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Abstract
Background—Sleep disturbance may affect smoking cessation efforts. We describe sleep
changes across three months among women in a smoking cessation program and tested whether
sleep disturbances at baseline and 1 month post-quit attempt predicted smoking status at three
months.

Methods—Participants (N = 322) were women in a randomized, clinical trial for smoking
cessation. Sleep disturbances, as well as, insomnia, drowsiness, and sleep quality were evaluated
prior to and during three months of cessation treatment. Repeated measures mixed models
evaluated change in sleep over time by smoking outcome status. Logistic regression analyses
determined whether sleep disturbances at baseline and 1 month post-quit were associated with
smoking status at 3 months.

Results—Sleep disturbances were reported by more than 25% of women. Drowsiness, insomnia,
and sleep quality changed over time. However, contrary to our hypotheses, none of the sleep
variables at either baseline or 1 month post-quit attempt was associated with relapse (p′s > .05).
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Conclusions—Although mild to severe drowsiness was reported by more women who relapsed
than those who remained abstinent, none of the sleep disturbance symptoms predicted smoking
relapse. Given high rates of sleep disturbances among women smokers, better prospective
evaluations of the relationship of sleep disturbances to smoking cessation treatment outcome are
needed.
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1. Introduction
Cigarette smoking is the greatest cause of preventable morbidity and mortality in developed
countries. Sleep disturbances are a primary symptom of nicotine withdrawal (Wetter et al.,
1999a). However, unlike other withdrawal symptoms, sleep disturbances often do not
subside within the first 21 days after cessation and thus may contribute to relapse (Jorenby et
al., 1996). Specifically, poor sleep quality (Colrain, Trinder, & Swan, 2004) and daytime
drowsiness (Hamidovic & de Wit H., 2009) are thought to interfere with the ability to quit
smoking or maintain longer-term abstinence (Gourlay, Forbes, Marriner, & McNeil, 1999;
Hamidovic and de Wit H., 2009). Nocturnal ‘sleep-disturbing nicotine cravings’ have also
been reported to significantly impair success during a smoking cessation program
(Riemerth, Kunze, & Groman, 2009). Understanding the relationship between sleep
disturbances and smoking relapse may inform efforts to improve cessation interventions.

Accordingly, we were interested in subjective sleep disturbances among women smokers
enrolled in a treatment program (Levine et al., 2010). In the present study, we sought to
describe the sleep of women in a smoking cessation program across a three month period
and test whether sleep disturbances at baseline or at 1 month after a quit attempt predict
smoking status at three months post-quit.

1.1 Materials and Methods
1.1.1 Participants—The current study represents a secondary analysis. The original study
protocol and results are described elsewhere (Levine et al. 2010). Briefly, participants were
women smokers between the ages of 18 and 65 who smoked at least 10 cigarettes per day.
Women were excluded if they had current major depressive disorder, suicidality, drug or
alcohol dependence within the past year, uncontrolled hypertension, used bupropion for
more than one week, were currently pregnant, or were using other smoking or weight loss
treatments. A total of 322 women with sleep and outcome data were included in the current
analyses. The study was approved by the University of Pittsburgh Institutional Review
Board.

1.1.2. Measurements—Demographic information, smoking history and nicotine
dependence were collected prior to randomization. Assessments of smoking, symptoms of
nicotine withdrawal and depression were collected at baseline and weekly prior to each of
the 12 group counseling sessions provided over three months. Questions used to determine
sleep quality were administered at baseline (prior to a targeted quit date (TQD)), and at 1-
and at 3 months post-TQD.

