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Nicotine’s Effects on Attentional Efﬁciency in Alcoholics
Sara Jo Nixon, Andrea Lawton-Craddock, Rick Tivis, and Natalie Ceballos

Background: Historically, the concomitant use of nicotine among alcoholics has not been
methodologically accounted for. Given the observed cognitive enhancing effects of acute nicotine
on attentional processes, it is important that the potentially positive effects of nicotine be disentangled from the negative effects of chronic alcohol dependence. The current study was conducted
to address this question and to test the hypothesis that alcoholics who are regular smokers are
more sensitive to the effects of nicotine on cognition as compared to regular smoking community
controls.
Methods: A 2 [drug group; alcoholics (n = 28), community controls (n = 27)] X 2 nicotine
dose level [low (7 mg dose) vs. high (14 or 21 mg dose)] double-blind design was used to assess
the differential effects of nicotine dose on a battery of neurocognitive tests focusing on attentional
efﬁciency.
Results: As expected, the alcoholic group performed more poorly than did the control group.
However, of greater interest to the current study was the ﬁnding that alcoholic participants differentially beneﬁted from nicotine administration, as demonstrated in the differential dose effect.
Conclusion: The concomitant use of nicotine may serve to ‘‘mask’’ or ‘‘overcome’’ some of the
negative effects of chronic alcohol dependence in newly recovering alcoholics. This potential effect
has signiﬁcant implications for treatment development and further understanding of the process
of recovery of function in chronic alcoholics.
Key Words: Neurocognition, Acute Nicotine, Alcoholism, Cognitive Efﬁciency.

D

ECREMENTS OF COGNITIVE functioning have
long been observed among detoxiﬁed alcohol-dependent participants in the early stages of recovery. Standardized
neuropsychological tests and computerized cognitive batteries
have revealed mild to moderate impairment in problem solving and abstraction, visual-spatial ability, perceptual-motor
function, attention, cognitive ﬂexibility, and memory (Nixon,
1999; Parsons and Nixon, 1993; Sullivan et al., 2000b). These
ﬁndings are congruent with neuroimaging and pathology
reports of alcohol-related changes in both white and gray
matter of the brain (Cardenas et al., 2005; Harper et al.,
2005). In brief, observations of detectable brain changes and
detriments in cognitive functioning in recently abstinent alcoholics are relatively robust ﬁndings (Evert and Oscar-Berman,
1995; Nixon, 1999; O’Neill et al., 2001; Oscar-Berman, et al.,
1997; Pfefferbaum et al., 1995; Rourke and Loberg, 1996).
Several models have been offered to account for diverse
neuropsychological decrements exhibited by chronic alcoholics. One approach is to focus on the underlying cognitive
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mechanisms involved. The component-process model, proposed by Nixon and Parsons (1991), has examined various
cognitive processes that may be adversely affected by habitual
excessive alcohol exposure (Nixon, 1993, 1999; Parsons and
Nixon, 1993). Of particular interest is the concept of cognitive
efﬁciency. Efﬁciency is typically regarded in terms of
speed ⁄ accuracy tradeoffs (Sternberg, 1984); however, it may
also be more broadly conceptualized as the ability to attend
to accurate, relevant information while ignoring inaccurate,
irrelevant information within a deﬁned time frame (Nixon,
1999).
The concept of cognitive efﬁciency in substance abusing
populations has been examined in a variety of contexts using
neuropsychological assessments, computerized neurocognitive
batteries, event-related encephalographic potentials, and even
postural stability (Nixon and Parsons, 1991; Nixon et al.,
1998, 2002; Sullivan et al., 2000a,b). The application of cognitive efﬁciency most relevant to the current study involves the
use of efﬁciency ratios (accuracy divided by mean reaction
time) obtained in response to a computerized neurocognitive
battery. Glenn and Parsons (1990, 1992) used such a battery
to assess problem solving, memory, visual-spatial function,
perceptual-motor speed, and verbal comprehension in detoxiﬁed alcoholic men and women. Results indicated that alcoholic participants were less efﬁcient when compared to their
control counterparts. These ﬁndings have been extended in
various alcoholic and polysubstance abusing subgroups
(Lawton-Craddock et al., 2003; Nixon et al., 1998).
However, the previously mentioned studies of cognitive
efﬁciency did not systematically address the potential
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confound of simultaneous nicotine use. The cognitive effects
of nicotine are particularly relevant given the substantial numbers of smokers among alcohol-dependent individuals seeking
treatment. Epidemiological studies have shown that smoking
prevalence ranges from 80 to 95% in alcohol abusers (Le,
2002; Miller, 1999; Patten et al., 1996). The association
between nicotine and enhanced cognitive performance has
been extensively researched (Foulds et al., 1996; Hughes,
1991; Murphy and Klein, 1998; Rusted et al., 1997; Witte
et al., 1997). One of the most consistent ﬁndings in human
studies is that nicotine administration facilitates attentional
and working memory processes as evidenced by its improvement of cognitive performance in adults with attention-deﬁcit ⁄ hyperactivity (Cogar et al., 1996; Conners et al., 1996;
Levin et al., 1996) and Alzheimer’s disease (Jones et al., 1992;
Murray and Abeles, 2002; Newhouse et al., 1988; Sahakian
and Coull, 1994; White and Levin, 1999).
Nicotine’s potential as a cognitive enhancer is an especially important consideration in the study of cognitive
performance in alcoholic populations, as attentional and
short-term memory deﬁcits are often observed this group.
Thus, based upon previous research in nonsubstance abusing groups, it is logical to suggest that alcohol-related
impairments of attention and short-term memory could be
diminished with nicotine exposure. Further, it is of particular interest to ascertain if nicotine administration differentially impacts performance among alcoholic participants
relative to community controls.
Recent work by Nixon and colleagues (Ceballos et al.,
2005, 2006) reports the predicted differential enhancement
of cognitive performance in substance abusing groups (alcoholics, illicit stimulant abusers, and those who abuse both
alcohol and illicit stimulants) following acute nicotine administration. However, there is an obvious need for replication of
this work and to reﬁne the locus of this effect. Thus, the overarching objective of this study was to address the question of
whether nicotine administration would improve cognitive
efﬁciency deﬁcits in alcoholic participants. More speciﬁcally,
we focused on efﬁciency in attention because nicotine is
known to enhance attentional processes (e.g., Levin et al.,
2006).
Furthermore, we anticipated that deﬁcits in attentional efﬁciency are posited to underlie much of the cognitive impairment observed in detoxiﬁed alcoholics. Working from these
assumptions, we predicted that detoxiﬁed smoking alcoholics
(a group that is historically known to exhibit cognitive impairments), would beneﬁt to a greater degree than would smoking
community controls. Because we were not examining the
effects of withdrawal, we anticipated that this effect would be
observed through a differential (better) response to the higher
dose of nicotine.
To that end, participants in both groups were randomly
assigned to receive either a high or low dose transdermal nicotine patch prior to performing a computerized cognitive efﬁciency battery. Based on the current literature, it was
hypothesized that alcoholics exposed to higher levels of
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nicotine would exhibit greater cognitive efﬁciency on tasks
relying heavily on attentional processes than would those
alcoholics exposed to lower nicotine levels. By contrast, such
pronounced differences in neurocognitive performance
between nicotine dose groups were not expected to emerge
among smoking controls. That is, we predicted that alcoholics
would demonstrate greater sensitivity to the dose manipulation than would community controls.

