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, or by inducing mood states that facilitate use of a drug. In the present study, we
examined whether sleep deprivation (SD) would increase smoking in cigarette smokers, and whether it
would do so by impairing attention or inhibitory control. Healthy cigarette smokers (N=14) were tested in a
two-session within subject study, after overnight SD or after a normal night's sleep. Subjects were tested in
both conditions in randomized order, after abstaining from cigarettes for 48 hours. The procedure was
designed to model the human relapse situation. On each 6-h laboratory session after sleep or no sleep,
e ability to abstain from drug use, through any of a number of mechanisms. Sleep
e by impairing attention and inhibitory control, increasing the value of drug

subjects completed mood and craving questionnaires, tasks measuring behavioral inhibition and attention,
and a choice procedure in which they chose between money and smoking cigarettes. SD increased self-
reported fatigue and decreased arousal, it increased the number of cigarettes subjects chose to smoke,
impaired behavioral inhibition and attention. However, the impairments in inhibition or attention were not
related to the increase in smoking. It is possible that SD increases smoking because smokers expect that it
will reduce sleepiness. Thus, the findings suggest that sleep loss may increase the likelihood of smoking
during abstinence not through inhibitory or attentional mechanisms but because of the potential of nicotine
to reduce subjective sleepiness.

© 2008 Elsevier Inc. All rights reserved.
1. Introduction
Relapse is the most persistent and significant problem in tobacco
treatment programs, yet significant gaps remain in understanding the
factors that lead individuals to resume nicotine use after the initial
quit attempt. Among the factors that may contribute to relapse are the
cognitive consequences of insufficient sleep. Many drug users
experience sleep disruptions when they are attempting to abstain,
which may interfere with their ability to resist smoking. Insufficient
sleepmaymake it more difficult to abstain through any of a number of
mechanisms. It may increase irritability, or impair attention or cog-
nition, change cravings, affect mood, or it may increase the value of
cigarettes over other rewards. In this study we utilized a laboratory
procedure to study the effects of overnight sleep deprivation (SD) on
mood, craving, smoking the next day, and on measures of decision
making, inhibition and attention. The study modeled the human
relapse situation by testing 2-day abstinent smokers after a night of SD
and after a night of normal sleep (NS).

Cognitive abilities such as attention, decision making, and executive
functioning degrade significantly after extended periods of wakefulness
(Chee and Choo, 2004; Thomas et al., 2000, 2003; Dinges et al., 1997;
Drummond et al.,1999; e.g., Harrison et al., 2000; Nilsson et al., 2005). SD
l rights reserved.
elevates the expectation of gains and diminishes the effects of one's losses
following riskydecisions. Further, nucleus accumbens, an area in thebrain
involvedwith the anticipation of reward, becomes selectivelymore active
underconditionsof SDduringhigh risk-highpayoff choices (Venkatraman
et al., 2007). In addition to increasing sensitivity togainand insensitivity to
loss, SD also has a pronounced effect on attention. It increases both
frequency and duration of lapses in attention (Doran et al., 2001), and it
delays behavioral responses to salient stimuli (Chee et al., 2008). These
impairments in attention and judgment after sleep loss may impair the
ability of smokers to refrain from smoking during an abstinence attempt.

Abstinence from smoking, even without SD, may also impair the
ability to concentrate. In nicotine-dependent individuals, tobacco
deprivation can impair attention and cognitive abilities within 12 h of
overnight smoking cessation (Bell et al., 1999; Gross et al., 1993;
Lyvers et al., 1994), and these deficits can be reversed with nicotine
administration (Bell et al., 1999; Parrott and Roberts, 1991). Pettiford
et al. (2007) reported that following a 12-hour overnight smoking
abstinence, smokers were less able to inhibit responses on an
antisaccade task inwhich they were instructed to refrain from looking
at a novel stimulus. Thus, acutely abstinent smokers are impaired on
measures of attention and behavioral inhibition, and these effects may
be exacerbated with combined sleep and smoking deprivation.

