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ABSTRACT
Cigarette smoking is a severe health burden being related to a number of chronic diseases. Frequently, smokers report
about sleep problems. Sleep disturbance, in turn, has been demonstrated to be involved in the pathophysiology of
several disorders related to smoking and may be relevant for the pathophysiology of nicotine dependence. Therefore,
determining the frequency of sleep disturbance in otherwise healthy smokers and its association with degree of
nicotine dependence is highly relevant. In a population-based case-control study, 1071 smokers and 1243 nonsmokers without lifetime Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Axis I disorder were
investigated. Sleep quality (SQ) of participants was determined by the Pittsburgh Sleep Quality Index. As possible
confounders, age, sex and level of education and income, as well as depressiveness, anxiety, attention deficit hyperactivity, alcohol drinking behaviour and perceived stress, were included into multiple regression analyses. Significantly
more smokers than non-smokers (28.1% versus 19.1%; P < 0.0001) demonstrated a disturbed global SQ. After controlling for the confounders, impaired scores in the component scores of sleep latency, sleep duration and global SQ
were found significantly more often in smokers than non-smokers. Consistently, higher degrees of nicotine dependence
and intensity of smoking were associated with shorter sleep duration. This study demonstrates for the first time an
elevated prevalence of sleep disturbance in smokers compared with non-smokers in a population without lifetime
history of psychiatric disorders even after controlling for potentially relevant risk factors. It appears likely that smoking
is a behaviourally modifiable risk factor for the occurrence of impaired SQ and short sleep duration.
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INTRODUCTION
Tobacco use is one of the main risk factors for a number of
chronic diseases, including cancer, lung diseases and cardiovascular diseases. Continuing smokers die up to 10
years earlier than lifelong non-smokers (Doll et al. 2004).

Cessation of smoking at the age of 30 or even 40 years on
the other hand may gain up to 10 years of life expectancy
(Doll et al. 2004). Even so, long-lasting tobacco use is
common throughout the world. One of the reasons for
the adherence to smoking is that chronic nicotine
consumption is usually coupled with physical and
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psychological dependence. Nicotine withdrawal symptoms may include the craving for tobacco, dysphoria,
difficulty concentrating, depression, fear, anhedonia,
irritability or restlessness, increased appetite and sleep
disturbances (Hughes, Higgins & Bickel 1994; American
Psychiatric Association 2000). Additionally, nicotine
itself has arousing effects and smoking is reported to be
associated with sleep disturbance. Although the health
consequences of smoking are well documented, the influence of nicotine consumption, nicotine withdrawal and
substituted nicotine on sleep has not been extensively
studied (Jaehne et al. 2009).
Recent research strongly supports the assumption
that both smoking and smoking cessation negatively
affect sleep. Preliminary data indicate that nicotine use
is coupled with an increased frequency of insomniac
complaints during active smoking, while nicotine
withdrawal and nicotine replacement therapy further
increase sleep disturbances (Colrain, Trinder & Swan
2004; Jaehne et al. 2009). In a large longitudinal cohort
study, male and female smokers were reported to suffer
from difficulties getting to sleep and from non-restorative
sleep much more frequently than non-smokers, whereas
they did not differ in difficulties getting back to sleep,
repeated awakenings and early morning awakenings
(Wetter & Young 1994). This was mainly confirmed by
Phillips & Danner (1995). In Japanese civil servants,
global sleep quality was found to be significantly worse
in male ex-smokers versus non-smokers and in female
current smokers versus non-smokers. Additionally, male
current smokers smoking 21–40 cigarettes/day and
ex-smokers presented a significantly increased prevalence of poor sleep, but in women, only current smokers
were associated with a high prevalence of poor sleep (Hu
et al. 2007). In a sample of 484 adolescents and adults
aged 14–84 years, cigarette smokers were significantly
more likely than non-smokers to report problems going
to sleep and also problems staying asleep (Phillips &
Danner 1995). Others found a reduced sleep duration
in smoking adults, whereas sleep quality was hardly
affected by smoking status (Palmer, Harrison & Hiorns
1980). A broader range of sleep disturbance was
observed in smoking pregnant women. Smoking
increased the odds of sleep disturbances, such as subjective insufficient sleep, difficulty in initiating or maintaining sleep, early morning awakening, short sleep duration
and excessive daytime sleepiness in a large group of
pregnant Japanese women by a factor of around two
(Kaneita et al. 2005). Adding to the diversity of findings,
one large prospective longitudinal study of the natural
history of obstructive lung disease found no association
between smoking status and the prevalence of sleep disturbance within a control group not suffering from respiratory disease (Klink & Quan 1987).

