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Abstract

Rationale Smokers report enhanced concentration after
cigarette smoking and difficulty concentrating when absti-
nent from smoking. These perceived effects may contribute
to smoking cessation failures, and if so, clarification of their
cognitive bases could inform treatment strategies. Selective
attention may be important in this regard, but earlier
literature presents inconsistent findings on how smoking
abstinence and resumption of smoking influence this
cognitive function.

Objectives We aimed to compare smokers and nonsmokers
on selective attention, and in smokers, to test the effects of
overnight abstinence from smoking and of acute smoking
on selective attention.

Materials and methods Smokers and nonsmokers (n=43)
performed a Stroop test (two test days, two test blocks per
day). Smokers participated after overnight abstinence and
also within 1-h of ad libitum smoking. Smokers each
smoked a cigarette between test blocks on each day;
nonsmokers did not.
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Results Smokers demonstrated longer response latencies
for both congruent and incongruent stimuli after overnight
than brief abstinence, but no deficit specifically related to
selective attention. Whereas nonsmokers showed no
changes in performance in the second test block, smoking
between blocks reduced the Stroop effect when smokers
were abstinent overnight.

Conclusions These data are consistent with the hypothesis
that abstinence from smoking among nicotine-dependent
individuals has deleterious effects on cognitive performance,
but do not indicate that selective attention is adversely
effected. Improvement in selective attention after terminating
abstinence with one cigarette may also contribute to smokers’
perceived enhanced ability to concentrate after smoking.
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Introduction

Worldwide, almost 5 million people die prematurely each
year as a result of smoking (World Health Organization
2003). Abstinence from cigarette smoking has generally
been associated with self-reports of decreased ability to
concentrate (Hatsukami et al. 1984; Hughes et al. 1984;
Hughes and Hatsukami 1986; West et al. 1984, 1987) and
this perceived difficulty concentrating could pose a barrier
to smoking cessation (for review, see Hughes et al. 1990).
Consistent with this, self-reported increases in inattention
during abstinence predict relapse to smoking (Rukstalis
et al. 2005). A more precise understanding of the nature of
cognitive deficits that are associated with abstinence from
smoking might suggest therapeutic targets. Results from
several studies that included cognitive testing indicate that
abstinence from smoking is associated with impairment of
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sustained attention (Hughes et al. 1989; Sacco et al. 2005).
It is less clear, however, whether abstinence from smoking
is associated with deficits in inhibitory control processes.

The Stroop task is the most frequently used measure of
inhibitory control functioning. It measures the ability to
focus attention on relevant stimuli while ignoring dis-
tracters and to suppress a prepotent response (i.e., word
reading) in favor of an atypical one (i.e., color naming)
(Stroop 1935). Performance is measured by response
latency (i.e., reaction time, RT) and/or accuracy; and
specific deficiencies in attention are reflected in a “Stroop
effect”, which indicates the degradation in performance
caused by interference in the incongruent condition (e.g.,
the word red displayed in blue). In a study of female
smokers (n=13), 12-h abstinence from smoking was
associated with slower response times across conditions of
the Stroop task, but not with an increase in the Stroop effect
(relative to ad libitum smoking, 5 min after the last
cigarette; Pomerleau et al. 1994). Other studies, however,
showed no significant impairment after the initiation and
maintenance of abstinence compared with baseline perfor-
mance. These studies involved smokers who were abstinent
for a week [22 schizophrenic smokers (Evins et al. 2005);
23 schizophrenic and 29 nonschizophrenic smokers (George
et al. 2002)] or who were abstinent overnight [25 schizo-
phrenic and 25 nonschizophrenic smokers (Sacco et al.
2005)]. However, cognitive testing during abstinence in these
three studies followed cognitive testing in a nondeprived
state, making it possible that practice effects masked
abstinence-related deficits in Stroop performance.