The combined effects of SD and abstinence could increase the
likelihood of smoking through several mechanisms. It may increase
smoking by impairing attention or inhibitory control. Alternatively it
may increase smoking by increasing the value of cigarettes over other
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rewards, by inducing mood states that are associated with smoking or
by inducing subjective states (e.g., fatigue) that are relieved by
smoking. For example, fatiguemay increase the probability of smoking
or of relapse because smokers know, from previous experience, that
nicotine counteracts the fatigue or difficulty concentrating. Alterna-
tively, fatigue may increase smoking through another mechanism,
such as lapses in attention leading to automatic cigarette smoking.

In the present study we began to investigate the susceptibility to
increased smoking after SD, using a laboratory procedure measuring
smoking, craving, mood and cognitive behaviors in abstinent smokers.
We hypothesized that abstinent smokers would smoke more cigarettes
after SD, and that this would be related to impairments in either
attention or inhibitory control. We also examined the effects of SD on
subjective craving for cigarettes and mood, and evaluated the relation-
ship between cravings, mood states and cigarette vs money choices.

2. Materials and methods

2.1. Participant recruitment

Healthy adults aged 18–45, who smoked 10 or more cigarettes per
day (n=14) were recruited from the university and surrounding
community using posters, newspaper advertisements and word-of-
mouth referrals. Candidates were initially screened by telephone, and
eligible individuals were scheduled for an in-person screening
interview. At the interview candidates completed the Fagerström
Test for Nicotine Dependence (FTND; Heatherton et al., 1991), sleep
and caffeine intake questionnaires, a psychiatric symptom checklist
(SCL-90; Derogatis, 1983), the Michigan Alcoholism Screening Test
(MAST; Selzer, 1971), and a detailed drug use questionnaire. Screening
also included a semi-structured psychiatric interview based on the
Structured Clinical Interview for DSM-IV Disorders (SCID; Spitzer
et al., 1992), an electrocardiogram and a physical examination.

Inclusion criteria were: 1) smoking 10 or more cigarettes per day,
2) habitual sleep of 6 or more hours per night, and 3) habitual caffeine
consumption not more than the equivalent of 2 cups of coffee per day
(200 mg/day). Subjects were excluded if they had a current medical
condition requiring medication, history of or current Axis I psychiatric
diagnoses (DSM-IV-TR; APA 2000), cardiovascular disease, high or low
blood pressure, an abnormal electrocardiogram, history of or current
substance use disorder, lack of fluency in English and less than a high
school diploma or equivalent. Individuals who had irregular sleep
schedules, those who usually went to sleep after midnight, who
claimed habitual total sleep time to be under 6 h, or who worked a
night shift were excluded from the study. Also, eligible participants
had to report that they had stayed awake overnight at least once prior
to participation in the study without experiencing severe mood or
motor problems.

2.2. Experiment

2.2.1. Design
The study used a within subject design consisting of two sessions

in which subjects underwent either overnight SD or NS after 48 h of
abstinence from smoking. We chose a 48-hour period of smoking
abstinence to coincide with peak withdrawal symptoms (Hughes
et al., 1994). Each session consisted of 3 days. On Days 1 and 2 of the
sessions subjects abstained from smoking in their normal environ-
ments. On the night of Day 2 they either had regular 8 h of sleep at
home (NS condition), or they remained in the laboratory overnight
without sleeping (SD condition). The order of NS and SD condition was
randomized, and the two sessions were separated by one week. On
Day 3, subjects participated in a 6-hour smoking or money choice
procedure in the laboratory. In this procedure they had eight
opportunities to either smoke a half-length cigarette of their regular
brand or receive a variable number of tokens redeemable for money
(see below). Subjects also rated their mood states and completed
tasks measuring impulsivity, cognition and craving. The primary
outcomemeasures were the number of half cigarettes chosen at each
token value and the total number of cigarettes smoked. Secondary
outcome measures were the subjects' self-reported craving and
mood, as well as their performance on behavioral and cognitive
tasks, measured on Day 3. The procedures were approved by the
Institutional Review Board at The University of Chicago.

2.2.2. Laboratory environment
The study was conducted in the Human Behavioral Pharmacology

Laboratory in the Department of Psychiatry at TheUniversity of Chicago
Hospital. The environment resembled a living room, with upholstered
chairs and sofas, incandescent lighting, tables with magazines, board
games, and video entertainment units. During times when participants
were not participating in tasks or completing questionnaires, theywere
allowed to relax, readmagazines, play games orwatch videos, but were
not allowed to study or work.