Sleep Measures: We used a single item from the Beck Depression Inventory (Beck, Ward,
Mendelson, Mock, & Erbaugh, 1961) as an assessment of disturbed sleep. Choices include:
0 = I can sleep as well as usual, 1 = I don't sleep as well as I used to, 2 = I wake up 1-2 hours
earlier than usual and find it hard to go back to sleep, 3 = I wake up several hours earlier
than I used to and cannot get back to sleep. We dichotomized this variable into “0” =
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undisturbed/no complaints with sleep and “1” = disturbed/complaints with sleep (which
encompassed options 1-3). We used two items (“drowsiness” and “insomnia”) from a 12-
item visual analogue scale (VAS) that assessed withdrawal symptoms in the previous 24
hours. Scores ranged from 0 (“not at all”) to 100 (“severe”). The median was ∼30, therefore
a value of 30 or greater was considered as positive endorsement of the symptom. The final
sleep variable was derived from five items from the Wisconsin Smoking Withdrawal Scale
(WWS), a 28-item scale measuring the common withdrawal symptoms of smoking cessation
(Welsch et al., 1999), as a measure of sleep quality. The five items were: 1. “I am getting
restful sleep”; 2. I awaken from sleep frequently during the night?”; 3. I am satisfied with
my sleep”; 4. I feel that I am getting enough sleep; 5. “My sleep has been troubled”. Each
item was scored on a Likert scale 0 = strongly disagree, 1 = Disagree, 2 = Feel neutral, 3=
Agree, 4 = Strongly Agree. The second and fifth items were reversed scored. Thus, the
possible range of scores on this measure of sleep quality was 0-20, with higher numbers
reflecting better sleep quality.

1.1.3. Abstinence—As described in detail elsewhere (Levine et al., 2010), women were
interviewed about smoking, expired-air carbon monoxide (CO) was collected using a
Vitalograph® BreathCO carbon monoxide monitor, and salivary samples were collected to
assay cotinine levels. Women who dropped out of treatment were considered to have
relapsed. Three month abstinence is defined by the self-report of no smoking during the
seven days prior to the assessment and an expired-air carbon monoxide (CO) reading of 8 or
less at 1 and 3-month after the target quit date.

1.1.4 Statistical Analyses—Descriptive statistics were conducted to describe the
demographic and clinical characteristics of the sample. Square root transformations were
made on the insomnia and drowsiness variables prior to statistical comparison. Repeated
measures mixed effect models were conducted to evaluate change in sleep symptom
measures (logistic for BDI item and linear for drowsiness and insomnia and sleep quality
(WWS score) across the 3 months of treatment. The models included an interaction of
smoking status by time and covaried for drug status because drug alone was significantly
associated with abstinence at 3 months after TQD. We also tested whether baseline sleep
(prior to randomization), as well as sleep complaints at month 1 after TQD, covarying for
baseline sleep, were associated with relapse at 3 months of treatment. Finally, time to
relapse was tested in a Cox proportional hazards model with sleep measures as a time
dependent covariates in separate models. Analyses were conducted using SAS 9.2.

2. Results
Table 1 shows the demographic and clinical characteristics as well as the descriptives by
smoking status at 3 months. Prior to treatment, the BDI sleep question was positively
endorsed by 136 (42%) of the women, indicating complaints of poor sleep quality or
difficulty maintaining sleep before quitting. Participants also reported slight drowsiness
(mean on VAS = 23.1) and insomnia (mean on VAS = 13.8). Finally, the composite sleep
quality score (mean = 11.9) indicated that participants were moderately satisfied with their
sleep. When considering women by smoking status at 3 months, there were no differences
between women who were and were not smoking on any of the four sleep items evaluated at
baseline (p′s > .30).

We examined the proportion of women who endorsed sleep complaints across the three
months by relapse status to test the hypothesis that sleep disturbances over the first three
months of cessation treatment would differ between women who did and did not maintain
smoking abstinence by 3 months TQD, while controlling for medication group. The BDI
sleep item did not significantly change over time (p=.50) and there was no smoking status
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by time interaction (p=.45). The degree of drowsiness (p<.0001) and insomnia (p<.0004)
changed significantly over time (See Figures 1a and 1b), however, only drowsiness showed
a significant smoking status by time interaction (p <.02). Women who had relapsed by 3
months reported more drowsiness than did those who maintained abstinence particularly
during weeks 7-12 after the TQD. To further evaluate if change in drowsiness over time was
related to relapse, we ran a Cox proportional hazards model on time to relapse with
drowsiness as a time dependent covariate. Drowsiness was not a significant time dependent
covariate (χ2=0.01, p=0.99). Lastly, for sleep quality, we observed a nonsignificant decrease
in all participants 1 month post-TQD with some improvement by three months (F=2.84, p=.
06). There was no group by time interaction for sleep quality (p = . 57), although women
who remained abstinent by 3 months (N = 94) reported (albeit nonsignficant) better sleep
quality at 3 months post-quit than women who relapsed.