In addition to reporting difficulty concentrating during
withdrawal from smoking (Hatsukami et al. 1984; Hughes
et al. 1984; Hughes and Hatsukami 1986; West et al. 1984,
1987), smokers report enhanced ability to concentrate
immediately after smoking a cigarette (Russell et al. 1974,
Warburton and Wesnes 1984). The Stroop task has also
been used to test the immediate effect of smoking on
response inhibition, relative to a presmoking level. For
example, in a sample of 16 adolescent smokers tested
without a requirement for abstinence before a presmoking
test, smoking one cigarette reduced RT but not the Stroop
effect (Zack et al. 2001). In studies of adult smokers,
smoking a cigarette did not significantly affect Stroop task
performance after 12-h of abstinence [(n=16 and 7,
respectively) (Parrott and Craig 1992; Xu and Domino
2000)], nor did smoking two cigarettes change the Stroop
effect in 12 subjects after 9-h of abstinence (Ilan and Polich
2001). The small sample sizes used in these studies,
however, markedly limit the conclusiveness of these
predominantly null findings.

Given the role of difficulty concentrating in the nicotine
withdrawal syndrome (American Psychiatric Association
1994), we reasoned that a clearer understanding of the
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nature of this problem during the initiation of smoking
abstinence and its possible reversal by smoking could help
identify therapeutic targets. Within this context, we used the
Stroop task in a study larger than those cited above, asking
the following questions related to performance on the task:
(1) Are there differences in performance between non-
smokers and smokers when abstinent only briefly (<1-h)?
(2) Does overnight abstinence from smoking impair per-
formance compared to that observed when smokers are
<I-h abstinent? (3) Does smoking one cigarette affect the
performance of smokers (either after >13-h abstinence or
after <1-h abstinence)? Given findings that cue-elicited
tobacco craving disrupts performance on cognitive tasks
(Cepeda-Benito and Tiffany 1996; Madden and Zwaan
2001; Sayette and Hufford 1994; Zwaan et al. 2000), we
also tested whether cigarette craving influenced perfor-
mance on the Stroop task.

We were particularly interested in effects of cigarette
abstinence and smoking on selective attention given the
implications such effects could have for smoking cessation.
We chose to measure selective attention using the Stroop
task because this task has been studied extensively using
brain imaging (Banich et al. 2000; Bench et al. 1993;
Brown et al. 1999; Carter et al. 1995; Gruber et al. 2002;
Mead et al. 2002; Milham and Banich 2005; Pardo et al.
1990; Taylor et al. 1997) and findings from behavioral
studies using this task could, therefore, be readily extended
to investigate of underlying brain mechanism in future
studies.

Materials and methods
Participants

Forty-three smokers and 43 nonsmokers completed testing
with a Stroop task. Potential participants were recruited
from flyers and newspaper ads. They were excluded from
participation during a telephone interview if they indicated
any one of the following criteria: current use of medications
that may affect cognition, any medical or psychiatric
condition, age of less than 18 or more than 50 years, a
history of head trauma, color blindness, smoking marijuana
more than once per week, drinking more than 10 alcoholic
drinks per week, or regularly abusing substances other than
alcohol or marijuana. In addition, nonsmoker participants
were excluded if they had a lifetime history of smoking
more than five cigarettes. Smokers were excluded if they
reported smoking fewer than 15 or more than 40 cigarettes
per day, or had not been smoking regularly for at least
2 years.

Participants received a detailed explanation of the study,
signed a consent form that was approved by the UCLA
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Institutional Review Board, and were paid for their partic-
ipation. During a baseline assessment, additional measures
were obtained to determine eligibility. Carbon monoxide
(CO) in expired air was taken as an objective measure of
recent smoking (Micro Smokerlyzer II, Bedfont Scientific
Instruments). The inclusion criteria were <5 parts per million
(ppm) for nonsmokers and >10 ppm for smokers. Partic-
ipants also completed questionnaires assessing medical
history, smoking history [including the Fagerstrom Test for
Nicotine Dependence (Heatherton et al. 1991)], childhood
attention deficit hyperactivity disorder (Wender Utah Rating
Scale; WURS) (Ward et al. 1993), and demographic
information. A participant was excluded if he or she had a
score of >47 on the WURS. Of the 299 individuals who
provided informed consent to participate, 107 smokers and
44 nonsmokers met one or more exclusion criteria. Twenty
smokers and 19 nonsmokers withdrew from participating.
Only data from participants who completed all four test
blocks were included in the analyses. This excluded 23 more
participants, leaving 43 subjects per group.

