, urine
pregnancy screen, height, and weight were obtained. All
breath alcohol, pregnancy, and drug screens were required to
be negative. Baseline CO readings indicated that all subjects
had smoked before the laboratory sessions (CO≥8 ppm).

Nicotine patch absorption period At 9:00 A.M., a nicotine
patch (0 mg or 21 mg Nicoderm CQ Transdermal System\,
GlaxoSmithKline Consumer Healthcare) was applied to the
subject’s upper arm. Both active and placebo patches were
identical in appearance, and subjects and experimenters
were blind as to the nicotine patch condition. The
absorption period was 6 h so as to achieve peak nicotine
levels for the active nicotine condition (Gupta et al. 1993).
This time period also allowed for clearance of nicotine
obtained through smoking before the laboratory session for
the placebo nicotine condition. For the 6 h, subjects were
able to watch TV and read. Lunch was provided at 12:00 P.M.

to standardize the time and amount of last food intake.
Assessments of side effects, plasma nicotine, nicotine
withdrawal, alcohol craving, tobacco craving, and physio-
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logic measures were obtained at the end of this period. Side
effects associated with nicotine patch (i.e., skin irritation
around patch, heart rate greater than 100, dizziness, nausea,
and abdominal discomfort) were assessed on five-point scale
(absent, minimal, mild, moderate, severe). There were no
reports of skin irritation, nausea, or abdominal discomfort.
There was one event of heart rate >100 (placebo patch
group), and three reports of dizziness (minimal or mild
ratings; two in placebo group, one in nicotine group).

Priming dose The alcohol priming drink was administered
at 3:00 P.M. and consisted of one part 80-proof liquor of the
subject’s choosing to three parts mixer chosen from a
selection of equicaloric, noncaffeinated, non-carbonated
drinks. The amount of alcohol was designed to raise blood
alcohol levels to 0.03 g/dl and was based on a formula that
takes into account the gender, age, and weight of each
subject (Watson 1989). This priming dose approximates a
single standard alcoholic drink and has been successfully
used to prime further drinking behavior (see O’Malley et al.
2002). Subjects were instructed to consume the beverage
within 5 min. Blood alcohol level, alcohol craving, tobacco
craving, and physiologic measures were assessed 15 min
before and 10, 20, 30, and 40 min after the consumption of
the priming drink in the order listed. Subjective effects of
alcohol were assessed at baseline and 20 and 40 min after
priming drink consumption. Using this procedure, we were
able to monitor changes in subjective and physiological
responses to alcohol during the ascending limb and the
beginning of the descending limb of the blood alcohol curve.

Alcohol self-administration The self-administration proce-
dures were similar to those used in our previous study (see
O’Malley et al. 2002). Fifty minutes after the priming
drink, subjects were exposed to two consecutive, 1-h ad-lib
drinking periods (hour 1 started at +50 min and ended at
+110 min; hour 2 started at +120 min and ended at +180
min). During each 1-h period, subjects were permitted to
drink up to four alcoholic drinks each designed to raise
BALS by 0.015 g/dl or to receive monetary reinforcement
($3 per drink) for each drink not consumed. At the
beginning of each 1-h choice period, subjects were
presented with four prepared drinks along with a “tab”
sheet worth $12. Subjects were informed that these four
drinks were available for the next 60 min and that they
could choose to consume the beverages or to keep the
money (up to $12). At the end of the first hour, any
remaining drinks were removed before the start of the
second drinking hour in which four additional drinks (and
$12 tab) were presented. Thus, subjects could choose to
consume up to eight additional drinks over a 2-h period or
to receive up to $24. Any unspent drinking tab was paid to
the subjects at the end of each laboratory session.

During the two 1-h drinking periods, assessments of
blood alcohol levels, alcohol craving, and tobacco craving
were collected at the following timepoints in the order listed
[+40 min (collected just before the start of the first drinking
hour); hour 1 timepoints +80 min, +110 min; hour 2
timepoints +150 min, +180 min]. Subjective ratings of
alcohol effects, nicotine withdrawal, and physiologic meas-
ures were collected before the start of the first drinking hour
and end of each 1-h drinking period (timepoints +40 min,
+110 min; +180 min). Drinking behavior was videotaped for
later analysis. The timing of assessments was limited to
avoid interfering with the evaluation of drinking behavior.
Subjects were discharged at 10:00 P.M. at which time their
breath alcohol levels had fallen below 0.02%.