2.2.3. Orientation session and cigarette value procedure
Subjects first participated in an orientation session during which

they signed consent forms, reviewed study procedures, practiced tasks
and completed questionnaires. They completed the Brief Question-
naire of Smoking Urges (Cox et al., 2001), and practiced Automated
Neuropsychological Assessment Metrics (ANAM) (Reeves et al., 2006)
(a test of cognitive performance — see below for description) and the
Stop Task (a test of behavioral inhibition— see below for description).

Within the first 24 h of the first cigarette abstinence period, each
subject completed a brief computerized questionnaire to estimate the
monetary value of half a cigarette for that individual. In the
questionnaire, they made successive choices between differing
amounts of money and half cigarettes, providing a value at which
the subject was equally likely to choose the half cigarette or the
money. This individualized value was used to set the monetary value
of 4 tokens in the subsequent testing sessions. On the testing sessions
a half cigarettewould “cost” 2, 4 or 8 tokens (4 tokens corresponded to
the equivalent monetary value of a half cigarette).

2.2.4. Smoking abstinence periods
For each of the two sessions, subjects were instructed to stop

smoking at 9 AM on Day 1 and remain abstinent until the end of the
laboratory procedure on Day 3. They were required to come to the
laboratory to confirm their abstinence at 5 PM on Day 1, 9 AM onDay 2
and either 5 PM (NS condition) or 9 PM (SD condition) on Day 2.
During these brief stops to the laboratory, assessments included
breath carbon monoxide (CO) level, urinary cotinine and illicit drug
levels, breath alcohol level (BAL), nicotine cravings (see below) and
mood. A CO reading over 6 ppm or an increase in cotinine level
compared to any previous cotinine level resulted in dismissal from the
study. Subjects were instructed not to take any medications, alcohol,
marijuana, over-the-counter medications or their usual amount of
caffeine throughout each three-day session.

2.2.5. Sleep conditions
During the SD session subjects remained awake in the laboratory

from 9 PM until morning with the lights on, and with constant
monitoring by a research assistant. Subjects were allowed to watch
movies and play board games, but they were not allowed to drink
coffee or take other psychoactive drugs. Upon arrival to the laboratory
at 9 PM, they completed initial questionnaires, impulsivity and
attention tasks (see below), and they completed initial subjective
and physiological tests. They were provided with meals after
completing the tasks, a snack at midnight and breakfast at 8 AM in
the morning. They also completed mood, sleepiness and craving
questionnaires every 2 h throughout the night, and at 8 AM they
completed the impulsivity and attention tasks again.



Table 1
Demographic characteristics and drug use histories of the 14 participants in the study.

Ethnicity: Caucasian/African American 12/2
Gender: male/female 11/3
College Degree 7
High School or Partial College 7
Age (mean±SEM) 26 (±1.8)
Current drug use (mean±SEM)
Caffeine (drinks/week) 7.6 (±1)
Alcohol (drinks/week) 8.5 1.3)
Nicotine (cigs/week) 112 (±6)
Cannabis (cigs/month) 1.1(±0.8)

FTND score (mean±SEM) 3.9 (±0.6)
Token valuea (mean±SEM) $0.47 (±0.2)
Range of token values $0.05 to $2.50

a Token values correspond to the monetary value determined for each subject to be
equal to the value of one fourth of a cigarette.
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During the NS condition, subjects were instructed to spend 8 h in
bed with the lights out, in their own homes. Their compliance with
this instruction was monitored with activity monitors (Actiwatch TM,
Cambridge Neurotechnology, United Kingdom). They reported to the
laboratory at 10 AM for the Day 3 testing procedure. In order to be
accepted for the six-hour procedure, the actimeter data had to show
an eight hour mean sleep efficacy of at least 85%.