Procedure

Subsequent to baseline assessments, both groups were
tested in two blocks on each of two separate days (see
Fig. 1). On 1 day, the smokers were tested after 13- to 16-
h abstinence and on the other, after 15- to 60-min
abstinence. On both days, smokers smoked one cigarette
(their usual brands) during a break between the two blocks
and nonsmokers rested but did not smoke. Testing resumed
within 5 min of the break. Cigarette craving and withdrawal
were assessed before and after the Stroop task was
administered to the smokers. Twenty-one smokers com-
pleted the overnight (>13-h) abstinence session first and 22
completed the brief (<1-h) abstinence session first.

On each test day, expired CO was assayed to verify recent
smoking or overnight abstinence, with a criterion of <10 ppm
at the start of the >13-h abstinence test (Perpina et al. 1993;
Stormark et al. 2000). One participant was allowed to
complete the >13-h abstinence test with an expired CO
level of 13 ppm because this value was less than half of the
value obtained after <1-h abstinence. To diminish the effect
of learning, participants received training on the tasks
before each testing session until they became habituated to

which finger they were to use to indicate colors on the
keyboard. Data collection commenced immediately after
training. All testing took place between 14:00 and 17:00 h.

Measures

Self-report measures of withdrawal from smoking were
collected using the Shiffman/Jarvik Withdrawal Scale
(SJWS) (Shiffman and Jarvik 1976), which includes five
subscales (see Table 2). Cigarette craving was assessed
using the Urge to Smoke (UTS) scale (Jarvik et al. 2000).
The maximum score possible on each of the five SJWS
subscales was “7”, as was the total score on the UTS, with
higher numbers indicating greater severity of symptoms.

Stroop task

The Stroop task was presented in SuperLab (Cedrus
Corporation 1997) on a MacIntosh laptop computer with a
10-in. monitor. Participants were pretrained to respond to
each stimulus by pressing a specific key on the keyboard
that corresponded to each of the three response options
(red, green, and blue). Reaction time (RT) and accuracy
were recorded, with no feedback on errors provided to the
subjects. The task presented a total of four counterbalanced
blocks, consisting of 18 trials each, of congruent color
words and incongruent color words. For the congruent
condition, the color in which a word appeared matched its
meaning (e.g., the word red displayed in red). For the
incongruent condition, the meaning of the word differed
from the color in which it was presented (e.g., the word red
displayed in blue), producing interference because the
meaning of the word must be ignored for successful
performance. Stimuli were presented one word at a time
in the center of the screen in Helvetica style, font size 72,
for 200 ms. A fixation cross was presented for 1,300 ms
between trials, and 21-s rest was provided between sets.
The total time for the test was 12 min.

Data analysis
Only data from participants who completed all four tests were

included. Individual trials in which RTs were <200 or >
1,500 ms were censored from the analyses. Only the response

Test Block 1 Smoke Test Block 2
(smokers)
(6[0) CcO (6[0) CcO
UTS Stroop Task UTS Rest UTS Stroop Task UTS
SJWS (nonsmokers) SJWS

Fig. 1 Illustration of the procedures for each day of testing
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Table 1 Characteristics of the smoker and nonsmoker groups

Smokers (n=43)  Nonsmokers (1=43)

Age (years)* 37.1 (10.5) 30.0 (9.1)
Females (number) 18 23

Years of education 14.4 (2.3) 14.5 (1.6)
Race (%)

European 58.1 58.1
African American 16.3 27.9
Hispanic 9.3 4.7

Asian 7.0 7.0

Other 9.3 2.3
Wender Utah rating scale  13.2 (8.3) 10.7 (7.7)

Numbers in parentheses are standard deviations.
*Significant group difference at p<0.01. Maximum score on the
Wender Utah rating scale=100.

times to correct responses were included in the analyses. Error
rates, calculated as the percent of incorrect responses of the total
trials, were analyzed separately.

