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Background. There is little epidemiolo~cal or clinical in- 
formation on the relation between smoking and sleep dis- 
turbance, despite evidence suggestive of a relationship. The 
present study tested the hypothesis that cigarette smoking is 
associated with sleep disturbance. 

Methods. Survey data from 3,516 adults were collected as 
part of a longitudinal, epidemiologic study of sleep- 
disordered breathing. Symptoms of insomnia, hypersomnia, 
and parasomnia were assessed using diagnostic criteria 
from the Diagnostic and Statistical Manual of Mental Dis- 
orders (3rd ed., revised). 

Results. Among both males and females, smoking was as- 
sociated with difficulty initiating sleep, and difficulty wak- 
ing up. Excessive daytime sleepiness was related to smoking 
only for females while nightmares and disturbing dreams 
were related to smoking only among males. 

Conclusions. Smoking was associated with difficulty initi- 
ating sleep and with a constellation of symptoms suggestive 
of sleep fragmentation. Sleep disturbance may be more prev- 
alent among smokers due to the stimulant effects of nico- 
tine, nightly withdrawal, an increased prevalence of sleep 
disordered breathing relative to nonsmokers, andlor an as- 
sociation with psychological disturbance. These results have 
important clinical and public health implications for reduc- 
tion of the disease and disability associated with smoking 
and sleep disturbance. o IW ~.dnni~  P-. lnc. 

The recent report of the National Commission on 
Sleep Disorders Research highlighted the devastating 
impact of sleep disorders on public health (1). Sleep 
disturbance is associated with numerous deficits in 
physical and psychological functioning including an 
increased risk of mortality (2.31, frequent hospitaliza- 
tions and use of health-related services (4,5), cognitive 
impairment (61, and affective disturbances (5, 7, 8). 
Thus, the identification of a modifiable risk factor such 
as cigarette smoking would be an important step in 

reducing the public health burden attributable to sleep 
disturbance. 

Nevertheless, there is little epidemiological or clin- 
ical information on the relation between smoking and 
sleep disturbance, despite evidence suggestive of a re- 
lationship. Limited polysomnographic data indicate 
that smokers have a longer sleep latency and spend 
more time awake in bed (9). a pattern consistent with 
insomnia. Most epidemiologic investigations of sleep 
disturbance have not examined smoking as a potential 
risk factor, however (4, 5, 10). In an epidemiologic 
study that did examine the impact of smoking on sleep 
(111, there was little evidence of an association al- 
though accurate estimates of this relationship may 
have been prevented by inadequate assessment of the 
frequency of sleep disturbance symptoms. In this 
study, subjects reported the frequency of sleep distur- 
bance symptoms on a rating scale that did not specify 
the actual number of nights per week or month that 
subjects were affected by their symptoms, i.e., subjects 
reported symptoms as "never," "seldom," "sometimes," 
"often," or "always." Thus, a relationship may have 
been obscured by the lack of clear numerical defini- 
tions of each frequency category. 

Evidence of a relationship between smoking and 
sleep disturbance would have important clinical and 
public health implications. If smoking is causally re- 
iated to sleep disturbance, smoking ceisation interven- 
tions have the potential to significantly reduce the oc- 
currence of sleep disturbance and the associated dec- 
rements in functioning. With the reported prevalence 
of sleep disturbance ranging anywhere from 10 to 50% 
in the general population (4, 5, 10, l l ) ,  the number of 
individuals affected by such a relationship could be 
quite large. 

Not only might smoking cause sleep disturbance, but 
sleep disturbance could play a role in the motivation to 
smoke. The symptoms of sleep disturbance--de~res- 
sion, fatigue, fo&itive impairment-resemble thdse of 

' Supported by NIH Grants PO1 HL 42242 and RR 03186 from the nicotine withdrawal, and such symptoms may moti- 
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antedate smoking cessation. Indeed, some symptoms 
attributed to smoking withdrawal might reflect a co- 
morbid sleep disorder that is exacerbated by nicotine 
deprivation. 