MATERIALS AND METHODS
Participants
The current study was approved by the Institutional Review Board
of the University of Oklahoma Health Sciences Center and informed
consent was obtained prior to each phase of the study, including
screening, diagnostic interview and neurocognitive testing.
In an effort to clarify the neurocognitive effects of acute nicotine
administration in alcohol-dependent individuals and community controls, a 2 (drug group) X 2 (nicotine dose level) experimental design
was implemented. Participants were randomly assigned to either a
low (7 mg) or high (21 mg for men; 14 mg for women) dose of the
transdermal nicotine patch (Nicoderm CQ). Participants ranged in
age from 21 to 59. This age range was chosen to reduce the effects of
brain development in adolescents and cognitive decline among
elderly participants, issues that would be expected to impact the
results of the neurocognitive tests employed in the current study. Participants had 9 to 18 years of education, and smoked a minimum of
10 cigarettes per day during the course of the previous year. Those
participants selected for participation provided written informed consent and were reimbursed for their time and travel costs.
Twenty-eight abstinent alcohol-dependent individuals (21 men ⁄ 7
women) were enlisted from inpatient and outpatient drug treatment
centers in Oklahoma City and the surrounding communities. Participants recruited for the alcohol group were required to meet DSM-IV
(American Psychiatric Association, 1994) guidelines for alcohol
dependence, as reﬂected by the NIMH Diagnostic Interview
Schedule (DIS-IV; Robins et al., 1995). Furthermore, a QuantityFrequency Index (QFI; Cahalan et al., 1969) was computed for each
participant to determine the average absolute ethanol intake per day
(in ounces) for the 6-month period prior to being tested. There was
no difference between men and women alcoholics on reported QFI
(t (26) = 0.41, p > 0.28). Men alcoholics reported an average daily
intake of 11.34 ± 6.15 ounces of absolute ethanol, whereas women
alcoholics reported an average daily intake of 10.21 ± 6.47 ounces
of absolute ethanol (approximately 18 to 20 standard drinks per
day). All alcoholic subjects had achieved between 21 and 75 days of
abstinence at the time of laboratory testing. Every attempt was made
to recruit alcoholics without a substantial history of other drug use.
In the ﬁnal sample of alcoholics, 7% (2 subjects) reported use of multiple (polydrug) substances in addition to alcohol; 25% (7 subjects)
reported the concurrent use of marijuana and alcohol with or without other substances; and 18% (5 subjects) reported use of stimulants
in addition to alcohol.
Community controls (n = 27; 20 men ⁄ 7 women) were enlisted
from Oklahoma City and neighboring communities were recruited
via newspaper advertisements and word-of-mouth. As with the alcohol-dependent participants, a QFI was calculated for controls, and
their substance use history was recorded. Participants with current or
lifetime diagnosis of alcohol dependence were excluded and QFI’s
were £ 1.9 (less than an average of 2 drinks per day). Previous or
current occasional marijuana use was also allowed. However, individuals were questioned to ensure that use did not occur within the
48 hours prior to testing. Because studies have indicated that prior
marijuana use does not result in gross cognitive impairments, these
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individuals were not eliminated from subsequent analyses (Pope
et al., 1995; Solowij, 1998). Control participants reported no abuse of
illicit substances within the 10 years prior to testing.
The racial ⁄ ethnic composition did not differ signiﬁcantly across
groups (v2(1) < 0.5, p > 0.4). The control group (n = 21) was
78% Caucasian, and the ALC group (n = 24) was 86% Caucasian.
As a result of inadequate representations of ethnic minorities, more
explicit analyses were not performed.
Screening
Participants were required to complete three screening phases prior
to study participation. The ﬁrst consisted of a phone screen given to
all potential control participants who called our laboratory inquiring
about participation. This phone screen obtained information concerning age, education, general health status, and a brief history of
alcohol, drug, and nicotine usage.
If individuals remained eligible after the initial screen, they were
asked to complete a screening packet. Alcoholic participants generally were administered this screening packet in their treatment facility. The screening packet gathered demographic information and
included the Shipley Institute of Living Scale (SILS) Vocabulary subtest (Zachary, 1986) to exclude those with a remedial vocabulary level
(i.e., < a score of 20; Lezak, 1995). Additionally, participants completed the Spielberger State Anxiety Inventory (SSAI) (Spielberger,
1983), and the Beck Depression Inventory (BDI-II) (Beck et al.,
1996). Also contained in the questionnaire was an extensive review of
past and current alcohol, drug, and nicotine use including questions
concerning chronicity, frequency, and typical usage patterns. Air
expired carbon monoxide (CO) reading was also obtained from this
phase of the screening process for use as a comparison measure
in the veriﬁcation of smoking abstinence on the day of laboratory
testing.
Medical information was obtained to exclude those with neurological disorders, substantial head trauma (i.e., repeated or prolonged
periods of unconsciousness), or serious medical illnesses (e.g., diabetes, cancer, heart, or liver condition). In addition, individuals were
excluded if they were currently pregnant or had any disorder, such as
chronic skin conditions or hypertension, which would contraindicate
the use of the nicotine patch. For this study, hypertension was
deﬁned as a blood pressure reading greater than or equal to 140 ⁄ 90,
in accordance with guidelines issued by the National Institutes of
Health (United States Department of Health and Human Services,
2006). Medical charts located in the treatment center conﬁrmed the
information given by alcoholics. For controls, responses to the initial
medical interview were substantiated by a self-report medical questionnaire given to all participants at the time of testing. In addition,
physicians reviewed all medical information prior to the participant
being tested to insure health requirements were met.
Individuals who continued to meet entry criteria following the ﬁrst
two stages of screening were given a psychiatric assessment using the
NIMH Diagnostic Interview Schedule (DIS-IV) (Robins et al., 1995)
by a trained research assistant to exclude those individuals who
endorsed a lifetime diagnosis of any psychotic disorder (e.g., any of
the schizophrenic disorders or a psychotic depression), or bipolar disorder or current major depressive disorder. They were also provided
a detailed description of the study including information regarding
nicotine administration procedures and urine screening that would
test for other drugs of abuse and pregnancy (for women).
Neurocognitive Materials