The performance of nonsmokers was compared to that
of smokers during the precigarette test block of the <
1-h abstinence session. The analysis was conducted as a
repeated measures analysis of variance (ANOVA) with
Stroop condition (congruent vs incongruent) included as a
within-subject independent variable, and group included as
a between-subjects independent variable. To assess the
effect of overnight abstinence on Stroop performance of
smokers, a repeated measures ANOVA was conducted
comparing performance of smokers on the task after <
I-h abstinence with corresponding performance after >
13-h abstinence (using only data from the first test block of
the session). Again, Stroop condition was also included as a
within-subjects variable. Analysis of whether smoking a
cigarette affected Stroop performance was complicated by the
fact that smoking was confounded with test order. We therefore
conducted repeated measures ANOVAs, comparing the per-
formance of smokers and nonsmokers before and after the
break. Because only smokers smoked during the break, we
tested for an interaction between group and test block as an

indication of whether smoking during the break affected the
performance of the smokers. Because smoking one cigarette
might have a different effect based on the duration of
abstinence before smoking, we conducted this analysis
separately for performance of smokers during the >
13-h abstinent session, and for the <1-h abstinent session.

All analyses were performed for both RT scores and
(normalized) error rates. The interactions between Stroop
condition and independent variables of interest (i.e., group,
session, and test block) were included to identify effects
specifically related to selective attention. Any demographic
variable that differed significantly across groups was included
as a covariate in all analyses in which group was included.
Finally, for all significant findings, follow-up analyses were
conducted to assess whether effects on Stroop performance
were associated with variability in cigarette craving and
withdrawal, as assessed by the UTS scale and STWS.

Results
Participants

Table 1 presents the demographic characteristics of study
participants. Nonsmokers were significantly younger than
smokers (30.0+£9.15 vs 37.1£10.52; ¢ (84)=3.37, p<0.01).
Therefore, all analyses involving group as a factor included
age as a covariate. Smokers had consumed an average of 20+
6 cigarettes per day for 16+9 years. Smokers were moderately
dependent, with an average score on the Fagerstrom test for
nicotine dependence of 5.1+1.8.

Measures of withdrawal and cigarette craving

The mean expired CO levels and scores on the UTS and
SJWS scales, recorded at each test block, on each test day,
are presented in Table 2. These data were partially missing
for five participants, who were, therefore, not included in
this table. As expected, CO in expired breath was lower and

Table 2 Expired CO and measures of withdrawal and craving in smokers

<1-h abstinence postbreak

>13-h abstinence prebreak >13-h abstinence postbreak

(n=38) <I-h abstinence prebreak

Expired CO (ppm) 23.5 (2.30) 24.5 (2.05)
UTS 4.38 (0.24) 1.93 (0.20)
SISW

Craving 4.08 (0.17) 4.13 (0.21)
Psychological 2.70 (0.11) 2.95 (0.10)
Physical 1.59 (0.14) 1.52 (0.11)
Sedative 2.32 (0.22) 2.94 (0.24)
Appetite 3.89 (0.18) 4.32 (0.14)

6.60 (0.97) 12.0 (0.89)
5.78 (0.22) 2.58 (0.24)
6.02 (0.17) 4.59 (0.17)
3.76 (0.20) 3.05 (0.15)
2.17 (0.20) 1.78 (0.16)
2.59 (0.21) 3.26 (0.29)
4.18 (0.17) 4.15 (0.16)

Numbers indicate the means (standard errors of the means). CO levels decreased significantly more (from before to after the break) during the >

13-h abstinence compared to <1-h abstinence.
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measures of craving and withdrawal were generally higher
during the presmoking block of the overnight abstinence
session. Also as expected, CO increased and craving and
withdrawal decreased after smoking during the break between
test blocks, and these changes were generally more pro-
nounced after >13-h abstinence than after <1-h abstinence. A
paired-samples ¢ test demonstrated a significant difference
between the change in CO from before to after the break for
the >13- and <1-h abstinence sessions (#39)=4.00, p<0.05).