The purpose of the present epidemiologic investiga- 
tion was to test the hypothesis that cigarette smoking 
is associated with symptoms of insomnia, hypersom- 
nia, and parasomnia as defined by diagnostic criteria 
in the Diagnostic and Statistical Manual of Mental 
Disorders, 3rd ed. revised (DSM-III-R; 15). 

METHODS 

Subjects 

Data were collected as part of the University of Wis- 
consin Sleep Cohort Study, a longitudinal, epidemio- 
logic study of sleep-disordered breathing (16). Surveys 
were distributed by mail to all adults employed a t  two 
state agencies with diverse work settings in Dane 
County, Wisconsin. Surveys were returned by 3,516 
individuals, representing a response rate of 82%. There 
were no significant differences between responders and 
nonresponders on age, gender, or occupational cate- 
gory. Respondent characteristics are shown in Table 1. 

Survey Instrument 

The survey instrument consisted of a four-page ques- 
tionnaire assessing demographic and sleep character- 
istics. Symptoms of insomnia, hypersomnia, and para- 
somnia were derived from diagnostic criteria in DSM- 
111-R (15) and were assessed by questions similar to 
those commonly used in clinical sleep laboratories (17, 
18). 

Insomnia symptoms assessed were: (a) Difficulty get- 
ting to sleep; (b) Wake up during the night and have a 
hard time getting back to sleep; (c) Wake up repeatedly 
during the night; (dl Wake up too early in the morning 
and can't get back to sleep; and (el Not feel rested dur- 
ing the day, no matter how many hours of sleep you 
had. 

Hypersomnia symptoms assessed were: (a) Feelings 
of excessive daytime sleepiness (b) Very difficult to 
wake up in the morning; (c) Fall asleep or doze momen- 
tarily-watching W, reading, etc.; and (dl Fall asleep 
or doze momentarily-at meetings, church, etc. 

One symptom of parasomnia was assessed: (a) Night- 
mares or disturbing dreams. 

For each symptom, respondents indicated the fre- 
quency with which it was experienced: never; rarely (1 
day or nightimonth); sometimes (2-4 days or nights1 
month); often (5-15 days or nightsimonth); or almost 
always (1fX30 days or nightslmonth). Individuals were 
considered to have a very frequent disturbance if that 
symptom occurred 16 or more days or nights per 
month, a frequent disturbance if it occurred 5-15 days 
or nights per month, an infrequent disturbance if it 
occurred 7.4 days or nights per month, and a rare dis- 

turbance if it occurred 1 or fewer days or nights per 
month. DSM-III-R criteria for insomnia state that the 
disturbance must occur "at least three times a week for 
at  least one month  and criteria for hypersomnia state 
that the disturbance must occur "nearly every day for 
at least one month, or episodically for longer periods of 
time." (15). No frequency criteria are specified for para- 
somnias. Thus, only individuals who have a very fre- 
quent disturbance would be likely to meet criteria for a 
clinical diagnosis of insomnia or hypersomnia. 

Current smokers, former smokers, and never smok- 
ers were identified by two questions: (a) Do you cur- 
rently smoke cigarettes? and (b) Have you ever been a 
regular smoker, that is smoked a t  least a pack a week? 
Data on the quantity smoked and the number of years 
of smoking were not available. 

RESULTS 

Univariate analyses and multiple logistic regression 
analyses were performed in order to calculate odds ra- 
tios and 95% confidence intervals. Smokers and former 
smokers were separately compared with never smok- 
ers. The sleep disturbance categories of very frequent, 
frequent, and infrequent were referenced to the rare 
category. 

Potential confounding factors were also examined. 
Age and education were found to be related to both 
smoking and sleep difficulties and these variables were 
controlled for in the logistic regression analyses. Ad- 
justment for age and education had little effect on the 
pattern of results. Two unadjusted odds ratios that 
were significant became nonsignificant after adjust- 
ment (infrequent falling asleep while watching W, 
reading, etc. for males; very frequent nightmares and 
disturbing dreams for females) while three odds ratios 
became significant only after adjustment (infrequent 
difficulty waking up for adult males; very frequent and 
frequent falling asleep while watching TV, reading, 
etc. for females). In addition, because female gender 
has been consistently associated with greater rates of 
sleep disturbance (4,5, 10,11), as was also true in this 
study, all analyses were performed separately for 
males and females. - ~~~~ ~ 