As part of a more comprehensive test battery that took approximately ﬁve hours to complete, participants were administered the
following tests: a simple reaction time test (time to respond to the
presentation of a stimulus), the Sternberg test (Sternberg, 1966,
1975), the Digit Symbol Test (Forms A & B; Wechsler, 1981; Beatty
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et al., 2000), the Stroop test (Stroop, 1935; Trennery et al., 1989),
and the Trail Making Test (Forms A & B; Reitan, 1955; Reitan &
Wolfson, 1985).
Sternberg Task (Sternberg, 1966, 1975)
On this computerized task of short-term memory, participants
were shown digits within sets, varying in size from one to six digits in
length. After the ﬁnal digit of the set was shown, a visual cue (a plus
sign) was presented followed by a probe digit. After indicating the
presence or absence of the probe digit among the set of digits, the
participant recalled the digit set by typing the corresponding numbers
on the keyboard. The dependent variables were percent correct and
mean reaction time.
Digit Symbol Test (Wechsler, 1981)
On Form A, the participant was instructed to quickly ﬁll in the
empty squares with the symbol that corresponded to the number. A
total of 90 seconds was allotted for completion. The test requires the
participant to attend to both the number and the symbol and the
shift attention between these sets of stimuli. On Form B, (adapted for
use in this laboratory, see Beatty et al., 2000) the participant was
instructed to quickly ﬁll in the empty spaces with the symbol that corresponded to the number plus one for 90 seconds. The number of
squares accurately completed represented the score.
Stroop Test (Stroop, 1935; Trennery et al., 1989)
This classical test of interference consisted of three different trials.
On the ﬁrst trial (i.e., Stroop Word Trial), the participant was given a
sheet containing names of colors printed in black ink and was
required to read as many of these words aloud as possible in a
45-second time frame. The second trial, referred to as the Stroop
Color Trial, required the participant to name the color of the ink
used to print a series of ‘‘X’’s. The X’s were randomly presented in
blue, green, or red ink. The third trial, called the Stroop Color-Word
Trial, had a list of color words (e.g., ‘‘green,’’ ‘‘blue,’’ etc.) printed in
an ink color that was different from the name of the color word (e.g.,
the word ‘‘blue’’ printed in red ink). The participant was asked to
name the color of the ink and to avoid saying the word that spelledout a conﬂicting color. Scoring was based on the number of colors
correctly identiﬁed within a 45-second time limit.
Trail Making Test (Trails A and Trails B, Reitan, 1955; Reitan
and Wolfson, 1993)
On Trails A, the participant was instructed to draw lines to connect numbered circles in a consecutive manner (e.g., 1 to 2, 2 to 3,
etc.). On Trails B, the participant was required to draw lines connecting numbered circles to lettered circles in a consecutive fashion. Participants were urged to perform the task as quickly as possible.
Scores were based on the time required to correctly connect the circles. Trails A requires directed attention to over-learned number
sequences. Trails B requires that participants attend to the order and
shifting between two sets of over-learned sequences (numbers 1 to 13
and alphabet letters A–L.
Nicotine Administration
Prior to participation, participants were instructed to abstain from
smoking for a minimum of ﬁve hours prior to testing (e.g., 2 to 7 am.
or overnight) in order to attain optimal nicotine effects. After arriving at the laboratory and obtaining written consent and a urine specimen, the participant submitted a CO reading to ensure that minimal
nicotine deprivation had occurred (i.e., the CO value obtained from
day of testing was 50% lower than the baseline value taken during
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screening phases or was 12 ppm or lower). Blood pressure was also
measured to exclude individuals with clinically signiﬁcant hypertensive readings. A urine sample was collected and screened for drugs of
abuse. Women participants also underwent a urine test for pregnancy. A breath sample was obtained from all participants to ensure
abstinence from alcohol.
Participants were then randomly assigned to either the ‘‘low dose’’
or ‘‘high dose’’ condition (e.g., low dose patch {7 mg} or high dose
patch {14 mg ⁄ 21 mg}) using a double-blind controlled design.
Patches were positioned on the upper back left shoulder of each participant. The neurocognitive testing began approximately 3.5 hours
after patch administration. Because we were not interested in acute
withdrawal, no placebo manipulation was included. We understand
that this prevents the assessment of a main effect of nicotine (i.e., nicotine as compared to no drug) per se. However, our primary objective was to observe a differential effect of nicotine in the drugwithdrawn alcoholic group versus the community control group, as
illustrated in the differential dose effect in this group.
A standard cigarette delivers approximately 1 mg of nicotine via
inhalation; thus, the application of a 21 mg transdermal nicotine
patch is designed to deliver a slow, steady dose of nicotine that is
roughly equivalent to smoking 21 cigarettes over a 16 to 24 hour period (GlaxoSmithKline, 2006). Given the differential pharmacokinetics of the nicotine patch versus cigarette smoking, we did, however,
assess deprivation and withdrawal symptoms. In order to measure
the potential level of withdrawal in these participants, the Withdrawal Symptoms Checklist (WSC) (adapted from Hughes and
Hatsukami, 1986) was given to participants before patch attachment
and throughout the testing session in 1-hour intervals. In addition,
the BDI-II (Beck et al., 1996), and Spielberger State Anxiety Inventory (SSAI) (Spielberger, 1983) were re-administered to monitor
changes in affective symptomatology. At the conclusion of the test,
all participants were debriefed on which dose of patch they received
and instructed to refrain from smoking for 5 hours following patch
removal. In addition, they received cessation information from the
American Cancer Society.
Data Analysis
A 2 (drug group) · 2 (nicotine dose) experimental design was analyzed with an ANOVA to determine the effect of nicotine dose,
group afﬁliation, and their interaction on overall efﬁciency. Because
of inadequate representation of women among the various groups,
statistical procedures addressing the effect of gender could not be performed. It should be noted that the pattern of the mean comparisons
was similar when only men were included although power was
reduced. Given the focus of this study, the primary statistical test was
the t-test performed either to examine group differences (between
alcoholics and controls) or dose differences (within alcoholics and
within controls). Where the test for unequal variance was signiﬁcant
the Satterthwaite adjusted results were used. The data were analyzed
using SAS Version 9 statistical package.