Some of the variability of these results may stem from
the diversity of populations studied. Individual factors
such as certain personality-related traits (e.g. impulsivity
and diminished stress tolerance) or psychiatric disorders
(e.g. schizophrenia, depression, anxiety disorder and
attention deficit disorder) are well acknowledged to considerably increase risk for smoking initiation and nicotine
dependence (ND) (Elkins, McGue & Iacono 2007;
Krishnan-Sarin et al. 2007; Aklin et al. 2009; O’Loughlin
et al. 2009; Trosclair & Dube 2010; Winterer 2010) and
at the same time these factors are well known to be associated with sleep disturbance (Benca et al. 1992; Tsuno,
Besset & Ritchie 2005; Peterson & Benca 2006; Cohrs
2008). Therefore, it remains unclear to what extent the
described sleep disturbances in smokers are due to their
smoking or related to an underlying co-morbid condition.
Additionally, very few studies considered the influence
of the amount of daily smoked cigarettes on sleep. Palmer
et al. reported a significant decrease in the mean sleep
duration with increasingly heavy smoking (Palmer et al.
1980), whereas Riedel et al. (2004) reported to the contrary that after controlling for demographic, health, psychological and behavioural variables, light smoking
(< 15 cigarettes per day), but not heavier smoking, was
associated with self-reported chronic insomnia and
reduced sleep diary total sleep time and time in bed
(Riedel et al. 2004). In addition to these contradictory
results with regard to the influence of the number of daily
smoked cigarettes on sleep in smokers, to the best of our
knowledge, no information is available regarding the
influence of the degree of ND, degree of smoking urges
and objective measures of nicotine consumption including exhaled CO and cotinine levels. Additionally, no study
has used a validated questionnaire to evaluate sleep
disturbance.
Over the last decade, sleep disturbance has been identified to play an important role in the pathophysiology of
a number of physical and mental disorders. To further
our knowledge about a modifiable risk factor for sleep
disturbance, cigarette smoking and vice versa, the association of sleep disturbance with smoking could be a
helpful step to reduce public health burden due to both
cigarette smoking and sleep disturbance.
The German Multicenter Study on Nicotine Dependence is a population-based case-control study of smokers
and never smokers addressing ND with the collection of a
wide range of environmental, psychosocial and neurobiological phenotypes in subjects free of potentially confounding psychiatric disorders (Lindenberg et al. 2011).
The first aim of this report is the analysis of a possible
association between ND and sleep disturbance. An additional analysis will test whether such an association still
exists after controlling for relevant confounding variables
such as age, sex, level of education and income, attention
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deficit hyperactivity disorder (ADHD), depressiveness,
alcohol consumption and perceived stress. Furthermore,
it will be tested whether degree of ND, number of cigarettes smoked per day, smoking urges, blood cotinine
levels and exhaled CO have an influence on different
aspects of sleep quality including sleep duration.

METHODS
Study design
The German Multicenter Study on Nicotine Dependence
collected a wide range of parameters in order to determine possible neurobiological phenotypes. For a detailed
description of this study, see Lindenberg et al. (2011).
Briefly, data collection was conducted from 2007 to 2009
in seven recruitment centers throughout Germany. In
order to approach ‘population representativeness’, all
probands of the case-control sample of current smokers
and never smokers were randomly selected from the local
general population at each site via official local residents’
registers and contacted by letter with an invitation to
participate in the study. Across centers, approximately
55 000 subjects were contacted by letter (10% responded
by phone). Only subjects who met the inclusion/
exclusion criteria were allowed to participate in the study.
Inclusion criteria were age 18–65 years, current smoker
(also occasional smoker with a minimum of seven cigarettes per week/one cigarette per day) or never smoker
(maximum of 100 cigarettes/lifetime), grandparents of
probands were required to be born in Germany or in a
country adjacent to Germany, mother-tongue level
German and each proband must have been personally
approached by letter (via official local residents’ registers). Exclusion criteria were the following: former
smoker, alcohol or substance abuse or other Diagnostic
and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) Axis 1 psychiatric diagnosis within previous 6 months, lifetime alcohol or substance dependence
(DSM-IV), non-German origin, no-mother-tongue level
German, pregnancy, any medical condition that may
interfere with the study (like serious vision or hearing
impairment), central nervous system (CNS)-relevant
medication within previous 6 months and CNS-relevant
(neurological) illnesses (lifetime).
Inclusion/exclusion criteria were assessed through a
medical examination, the Structured Clinical Interview
for DSM-IV Axis I Disorders (SCID-1), questionnaires,
drug screen, alcohol testing and CO measurement. This
screening procedure resulted in the exclusion of 55% of
all invited subjects. Given the various inclusion/exclusion
criteria and given that the entire investigation of each
proband was time-consuming (8 hours), no higher
recruitment/study inclusion rates were realistically
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expected. In total, 2396 subjects were enrolled in the
study. As of the intermediate phenotype approach of the
study, only current smokers and never smokers
(n = 2381) were included to minimize phenotypic heterogeneity. Additionally, 67 of those had missing information in at least some items of the Pittsburgh Sleep Quality
Index (PSQI) and were excluded, resulting in a study
population of 2314 subjects.
Instruments
To evaluate sleep quality in smokers and non-smokers,
the PSQI (Buysse et al. 1989) was used. Although this
instrument was not specifically designed for the assessment of insomnia, it discriminates poor from good sleepers well and is an excellent general screening measure of
sleep disturbances. This validated self-rating questionnaire gathers information in seven domains including
subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficiency, sleep disturbances, use of sleep
medication and daytime dysfunction over a period of 4
weeks. We used a slightly modified version assessing the
same questions over a 2-week interval (Riemann & Backhaus 1996). A component score of 0 is considered undisturbed, whereas a score of 3 is considered as severe
subjective impairment. Taken together, these component
scores build a global score ranging from 0, no impairment, to 21, severe disturbance of sleep. A global score of
more than 5 is considered to represent disturbed sleep.
In addition to the above described inclusion criteria for
the group ‘smoker’, the intensity of smoking and level of
ND was determined by a number of additional scores. To
determine severity of ND, the German version of the Fagerström questionnaire was applied (Bleich, HavemannReinecke & Kornhuber 2002). The Fagerström Test
(questionnaire) of Nicotine Dependence (FTND) is a selfreport instrument with six items rated either from 0 to 1 or
from 0 to 3 (depending on the question) that can yield a
total score of 10, with higher scores indicating greater
dependence. We divided the group of smokers into light
smokers (LSs: FTND ⱕ 4) and heavy smokers (HSs:
FTND ⱖ 5). As a behavioural proxy measure for ND, total
number of daily cigarettes was asked for. As a biological
marker of smoking intensity, plasma cotinine levels and
exhaled CO were determined around 4:15 pm (Lindenberg
et al. 2011). To determine smoking urges including nicotine craving smokers were assessed via self-report with the
German version of the Questionnaire of Smoking Urges
(QSU) (Tiffany & Drobes 1991; Müller et al. 2001). The 32
QSU items form a summed total score that ranges from 32
to 224. As a lifetime measure for tobacco consumption,
pack years were calculated. This measure, which we corrected for lifetime periods of abstinence, was chosen to
determine a possible association between accumulated
tobacco consumption and sleep disturbance.
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Table 1 Baseline demographics of participants.