Character~stics of the sample are shown in Table 1. 
Odds ratios and 95'7 confidence intervals for the asso- 
ciation of insomnia symptoms with current smoking, 
adjusted for age and education, are presented in Table 
2. Current smoking was related to very frequent, fre- 
quent, and infrequent difficulty getting to sleep for 
males and to very frequent and frequent difficulty get- 
ting to sleep for females. Male and female smokers 
were more likely to have very frequent non-restorative 
sleep than were never smokers. Female smokers were 
also more likely to have frequent and infrequent non- 
restorative sleep than were female never smokers. 
Smoking was not associated with difficulties in sleep 
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TABLE 1 
Characteristics of the Study Population 

No. and ( C / o )  of Reswndents 
Males Females 

Characteristic (n = 1666) (n = 18401 

3 w 9  
4 M 9  
5 w 9  
6 W 9  

Education 
<High schwl 
High school 
>High school 

Smoking status 
Never smoker 
Former smoker 
Current smoker 

maintenance, i.e., difficulty getting back to sleep after 
waking during the night, repeated awakenings, or dif- 
ficulty getting back to sleep after early morning awak- 
ening. 

Odds ratios and 95% confidence intervals for the as- 
sociation of hypersomnia and parasomnia symptoms 
with current smoking, adjusted for age and education, 
are presented in Table 3. Smoking was related to very 
frequent, frequent, and infrequent excessive daytime 
sleepiness only for females. Smoking was associated 
with very frequent difficulty waking up for both males 
and females, with frequent difficulty waking up for 
males, and with infrequent difficulty waking up for 
both males and females. 

For females, smoking was inversely related to both 
very frequent and frequent falling asleep while watch- 
ing TV, reading, etc. For males, smoking was associ- 
ated with very frequent, frequent, and' infrequent 
nightmares and disturbing dreams. 

There was little evidence that former smokers were 
at  increased risk of sleep disturbance relative to never 
smokers (data not shown). Analyses comparing former 
smokers with never smokers resulted in very few sig- 
nificant findings and no consistent pattern of relation- 
ship between former smoking and specific symptoms of 
sleep disturbance. Therefore, these data suggest that 
current smoking but not former smoking is associated 
with sleep disturbance. 

We were concerned about the confounding effects of 
alcohol and caffeine consumption since both substances 
have been correlated with smoking (19) and sleep prob- 
lems (20-22). Although data on alcohol and caffeine 
use were not available from the survey, detailed infor- 
mation (number of alcoholic drinkslweek, number of 
cups of caffeinated coffeeiday, number of cans of caffein- 
ated soddday) was collected by interview from a subset 
of survey participants who underwent polysomno- 

graphic assessment (n = 602). Analysis of these data 
indicated that our findings do not appear to be due to 
the confounding effects of alcohol or caffeine use. First, 
the magnitude and significance of odds ratios for smok- 
ing and sleep difficulties obtained by logistic regression 
analyses were unaffected by adjustment for alcohol and 
caffeine use. Second, alcohol and caffeine use were 
largely unrelated to symptoms of sleep disturbance 
and therefore, these variables cannot be confounding 
factors. 

DISCUSSION 
This is the first population-based epidemiologic 

study of sleep disturbance to demonstrate that current 
cigarette smoking is related to specific sleep difficul- 
ties. Moreover, for those symptoms of sleep disturbance 
related to smoking, a trend was usually evident such 
that as the frequency of the symptom increased, the 
association with smoking tended to increase. 

Smoking was associated with difficulty initiating 
sleep and with a constellation of symptoms suggestive 
of sleep fragmentation, i.e., excessive daytime sleepi- 
ness, non-restorative sleep, and difficulty waking up. 
Sleep fragmentation is characterized by a lower per- 
centage of slow wave and rapid eye movement sleep 
and by more frequent arousals (23). Furthermore, pe- 
riodic arousals and sleep state discontinuity are often 
imperceptible to the sleeping person even though def- 
icits in daytime functioning such as hypersomnolence 
are a frequent result (18, 24). Thus, dismptions in 
sleep architecture may lead to increased complaints of 
excessive daytime sleepiness, non-restorative sleep, 
and difficulty waking up without necessarily increas- 
ing complaints of difficulty maintaining deep. 