2.2.6. Day 3 testing procedure
On Day 3 subjects first completed baseline measures at 10 AM, and

then began the choice procedure. Baselinemeasures included subjects'
self-ratings of mood, sleepiness and cravings for cigarettes, as well as
their CO level, blood pressure and heart rate. They also completed
ANAM (a test of cognition) and the Stop Task (a test of behavioral
inhibition) at 10 AM. CO level, blood pressure, heart rate and sleepiness
were measured every hour during the session. The choice procedure
began at 11 AM. The choice procedure has been used in two previous
studies (Young et al., 2005; Acheson et al., 2007) and provides a
sensitivemeasure of drug preferences. The choice procedure consisted
of 8 choices between cigarettes and money, provided at 30 minute
intervals. Subjectswere given a supply of tokens at the beginningof the
session. On each choice opportunity, subjects were allowed to “buy”
half a cigarette using tokens set to the individualized value for each
subject. Across the 8 choice trials, subjects were offered a half cigarette
or tokens valued at half (2 tokens), the same (4 tokens), or double (8
tokens) the monetary value that had been determined during the
orientation session. On four of the half cigarette options, the choicewas
betweena half cigarette and four tokens, on twooptions the choicewas
between a half cigarette and two tokens (“cheap” cigarette) and on the
other two the choice was between a half cigarette and eight tokens
(i.e., “expensive” cigarette). The order of the varying “prices” over the
eight options was either: 4, 2, 8, 4, 4, 8, 2, 4, or 4, 8, 2, 4, 4, 2, 8, 4. These
orders alternated across sessions to prevent participants from
anticipating the upcoming half cigarette prices. The modified
cigarette vs money choice procedure used in this study had several
unique features. First, the monetary value of a single cigarette was
individualized for each participant to take into account individual
differences in the value of money. Participants varied in the amount
they were willing to pay for a cigarette, from $0.05 to $2.50 (mean
$0.47). Second, the “price” of the cigarettes was varied across choice
opportunities within each session, providing a measure of the
sensitivity of the procedure. That is, we were able to demonstrate
that choices varied systematically with the “price” of the cigarette at
low (2 token), medium (4 token) and higher prices (8 token). This
manipulation also decreased the predictability of the choice options
across the session, discouraging participants from planning how
many cigarettes to choose ahead of time. At 12:30 PM subjects
completed questionnaires ofmood and tobacco cravings. At the end of
the choice procedure, subjects again completed the Stop Task and
ANAM, as well as mood and tobacco craving ratings.

2.3. Dependent measures

2.3.1. Choice
Themainmeasure of choicewas the number of occasions onwhich

subjects chose the half cigarettes over tokens, at each of the 3 token
values. In addition, we assessed the total number of half cigarettes
smoked on each session.

2.3.2. Cigarette craving
Brief Questionnaire of Smoking Urges (Cox et al., 2001) consists of

10-questions. The answers are scored from 1 (strongly disagree) to 7
(strongly agree). These questions are the bases for the two factor-
derived subscales, with Factor 1 subscale reflecting desire to smoke for
stimulation, and Factor 2 subscale reflecting urge to smoke to relieve
nicotine withdrawal.
2.3.3. Impulsivity
Stop Task (Logan et al., 1997) is designed to assess the subject's

ability to inhibit a prepotent response. Subjects are instructed to
respond as quickly as possible when a specific letter (Go signal) is
presented on a computer screen, and to inhibit (Stop) their responses
when a tone is presented very soon after the Go signal. The tone is
presented on random trials and at different delays following each letter
presentation. The Stop Signal Delays (SSD) are varied systematically
according to the subject's performance: the delay to the tone is adjusted
until the subject inhibits (Stops) his or her responses on approximately
50% of trials. After the SSD has been adjusted to this 50% criterion, the
time required for the subject to stop the go response, the Stop Signal
ReactionTime (StopRT) canbedetermined. The StopRT is calculated by
subtracting the final mean SSD at which the tone is presented from the
mean Go Reaction Time (Go RT). This is the primary dependent
measure of this task. The Go RT, or latency to respond to the letter
presentation, is a secondary dependent measure, a measure of simple
reaction time. Both Go RTs and Stop RT are measured in milliseconds.