Mean age, year (SD)
BMI (median/IQR)
Sex (% males)
Lower education (less than 10 years of schooling) (%)
Lower household income per year (€30.000 or less) (%)
Beck Depression Inventory (18 points or more) (%)
Alcohol Use Disorders Identification Test (8 points or more) (%)
Years of studies or apprenticeship (3 years or less) (%)
Attention deficit hyperactivity disorder symptomatology (median points/IQR)
State Trait Anxiety Inventory 1 (STAI1) (median/IQR)
STAI2 (median/IQR)
Perceived Stress Scale (median/IQR)
a

Smokers

Non-smokers

P

36.8 (12.8)
23.8 (21.4–27.2)
45.2%
13.5%
74.3%
2.8%
18.5%
63.4%
6 (3–10)
34 (29–39)
34 (29–41)
20 (15–25)

34.7 (13.3)
23.1 (21.2–26.0)
39.4%
4.7%
62.0%
0.7%
7.3%
50.7%
4 (2–7)
32 (28–38)
33 (28–40)
19 (14–23)

ⱕ 0.001b
ⱕ 0.001b
ⱕ 0.005a
ⱕ 0.001a
ⱕ 0.001a
ⱕ 0.001a
ⱕ 0.001a
ⱕ 0.001a
ⱕ 0.001b
ⱕ 0.001b
ⱕ 0.004b
ⱕ 0.001b

Chi-quadrant test. bMann–Whitney test. BMI = body mass index; IQR = interquartile range; SD = standard deviation.

A number of factors are known to be related to the
occurrence of sleep disturbance such as age, sex, socioeconomic status and psychiatric co-morbidity (Ohayon
2002) that may have an influence on the observed associations between smoking status and the occurrence of
sleep disturbances measured with the PSQI questionnaire. Therefore, the corrected odds ratios (ORs) for the
prevalence of pathological scores after controlling for the
possible confounders were calculated by multiple regression analysis.
As parameters possibly associated with the elevated
prevalence of sleep disturbance in smokers, age (Zilli,
Ficca & Salzarulo 2009), sex (Buysse et al. 1989), body
mass index (BMI), level of education (Grandner et al.
2010) and income, depressive symptomatology [Beck
Depression Inventory (BDI) (Beck & Steer 1987; Hautzinger et al. 1994)], anxiety [State Trait Anxiety Inventory (STAI) (Spielberger, Gorsuch & Lushene 1970),
German version by Laux et al. (1981)], ADHD symptomatology [DSM-IV Checklist ADHD (American Psychiatric Association 1994)], alcohol drinking behaviour
[Alcohol Use Disorders Identification Test (AUDIT) (Babor
et al. 1992)] and perceived stress [Perceived Stress Scale
(PSS) (Cohen, Kamarck & Mermelstein 1983)] were
included into the model. Level of education was determined as years of school education and (average yearly
household) income was categorized as less than €10 000,
€10 000–20 000, €20 000–30 000, €30 000–40 000,
€40 000–50 000, €50 000–60 000 and more than
€60 000 p.a.
Statistical analysis
Data were analyzed using PASW Statistics 18 (SPSS Inc.,
Chicago, IL, USA). As descriptive measures, the percentage of smokers and never smokers who demonstrated
problematic PSQI component scores of 2 or more and a