RESULTS
Various indices of nicotine usage patterns were examined
(see Table 1). There were no signiﬁcant differences between
the ALC group and the control group on number of cigarettes smoked daily [t(51) = 0.81, p > 0.42]. Likewise, these
groups also did not differ in their chronicity (in years) of cigarette smoking [t(50) = 0.35, p > 0.72]. In addition, there
were no signiﬁcant differences between the groups on the CO
values submitted during the screen [t(53) = 1.43, p > 0.15]
or the CO levels read at the time of testing [t(53) = 0.62,

Table 1. Nicotine Usage Patterns by Control and Alcoholics Groups: Means
(SD, range)
Controls (n = 27)

Alcoholics (n = 28)

# of Cigarettes ⁄ day
21.2 (8.3,10–40)
23.4 (11.1, 10–60)
Smoking chronicity (years)
16.6 (3.7, 9–26)
17.0 (5.1, 10–33)
a
19.6 (8.3, 9–38)
23.7 (12.2, 8–53)
CO at screen
10.3 (6.5, 3–35)
11.4 (6.3, 2–26)
COa at testing
49.1 (13.7, 15.2–72.5) 48.5 (9.9, 31.4–70.7)
SCQb total
4.2 (3.1, 0–16)
6.1 (4.3, 0–17)
WSCc
3.8 (2.3, 0–9)
6.0 (2.3, 2–10)
FTNDd total*
a

Carbon monoxide measured in ppm., bSmoking consequences
questionnaire (Copeland et al., 1995)., cWithdrawal symptoms checklist (adapted from Hughes and Hatsukami, 1986)., dFagerstrom test for
nicotine dependence (Heatherton et al., 1991).,*Significant group differences (p < 0.09).