Lapses of Attention Measure (de Wit, 2008) utilizes a simple
reaction time task from the Automated Neuropsychological Assess-
ment Metrics (ANAM) to determine brief lapses in attention.
Automated Neuropsychological Assessment Metrics were used to
detect changes in cognitive function (knowing, thinking, learning)
after drug administration (Reeves et al., 2006). Subjects are required
to press a key as quickly as possible upon presentation of a symbol
presented on the screen at variable intervals. From the distribution of
reaction times, the mean deviation of the individual reaction times
from the modal reaction time is calculated for each subject. The mean
deviation from the mode is equivalent to the difference between the
mean and the mode of a reaction time distribution, and reflects the
proportion of reaction times that are unusually long.

2.3.4. Mood
Profile of Mood States (POMS) (McNair et al., 1971) is an adjective

checklist that is sensitive to the effects of psychoactive drugs. We used
a version of the POMS consisting of 72 adjectives commonly used to
describe momentary mood states. Subjects indicate how they feel at
the moment in relation to each of the 72 adjectives on a 5-point scale
from “not at all” (0) to “extremely” (4). Eight clusters (scales) of items
have been separated empirically using factor analysis (Anxiety,
Depression, Anger, Vigor, Fatigue, Confusion, Friendliness, Elation).
Two additional (non-validated) scales are derived from the other scales
as follows: Arousal=(Anxiety+Vigor)−(Fatigue+Confusion) and
Positive Mood=Elation−Depression.

2.4. Data analysis

The primary outcome measure was choice of smoking vs money at
each token value. Secondary outcomes included measures of self-



Table 2
Mean (±SEM) Brief Questionnaire of Smoking Urges following SD and NS conditions.

Brief
QSU
mean
(±SEM)

Sleep condition

SD NS

10:30 AM 12:30 PM 3:00 PM 10:30 AM 12:30 PM 3:00 PM

Factor 1 21.6 (±1.8) 16.8 (±1.5) 19.0 (±6.8) 22.6 (±1.7) 19.3 (±1.4) 20.0 (±1.5)
Factor 2 12.0 (±2.3) 6.5 (±1.5) 7.3 (±1.4) 12.1 (±2.4) 8.3 (±1.5) 8.0 (±1.7)

Factor 1 and Factor 2 subscales of Brief Questionnaire of Smoking Urges were not
different between SD and NS conditions.

266 A. Hamidovic, H. de Wit / Pharmacology, Biochemistry and Behavior 93 (2009) 263–269
reported craving (QSU), aswell as performance on theStop Task (StopRT
in ms), lapses of attention on the reaction time task (deviation from the
mode) andmood. All measures were analyzed using repeatedmeasures
ANOVAwith two levels of experimental condition (SDandNS)and,when
appropriate, time (e.g.,10 AMand 3 PM for the tasks). In order to derive a
summary measure for correlations, a baseline (10 AM) difference value
was calculated by subtracting NS from SD for each secondary measure
including cognition, impulsivity, cravings and mood. In order to derive a
single outcome measure for cigarette choice (the primary outcome
measure) the total number of cigarettes smoked during the session
following NSwas subtracted from the total number of cigarettes smoked
after the SD condition. This method allowed us to assess the relationship
between the primary and secondary outcome measures.

3. Results

3.1. Subject demographics (Table 1)

Table 1 provides a summary of subject demographics. The mean
number of cigarettes subjects smoked per week was 112.5 and the
range was 73–140. The mean FTND score was 3.9, indicating that, on
average, subjects were low dependence smokers. During the initial
value determination, subjects valued half a cigarette to be worth the
mean value of 47 cents (range $0.05 to $2.50). Individualized token
values were not related to FTND scores, the number of cigarettes
smoked per day, or to scores on the Frugality questionnaire.