global score of above 5 were calculated. A global score of
more than 5 is considered as disturbed sleep quality.
Single item scores of above 2 represent clinically relevant
impairment of the respective domain including bad subjective sleep quality, sleep latency above 30 minutes and
sleep duration of less than 6 hours (Buysse et al. 1989).
To further analyse the nature of the relationship between
smoking and variables of sleep quality, ORs and 95% confidence intervals (CIs) were determined. To control for the
confounding effect of age, BMI, sex, education, income,
depression, anxiety, alcohol consumption, hyperactivity
and perceived stress, these factors were integrated in multiple regression analysis, and corrected ORs and 95% CIs
for the frequency of sleep disturbance in smokers in comparison to never smokers are presented. To analyse the
influence of degree of ND, smoking urges, exhaled CO,
number of cigarettes, pack years and plasma cotinine
levels on sleep parameters, smokers were divided into
lightly (FTND ⱕ 4) and heavily dependent (FTND ⱖ 5).
For the other variables, the group of smokers was divided
into halves according to lower and higher values of the
respective parameter and c2 tests were calculated to
determine statistical significance of the results. To determine correlations of the measures of ND and craving for
smokers, Spearman’s rank correlations were calculated.

RESULTS
The study sample consisted of N = 1071 currently
smoking and N = 1243 never smoking participants. Baseline demographics are displayed in Table 1. As expected in
such a large sample of smokers and non-smokers, statistically significant differences in the degree of, frequency of
or average of age (in years), BMI, sex, education (less than
10 years of schooling), income (equal or lower than
€30 000 per year), BDI (equal or more than 18 points),
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Table 2 Prevalence of sleep disturbance in smokers and non-smokers: uni-variate and multi-variate analyses.
Percentage of smokers
(n = 1243)
PSQI

Uni-variate analysis

GS > 5
SSQ ⱖ 2
SL ⱖ 2
SD ⱖ 2
SE ⱖ 2
S Dist ⱖ 2
USM ⱖ 2
D Dys ⱖ 2

28.1%
15.8%
22.1%
16.7%
7.2%
7.7%
1.4%
11.5%

Percentage of nonsmokers (n = 1071)

OR (95% CI)

Sign. (P)

OR (95% CI)

Sign. (P)

Multiple regression* n = 2314
19.1%
10.1%
15.3%
7.0%
6.1%
5.1%
0.8%
10.5%

1.66 (1.37–2.02)
1.68 (1.31–2.15)
1.58 (1.28–1.95)
2.67 (2.03–3.50)
1.19 (0.86–1.65)
1.57 (1.12–2.21)
1.75 (0.78–3.92)
1.10 (0.85–1.43)

< 0.0001
< 0.0001
< 0.0001
< 0.0001
0.299
0.008
0.167
0.468

1.35 (1.06–1.73)
1.23 0.90–1.69)
1.42 (1.09–1.84)
1.98 (1.45–2.71)
0.83 (0.54–1.26)
1.14 (0.75–1.73)
1.25 (0.48–3.23)
0.66 (0.47–0.94)

0.016
0.194
0.009
< 0.0001
0.371
0.554
0.644
0.020

*Adjusted for age (in years), sex, BMI, education (less/equal or more than 10 years of schooling), income (lower or equal/more than €30.000 per year),
Beck Depression Inventory (less/equal or more than 18 points), Alcohol Use Disorders IdentificationTest (less/equal or more than 8 points), years of studies
or apprenticeship, attention deficit hyperactivity disorder symptomatology, State Trait Anxiety Inventory 1 and 2 and Perceived Stress Scale. BMI = body
mass index; CI = confidence interval; D Dys = daytime dysfunction; GS = global score; OR = odds ratio; PSQI = Pittsburgh Sleep Quality Index; SD = sleep
duration; S Dist = sleep disturbance; SE = sleep efficiency; SL = sleep latency; SSQ = subjective sleep quality; USM = use of sleep medication.

Table 3 Results of Spearman’s rank correlations of the measures of nicotine dependence and craving for smokers.

FTND
FTND
QSU
Cigarettes per day
Exhaled CO (p.p.m.)
Cotinine

QSU
0.604**

Cigarettes
per day

Exhaled CO
(p.p.m.)

0.838**
0.595**

0.685**
0.406**
0.705**

Cotinine
0.668**
0.390**
0.685**
0.735**

Pack years
(py_30p5)
0.608**
0.372**
0.704**
0.565**
0.561**

**P < 0.01; degree of smoking urges, low or high number of cigarettes smoked per day, concentration of exhaled CO (p.p.m.), plasma cotinine and pack
years as a measure of accumulated cigarette consumption. FTND = Fagerström Test of Nicotine Dependence; QSU = Questionnaire of Smoking Urges.