Stroop task

Table 3 presents RT and error rate summary scores for all
conditions of the Stroop task. Because the distribution of
error rates was positively skewed across participants, error
data were subjected to a square root transformation before
statistical analysis. Summary data presented in Table 3,
however, are based on nontransformed error rates. As
anticipated, a significant main effect of Stroop condition
reflected the fact that both RT and error rates were
considerably higher for incongruent than for congruent
stimuli (incongruent stimuli: overall RT=505+110, error
rate=3.6%=3.3; congruent stimuli: overall RT=410+84,
error rate=1.8%=+2.1; p<0.001).

Primary analyses

In the comparison of nonsmokers to smokers <I-h abstinent
(age included as a covariate), there were no significant

Table 3 Means of reaction time (RT) and error rates (% error)

groups differences in RT (F(1,83)=0.02, p=0.90) or error
rates (#(1,82)=0.40, p=0.53), nor was there a significant
interaction between group and Stroop condition for RT (<
(1,83)=0.01, p=0.99) or error rates (F(1,82)=0.01, p=0.94).

In the comparison of performance of smokers during the
first test block of the <l1-h abstinence session and the >
13-h abstinence session (effect of test session), a significant
main effect was observed, as smokers generally responded
more slowly (F(1,42)=5.33, p=0.03, 1°=0.11) after >13-
h abstinence. Overall error rates among smokers in the two-
test sessions (2.7%=+2.9 after <1-h abstinence and 2.8%=+
2.8 after >13-h abstinence) did not differ significantly (¥
(1,42)=0.80, p=0.38). No interaction was observed be-
tween session and Stroop condition as predictors of either
RT (F(1,42)=0.02, p=0.89) or error rates (F(1,42)=0.11,
p=0.74). To help interpret the null result for the effect of
overnight abstinence on Stroop interference (as inferred
through RT) a 95% confidence interval was calculated for
the true underlying effect. The observed interval range in
true effect size was —0.44 to 0.40.

A repeated measures ANOVA was performed in which
RTs of nonsmokers and of smokers in the >13-h abstinence
session were modeled as a function of group, test block,
and Stroop condition. A significant interaction was ob-
served between the three independent variables (F(1,83)=
5.85, p=0.018, 1*=0.07) (Table 3). Specifically, while the
Stroop effect (RT for incongruent words — RT for congruent
words) did not change for nonsmokers across the two test
blocks (98+42 vs 100+43), the Stroop effect was signifi-

Smokers
<1-h abstinence >13-h abstinence Nonsmokers
Congruent condition
Before break 415 (83) 437 (93) 400 (73)
1.8% (2.4) 2.1% (1.9) 1.5% (1.8)
After break 398 (92) 418 (101) 389 (65)
1.4% (1.9) 2.2% (2.4) 1.5% (1.8)
Incongruent condition
Before break 513 (110) 536 (122) 498 (99)
3.8% (4.2) 4.3% (4.6) 3.8% (3.4)
After break 496 (119) 498 (122) 489 (91)
3.8% (3.2) 2.6% (2.5) 2.9% (2.1)
Stroop interference score (ms)
Before break 98 (57) 99 (55) 98 (42)
2.0 3.7) 2.1 (44) 23 (2.7)
After break 98 (60) 79 (51)* 100 (43)
23 (3.2) 0.3 (2.2) 1.4 (1.6)

Numbers represent mean values of RT in millisecond (top number in each cell) and mean percent errors (bottom number of each cell). Standard
deviations are in parenthesis. N=43 per group. Across conditions, RTs and error rates were higher for incongruent than for congruent stimuli. RT’s
across conditions were higher before smoking a cigarette for smokers in the at >13-h abstinence session than in the <1-h abstinence session.
Stroop interference scores (based on RT for incongruent—congruent stimuli) were reduced among smokers after smoking a cigarette in the >13-

h abstinence session (p<.01).
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cantly reduced for smokers after the cigarette break (99+55
vs 79+51, #(42)=2.789, p=0.008). Although the interaction
was not significant (F#(1,83)=2.11, p=0.15), inspection of
error data suggested a similar pattern (Table 3). No
interactions between group and test block were present in
repeated measures ANOVAs comparing the performance of
nonsmokers to that of smokers in the <I-h abstinence
session (all values of p>0.05).