p > 0.53] with each group demonstrating approximately a
50% decrease from the former to the latter value. Importantly, the subgroups [group (alc ⁄ control) X dose (high ⁄ low)]
also did not differ in the number of hours between last cigarette and the administration of the transdermal patch (means
ranged from 8.4 to 9.8 hours: F < 1).
The number of consequences associated with tobacco use
was also similar across alcoholic and control groups as measured by the Smoking Consequences Questionnaire (SCQ;
Copeland et al., 1995), [t(47) = 0.18, p > 0.85], as well as
endorsement of withdrawal symptoms (WSC) preceding task
administration [ WSC (t(53) = 1.87, p > 0.06)].
Given concern that differential withdrawal symptoms
(WSC scores) might inﬂuence performance, dose effects were
also examined. This analysis revealed a signiﬁcant patch effect
[t(53) = 2.43, (t(53) = 2.36, p < 0.02) p = 0.02] with the
high dose condition reporting more withdrawal symptoms
than the low dose condition [5.3 ± 3.6(5.25 (high) vs.
3.3 ± 2.43.25 (low)]. There were no signiﬁcant correlations
between WSC scores and performance measures when the
entire sample was considered or when the controls were considered alone. When only alcoholics were analyzed, none of
the correlations achieved signiﬁcance after Bonferroni corrections were made. However, there were two performance measures which produced provocative correlations with the WSC:
the Sternberg [r(n = 28) = 0.39, p = 0.04] and the Stroop
Color Words (interference trial) [r(n = 28) = 0.45 p =
0.02]. Given the weak nature of these ﬁndings, additional
analyses were not conducted, however, potential implications
for these unexpected ﬁndings are noted in the discussion
section.
There was disparity between the groups on the Fagerstrom Test for Nicotine Dependence measure (FTND)
(Heatherton et al., 1991). The ALC group had a signiﬁcantly higher score on this instrument than controls
[t (47) = 3.42, p £ 0.002]. Cutoff scores of 4 or higher
have been used by the FTND to designate nicotine dependence (Breslau and Johnson, 2000). The percentage of
individuals endorsing a score of 4 or higher in each
of these groups was: controls (12; 44%), ALC (19, 68%).
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Table 2. Demographic and Self-Report Measures of Control and Alcoholic
Groups: Means (SD, range)

Age
Years of education*
BDI-IIa*
SSAIb
SILS-Vc*
QFId*

Controls (n = 27),
(n = 8)

Alcoholics (n = 28),
(n = 8)

33.6 (10.1, 21–54)
13.1 (1.0, 12–15)
3.4 (4.7, 0–16)
45.0 (6.8, 34–59)
17.7 (1.5, 14.7–20.2)
.44 (0.56, 0–1.9) 0–1.87

38.4 (7.9, 22–53)
12.3 (1.9, 9–18)
12.6 (9.9, 0–35)
49.4 (10.3, 35–76)
16.6 (2.1, 13.5–20.2)
11.1 (6.1, 2.0–28.2)

a

Beck Depression Inventory II (Beck et al., 1996)., bSpielberger
State Anxiety Inventory (Spielberger, 1983)., cShipley Institute of Living-Vocabulary Subscale (Zachary, 1986)., dQuantity Frequency Index
(Cahalan et al., 1969).,*Significant group differences (p < 0.05).

The proportion of participants reporting such levels of
nicotine dependence did not differ signiﬁcantly between the
groups [v2 (1) = 3.06, p > 0.08]. In addition, correlation
analyses within groups revealed that FTND scores were
not associated with performance (rs < .31, p > 0.15).
Table 2 illustrates ﬁndings of the demographic and selfreport measures among controls and alcoholics. There were
no signiﬁcant differences between the groups on age
[t (53) = 1.98, p > 0.05]. A statistically signiﬁcant difference
was detected between the groups on years of education
[t (40.5) = 2.18, p £ 0.04] with the ALC group reporting
fewer years of education than controls. Although this
difference is statistically signiﬁcant, it is doubtful that the
difference in 12 and 13 years of education is clinically
signiﬁcant.
Signiﬁcant differences were also observed on the SILS-V
(vocabulary) subtest. Analyses revealed that the control group
achieved signiﬁcantly higher scores than the ALC group
[t(53) = 2.20, p £ 0.04]. There were no signiﬁcant differences
between the groups on reported anxiety levels as assessed by
the SSAI measure, although it approached signiﬁcance
[t(53) = 1.87, p > 0.06]. On the BDI-II scale, the ALC
group endorsed signiﬁcantly greater depressive symptomatology, as compared with the control group [t (37.4) = 4.37,
p £ 0.0001]. As expected, there were signiﬁcant differences
between the groups on QFI with the ALC group endorsing
higher levels of ethanol consumption than controls
[t (27.5) = 9.12, p £ 0.0001]. When a Bonferroni correction
was applied to this set of analyses, only the BDI-II and QFI
differences achieved signiﬁcance.
Correlational analyses were performed for each of the
groups and across such groups to ascertain if age, education,
BDI-II, SSAI, and SILS-V were signiﬁcantly related to any of
the neurocognitive tasks. Findings from these correlational
analyses indicated no consistent associations among the variables for any of the groups. For the BDI-II, the only signiﬁcant correlations were for the substance abusers (attentional
efﬁciency, r(n = 26) = 0.40, p < 0.04 and Stroop Color
Words, r(n = 27) = 0.41, p < 0.04). None of the other
measures correlated with BDI-II (|r|s < 0.37, ps > 0.06).
Also none of the measures correlated with BDI-II for the
controls (|r|s < 0.29, ps > 0.15). In the controls, the SSAI