AUDIT (equal or more than 8 points), 3 years or less of
studies or apprenticeship, ADHD symptomatology, STAI1,
STAI2 and PSS were observed. Significantly more smokers
than non-smokers demonstrated overall poor sleep
quality represented by a PSQI global score of over 5
(Table 2). Single component scores ⱖ 2 were observed
more frequently in smokers compared with non-smokers
for subjective sleep quality, increased sleep latency, a
reduced sleep duration of less than 6 hours and sleep
disturbance (Table 2). No significant difference was found
for sleep efficiency, use of sleep medication and daytime
dysfunction. Accordingly, the average PSQI component
scores showed significantly higher values in smokers compared with non-smokers concerning subjective sleep
quality (0.89 ⫾ 0.67 versus 0.77 ⫾ 0.64; P < 0.001),
sleep latency (0.89 ⫾ 0.89 versus 0.74 ⫾ 0.80; P <
0.001), sleep duration (0.70 ⫾ 0.86 versus 0.45 ⫾
0.67; P < 0.001), daytime dysfunction (0.76 ⫾ 0.67
versus 0.69 ⫾ 0.69; P < 0.005) and global score
(4.55 ⫾ 2.78 versus 3.85 ⫾ 2.50; P < 0.001). Nonsignificant differences were observed for sleep efficiency
(0.32 ⫾ 0.66 versus 0.28 ⫾ 0.65; P = 0.099), sleep disturbance (0.91 ⫾ 0.51 versus 0.89 ⫾ 0.46; P = 0.413)

and use of sleep medication (0.05 ⫾ 0.30 versus
0.04 ⫾ 0.25; P = 0.260). In our sample, several confounders were significantly associated with PSQI items.
After adjustment for age (in years), BMI, sex, education
(less versus equal or more than 10 years of schooling),
income (lower or equal versus more than €30.000 per
year), BDI (less versus equal or more than 18 points),
AUDIT (less versus equal or more than 8 points), years of
studies or apprenticeship, ADHD, STAI1, STAI2 and PSS
smokers demonstrated a significantly elevated OR for disturbed sleep in the domains sleep latency, sleep duration
and global sleep quality and a reduced OR for daytime
dysfunction (Table 2).
Intensity of ND, smoking and sleep
Measures of ND intensity significantly correlated with
each other (Table 3). For further analysis of the influence
of different measures of intensity of smoking and severity
of ND, we divided the group of smokers into LSs
(FTND ⱕ 4) and HSs (FTND ⱖ 5), low (ⱕ 100) and high
(> 100) smoking urges, low (ⱕ 11) and high (> 11)
exhaled CO (p.p.m.), low (0–13) and high (ⱖ 14) daily
cigarette consumption and low (ⱕ 92) and high (> 92)
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Table 4 Degree of nicotine dependence and craving and its association with sleep disturbance in smokers.
Percentage of subjects reporting elevated PSQI scores
Smoking variable
FTND
Light smokers (FTND ⱕ 4),
n = 740 (%)
Heavy smokers (FTND ⱖ 5),
n = 325 (%)
P
QSU
Low [ⱕ 100; n = 547 (%)]
High [> 100; n = 500 (%)]
P
Cigarettes per day
0–13; n = 547 (%)
14+; n = 524 (%)
P
Exhaled CO (p.p.m.)
Low (ⱕ 11); n = 512 (%)
High (> 11); n = 483 (%)
P
Cotinine
Low (ⱕ 92); n = 513 (%)
High (> 92); n = 494 (%)
P
Pack years
ⱕ age adjusted mean, n = 541 (%)
> age adjusted mean, n = 485 (%)
P
P (additionally adjusted for
cigarettes per day)

Global score > 5 SSQ ⱖ 2 SL ⱖ 2

SD ⱖ 2

SE ⱖ 2 S Dist ⱖ 2 USM ⱖ 2 D Dys ⱖ 2

26.5

15.3

20.0

13.1

6.6

6.5

1.5

11.5

31.7

17.2

27.1

24.9

8.6

10.8

1.5

11.4

0.010 < 0.0001 0.247

0.082

0.420

0.016

0.949

0.962

26.2
30.2
0.130

13.9
17.6
0.106

19.2
24.8
0.030

7.1
7.4
0.905

6.8
8.8
0.247

1.1
1.6
0.805

10.6
12.4
0.383

25.4
30.9
0.045

15.4
16.2
0.698

19.6
10.6
6.4
24.8
23.1
8.0
0.039 < 0.0001 0.306

6.6
9.0
0.144

1.8
1.0
0.224

12.4
10.5
0.321

27.3
29.4
0.482

15.6
16.6
0.730

20.9
12.7
6.8
24.2
22.2
7.7
0.225 < 0.0001 0.627

8.2
7.9
0.907

1.8
1.0
0.423

14.3
7.7
0.001

30.2
26.7
0.235

17.0
14.2
0.225

21.1
24.1
0.259

12.5
20.4
0.001

9.4
5.1
0.010

8.4
7.5
0.642

1.4
1.4
1.000

14.4
9.1
0.011

26.6
30.5
0.188
0.587

14.2
17.3
0.197
0.298

20.9
12.6
24.1
21.2
0.231 < 0.001
0.892
0.277

7.0
7.6
0.720
0.820

5.9
9.9
0.020
0.062

1.7
1.2
0.613
0.896

11.3
11.8
0.845
0.589

15.0
18.4
0.158

Percentage of smokers with a component score of ⱖ 2 corresponding to a higher level of disturbance in the areas. Degree of smoking urges, low or high
number of cigarettes smoked per day, concentration of exhaled CO (p.p.m.), plasma cotinine and pack years as a measure of accumulated cigarette
consumption. Missing values for different reasons included questionnaires filled out incorrectly, data not collected, data quality, etc. However, we have
checked for distinct patterns within missing values (center dependence, etc.) and did not find an explanatory pattern. D Dys = daytime dysfunction
depending on degree of nicotine dependence; FTND = Fagerström Test of Nicotine Dependence; QSU = Questionnaire of Smoking Urges; SD = sleep
duration; S Dist = sleep disturbance; SE = sleep efficiency; SL = sleep latency; SSQ = subjective sleep quality; USM = use of sleep medication.