Outcome measures

Subjective measures The Alcohol Urge Questionnaire
(AUQ; Bohn et al. 1995) was used to assess alcohol
craving. This eight-item measure was designed to assess an
individual’s desire to drink alcohol right now [Visual
Analogue Scale (VAS), range 1–100). Tobacco craving
was assessed with the Tiffany Questionnaire of Smoking
Urges–Brief (QSU-Brief; Cox et al. 2001), which consists
of ten items to evaluate urges to smoke in response to
positive (factor 1) or negative (factor 2) reinforcement
(VAS scale, range 1–100). The Biphasic Alcohol Effects
Scale (BAES; Martin et al. 1993) is a 14-item self-report,
unipolar adjective rating scale used to measure the
stimulant and sedative effects of alcohol (VAS scale, range
1–100). The Alcohol Effects Scale (AES) assessed subjec-
tive alcohol effects with five items (high, like, rush, feel-
good, intoxicated). Participants indicated on a visual
analogue scale (range 1–100) how much of an alcohol
effect they were experiencing. This scale was adopted from
others found in the literature (Schuckit 1984). A mean score
of these five items was calculated. DSM-IV symptoms of
nicotine withdrawal were assessed with the eight-item
Minnesota Nicotine Withdrawal Scale (MNWS; Hughes
and Hatsukami 1986). Instructions were worded to assess
current symptoms of withdrawal (range 0–32).

Physiologic measures Blood pressure (systolic and diastolic),
heart rate, and skin temperature were assessed using a
Dinamap oscillometric monitor (Critikon, Tampa, FL, USA).
For each timepoint assessed, two measurements were obtained
and averaged.

Nicotine plasma levels Plasma nicotine was measured by
reversed-phase high-performance liquid chromatography
with UV detection modified from the literature (Hariharan
et al. 1988) to include a micro acid back extraction cleanup
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step, which allows for cleaner chromatograms. The lower
limit of quantitation for nicotine was set to 4 ng/ml.

Blood alcohol levels Blood samples for BALs taken during
the laboratory session were collected in 400-μl microfuge
tubes coated with Heparin. After microfuging, the plasma
was transferred to microtubes and stored at −20°C. Samples
were analyzed within 2 months using an AM1 analyser
(Analox Instruments LTD, London, England). BALs were
collected as a confirmation of drinking behavior and were
not intended for pharmacokinetic analyses.

Drinking behavior Videotaped drinking behavior was
scored for each of the two drinking hours to determine
the percent of subjects remaining abstinent, number of
drinks consumed, latency to start drinking, number of sips
per drink, inter-sip interval per drink, and inter-drink
interval (i.e., time between the end of one drink and the
start of another, within hour). Latency to start drinking was
the number of minutes until the first sip during a given hour
of the self-administration phase. Data for subjects who did
not drink were handled in two ways. First, abstainers within
a given hour were given a score of 60 min on latency to the
first sip. In the second approach, these subjects were treated
as missing for analyses of latency to the first drink.

Statistical analysis

Data analyses were conducted separately for the nicotine
patch absorption period, the priming drink period, and the
self-administration period. At the end of the 6-h nicotine patch
absorption period, paired t tests were used to examine
nicotine plasma levels, subjective measures (AUQ, QSU-B,
MNWS), and physiologic measures (blood pressure, heart
rate, skin temperature) within nicotine patch condition (0 vs
21 mg). Separate repeated measures multivariate analyses of
variance were conducted for the priming drink and self-
administration periods to examine BALs, subjective meas-
ures (AUQ, QSU-B, MNWS, AES, BAES), and physiologic
measures within nicotine patch condition (0 vs 21 mg) and
within time.