and the Trails B was signiﬁcantly correlated [r(n = 25) =
)0.57, p < 0.003]. However, this correlation did not achieve
signiﬁcance for the substance abusers [r(n = 27) = ).22,
p > 0.27]. None of the other measures were correlated with
the SSAI (|r|s < 0.31, p > 0.15) for either group. The
SILS-V was not associated with any of the neurocognitive
task for the controls (|r|s < 0.31, ps > 12). There was an
association between the SILS-V and the Stroop words [r(n =
28) = 0.42, p < 0.03] and the Trails B [r(n = 27) = 0.50, p
< 0.008) for the substance abusers. When a Bonferroni
correction was applied to these analyses, only the association
between the SILS-V and the Trails B for the substance abusers retained signiﬁcance. In an attempt to further reduce the
potential impact of relevant demographic variables, we also
subjected the overall attentional efﬁciency measure and the
individual subtests to ANCOVA controlling for age, SSAI
and BDI-II. Importantly, the results were not changed.
Therefore, the results and means presented are unadjusted
means.
To evaluate the effectiveness of the random assignment of
patch, demographic variables were analyzed to detect performance differences within the groups. None of the differences
achieved signiﬁcance [ts < 1.2, ps > 0.24]. The means by subgroup are presented in Tables 3 and 4.
Analyses of Neurocognitive Measures
An efﬁciency ratio was derived for each of the tasks by
dividing percent correct by mean reaction time for each participant. For the Digit Symbol (D ⁄ S) test (Forms A & B) and
the three Stroop trial tasks, the time element of the efﬁciency
ratio was ﬁxed (i.e., 90 seconds and 45 seconds, respectively)
in adherence to standardized administration procedures. An
overall attentional efﬁciency index was calculated by averaging the efﬁciency ratios from the four tasks.
Consistent with expectations, a signiﬁcant main effect for
drug group was observed [F (1,48) = 5.59, p < 0.03] with
controls achieving a signiﬁcantly higher overall efﬁciency
Table 3. Demographic and Self-Report Measures Within Control Groups
Controls
Low patch (n = 14)
Mean (SD)
Age
Years of education
BDI-IIa
SSAIb
SILS-Vc
QFId
FTNDe
Average number
of cigarettes smoked

35.7
13.0
1.9
40.6
18.1
0.3
3.1
20.0

Range

High patch (n = 13)
Mean (SD)

(9.5)
25–54 31.2
(0.96) 12–15 13.3
(3.5)
0–13
5.1
(4.2)
34–47 43.3
(1.5) 16.2–20.2 17.2
(0.38) 0–1.18
0.5
(1.7)
0–6
4.5
(7.9)
10–40 22.5

Range

(10.6) 21–51
(1.0)
12–15
(5.4)
0–16
(7.3)
35–54
(1.5) 14.7–19.8
(0.71) 0.1–1.9
(2.6)
1–9
(8.9)
10–35

a
Beck Depression Inventory II (Beck et al., 1996)., bSpielberger
State Anxiety Inventory (Spielberger, 1983)., cShipley Institute of Living-Vocabulary Subscale (Zachary, 1986)., dQuantity Frequency Index
(Cahalan et al., 1969)., eFagerstrom Test for Nicotine Dependence
(Heatherton et al., 1991).
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Table 4. Demographic and Self-Report Measures Within Alcoholic Groups

0.8

Alcoholics

Mean (SD)
Age
Years of education
BDI-IIa
SSAIb
SILS-Vc
QFId
Years with an
alcohol problem
FTNDe
Average number
of cigarettes smoked

36.2
11.9
12.8
48.7
16.0
10.5
14.2

Range

High patch (n = 15)
Mean (SD)

Range

(8.4)
22–49
40.3 (7.3)
32–53
(1.4)
9–15
12.5 (2.3)
9–18
(8.9)
0–31
12.5 (11.0)
1–35
(8.4)
37–61
51.4 (11.2)
34–76
(1.8) 13.5–19.8 17.1 (2.2) 13.9–20.2
(6.11) 2.0–22.8 11.6 (6.3)
6.1–28.2
(7.0)
2–25
17.1 (7.9)
5–30

5.8 (2.7)
23.3 (9.2)

2–9
10–40

6.1 (2.1)
23.5 (12.9)

2–10
10–60

Efficiency Differences

Low patch (n = 13)

Alcoholics
Controls

0.7
0.6
0.5

+

0.4
0.3
*

0.2
0.1 *

+

*

*

0
Att. Eff

Sternberg DS Form ADS Form B Stroop C Stroop W Stroop CW Trails A

–0.1

a
Beck Depression Inventory II (Beck et al., 1996)., bSpielberger
State Anxiety Inventory (Spielberger, 1983)., cShipley Institute of Living-Vocabulary Subscale (Zachary, 1986)., dWithdrawal symptoms
checklist (adapted from Hughes and Hatsukami, 1986)., dQuantity Frequency Index (Cahalan et al., 1969)., eFagerstrom test for nicotine
dependence (Heatherton et al., 1991).