Although the present study cannot determine the 
causal mechanisms involved, the pattern of results is 
consistent with several hypotheses. One hypothesis 
suggests that the stimulant effects of nicotine contrib- 
ute to sleep disturbance. Nicotine blood levels tend to 
peak in the late afternoon and evening (25), consistent 
with the stimulant hypothesis and with the finding 
that smokers have more difficulty initiating sleep than 
do nonsmokers (9). 

Another line of evidence suggests that the minor 
withdrawal experienced by smokers on a nightly basis 
may lead to or exacerbate sleep disturbance. Studies of 
nicotine withdrawal have consistently found sleep dis- 
turbance to be a common complaint (13, 14). Thus, for 
current smokers, symptoms of sleep fragmentation 
may reflect the drop in nicotine blood levels throughout 
the night (25). 

Sleep-disordered breathing or "sleep apnea," charac- 
terized by repeated breath cessations and reduced ven- 
tilation during sleep, is surprisingly common (24% for 
men and 9% for women; 16) and may be even more 
common among smokers. Several studies have linked 
smoking with snoring (26-28), considered to be a pre- 
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TABLE 2 
Risk for Insomnia Symptoms Associated with Current Smoking versus Never Smoking Estimated by Adjusted Odds 

Ratios (OR) and 95% Confidence Intervals (CI)" 

Males Females 

. . u ~ ~ = . ~ . u n s ~ a  v~nokers Nonsmoker8 Smokera 
Adjusted Adjusted 

% N %  OR 95%CI N % N %  OR 95% CI 

Difficulty getting t 
0-1 nighWmont 59 154 46 449 51 194 43 
2 4  nightdmonth 203 27 110 33 1.44 1.05-1.98 297 34 145 32 1.01 0.77-1.32 
&I5 nighWmonth 84 11 53 16 1.56 1.02-2.38 101 11 82 18 1.78 1.262.52 
>15 nightdmonth 16 2 16 5 2.32 1.04-5.16 34 4 28 6 1.88 1.033.23 

:o sleep 
h 

Difficulty getting back to sleep 
0-1 nighwmonth 415 56 168 51 421 48 226 50 
2-4 nightslmonth 214 29 115 35 1.24 0.91-1.70 292 33 139 31 0.82 0.63-1.59 
5-15 nightsimonth 98 13 39 12 0.86 0.561.34 129 15 63 14 0.82 0.5@-1.71 
>I5 nighWmonth 16 2 10 3 1.35 0.573.21 35 4 20 4 1.07 0.59-1.94 

Repeated awakenings 
0-1 niehWmonth 426 58 180 54 
2-4 nightdmonth 161 22 85 26 1.01 0.72-1.42 207 23 105 23 0.87 0.6E-1.54 
5-15 nightdmonth 103 14 45 14 0.83 0.54-1.26 147 17 70 16 0.82 0.58-1.71 
>15 nightdmonth 50 7 23 7 0.99 0.56-1.73 81 9 39 9 0.80 0.52-1.93 

Early morning awakening 
0-1 nighwmonth 454 61 178 54 519 59 264 59 
2-4 nighWmonth 179 24 94 28 1.17 0.84-1.63 215 24 111 25 0.97 0.73-1.29 
&15 nighWmonth 88 12 48 15 1.28 0.84-1.95 114 13 57 13 0.93 0.65-1.33 
>15 nightsirnonth 19 3 11 3 1.09 0.49-2.44 32 4 16 4 0.86 0.45-1.69 

Nonrestorative sleep 
0-1 nightsfmanth 389 53 146 44 382 43 123 28 
2-4 nighWmonth 208 28 104 31 1.24 0.90-1.73 291 33 176 39 1.81 1.37-2.41 
5-15 nightdmonth 114 15 58 17 1.25 0.84-1.87 161 18 105 23 1.73 1.24-2.40 
>15 nightslmonth 25 3 24 7 2.20 1 1 . 1 9  47 5 43 10 2.61 1.62-4.19 