For the self-administration period, repeated measures
analysis of variance (Hour 1, Hour 2) were conducted to
examine the primary outcomes of drinking behavior
(number of drinks consumed, latency to start drinking, sips
per drink, inter-sip interval, and inter-drink interval) within
nicotine patch conditions (0 vs 21 mg). Paired comparisons
of available data were conducted within each hour by
nicotine patch conditions. We also examined percentages of
subjects remaining abstinent across each hour by patch
conditions using McNemar tests of dependent proportions.
Further, we examined gender and order of nicotine patch

condition as between subject factors in our analyses
involving drinking behavior. We found no significant
effects of gender or order on our primary outcomes.

Results

Nicotine patch absorption period

Across the two laboratory sessions, subjects had equivalent
baseline nicotine plasma levels at the start of the laboratory
sessions (p=0.48; 0 mg nicotine patch mean=9.66 ng/ml,
SE=0.75; 21 mg nicotine patch=9.49 ng/ml, SE=1.11). At
the end of the 6-h absorption period, as expected, active
patch demonstrated greater nicotine levels [t(18)=14.57,
p<0.0005; 0 mg patch mean=0.54 ng/ml, SE=0.37; 21 mg
patch mean=18.58 ng/ml, SE=1.48]. Additionally, active
patch decreased QSU-B factor 2 scores [t(18)=2.25,
p<0.05; 0 mg patch mean=26.89, SE=6.10; 21 mg patch
mean=16.72, SE=4.37], increased measures of systolic
blood pressure [t(18)=3.23, p<0.01; 0 mg patch mean=
115.16 mmHg, SE=3.83; 21 mg patch mean=124.45
mmHg, SE=3.78], and increased heart rate [t(18)=3.24,
p<0.01; 0 mg patch mean=68.66 bpm, SE=2.37; 21 mg
patch mean=75.68 bpm, SE=2.79]. Diastolic blood pres-
sure (mean=66.75 mmHg), skin temperature (mean=
85.84), AUQ scores (mean=27.08), QSU-B factor 1 scores
(mean=54.43), and nicotine withdrawal scores (mean=
0.63) did not significantly differ.

Priming drink period

Blood alcohol levels BALs increased over time (F=135.27,
p<.0005; +10 timepoint mean=.0148, SE=.002; +20 time-
point mean=.0224, SE=.002; +30 timepoint mean=.0218,
SE=.002; +40 timepoint mean=.0203, SE=.002) and did
not differ by patch condition.

Subjective measures AUQ scores increased over the priming
drink period (F=14.97, p<0.001; −15 min mean=27.08, +40
min mean=36.81), but there was no significant interaction of
patch condition by time (p=0.08). There were significant
interactions of patch condition by time for tobacco craving
for positive reinforcement (QSU-B factor 1; F=8.08,
p<0.01) and negative reinforcement (QSU-B factor 2;
F=2.72, p<0.04]. Active patch decreased tobacco craving
for positive reinforcement 10 min after the consumption of
alcohol, as evidenced by paired comparisons (0 mg patch
mean=67.65, SE=7.44; 21 mg patch mean=58.27, SE=
7.89; p<0.05). Active patch also decreased ratings of
tobacco craving for negative reinforcement before the
consumption of alcohol and continued to be lower 10 min
(0 mg patch mean=33.70, SE=6.63; 21 mg patch mean=
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20.11, SE=4.75; p<0.05) and 20 min (0 mg patch mean=
32.44, SE=6.67; 21 mg patch mean=17.37, SE=4.49; p<
0.05) after the consumption of the priming drink. Given the
pre-alcohol differences in QSU-B factor 2 craving scores, we
compared patch conditions using change scores calculated as
differences from the −15-min timepoint. Change in QSU-B
factor 2 craving scores were not significantly different across
patch conditions at the +10- and +20-min timepoints.