score compared to their ALC counterparts. Likewise, a signiﬁcant main effect for dose was found [F (1,48) = 7.67,
p < 0.009] with the high dose group performing signiﬁcantly
better than the low dose group. The group x nicotine dose
interaction did not achieve signiﬁcance [F < 1 ].
To focus on the beneﬁt of nicotine administration to persons in treatment for alcohol dependence, as reﬂected in our
primary hypothesis, we examined the effect of nicotine on
attentional efﬁciency measure within the alcoholic group. The
dose effect was signiﬁcant [t(25) = 1.99, p £ 0.03]. To further
investigate this effect, we examined the individual measures
that make up the attentional efﬁciency measure. Given the
directionality of the hypothesis a one tailed t-test was used.
The results are reported in Table 5. Findings from these analyses revealed that alcoholic individuals given the high dose
performed better on the Sternberg task than those receiving
the low dose [p £ 0.03]. Likewise, signiﬁcant differences were
obtained in the Stroop Word Trial, [ p £ 0.03], the Stroop
Color Words (the interference trial) [p < 0.04] and the Trails
B [p £ 0.05] with individuals in high dose cells performing better than those in low dose cells. There was also a trend for signiﬁcance on the Trails A [p £ 0.06] The control subjects

*

Trails B

Attentional measures

Fig. 1. Efficiency improvement on attentional measures for alcoholics
and controls. Efficiency differences were derived by subtracting the
efficiency ratios obtained by the low-dose group from that obtained by the
high-dose group for alcoholic and control groups, separately. AffEff, overall
attentional efficiency; DS, digit symbol A and B; Stroop C, color naming;
Stroop W, word naming; Stroop CW, interference trial. *Differences in
alcoholics at p < 0.05; + differences in community controls at p < 0.05.

showed a signiﬁcant dose effect on the overall attentional
efﬁciency index [t(23) = 1.93, p £ 0.04] However, the pattern
was not observed across subtests with the only individual task
to show a signiﬁcant difference being the Trails A
[t(23) = 3.14, p £ 0.003] Fig. 1.
DISCUSSION
As expected, alcoholic participants demonstrated inferior
performance on an overall performance index assessing efﬁciency in sustained attention and short-term memory abilities.
Variables, such as age, educational levels, depressive and anxiety symptomatology, and related measures could not explain
these observed deﬁcits.
Also consistent with the existing literature were data indicating nicotine’s positive affect on attentional and working
memory processes. Both animal and human studies indicate
that nicotine use enhances attention, learning, and working
memory skills (Foulds et al., 1996; Levin et al., 1996; Mirza &
Stolerman, 1998; Rusted et al., 1997). Current research using
treatment of nicotine agonists to ameliorate symptoms on

Table 5. Differences in Attentional Measures Within the Alcoholics

Task
Overall attentional efficiency
Sternberg
Digit symbol Form A
Digit symbol Form B
Stroop color
Stroop words
Stroop color words
Trails A
Trails B

Low patch (n = 13),
mean (SD, range)
0.47
0.42
0.55
0.45
1.43
1.98
0.76
0.71
0.25

(0.10,
(0.16,
(0.16,
(0.11,
(0.23,
(0.30,
(0.14,
(0.24,
(0.11,

0.27–0.61)
0.16–0.73)
0.24–0.80)
0.20–0.61)
1.04–1.84)
1.56–2.49)
0.47–0.98)
0.25–1.04)
0.11–0.50)

High patch (n = 15),
mean (SD, range)
0.55
0.54
0.61
0.51
1.54
2.22
0.87
0.83
0.35

(0.11,
(0.15,
(0.13,
(0.10,
(0.31,
(0.33,
(0.18,
(0.17,
(0.16,

0.39–0.79)
0.34–0.83)
0.43–0.81)
0.39–0.71)
0.98–2.22)
1.60–2.84)
0.67–1.42)
0.47–1.09)
0.13–0.60)

t (DF)
1.99
2.05
1.07
1.23
1.06
2.03
1.88
1.62
1.76

(25)
(26)
(26)
(26)
(26)
(26)
(26)
(26)
(25)