" Odds ratios havz been adjusted for age and education using logistic regression. The reference category is 0-1 nightdmonth for each sleep 
disturbance symptom. 

clinical phase of sleep-disordered breathing. Sleep- 
disordered breathing, in turn, is related to sleep frag- 
mentation, complaints of disturbed sleep, and decre- 
ments in daytime functioning (17,291. Likely causes of 
sleep-disordered breathing among smokers are the det- 
rimental pulmonary and respiratory effects attribut- 
able to smoking (30). For instance, smoking-induced 
obstructive airways diseases (emphysema, asthma, 
very frequent bronchitis, very frequent obstructive 
pulmonary disease), respiratory illness and infection, 
or respiratory symptoms (cough, airway edema, 
phlegm production) may be mechanisms through 
which smoking affects sleep. Smoking clearly impairs 
pulmonary function (30, 31) and some researchers 
have found a high prevalence of pulmonary function 
abnormalities in patients with sleep-disordered 
breathing (32). 

Moreover, these hypothesized causal mechanisms 
are not mutually exclusive. In fact, some sleep distur- 
bance may result from complex interactions among the 
stimulant effects of nicotine, nicotine withdrawal, and 
the pulmonary and respiratory effects of smoking. For 

example, a study of eight male sleep apnea patients 
demonstrated that the administration of nicotine gum 
prior to sleep resulted in a decrease in the number of 
apneas during the first 2 hr of sleep (33), i.e., when 
nicotine blood levels were elevated. This finding may 
be explained by studies showing that nicotine stimu- 
lates upper airway musculature and decreases upper 
airway resistance in animals (341, effects that would 
tend to reduce apneas. Thus, the stimulant effects of 
nicotine may not only increase sleep latency, but may 
reduce sleep-disordered breathing during the first few 
hours of sleep by decreasing upper airway resistance. 
However, as nicotine blood levels decline and upper 
airway resistance increases during the night, sleep 
fragmentation and sleep-disordered breathing may 
then increase. 

The causal pathway may also operate in the opposite 
direction such that very frequent sleep disturbance re- 
sults in an increased tendency to smoke. Individuals 
may attempt to cope with the problems of non- 
restorative sleep, difficulty waking up, and excessive 
daytime sleepiness by smoking. Furthermore, the re- 
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TABLE 3 
Risk for Hypersomnia and Parasomnia Symptoms Associated with Current Smoking versus Never Smoking Estimated by 

Adjusted Odds Ratios (OR) and 95% Confidence Intervals (CI)" 

Males Females 

Nonsmokers Smokers Nonsmokers Smokers 
Adjusted Adjusted 

N % N %  OR 95% CI N % N 5% OR 95%CI 

Excessive daytime sleepiness 
0-1 dayslmonth 407 55 186 56 473 54 184 41 
2-4 daysimonth 223 30 98 30 0.94 0.61C1.46 265 30 163 36 1.47 1.12-1.91 
5-15 daydmonth 85 12 40 12 1.02 0.65-1.61 118 13 76 17 1.48 1.04-2.09 
>15 daydmonth 21 3 7 2 0.57 0.21-1.51 22 3 27 6 2.61 1.434.78 

Very difficult to wake up 
0-1 daydmonth 501 68 192 58 522 59 211 47 
2-4 daydmonth 147 20 72 22 1.47 1.0S2.10 207 23 133 30 1.59 1.20-2.11 
5-15 daydmonth 62 8 46 14 2.53 1.58-4.05 98 11 56 13 1.46 0.99-2.15 
>15 daydmonth 32 4 23 7 2.34 1.254.39 54 6 48 11 2.37 1.513.72 

Fall asleep watching TV, reading, etc. 
0-1 dayelmonth 297 40 109 33 345 39 191 43 
24 daydmonth 219 30 113 34 1.23 0.8E-1.73 251 28 131 29 0.86 0.64-1.15 
5-15 daydmonth 179 24 85 26 1.06 0.73-1.54 204 23 97 22 0.70 0.51-0.96 
>15 daydmonth 45 6 24 7 1.08 0.60-1.93 78 9 29 6 0.54 0.334.88 