We next tested the hypothesis that sleep complaints prior to treatment would be associated
with smoking cessation outcome by 3 months while controlling for treatment group and
depressive symptoms. Sleep disturbance (the single BDI question) (p = .54), symptoms of
insomnia (p = .52), sleep quality composite score (p =.42) and drowsiness (p = .14) were not
related to cessation outcome.

Finally, we tested the hypothesis that sleep complaints among women who remained
abstinent at 1 month post quit would be associated with smoking cessation outcomes at 3
months while controlling for baseline sleep complaints, treatment group and baseline
depressive symptoms. At 1 month, 44.1 % (142/322) of women, were abstinent. Among this
subsample who were abstinent, we did not find an association between the sleep disturbance
measured by the single BDI question (p = .45), symptoms of insomnia (p = .51) or
drowsiness (p = .88) or sleep quality (p = .15) and later abstinence at 3 months after TQD.

3. Discussion
We found that among a cohort of adult women undergoing a smoking cessation treatment
self-reported sleep varies across time. Symptoms of drowsiness, insomnia, and sleep quality
change in a non-linear manner across the first 3 months after the quit date. However, there
were few differences in sleep between women who did and did not successfully quit. Among
those who relapsed, only drowsiness differed by group. A greater percentage of women who
relapsed by 3 months reported mild to severe levels of drowsiness than women who
remained abstinent from week 7 through 12 post-quit. However, sleep disturbance, quality
or symptoms of insomnia did not differ over three months differed between women who
remained abstinent and those who did not. In addition, we expected that sleep complaints at
baseline or 1 month after a TQD would be associated with outcome at 3 months TQD.
Contrary to our hypotheses, however, we found no association between sleep complaints at
baseline or 1-month TQD and outcome at 3 months TQD.

Our findings, provide modest support for other reports that drowsiness may not only be a
symptom of nicotine withdrawal, but also a factor in smoking relapse (Hamidovic and de
Wit H., 2009). Women who show improvements in daytime sleepiness may have more
success at remaining abstinent, as proposed by Hamidovic and colleagues who found that
among 14 healthy adults daytime sleepiness increased the risk of smoking relapse following
a sleep deprivation protocol (Hamidovic and de Wit H., 2009). We observed that a greater
percentage of women who relapsed reported mild to severe drowsiness from week 7 -12
TQD than women who remained abstinent. More information is required to support or refute
this hypothesis.

Nonetheless, our findings may be clinically relevant to the design of future smoking
cessation programs in that they corroborate that sleep problems persist for many weeks
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following quitting (Jorenby et al. 1996), or may reappear with onset of relapse. Smoking
reduces the cravings, subsequently improving sleep (Riemerth et al. 2009). Our data suggest
that even among women who maintained abstinence through 3 months treatment sleep
disturbance persisted. Thus, persistent sleep disturbance could impede success for those
entering a smoking cessation program. Programs that emphasize healthy and satisfying sleep
patterns could augment abstinence rates, particularly among women.

There are several limitations to these data. First, the study was not designed to answer the
questions about sleep problems as predictors of relapse. Second, the questions used to
determine sleep disturbance and sleep quality are not commonly used, and it is unclear if
similar results would be found with other, more standard sleep measures. Lastly, high drop-
out rates, resulting in our classifying those subjects as relapsed, is a common feature of
smoking cessation programs and may have contributed to a significant loss of power and our
inability to detect associations since we did not have longitudinal sleep data of those women.

In summary, our study documents that sleep disturbances persist over time in a percentage
of women undergoing smoking cessation. Specifically, among women who relapsed by three
months, drowsiness was reported more often than among those who remained abstinent.
Furthermore, more women reported drowsiness as the treatment progressed. However, it is
not clear whether the sleep disturbances examined are a preceding sign of relapse, a
consequence of nicotine withdrawal or a result of some other unmeasured factor. Further
evidence is needed to elucidate this relationship between sleep disturbance and smoking
cessation outcome.
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Figure 1.
Figure 1a. Percentage of women who reported mild to severe drowsiness by relapse group.
We used a cut-off of 30+ to indicate mild to severe drowsiness. A greater percentage of
women who relapsed by 3 months reported at least mild drowsiness beginning 7 weeks post-
quit.
Figure 1b. Percentage of women who reported mild to severe insomnia by relapse group.
We used a cut-off of 30+ to indicate mild to severe insomnia. The number of women
reporting at least mild insomnia increased 4-6 weeks post quit then subsequently decreased
at 3 months.
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