cotinine concentrations. Consistently, higher intensity of
ND, exhaled CO (p.p.m.), number of cigarettes and cotinine levels was associated with a higher frequency of an
elevated score of the PSQI-item sleep duration, corresponding to shorter sleep in these subjects (Table 4,
Fig. 1). However, the degree of smoking urges was not
significantly associated with sleep duration. Additionally,
a higher degree of ND and a higher intensity of smoking
urges as well as an elevated number of cigarettes per day
were associated with a higher frequency of impaired sleep
latency. An increased prevalence of elevated sleep disturbance was only observed in the heavily dependent
smokers, i.e. the more severely dependent smokers demonstrated a trend towards a higher percentage of PSQI
global scores above 5. Additionally, a significant association between number of cigarettes per day and overall
poor sleep quality represented by a global score above 5
was observed with worse sleep demonstrated by HSs.

Furthermore, severe daytime dysfunction was less frequent in smokers demonstrating high levels of exhaled
CO and cotinine. Higher pack years, adjusted for age,
were associated with a higher frequency of short sleep
duration and a higher percentage of sleep disturbance.
However, additionally adjusting for the number of cigarettes currently smoked, no significant association
between accumulated nicotine consumption and any
sleep item was observed.

DISCUSSION
To the best of our knowledge, this is the first investigation
to report on subjective sleep quality in healthy smokers
without medical or psychiatric co-morbidity in comparison to never smokers using a validated sleep questionnaire. In this large case-control study excluding
co-morbid conditions such as depression, alcohol
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addiction or abuse and other active psychiatric disorders,
smokers were found to suffer from significantly affected
sleep quality in several domains. Smokers demonstrated
considerably more often than never smokers elevated
scores in the domains subjective sleep quality, increased
sleep latency, reduced sleep duration of less than 6 hours,
sleep disturbance and an overall reduced sleep quality
represented by a PSQI global score of above 5. After
adjusting for age, BMI, education, income, depressiveness, alcohol consumption, attention deficit hyperactivity
symptoms, anxiety and perceived stress, smokers still had
a higher risk to demonstrate impaired sleep latency, sleep
duration and overall poor sleep quality but demonstrated
a lower risk for daytime dysfunction.
Although to date no other study has used a validated
questionnaire integrating several aspects of sleep to one
global score describing the overall sleep quality, the significantly elevated prevalence of PSQI scores above 5
observed in our smokers may at least in part correspond
to findings of more general symptoms of insomnia such
as non-restorative sleep, difficulties waking up (Wetter &
Young 1994), more frequent problems with staying

asleep and increased daytime sleepiness (Phillips &
Danner 1995), increased ORs for insomnia (Riedel et al.
2004) and subjectively insufficient sleep (Kaneita et al.
2005) in smokers described by others. More specifically,
the finding of a disturbed sleep latency with a higher
number of smokers reporting an increased time to fall
asleep is in accordance with studies reporting smokers to
have more difficulties getting to sleep (Wetter & Young
1994; Phillips & Danner 1995; Kaneita et al. 2005). Likewise, an elevated OR for a short sleep duration has been
described in Japanese smoking pregnant women (Kaneita
et al. 2005). A reduction of about 30 minutes in sleep
duration was observed by Palmer et al. (1980) in males
and females and by 24 minutes in LSs in a random sample
sleep diary study by Riedel et al. (2004).
Adjusting for the confounders, age, BMI, sex, education, income, depression, alcohol consumption, attention
deficit hyperactivity symptoms, anxiety and perceived
stress appeared to reduce only slightly the strength of
association between smoking and the occurrence of an
impaired sleep latency, sleep duration and global poor
sleep quality. Therefore, direct smoking-related aspects
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seem to have a strong effect on these parameters of sleep
quality. The lower risk of demonstrating daytime dysfunction in smokers after adjusting for these confounders may
be related to the activating properties of nicotine consumed by the smokers antagonizing sleepiness and lack of
enthusiasm. This interpretation is supported by the
finding that the smokers with a higher concentration of
cotinine and exhaled CO, reflecting a higher intake
of nicotine bearing smoke, demonstrate a lower rate of
daytime dysfunction.
Intensity of ND, smoking and smoking urges
To further explore the observed relationship between
smoking and sleep, we investigated the influence of several
markers of smoking intensity, including ND, a measure
that has not been studied before. In our sample, we found
a significantly worse sleep latency, sleep duration and
sleep disturbance as well as a trend towards a decreased
global sleep quality in highly dependent smokers compared with lightly dependent smokers measured by the
FTND. A comparable pattern of sleep disturbance was
observed for high and low amounts of cigarettes smoked
daily. This may well be explained by the strong correlation
between FTND and cigarettes per day found in this study
which can be interpreted in the way that cigarettes per day
is a useful proxy measure for the degree of ND (Lindenberg
et al. 2011). An association between high versus low
levels of exhaled CO and cotinine was found only for sleep
duration with higher levels being associated with a higher
percentage of smokers sleeping less than 6 hours. The
weaker association of these two parameters with measures of sleep quality is in accordance with less strong
correlations of FTND on one hand and exhaled CO and
plasma cotinine plasma levels on the other hand (Lindenberg et al. 2011). The less frequently observed daytime
dysfunction in smokers with high levels of exhaled CO and
cotinine may be a result of the activating aspects of nicotine. In addition to exploring the association of acute
effects of smoking and sleep, we analysed the influence of
accumulated amount of cigarettes smoked during the lifetime of our smokers on PSQI items. After adjusting for age,
high pack years appeared to be associated with a significantly higher percentage of subjects sleeping less than 6
hours. However, after further adjusting for the currently
smoked number of cigarettes per day, this association was
lost. Therefore, the originally observed association is most
likely due to acute effects of nicotine consumption and
most likely not a result of the accumulated nicotine consumption or accumulated toxic effects.
Remarkably, no significant influence of degree of
smoking urges on any parameter of sleep quality other
than sleep latency was observed. This may be explained
by the circumstance that questionnaires were filled out
only shortly after the last cigarette, which most likely was