3.2. Effects of SD on cigarette choice (Fig. 1)

One subject was excluded from the analysis because he never
chose cigarettes on either session. The choice results for the remaining
subjects (N=13) are presented in Fig. 1. As expected, subjects' choice
of cigarettes varied systematically with the number of tokens available
as the alternative (Main Effect of Token F(1,12)=17.6 p≤0.001).
Subjects chose the cigarette over tokens on 77% of the 2-token vs
cigarette choices, 28% of the 4-token vs cigarette choices and 6% of the
8-token vs cigarette choices. This orderly relationship indicated that
our pricing procedure (Young et al., 2005) is valid. Further, subjects
smoked more cigarettes after sleep deprivation at the 4 token value,
but not the 2 or 8 tokens (Condition×Token interaction F(1, 12)=3.4;
p=0.050). SD did not significantly increase the total number of
Fig. 1. Mean number (SEM) of half cigarettes smoked by token value. Subject chose
more cigarettes following SD vs NS depending on the token value (Condition×Token
interaction F(1,12)=3.4; p≤0.050).
cigarettes smoked, but the difference between total cigarettes smoked
in the SD vs NS condition was positively correlated with FTND scores
(r=0.60, pb0.25). Thus, subjects with higher FTND scores exhibited a
greater increase in half cigarettes smoked during the SD compared to
the NS condition.

3.3. Effect of SD on cigarette craving (Table 2 and Fig. 2)

SD did not significantly increase self-reported craving on either
desire to smoke for stimulation (Factor 1) or urge to smoke to relieve
nicotine withdrawal (Factor 2) on the QSU. Table 2 shows means for
Factor 1 and Factor 2 subscales of Brief QSU at 10:30 AM (before the
choice procedure), at 12:30 PM (during the choice procedure) and at
3:00 PM.

Even though SD did not significantly increase craving on the QSU,
the difference in cigarette smoking between SD and NS was positively
correlated with the SD–NS change in self-reported craving on Factor 1
(Fig. 2; r=0.69; p=0.008). That is, subjects who exhibited the greatest
increase in smoking after SD also reported greater craving after SD.
There was no correlation between smoking and craving ratings on the
Factor 2 subscale.

3.4. Effects of SD on impulsivity

3.4.1. Stop Task (Fig. 3)
Three subjects did not discriminate correctly between keyboard

letters on the Stop Task and their data were discarded. In the
remaining 11 subjects, SD significantly increased the measure of
inhibition, i.e., Stop RT (Main Effect of Condition F(1,10)=6.2, p=0.032;
Fig. 3). Post hoc comparisons revealed that Stop RT was significantly
Fig. 2. Correlation between SD–NS change in self-reported craving on Factor 1 and SD–NS
change in total number of cigarettes smoked. Subjects who smoked more following SD
reported more craving following SD.



Fig. 3. The mean Stop (left panel) and Go (right panel) Reaction Times (SEM) on the Stop Time Task at 10 AM and 3 PM after the night if SD and NS. SD increased Stop Signal Reaction
Time at 10 AM in comparison to the NS condition. There was no statistically significant difference in the Go Reaction Times between SD and NS conditions.
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higher in the SD condition compared to the NS condition at 10 AM
(p=0.022) (mean=248 ms compared with 188 ms). There was a
marginal difference between Stop RTs following SD at 10 AM and 3 PM
(p=0.052). The Go RTs (Fig. 3) did not differ across the conditions at
this time. Overall, across both conditions, Go RTs were longer at the 10
AM measure compared to the 3 PM measure (Time F(1,10)=6.3,
p=0.031). Thus, SD specifically impaired response inhibition, without
affecting simple reaction time. The increase in Stop RT from SD to NS
was not related to the increase in total number of cigarettes smoked on
these sessions. Hence, the change in response inhibition, measured by
the Stop Task, was not related to the change in the cigarette choice
between the two sessions.

3.4.2. Lapses of attention (Table 3)
One subject's Lapse of Attention data were lost. SD significantly

increased the mean simple reaction time (Table 3; Main Effect of
Condition F(1,12)=11.7, p=0.005; Main Effect of Time F(1,12)=9.4,
p=0.010; Condition×Time interaction F(1,12)=16.6, p=0.002) and also
deviation from the mode (Table 3; Main Effect of Condition F(1,12)=6.83,
p=0.023; Main Effect of Time F(1,12)=6.33, p=0.027; Condition×
Time interaction F(1,12)=7.06, p=0.021). Post hoc comparisons indicated
that the mean reaction time was significantly greater at 10 AM in
the SD vs NS (p=0.001) and at 10 AM vs 3 PM in the SD condition
(p≤0.003). Deviation from the Mode was also significantly greater at
10 AM following SD compared to the same time after NS (p=0.01), and
was also significantly greater at 10 AM vs 3 PM in the SD condition
(p=0.017). The SD vs NS differences in RT (deviation from themode or
mean) were not correlated with the difference in total number of
cigarettes smoked.
Table 3
Performance (mean±SEM) on the ANAM reaction time (RT) task at 10 AM and 3 PM
the day after SD and NS.