Fall asleeo a t  meetinn. church. etc. .. . 
0-1 da{slmonth 585 79 250 76 736 84 373 83 
2-4 daydmonth 115 16 55 17 1.10 0.75-1.61 97 11 51 11 0.98 0.6S1.43 
5-15 dayslmonth 30 4 20 6 1.35 0.72-2.51 33 4 20 4 1.11 0.62-2.00 
215 daydmonth 8 1 6 2 1.41 0.46-4.31 13 1 5 1 0.83 0.29-2.41 

Nightmares or disturbing dreams 
0-1 nightdmonth 584 79 223 67 598 68 276 62 
%4 nightsimonth 135 18 81 24 1.41 1.01-1.98 213 24 121 27 1.12 0.85-1.47 
5-15 nighidmonth 19 3 22 7 2.85 1.423.74 58 7 35 8 1.29 0.82-2.04 
>15 nightsimonth 1 0 5 2 11.87 1.27-110.61 10 1 13 3 2.14 0.90-5.10 

'Odds ratios have been adjusted for age and education using logistic regression. The reference category is 0-1 days or nightdmonth for 
each sleep disturbance symptom. 

lationship between smoking and sleep disturbance shows at  least moderate agreement with polysomno- 
may be reciprocal where smoking causes sleep distur- graphic findings ( 3 H 1 ) .  
bance and where sleep disturbance promotes smoking Data on smoking status indicate that there is good 
in response to fatigue, sleepiness, and disturbances in agreement between self-reported and biochemical in- 
mood. dices of smoking among individuals not attempting to 

Finally, psychological characteristics may account quit smoking (42). In fact, self-report may even under- 
for the relationship between smoking and sleep distur- estimate the prevalence of smoking, an effect that 
bance. Recent research has suggested that both smok- would reduce the association between smoking and 
ing and sleep disorders are associated with psychiatric sleep disturbance. Unfortunately, data on quantity 
disorders and with personality patterns characterized smoked for current smokers and years since quitting 
by depressive and anxious affect ( 5 ,  7, 35-37). for former smokers were not available. It may be that 

the effects of smoking and nicotine on sleep disturbance 
Study Limitations are highly dose-dependent and occur only among 

heavy smokers, an issue we could not address with the 
Reliance on self-report data is a limitation of the present data. Furthermore, the lack of relationship 

present study. There is no polysomnographic confirma- found for former smoking and sleep disturbance may 
tion of sleep disturbance or biochemical confirmation of be due to a "dose-response" relationship between sleep 
smoking status. However, numerous studies have in- disturbance and time since smoking cessation, i.e., the 
dicated that complaints of sleep disturbance are rela- effects of smoking on sleep may diminish with time 
tively accurate with respect to comparison among in- since cessation. Again this was an issue we could not 
dividuals and that self-reported sleep disturbance address in the current study. Future research will need 
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to carefully examine these issues in order to differen- 
tiate between alternative causal processes. 

Although data on caffeine and alcohol use were not 
available for the entire sample, data from a subset of 
individuals suggests that these substances were not 
responsible for the study results. Finally, determining 
the influence of personality patterns and psychiatric 
disorders on the relationship between smoking and 
sleep disturbance will be of the utmost importance in 
future research. 

Conclusions 

The results of the present study have important clin- 
ical and public health implications for reducing the 
disease and disability associated with smoking and 
sleep disturbance. Moreover, the results provide a 
strong rationale for further research attempting to as- 
certain the precise relationship between smoking and 
sleep disturbance. In particular, the assessment of al- 
ternative causal processes will require: (a) epidemio- 
logic investigations that allow for the determination of 
dose-response relationships and statistical control of 
psychiatric status, disease status, medication use, etc.; 
and (b) polysomnographic studies that continuously 
record data on sleep state and breathing. Finally, the 
study not only highlights the need for clinicians to as- 
sess smoking status when considering treatment for 
sleep disorders, as smoking cessation may prove to be 
beneficial, it also suggests that some individuals might 
benefit from treatment of sleep disturbance prior to 
andlor concomitant with smoking cessation. 
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