associated with lower QSU values (Müller et al. 2001) and
possibly a lower variability of smoking urges. Although
some of the sleep disturbance of HSs has been related to
nicotine craving in an earlier descriptive study by Rieder
et al. (2001), to the best of our knowledge no other systematic study on the influence of the degree of craving on
sleep in smokers exists. However, in treatment-seeking
alcohol-dependent patients, the degree of craving
appeared to be associated with sleep problems, although
after controlling for mood disturbance no such relationship was found anymore (Chakravorty et al. 2010).
Therefore, the lack of an association of degree of
smoking urges with sleep parameters in our sample may
be due to the rigorous exclusion criteria, minimizing the
degree of mood disturbance in our sample. In that
respect, our findings are similar in that there may not
exist a direct, mood-independent relationship between
craving and sleep quality, neither in alcohol nor ND.
The most consistent finding for an association
between parameters of smoking intensity and sleep in
our study was found for a reduction in sleep duration. To
our knowledge, there are no other studies investigating
FTND scores, exhaled CO or cotinine plasma levels and
sleep duration. Comparable results for number of cigarettes and sleep duration have been reported by Kaneita
et al. (2005). Heavily in comparison to lightly smoking
pregnant women had an even higher OR to suffer from
short sleep duration in comparison to non-smokers
(Kaneita et al. 2005). However, another investigation
found somewhat contradictory results. Although a
reduced sleep duration was observed in LSs in comparison to non-smokers, this was not true for HSs in that
random sample sleep diary study (Riedel et al. 2004).
A number of hypotheses have been proposed for the
association between cigarette smoking and poor sleep,
like increased catecholamine output, general unhealthy
approach to life-style, more disturbed personality type
and the stimulant effects of smoke ingredients (Phillips &
Danner 1995). The consistent relationship between
measures of smoking intensity and sleep duration in our
sample suggests that there may be a direct pharmacological effect of smoking on sleep disturbance. The most likely
biochemical candidate to cause sleep disturbance is nicotine. Investigating the effects of nicotine in non-smoking
healthy subjects, some authors found sleep duration to be
reduced by about 30–50 minutes under the application of
a 24-hour nicotine patch (Davila et al. 1994; SalinPascual et al. 1995), others however were not able to
confirm this finding (Gillin et al. 1994). Additionally, considering the relatively short half-life of nicotine (1–2
hours) (Benowitz et al. 1982), the influence of nicotine
administered through a patch delivering nicotine while
asleep may have different effects than nicotine reaching
the body via a cigarette before bedtime.
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Another way of thinking about smoking and sleep
comes from the other side, interpreting the higher number
of cigarettes smoked as a result rather than a cause of the
associated reduced sleep duration. Firstly, a reduced time
asleep increases the opportunity to smoke while awake.
However, it is more likely that a reduced sleep duration
may originate from other smoking-independent life-style
aspects exhibited by the smokers. Following this line of
thought, the higher number of cigarettes smoked may be
related to the sleepiness resulting from a reduction in total
sleep time and may be intended to antagonize the
unwanted consequences of lack of sleep. This interpretation is supported by the finding of a lower frequency of
daytime dysfunction in the group of smokers with higher
cotinine levels. In the PSQI questionnaire, daytime dysfunction corresponds to the two items: tiredness and lack
of energy.The higher levels of cotinine reflect an increased
consumption of the stimulant nicotine, thereby effectively
antagonizing the assumable tiredness. Additionally, this
view is endorsed by a recent study on experimentally
induced sleep loss. In that study, sleep loss was demonstrated to be followed by an increase in number of smoked
cigarettes (Hamidovic & de Wit 2009). These two factors,
smoking to antagonize daytime sleepiness and the shortlived residual effects of nicotine consumption on sleep,
may actually build up to a vicious circle, where cigarette
smoking is arousing the individual who then sleeps less
and consecutively smokes more the following day to possibly compensate for the effects of sleep loss on factors such
as cognitive and emotional consequences like irritability,
impairment of attention and inhibitory control.
Relevance of sleep disturbance and shortened sleep
The reduction in sleep duration may be of direct relevance for health issues of smokers. Over the last decade,
sleep disturbance, especially a reduction in sleep duration, has been identified to play an important role in the
pathophysiology of a number of physical as well as
mental disorders and to be related to mortality. A recent
meta-analysis including 16 studies with more than 1.3
million participants came to the conclusion that short
sleep duration is associated with a significantly increased
risk of death (Cappuccio et al. 2010). In one study, short
sleep duration of less than 6 hours, as found in 17% of