Sleep
condition

RT
(mean±SEM)

Deviation from the
mode (mean±SEM)

RT
(mean±SEM)

Deviation from the
mode (mean±SEM)

10:00 AM 10:00 AM 3:00 PM 3:00 PM

SD 432(±25)** # 116 (±23)* ^ 344 (±14) 56 (±9)
NS 320 (±10) 42 (±12) 328 (±14) 42 (±10)

Deviation from the mode represents the mean deviation of each score from the modal
value. The mean RT was significantly greater at 10 AM in the SD vs NS (**p≤0.001) and at
10 AM vs 3 PM in the SD condition (#p≤0.05). Deviation from the modewas significantly
greater at 10 AM in the SD vs NS (*p≤0.01), andwas also significantly greater at 10 AM vs
3 PM in the SD condition (^p≤0.05).
3.5. Effects of SD on mood

3.5.1. POMS
Mood assessment was taken at 10 AM before the choice procedure

following either SD or NS. As expected, SD decreased ratings of
Friendliness (F(1,13)=12.3, p=0.004), Elation (F(1,13)=13.4,
p=0.003), Vigor (F(1,13)=16.2, p=0.001), Arousal (F(1,13)=51.,
pb0.001) and Positive mood (F(1,13)=10.0, p=0.008). SD increased the
rating of Confusion (F(1,13)=25.7, pb0.001) and Fatigue (F(1,13)=112.5,
pb0.001). None of these effects of SD on mood (i.e., SD minus NS) was
correlated with the difference in cigarette choice on SD vs NS.

4. Conclusion

In this paper, we report several interesting findings on the effects
of SD in 48-hour abstinent smokers. First, subjects' choice of cigarettes
over money was dependent on the sleep condition: they chose more
cigarettes after sleep deprivation. Second, subjects performed more
poorly on measures of inhibition and attention after SD, and they
reported the expected increases in subjective feelings of fatigue.
However, there was no relationship between the increases in smoking
and performance on the tasks or changes in mood states.

The main finding was that SD increased smoking, but this was not
related to increases in impulsive behavior or attention. This raises the
question of what processes did lead to the increase in smoking after a
period of insufficient sleep. One possibility is that our measures of
impulsivity and inhibitionwere not sufficiently sensitive to the effects of
SD, and that SD increases smoking through its effects on an aspect of
decisionmaking thatwasnotmeasured in this study. Another possibility
is that SD in some way increases the reward value of a cigarette. For
example, the reward value of smoking may increase if subjects expect
that the cigarette will counter their feelings of sleepiness. Although
mood states of fatigue were not related to cigarette choice, there was
some support for this idea from the positive correlation between the
Factor 1 scale of the QSU, reflecting the desire to smoke for stimulation,
and cigarette choice. Subjects who scored higher on this scale on the SD
compared to the NS condition were also more likely to smoke more in
the choice procedure. Thus, SD may specifically increase the desire to
smoke with the goal of reducing sleepiness. To the extent that desire to
smoke is associated with smoking relapse (Killen and Fortman, 1997),
this finding suggests that subjective sleepiness may increase the risk of
relapse among abstinent smokers.

This study used a money-drug choice procedure (Young et al.,
2005; Acheson et al., 2007) inwhich the equivalent monetary value of
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a standard drinkwas individually determined for each participant. The
individualized value ensures that the money-drug choice is compar-
able across individuals: an arbitrary amount of money that is fixed
may be too high for some participants and too low for others. The
results show that the procedurewas sensitive to individual differences
in monetary value and to changes in the experimental contingencies.
Almost all of the subjects (13 of 14) chose cigarettes over money on at
least one of the choice options, showing that the money was not
always more valuable than the cigarettes. Further, subjects chose
cigarettes significantly more often when the alternative choice was a
small amount of money (2 tokens) and less when the alternative was
greater (8 tokens). Finally, the effects of the SD manipulation appeared
to bemost pronounced on the token value (4 tokens) that was set to be
equivalent across subjects. The 4-token value corresponded to the
subjects' initially-stated value of the half cigarette, and thus it is logical
that this value was the most susceptible to change. The orderly pattern
of choices in the choice procedure used here suggests that it provides
an appropriate and sensitive indicator of the value of smoking.