Placebo patch increased ratings of alcohol effects (mean
score of high, like, rush, feel-good, intoxicated) after the
consumption of alcohol (patch × time; F=7.39, p<0.02;
Fig. 1) with paired comparisons demonstrating differences
at +20 and +40 min. BAES stimulation scores decreased
over the priming drink period (F=5.20, p<0.04; 0 min
mean=1.77, +40 min mean=1.39). BAES sedation scores
did not differ. Nicotine withdrawal scores increased over
the priming drink period (F=9.89, p<0.01; −15 min mean=
0.63, +40 min mean=0.82) and did not differ by patch
condition.

Physiologic measures Systolic blood pressure decreased
over the priming drink period (F=10.60, p<0.01, +0 min
mean=119.74 mmHg, +40 min mean=115.02 mmHg).
Diastolic blood pressure demonstrated a significant quadratic
effect of time (F=9.02, p<0.01), with values increasing 10
min post-alcohol consumption (+10 min mean=69.78
mmHg) and then decreasing over the priming drink period
(+40 min mean=63.44 mmHg). Active patch increased heart
rate (F=6.40, p<0.05; 0 mg patch mean=71.55 bpm,
SE=2.76; 21 mg patch mean=77.01, SE=2.67). Heart rate
also increased over the priming drink period (F=10.98,
p<0.01; 0 min mean=73.19 bpm, +40 min mean=75.82
bpm). Active nicotine patch decreased skin temperature
(patch × time; F=5.93, p<0.03) 10 min after the consump-

tion of the priming drink (0 mg patch mean=88.61,
SE=0.87; 21 mg patch mean=85.62, SE=1.60).

Self-administration period

Drinking behavior While slightly more subjects remained
abstinent during the active (Hour 1 n=5; Hour 2 n=6) vs
placebo patch condition (Hour 1 n=2; Hour 2 n=3), across
each hour, the differences in proportions were not signif-
icant (see Table 1). The active patch increased the latency
to start drinking (F=6.43, p<0.02) across the 2-h self-
administration period when latencies were coded as 60 min
for subjects who abstained from drinking during a given
hour of the self-administration period. In the subset of
subjects who drank, patch condition did not alter latency to
drink, number of sips, inter-sip interval, or inter-drink
interval. Drinking behavior did not differ between Hour 1
and Hour 2, as there were no significant multivariate effects
of time found for any of the drinking measures. As a
probable consequence of delayed drinking onset, the total
number of drinks consumed during the 2-h self-administration
period was significantly lower in the active patch compared to
the placebo patch condition (F=9.80, p<0.01).

We also conducted exploratory analyses to examine
potential predictors of significant drinking effects (i.e.,
mean latency to drink, and drinks consumed). For those
variables which demonstrated some indication of nicotine
patch effects during the priming drink period (i.e., alcohol
craving, tobacco craving, alcohol effects, skin temperature
with p<0.10), their +40 min values (end of the priming
drink period) were correlated with average latency to drink
and total drinks consumed across both hours within each
patch condition. Alcohol craving was positively associated
with drinks consumed (0 mg patch r=0.48, p<0.05; 21 mg
patch r=0.65, p<0.01) and negatively associated with
latency to drink (0 mg patch r=−0.49, p<0.05; 21 mg
patch r=−0.46, p<0.05) for both active and placebo patch
conditions. For the placebo patch condition only, tobacco
craving for positive (r=−0.65, p<0.01) and negative
reinforcement (r=−0.53, p<0.05) were negatively associat-
ed with latency to drink. No significant effects were
demonstrated for alcohol effects or skin temperature.

Blood alcohol levels Compared to the placebo patch condition,
subjects in the active patch had lower blood alcohol levels at
certain timepoints (condition × time interaction; F=3.55,
p<0.01), consistent with the increased latency to begin
consuming alcohol after nicotine. Paired comparisons of
mean BALs for active and placebo patch indicate that BALs
were lower halfway through each of the drinking hours
[midpoint of the first drinking hour (+80 timepoint: 0 mg
patch mean=0.034 mg%, SE=0.004; 21 mg patch mean=
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Fig. 1 Mean visual analogue scale ratings (VAS 1–100) for AES
during the priming drink period for each transdermal nicotine
replacement condition (0 vs 21 mg/day). AES is a mean score of
high, like, rush, feel-good, intoxicated. *p<0.05 paired comparisons
for 0 mg vs 21 mg/day nicotine patch within a timepoint
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0.024 mg% SE=0.004); midpoint of the second drinking
hour (+150 timepoint: 0mg patch mean=0.050 mg%,
SE=0.008; 21 mg patch mean=0.034 mg%, SE=0.008)],
but that BALs did not differ by patch condition at other times
[before the start of the first drinking hour (+40 timepoint
mean=0.020 mg%), end of the first drinking hour (+110
timepoint mean=0.034 mg%), or at the end of the second
drinking hour (+180 timepoint mean=0.050 mg%)].