P
0.03
0.03
0.15
0.12
0.15
0.03
0.04
0.06
0.05
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populations known to be afﬂicted with attentional and working memory deﬁcits, such as individuals with attention deﬁcit
hyperactivity disorder and Alzheimer’s disease, illustrate nicotine’s ability to improve such cognitive functions (Cogar
et al., 1996; Conners et al., 1996; Jones et al., 1992; Levin
et al., 1996; Newhouse et al., 1988; Sahakian and Coull,
1994). These ﬁndings are also supported by electrophysiological and neuroimaging studies, which show that nicotine
reduces P3 latency and increases blood perfusion in areas
responsible for visual attention (Edwards et al., 1985; Ghatan
et al., 1998; LeHouezec et al., 1994; McNamara et al., 1990).
The current work, considering the differential effects of low
and high nicotine doses, corroborates these conclusions.
Results revealed a signiﬁcant main effect for dose on the overall performance index of efﬁciency with the high dose group
attaining a signiﬁcantly higher score on this measure than
their low dose counterparts.
Of particular interest to this inquiry were analyses (directed
by the working hypothesis) conducted on nicotine dose
differences within each drug group. Consistent with our
hypothesis, alcoholic individuals in the high patch condition
performed better than those in the low patch condition across
the subtests compromising the attentional efﬁciency measure.
While a signiﬁcant effect was observed in the controls, only
one of the subtests demonstrated the effect. That is, nicotine
dose comparisons within drug group revealed that nicotine
exposure had a more consistent effect on alcohol-dependent
individuals as compared to controls.
This latter observation has signiﬁcance in both the research
and clinical arenas. In the research arena, neuropsychological
studies conducted thus far on alcoholic populations may be
underestimating cognitive deﬁcits in these samples because of
the possible counteractive effects of acute nicotine administration. In the clinical arena, attempts by treatment providers to
stop smoking along with alcohol misuse in substance abuse
populations may ultimately have adverse effects on certain
aspects of treatment adherence and occupational functioning.
For example, alcoholics quitting smoking without an adequate pharmacological substitution may have impaired ability
to process information and diminished capacity to sustain
attention in group therapy sessions even if longer term outcomes are not necessarily compromised (for discussion see
Gulliver et al., 2000; Hughes et al., 2003; Prochaska et al.,
2004), Given these important issues, treatment providers who
implement a program advocating the cessation of smoking
and alcohol abuse concurrently may consider administering
nicotine replacement therapy (e.g., transdermal nicotine
{patch}, nicotine polacrilex {gum}, nasal spray), at least for
some period of time. These nicotine replacement medications
may produce the desirable cognitive changes (previously provided by cigarettes) until complete detoxiﬁcation occurs and
observed deﬁcits are reversed or coping skills are developed to
deal with more chronic difﬁculties with concentration and
short-term memory.
Because there has been a growing interest in treating alcoholism and tobacco dependence concurrently, further studies
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are needed to ascertain the speciﬁc cognitive deﬁcits that may
arise from this approach and which individuals are most vulnerable to having these problems. By understanding these
important issues, professionals can implement creative and
practical treatment strategies. Given the complexity associated with having dual dependence of alcohol and nicotine, an
integrated pharmacological, psychological, and behavioral
intervention would be optimal in treating this population.
Limitations
Inadequate numbers of women and minorities limit the
present study’s ability to infer its results to these populations.
Further, the age range of the current study prohibits generalization of these ﬁndings to other groups, such as adolescents
or adults older than 59 years of age. The potential effects of
nicotine on substance abusers in these age groups remains to
be addressed in future research. Additionally, despite matching on many nicotine-related indices and other self-report
measures, there were signiﬁcant differences between alcoholics
and controls on some variables. Although these variables
were found not to impact the pattern of performance
obtained on neuropsychological tasks, future studies should
attempt to match controls and alcohol-dependent individuals
on a host of variables including affective state, smoking history (chronicity and number typically smoked) as well as age,
education and gender. Additionally, if possible, groups might
be examined for differences in pattern of smoking as well as
early exposure to second-hand smoke (both during childhood
and in utero). Analyses regarding some of these issues are
now on-going in our laboratory.
Furthermore, it may be argued that a more optimal design
would incorporate a nonsmoking group that would be represented across drug and nicotine dose cells. This more complete design, however, has inherent methodological problems.
Speciﬁcally, these include (a) ethical concerns of exposing
nonsmokers to nicotine, (b) lower functional tolerance of
nonsmokers to nicotine’s side effects (e.g., nausea and lightheadedness), and (c) difﬁculties recruiting sufﬁcient numbers
of nonsmoking alcoholics given the high smoking rates in this
population. The current design although limited is directly
responsive to the primary question and provides provocative
data for further study.
Finally, although we attempted to avoid confounds associated with withdrawal from nicotine, We recognize that the
application of the 7 mg patch may not eliminate all withdrawal symptoms. However, this confound seems unlikely in
the current study given data indicating that the 7 mg dose
group did not report higher withdrawal symptoms than those
receiving the higher dose. Interestingly, the high dose group
reported more rather than less withdrawal symptoms. This
ﬁnding was counterintuitive. One possibility we considered, in
light of the weak but provocative associations between WSC
and performance for the alcoholic group, is that the higher
dose produces greater activation or arousal which, in turn,
results in endorsing experiences consistent with withdrawal
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symptoms at least in treatment seeking alcoholics who are
undergoing dual drug abstinence (alcohol and temporary
nicotine). That is, the WSC may have served as a proxy for
arousal rather than withdrawal, per se, under the current
study conditions. Additional work is needed to examine this
possibility further.
Overview
Although preliminary, these data reinforce current interest
in nicotine’s role in the concomitant use of other substances.
The current study suggests that nicotine’s acute cognitive
enhancing effects may be inﬂuenced by the user’s drug history.
The study also, indirectly, draws attention to the distinction
between drug effects and outcomes more likely associated with
mode of administration. That is, it illustrates the importance
of distinguishing between the direct effects of the addictive
substance nicotine and the indirect effects more likely because
of its typical mode of administration, i.e., cigarette smoking.
In the current work, the acute effects of nicotine administered
via transdermal patch for alcoholics appear to be positive.
However, studies of chronic smokers demonstrate changes in
brain structure and function associated with poorer cognitive
functioning (Durazzo et al., 2007; Meyerhoff et al., 2006). Systematic studies disentangling acute from chronic effects and
the effects of drug (i.e., nicotine) versus those associated with
route of administration (i.e., smoking) are needed.
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