Our finding that SD impaired performance on the measure of
behavioral inhibition is inconsistent with another recent study in
which SD had no effect on Stop Task performance (Acheson et al.,
2007). Stop RT was longer after overnight SD than after NS at 10 AM
the following morning, while Go RT was unaffected. It is not clear why
the results differ across studies, but one difference may be the
smoking status of the subjects. Subjects in the present study smoked
at least 10 cigarettes per day and had abstained from smoking for 48 h
at the time of testing while most subjects in the Acheson et al. (2007)
study were non-smokers. Smoking abstinence itself may impair
inhibitory capacity (Powell et al., 2002; Pettiford et al., 2007). Notably,
however, the observed impairment in behavioral inhibition in our
study was not completely ameliorated by the period of cigarette
smoking suggesting that the impaired Stop RTwas related to SD rather
than nicotine withdrawal combined with SD. Smoking and Stop RT
were not correlated suggesting that impaired behavioral inhibition
after insufficient sleep is not directly related to the ability to resist
smoking.

In our study SD increased bothmean simple reaction times and the
deviations from the mode. Thus, consistent with previous studies
using a variety of measures of attention (Acheson et al., 2007), SD
impaired both cognitive processing and attention. We hypothesized
that an impairment in attention may negatively impact the ability to
abstain, because sustained attention is needed to continuously inhibit
drug-taking responses. Momentary lapses in attention, caused by an
environmental event such as SD, may make it more difficult to abstain
from smoking. However, the present findings provide mixed support
for this idea. Although SD increased smoking and impaired attention,
the two measures were not correlated. Further studies are needed to
evaluate psychological processes by which fatigue increases smoking.
For example, smokers may increase their intake of nicotine to
ameliorate their difficulties in concentrating during abstinence or
they may smoke more because of lapses in attention that increase the
likelihood of “automatic” or “unthinking” cigarette smoking.

Our study had several limitations. First, the sample was small,
limiting our ability to detect subtle effects. There was a considerable
variability across subjects in the number of cigarettes chosen and also
in other measures of mood and behavior. Second, the ratio of men and
women in our study was uneven, preventing us from evaluating
possible sex differences in the effects of SD on smoking behavior. It is
possible that men and women are differentially sensitive to the effects
of SD, and it is also not known whether SD would differentially affect
women at different phases of the menstrual cycle. Most importantly,
the subjects included in this study may not have been heavy enough
smokers to detect the SD effect. On average, subjects in this study
were low in dependence (Moolchan et al., 2002). Their mean FTND
scores were in the low range, and most of the subjects smoked less
than a pack a day. Considering that we found a positive correlation
between nicotine dependence and the size of the SD effect, it is
possible that more robust effects of SD would be obtained in a more
nicotine dependent sample. In addition, participants in the present
study were screened for rigorous psychiatric, medical and demo-
graphic exclusion criteria, which limit the generalizability of the
findings to many regular smokers. Although we intentionally chose
smokers who were low caffeine consumers (less than 2 cups of coffee
per day) to minimize the confounds of caffeine intake or withdrawal,
it is nonetheless possible that caffeine use or abstinence may have
affected sleep and cigarette smoking.

In the present pilot study we used a laboratory procedure to assess
how SD affects smoking and other potentially related behaviors in
abstinent smokers. In cigarette smokers, SD impaired response
inhibition, increased both mean reaction time as well as lapses in
attention, impaired mood and increased choice of smoking over
money. However, the increase in smoking following SD was not
related to increased impulsivity, deterioration in attention or mood
after SD. Our results suggest that the subjects sought the stimulant
effects of nicotine to counter the sleepiness induced by SD. It remains
to be determined whether this effect of SD is specific to tobacco and
nicotine, or whether similar findings would be observed with other
drugs of abuse after SD. These questions will require additional
studies.
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