Subjective measures Alcohol craving (AUQ: F=6.16,
p<0.03) decreased, whereas alcohol effect scores (AES:
F=5.12, p<0.04) increased over the ad-lib period (see
Table 2). Given the differences in AES scores between the
patch conditions before the self-administration phase, we
analyzed AES change scores calculated as the difference
from the +40 min timepoint by patch condition. The time
effect for AES was no longer significant. Tobacco craving
for positive reinforcement (QSU-B factor 1 scores; F=8.86,
p<0.01) and negative reinforcement (QSU-B factor 2 scores;
F=12.19, p<0.01) increased over the ad-lib period. Nicotine
withdrawal scores did not significantly differ. The active
patch increased BAES stimulation scores by the end of the
2-h drinking period (patch × time; F=4.57, p<0.05).

Physiologic measures Active patch increased heart rate
(F=4.81, p<0.05). Heart rate also increased over the
2-h drinking period (F=7.74, p<0.02), whereas skin
temperature decreased (F=7.51, p<0.02). Blood pressure
did not significantly differ.

Discussion

Using an established alcohol self-administration paradigm
(Anton et al. 2004; O’Malley et al. 2002), we found that

transdermal nicotine replacement increased the latency to the
first drink and consequently appeared to reduce the number
of drinks consumed during a 2-h self-administration period,
compared to 6 h of nicotine deprivation (i.e., placebo patch),
in heavy drinking daily smokers. Although not significantly
different, during the active patch condition, a larger
proportion of subjects declined all drinks within each hour.
When drinks were chosen, however, the number of sips
taken per drink, time between sips, and time between drinks
were similar for the active and placebo conditions. Thus, we
conclude that active nicotine replacement compared to
placebo replacement delayed the onset of consumption.
Although subjects on nicotine patch compared to placebo
patch consumed fewer drinks in the time allotted, it is not
possible to determine whether this effect would be main-
tained, enhanced, or reduced if the time period in which drinks
could be chosen was not constrained.

Our drinking outcomes are consistent with Acheson et al.
(2006) findings with women. Although Acheson et al.
(2006) did not evaluate latency to drink, our results regarding
reduced drinking (which are secondary to latency to drink)
were similar. However, their study found that nicotine patch
increased alcohol consumption in males, whereas we found
that nicotine patch also reduced drinking by men. A number
of procedural differences between the two studies may
account for the differential findings. Acheson et al. (2006)
examined light-smoking social drinkers and subjects were
tested in small groups, whereas our subjects were heavier
drinkers and smokers and were tested individually. In the
Acheson et al. (2006) study, the self-administration phase
commenced while the blood alcohol levels produced by the
priming drink were ascending, while our self-administration
phase began when the blood alcohol levels were descending.
Alcohol–nicotine interactions have been shown to be
sensitive to ascending and descending limb effects (King
and Epstein 2005; McKee et al. 2006; Mitchell et al. 1995),

Table 1 Drinking behavior measures [% or mean (SE)] collected during the 2-h self-administration phase for transdermal nicotine replacement
conditions (0 vs 21 mg/day)

Drinking measure Choice block no. 1 (60 min, four drink options) Choice block no. 2 (60 min, four drink options)