Correlations of cigarette craving and withdrawal
with performance

In accord with our a priori analytical plan, correlation
analyses were conducted to relate the effect of abstinence
and acute smoking on craving and withdrawal to each
observed significant effect of the smoking manipulations on
task performance. Differences in craving or withdrawal
across conditions were not significantly associated with the
main effect of abstinence on RT during performance of the
Stroop task (UTS, r=0.33; SJWS craving score, r=0.06; p>
0.05) or with the reduction in Stroop interference observed
among smokers in the >13-h abstinence session subsequent
to smoking (UTS, »=0.04; SJTWS craving score, 7=0.19; p>
0.05). To assess whether dose of nicotine (or some other
constituent of cigarette smoke) underlies the different
effects of acute smoking in the >13-h abstinent vs <
1-h abstinent conditions, we tested covariance of CO
differences across sessions (a proxy for nicotine intake).
The correlation between the differences in CO and the
Stroop interference (>13-h abstinence session minus <1 h)
was 0.08, p>0.05.

Discussion

Both smokers and nonsmokers showed longer latencies and
less accuracy on the incongruent than the congruent
condition of the Stroop test. In addition, smokers demon-
strated longer response latencies (across Stroop conditions)
after overnight abstinence than after brief abstinence.
Nonsmokers showed no reduction in Stroop interference
score in the second test block, but smokers abstinent >
13-h (but not <1-h) demonstrated a reduction in Stroop
interference score after smoking a single cigarette. The
differences in individuals’ cigarette craving between testing
conditions were not correlated with corresponding differ-
ences in Stroop performance across conditions (e.g.,
individuals who showed the greatest difference in craving
between the >13- and <1-h abstinence test sessions did not
show the greatest difference in task performance in the >13-
and <l-h abstinence sessions). In contrast to studies
examining sustained attention, we found no evidence that
selective attention was affected by abstinence.
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Our finding that acute smoking reduced the Stroop effect
suggests a specific effect on selective attention in abstinent
smokers. This effect may be because of an action of
nicotine per se. Such an effect would be in keeping with the
dose-dependent reduction of the Stroop effect with no effect
in a congruent condition by oral nicotine, observed in a
group of six heavy smokers and six nonsmokers (Wesnes
and Warburton 1978), and the subsequent finding in 24
nonsmokers that nicotine gum reduced the time to name the
color in the incongruent condition without an effect of
simple color naming (Provost and Woodward 1991).
Another study of 12 smokers indicated that administration
of nicotine via transdermal patches showed positive
responses, with significant reduction in time to completion
both in the control and the interference conditions, with no
significant effect on Stroop interference, albeit in a
relatively small sample (Mancuso et al. 1999).

It is plausible that the absence of reduction of the Stroop
effect in smokers after brief but not overnight abstinence
may reflect desensitization of nicotinic acetylcholine
receptors (nAChRs). About 70% of nAChRs of the o432
subtype in cultured cells are desensitized after brief
exposure to 10-nM nicotine (1.6 ng/ml) (Paradiso and
Steinbach 2003). By comparison, smoking one cigarette
can elevate arterial plasma nicotine concentrations above
180 nM (30 ng/ml) for more than 20 min (Gourlay and
Benowitz 1997), and can produce >88% occupancy of
o432 nAChRs in smokers for at least 4-h (Brody et al.
2006). To the extent that nAChRs in human brain respond
to nicotine with desensitization as shown in vitro, smoking
ad libitum until 45-60 min before testing could render
central nAChRs less responsive to activation by nicotine. If
smokers had a large proportion of their cerebral o432
nAChRs desensitized during testing, the positive effect of
smoking one cigarette on selective attention could reflect
activation of a population «42 nAChRs that are resistant
to desensitization or activation of another nAChR subtype.
Alternatively, the effect may reflect nonnicotine compo-
nents of tobacco smoke or of the smoking experience.