our smoking sample in comparison to 7.2% of the nonsmokers, was found to increase mortality by a factor of up
to 2.4 in men compared with those with 7–7.9 hours of
sleep (Amagai et al. 2004).
Other studies linked short sleep duration to an
increased risk for the development of specific disorders
such as obesity (Cappuccio et al. 2008), hypertension
(Vgontzas et al. 2009), diabetes type II (Vgontzas et al.
2009), the susceptibility to catch a common cold (Cohen
et al. 2009) and insomnia to an elevated risk to develop
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depression (Baglioni et al. 2011) and addictive behaviour
(Breslau et al. 1996). Some of the increase in mortality
observed in smokers, therefore, may be related to their
shorter sleep duration, and consequently the reduction of
mortality risk observed after smoking cessation (Doll et al.
2004) may partly originate from the parallel improvement of sleep quality and increase in sleep duration
(Zhang et al. 2006).
This study has some limitations. Firstly, although
impaired sleep quality is one of the criteria for insomnia as
per the International Classification of Sleep Disorders,
Second Edition (American Academy of Sleep Medicine
2005) and DSM-IV, it is a poorly defined construct. It is
considered a complex phenomenon that is difficult to
define and measure objectively (Buysse et al. 1989). Additionally, recent research shows that sleep quality may be a
measure of daytime tiredness and the number of nocturnal awakenings (Harvey et al. 2008). However, the PSQI is
a validated and widely used questionnaire considering a
variety of aspects of sleep distinguishing well between
sleep disturbed patients and controls using component
scores as well as the global score (Buysse et al. 1989).
Secondly, although we intended to accomplish population
representativeness, due to the strict inclusion and exclusion criteria and the extensive time-consuming investigation of each proband, only a portion of the population
could be recruited. This may reduce the generalizability of
the results. However, e.g. excluding former smokers rather
helped to minimize phenotypic heterogeneity which is
relevant because some earlier studies could not find differences between former smokers and never smokers concerning sleep quality (Zhang et al. 2006). A further
limitation is the restriction to subjective sleep data. Objective measures (e.g. polysomnographic/actigraphic data)
of sleep quality including sleep duration or subjective sleep
diary data could possibly have differed from the collected
subjective data. Therefore, the likely relevance of the
observed reduced subjective sleep quality should be confirmed by studies evaluating objective sleep duration in
smokers and never smokers. However, DSM-IV and International Classification of Diseases, Tenth Revision criteria
for insomnia are also restricted to subjective reports of the
individual and this form of sleep disorder has been demonstrated to be a serious risk factor for further health
sequelae. Hence, the observed differences in sleep quality
and duration of smokers and never smokers are very likely
of high relevance. Another limitation is that we have not
screened the subjects for breathing-related sleep disorders
that may be associated with symptoms of fragmented
sleep and may have confounded the results of this study.
However, we adjusted for BMI, an important risk factor for
the occurrence of sleep-related breathing disorders.
Therefore, it appears unlikely that breathing-related sleep
disorders would explain the observed differences. The
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occurrence of subjects reporting an AUDIT score of 8
points or more is somewhat astonishing as subjects were
screened to be free of Axis I disorders. The higher percentage of smokers versus non-smokers demonstrating scores
of 8 points or more, however, is in line with the literature
demonstrating higher alcohol consumption among
smokers. This discrepancy may be related to the highly
variable prevalence of conspicuous AUDIT scores in different populations ranging from 4% to 74% and its variable
sensitivity and specificity depending on the population
(Berner et al. 2007). However, we are confident that the
AUDIT questionnaire was a useful tool to control for the
degree of alcohol drinking behaviour in our analysis of
the occurrence of sleep disturbance in smokers versus
non-smokers. Furthermore, the exclusion of subjects suffering from Axis I psychiatric disorders in our study may
restrict the generalizability of our results.
Despite these limitations, this study provides unique
information on the association of smoking and sleep
quality. For the first time, a broad range of measures of
ND and intensity of smoking were identified to be related
to measures of sleep quality, especially sleep duration.
Further research should explore the precise mechanisms
involved in the decrease in sleep quality and reduction of
sleep duration to better understand ND and the pathophysiology of the related sleep disturbance. The increased
understanding of these mechanisms may improve intervention and optimize smoking cessation programs. Additionally, this knowledge may provide a solid basis to
analyse and disclose the genetic mechanisms affecting
both behaviours and their relationship.
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