21 mg Patch 0 mg Patch 21 mg Patch 0 mg Patch

Percent abstinent 26% (5/19) 11% (2/19) 32% (6/19) 16% (3/19)
Drinks consumed 1.90 (0.35)* 2.53 (0.30) 1.68 (0.36)* 2.32 (0.39)
Latency to start (min)a 20.24 (5.88)* 9.60 (4.24) 27.89 (5.77)* 15.27 (5.08)
Latency to start (min)b 6.04 (2.47)** 3.67 (1.32) 13.07 (3.87)** 6.88 (2.67)
Sips per drink 5.90 (0.80) 5.49 (0.68) 5.10 (0.77) 5.23 (0.62)
Inter-sip interval (min) 1.97 (0.37) 2.23 (0.51) 2.59 (0.47) 1.92 (0.28)
Inter-drink interval (min) 10.02 (2.07) 7.87 (1.43) 13.79 (4.44)** 6.01 (1.06)

Mean values reflect all available data within each hour and patch condition.
aWith abstinent subjects coded as 60 min
bWith abstinent subjects coded as missing
*p<0.05 paired comparisons within hour for 0 mg vs 21 mg/day nicotine patch
**p<0.10 paired comparisons within hour for 0 mg vs 21 mg/day nicotine patch

Psychopharmacology (2008) 196:189–200 195



and others have demonstrated that medication effects are
sensitive to the interval between the priming drink and the
self-administration phase (Anton et al. 2004). Additional
work is needed to delineate how nicotine replacement
interacts with temporal effects of the priming drink on
inhibiting or promoting further alcohol consumption.

In the period before the priming drink, we found that active
nicotine patch in comparison to 6 h of nicotine deprivation
(i.e., placebo patch) attenuated tobacco craving for negative
reinforcement, consistent with prior research (e.g., Tiffany et
al. 2000). We also found increases in systolic blood pressure
and heart rate consistent with the effects of transdermal
nicotine replacement on cardiovascular responses (Zevin et
al. 1998). Nicotine withdrawal scores, as measured by the
MNWS, were minimal after 6 h of cigarette deprivation and
were not influenced by nicotine patch condition (see
Pickworth et al. 1996).

Our results suggest that treatment with the nicotine patch
alters subjective and physiological responses to a standard
dose of alcohol. Specifically, after the priming drink, the
subjective effects of alcohol (e.g., intoxication ratings) were
lower when subjects received active compared to placebo
transdermal nicotine replacement. After consuming the
priming drink, heart rate was increased and skin tempera-
ture was decreased by active nicotine patch. These results
are consistent with prior studies which have examined the
single and combined effects of alcohol and nicotine on
cardiovascular responses (Benowitz et al. 1986; Michel and
Battig 1989; Perkins et al. 1995). Pre-alcohol differences in
tobacco craving persisted with transdermal nicotine re-
placement attenuating craving for both positive and
negative reinforcement. These findings are counter to those
produced by Kouri et al. (2004) after overnight tobacco
abstinence. It is difficult to make cross-study comparisons,

Table 2 Mean (SE) subjective and physiological effects during the alcohol self-administration phase for transdermal nicotine replacement
conditions (0 vs 21 mg/day)

Condition Alcohol self-administration period

+40 mina +80 min +110 min +150 min +180 min

Subjective measures
AUQb 0 mg patch 37.65 (5.28) 31.41 (4.97) 31.79 (5.36) 36.26 (6.43) 28.07 (5.74)

21 mg patch 37.23 (6.32) 35.31 (7.10) 34.78 (6.90) 34.82 (6.23) 29.26 (6.51)
QSU-B factor 1b 0 mg patch 63.08 (7.22) 67.04 (6.66) 71.326 (6.52) 70.45 (6.77) 69.04 (6.87)

21 mg patch 61.44 (7.90) 61.86 (8.02) 64.76 (8.02) 64.12 (7.98) 67.51 (7.79)
QSU-B factor 2b 0 mg patch 30.14 (5.63) 33.74 (6.26) 34.60 (7.04) 36.86 (6.76) 36.98 (7.23)

21 mg patch 28.67 (6.27) 28.54 (4.95) 28.46 (5.87) 31.02 (5.62) 39.75 (8.10)
AES 0 mg patch 20.03 (2.52) – 26.99 (6.29) – 27.11 (4.76)