It is unclear how much of the improvement in selective
attention that we observed reflected effects of nicotine and
how much reflected other factors associated with smoking.
Substantial research indicates that non-nicotine components
of smoking contribute to nicotine dependence (see Robinson
et al. 2000 and Rose 2005 for reviews). As several studies
have consistently shown, smoking denicotinized cigarettes
provides relief from craving and withdrawal symptoms in
abstinent smokers (Gross et al. 1997; Pickworth et al. 1999;
Westman et al. 1996), but does not reverse the cognitive
deficits associated with abstinence (Baldinger et al. 1995).
Related research assessing prepulse inhibition (PPI) of
startle in overnight abstinent smokers found that smokers
did not exhibit significantly lower PPI when abstinent



Psychopharmacology (2007) 195:1-9

overnight compared to findings on an ad libitum smoking
day. However, as we observed with Stroop performance,
acute smoking significantly increased PPI. Acute smoking
after overnight abstinence produced a significant increase in
PPI such that gating in the smokers exceeded that of the
nonsmokers (Duncan et al. 2001). It is important to note,
however, that the tendency towards lower interference scores
among smokers who just smoked a cigarette after >
13-h abstinence that was observed in the present study was
not based on particularly short latencies for responses to
incongruent stimuli. As can be seen from inspection of
Table 3, mean response times for both congruent and
incongruent stimuli were in the direction of faster among
nonsmokers than among smokers across study conditions.

Several reviews of the literature on the Stroop task have
indicated that results are influenced by methodological
factors that may explain the discrepant results found across
studies in the smoking literature. These include the use of a
nonsmoking control group, verification of abstinence,
reliance on within-subject or between-subject analyses,
and variation in sample size. Research on selective
attention, which can be measured by the Stroop task, has
been compromised generally by small sample sizes. In the
literature reviewed, the samples ranged from 7 to 25
subjects. The present study was somewhat larger, and thus
the absence of an effect of >13-h abstinence on Stroop
interference scores is more interpretable than previous null
findings. The 95% confidence interval calculated for the
true underlying effect size of abstinence on Stroop
interference (—0.44 to 0.40) provides statistical evidence
that moderate to large effects are not present (though small
effects, of course, cannot be ruled out).

The present findings should be interpreted with the
following caveats in mind. While our sample was larger
than most studies on this topic (Johnsen et al. 1997; Mogg
and Bradley 2002; Rusted et al. 2000; Zack et al. 2001), it
was still modest. In addition, we used a Stroop task that
was programmed with a facilitation condition (congruent)
and inhibition condition (incongruent) but without neutral
conditions (e.g., nonwords displayed in colors). We could
not, therefore, distinguish the effect of facilitation during
the congruent condition from interference during the
incongruent condition.

Smoking was conducted in an unblinded manner and this
type of procedure has been considered to be a limitation in the
relevant literature (Heishman 1998). In addition, it is likely
that the dose of nicotine delivered after >13-h abstinence
was greater than after <1-h abstinence. Consistent with this,
the data of Table 2 indicate that CO boosts after smoking
one cigarette tended to be larger in the >13-h abstinence
than in the <1-h abstinence session. As we did not assay
plasma nicotine, it is not possible to determine to what
extent the interaction showing a reduction of the Stroop

effect by acute smoking after overnight but not brief
abstinence reflected a dose effect. Finally, allowing partic-
ipants to smoke only one cigarette between test blocks may
not have been an adequate manipulation to overcome >13-h
of abstinence.

Caveats not withstanding, the present findings suggest
that when abstinent overnight, smokers exhibit cognitive
deficits that detrimentally affect performance across con-
ditions of the Stroop task, but do not support for the
hypothesis that smokers abstinent for this period exhibit
deficits in selective attention. These data do suggest,
however, that after overnight abstinence, selective attention
is improved subsequent to smoking a cigarette. Both effects
may contribute to the high rate of failure in attempts to quit
smoking.
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