21 mg patch 14.00 (1.23) – 20.60 (4.17) – 25.27 (6.01)
MNWS 0 mg patch 0.91 (0.16) – 1.07 (0.16) – 1.00 (0.19)

21 mg patch 0.76 (0.13) – 0.86 (0.15) – 1.00 (0.19)
BAES-stimulationd 0 mg patch 1.50 (0.28) – 1.77 (0.44) – 1.37 (0.36)

21 mg patch 1.39 (0.26) – 1.68 (0.48) – 1.93 (0.46)
BAES-sedation 0 mg patch 2.14 (0.46) – 1.70 (0.68) – 2.03 (0.47)

21 mg patch 1.59 (0.38) – 1.75 (0.35) – 2.03 (0.51)
Physiological measures
Heart rateb,c 0 mg patch 72.47 (2.87) – 74.95 (3.03) – 76.21 (3.20)

21 mg patch 76.90 (2.78) 79.63 (3.25) 79.97 (3.20)
Systolic BP 0 mg patch 112.87 (3.64) – 114.45 (4.24) – 115.24 (2.74)

21 mg patch 117.26 (3.65) – 118.61 (4.74) – 116.97 (3.36)
Diastolic BP 0 mg patch 63.56 (2.43) – 65.94 (2.48) – 67.58 (2.51)

21 mg patch 64.00 (2.18) – 64.42 (3.41) – 63.64 (1.76)
Skin tempb 0 mg patch 90.23 (1.17) – 88.10 (0.95) – 88.59 (1.12)

21 mg patch 89.80 (1.07) – 88.22 (1.37) – 88.01 (1.35)

AUQ Alcohol Urge Questionnaire, QSU-B factor 1 Questionnaire of Smoking Urges Positive Reinforcement, QSU-B factor 2 Questionnaire of
Smoking Urges Negative Reinforcement, AES Alcohol Effects Scale, BAES Biphasic Alcohol Effects Scale, MNWS Minnesota Nicotine
Withdrawal Scale
a The priming drink period ended at +40 min and the self-administration period started +50 min.
bMain effect of time, p<0.05
cMain effect of nicotine, p<0.05
d Interaction of time by nicotine patch condition, p<0.05 for repeated measures analyses of variance
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as Kouri et al. (2004) used stronger alcohol priming doses
(0.4, 0.7 g/kg) and removed subjects who failed to have
craving responses (2 subjects of 12 total subjects) from the
analyses. However, others have demonstrated that nicotine
replacement and smoked tobacco resulted in lowered
intoxication ratings (Madden et al. 1995; Perkins et al.
1995) and lowered tobacco craving (Mintz et al. 1991) after
a fixed dose of alcohol.

During the alcohol self-administration period, alcohol
craving was found to decrease, while craving for tobacco
increased irrespective of patch condition. Active nicotine
patch increased stimulation scores as well as heart rate during
this period. Others have found that nicotine replacement can
attenuate some of the sedating effects produced by alcohol
(Perkins et al. 1995).

We also conducted exploratory analyses to investigate
potential mechanisms underlying any alterations in drinking
behavior. Alcohol craving at the end of the priming drink
period was negatively associated with latency to consume
alcohol and positively associated with the number of drinks
consumed in both the nicotine and placebo patch con-
ditions, supporting prior findings (O’Malley et al. 2002).
Additionally, we found that higher tobacco craving for both
positive and negative reinforcement was associated with
reduced latency to consume alcohol in the placebo patch
condition, but not in the nicotine patch condition. Thus,
after 6 h of nicotine deprivation, higher tobacco craving
responses seen in the placebo patch condition during the
priming drink period may underlie the shorter latency to
consume alcohol. Similarly, Epstein et al. (2007) found that
tobacco craving for positive reinforcement was associated
with blood alcohol levels. While our findings are sugges-
tive of possible mechanisms underlying the initiation of
drinking behavior, it should be noted that given our limited
sample size, we were unable to conduct a full mediational
analysis (see Baron and Kenny 1986).

This study has several limitations. First, the sample size
was modest and only generalizeable to the population of
heavy-drinking daily smokers. Although our sample size
was comparable to other laboratory studies examining the
effect of nicotine replacement on alcohol responses (e.g.,
Acheson et al. 2006; Barrett et al. 2006; Perkins et al. 1995,
2000a), our analyses for gender comparisons were under-
powered. Second, only a single priming dose was investi-
gated. However, we have found that an alcohol dose
designed to raise BALs by 0.03 g/dl is effective in priming
drinking behavior (see O’Malley et al. 2002; Krishnan-
Sarin et al. 2007). In the current study, we demonstrated
that this priming dose was sensitive to the effects of
transdermal nicotine on at least delaying further drinking
behavior. Third, no alternative beverage was provided
during the self-administration phase, and it is unknown
whether reductions in alcohol consumption during the

transdermal nicotine replacement condition were specific
to alcohol. Fourth, only a single dose of transdermal nicotine
replacement was investigated. However, the 21-mg/day dose
is the dose of transdermal nicotine replacement most
commonly used and most likely to be used by heavy drinkers
attempting smoking cessation. Nonetheless, from a mecha-
nistic standpoint, it would be worthwhile to conduct a dose-
ranging study of transdermal nicotine replacement in this
population of heavy-drinking smokers. Further, we did not
include a placebo alcohol condition. As a result, we cannot
determine whether the observed effects were a product of
transdermal nicotine replacement or transdermal nicotine
replacement interacting with alcohol. However, our results
for the priming drink period (i.e., cardiovascular responses,
subjective alcohol effects) were consistent with the only prior
study to incorporate an active and placebo alcohol dose to
examine the effect of nicotine replacement on responses to a
fixed dose of alcohol (Perkins et al. 1995). Finally, the
duration of the session limited our ability to determine
whether nicotine also decreases alcohol consumption once it
has been initiated or whether the primary effect of nicotine is
to delay the initiation of drinking.

Given the substantial health risks associated with concur-
rent alcohol and tobacco use (Rosengren et al. 1993),
addressing smoking cessation in those experiencing alcohol
problems is an important area for research. Although some
studies have found no differences in the ability to quit
smoking on the basis of alcohol problems (e.g., Hayford
et al. 1999; Hughes et al. 2003; Hurt et al. 1995; Sobell et al.
1995), many studies demonstrate that individuals with
current or past histories of alcohol problems are less likely
to be successful at quitting smoking compared to those
without alcohol problems (e.g., Daeppen et al. 2000; Di
Franza and Guerrera 1990; Hughes 1995). However, little is
known about how to best promote smoking cessation in this
population of drinkers who are at increased risk for alcohol-
mediated tobacco relapse (Baer and Lichenstein 1988;
Brandon et al. 1990; Sobell et al. 1990; Shiffman et al.
1994, 1996; Zimmerman et al. 1990).

In summary, we found that transdermal nicotine,
compared to 6 h of nicotine deprivation, reduced subjective
and physiological responses to a single alcohol drink,
increased latency to initiate drinking, and consequently
appeared to decrease the amount of alcohol subsequently
consumed. It is possible that nicotine reduced the effects of
nicotine deprivation on drinking. Some studies find that
nicotine deprivation increases drinking behavior (e.g.,
Palfai et al. 2000), and theories of behavioral choice
(Vuchinich and Tucker 1988) suggest that nicotine depri-
vation may increase the incentive value for alcohol because
of the lack of availability of nicotine. In support of this
hypothesis, subjects who reported greater tobacco craving
in the placebo patch condition exhibited shorter latencies to
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drink. In addition, because alcohol consumption is a known
precipitant of smoking relapse, it is conceivable that
nicotine replacement could further facilitate smoking
cessation by reducing or delaying drinking. Future labora-
tory and clinical studies should examine the effect of other
smoking cessation pharmacotherapies on alcohol drinking
to better understand the value of these treatments for this
population of treatment-resistant smokers.
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