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ABSTRACT
INTRODUCTION Smokers typically experience more sleep 
problems than non-smokers, so sleep problems are 
frequently reported by smokers who are attempting to quit 
and these can be expected to develop also after initiation 
of smoking. However, little is known about the effects of 
starting smoking on sleep problems. Some research suggests 
smoking reduces stress, which indicates that some aspects of 
smoking could benefit sleep. This study aims to contribute 
to the understanding of the asymmetry of the relationship 
between smoking and sleep problems.
METHODS To test the asymmetry of the relationship between 
smoking and sleep problems, a logistic regression analysis 
was conducted via GEE (generalized estimating equation). 
GEEs are an extension of Generalized Linear Models (GLMs) 
which allow for longitudinal data and correlation among 
observations of the same unit (person). This technique was 
recently proposed to test the asymmetry of causal effects 
based on panel data. The data used were from the LISS panel, 
a representative sample of Dutch individuals. The sample 

(n=1477) contained 259 individuals that changed their 
smoking status at least once. When conducting the analysis, 
we controlled for time-varying variables such as: subjective 
health, BMI, partner status, and parental status.
RESULTS The asymmetric effects of smoking on sleep 
problems were statistically significant, suggesting that 
starting smoking and quitting smoking are not similarly 
related to sleep problems. Starting smoking was not 
significantly related to sleep problems, but quitting smoking 
increased the odds of sleep problems by 23%. No statistically 
significant relationship was found between sleeping 
problems and changes in BMI and parental status. Subjective 
health was negatively associated with sleeping problems. 
Stopping to live with a partner increased the likelihood of 
sleep problems by 41%.
CONCLUSIONS Quitting smoking can have a different impact on 
sleep problems than starting smoking. In this study, starting 
smoking did not result in sleep problems, whereas quitting 
smoking resulted in sleep problems. 

INTRODUCTION
Smoking has substantial adverse health effects, including 
cancer, lung diseases, and cardiovascular morbidity1. A direct 
impact of smoking is its effect on sleep. Smoking has been 
associated with an increased prevalence of sleep problems2-4, 
and these sleep-related problems relate to severe health 
burdens associated with a number of physical and mental 
disorders4,5 which are costly to society6,7.

Sleep problems are not only common among smokers2,8,9, 
but are also frequently reported by smokers attempting to 
quit3,4. Sleep problems experienced by quitting smokers 

result from nicotine craving, pharmacological agents used 
for smoking cessation (e.g. nicotine replacement), and 
weight gain7. Because non-smokers usually sleep better 
than smokers2,9, it could be presumed that starting smoking 
would lead to sleep problems. However, individuals often 
smoke to relax and relieve stress10. Some evidence suggests 
that smoking can alleviate stress11. Moreover, individuals who 
used to smoke can reduce stress by relapsing to smoking 
because it can alleviate withdrawal symptoms12. Overall, 
quitting smoking might thus result more often in sleep 
problems than starting smoking. 
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If quitting smoking induces sleep problems and starting 
smoking does not reduce them, then the relationship 
between smoking and sleep problems is asymmetric. 
Theorists and data analysts usually assume that causal 
effects are symmetric13  – meaning that if a unit increase in 
variable x produces a change of b units in variable y, then 
a unit decrease in x will result in a change of -b units in y14. 
However, exactly reversible causal effects are implausible 
for many social and psychological phenomena13. Whether 
a relationship is symmetric is an empirical question for 
which good methodological tools have been lacking14. 
Recently, Allison14 proposed a technique to test the 
asymmetry of causal effects based on panel data. It is thus 
possible to test whether the effects of smoking on sleep are 
indeed asymmetric. This study, accordingly, examines the 
asymmetry of the relationship between smoking and sleep 
problems by applying techniques proposed by Allison14. 

Testing the asymmetry of the relationship between 
smoking and sleep problems is important because it 
increases the understanding of the dangers of smoking to 
sleep. If individuals who start smoking do not experience 
sleep problems directly, then they may feel less discouraged 
from smoking. Smoking might not cause (or even help 
to reduce) sleep problems when starting but results in 
sleep problems over time. A better understanding of the 
asymmetry of the effects of smoking on sleep is therefore 
also of practical importance for awareness programs about 
the hidden dangers of tobacco. 

METHODS
Data
The data used for testing the asymmetry of the effects of 
smoking on sleep are from the LISS (Longitudinal Internet 
Studies for the Social sciences) panel, a representative sample 
of Dutch individuals15. The LISS survey is administrated 
annually by CentERdata (Tilburg University, The Netherlands) 
and consists of questions on themes such as personality, 
family, and health. The LISS data are freely available for 
academic research on the website www.lissdata.nl. More 
information about the LISS panel, including how researchers 
can use the LISS data is described in Scherpenzeel15.

Variables
Smoking measure
The independent variable (smoking) was measured through 
the question: ‘Do you smoke now?’. With response option 
‘yes’ or ‘no’. Based on the answer to that question over two 
consecutive years, change of smoking status was inferred. 
Participants started smoking (+1) when their answer was 
‘yes’ in the current year and ‘no’ in the previous year, while 
participants quitted smoking (-1) when their answer was ‘no’ 
in the current year, but ‘yes’ in the previous year. Change in 
smoking status was treated as a zero (0) when participants 
did not change their smoking status. Finally, it is important to 
note that although people tend to underestimate how much 

they smoke16, self-reports of smoking have been found to be 
accurate in most studies17.

Sleep measure
Overall sleep problems were measured by asking the 
participants directly: ‘Do you regularly suffer from sleeping 
problems?’. During the analysis, the response from the 
previous year was compared with the current response. 
A change from ‘no’ to ‘yes’ was treated as an increase in 
sleeping problems (+1), and a ‘yes’ to ‘no’ was treated as a 
decrease in sleeping problems (-1). 

Control variables
While testing the asymmetry of the effects of smoking on 
sleep over time, the analytical approach only allowed for time-
varying variables to be included as main effects18,19. Hence, 
variables such as gender and psychiatric history status (e.g. 
depression, anxiety) were not included in the model – noting 
that we capture fluctuations in subjective health.

Besides the onset and offset of smoking, we were able to 
control for changes in the following time-varying variables 
previously found to affect sleep problems: subjective health, 
BMI, partner status, and parental status. Subjective health 
was measured using the item: ‘How would you describe your 
health, generally speaking?’ (1=‘poor’ to 5=‘excellent’); BMI 
was computed (kg/m2); partner status assessed by the two 
questions ‘Do you currently have a partner?’ and ‘Do you live 
together with this partner?’ (1=living with a partner, 0=not 
living with a partner); and parental status by ‘Did you ever 
have any children?’ (1=‘yes’, 0=‘no’).

Statistical analysis
To test the asymmetry of the causal effects14 of smoking on 
sleep problems, a logistic regression analysis was conducted 
via generalized estimating equation (GEE). GEEs are an 
extension of Generalized Linear Models (GLMs) which allow 
for longitudinal data and correlation among observations of 
the same unit (person). Rather than comparing smokers with 
non-smokers, as in conventional cross-sectional regression 
models, only within-person variation was used to estimate 
the parameters. The within-person variation in predictor 
variables (including control variables) were decomposed 
into positive (e.g. starting smoking) and negative variables 
(e.g. quitting smoking). For example, when a person started 
smoking, the positive variable of smoking was coded as 1 
for that person (otherwise 0). When a person quit smoking, 
the negative variable of smoking was coded as 1 for that 
person (otherwise 0). Measures on an ordinal (i.e. subjective 
health) and continuous (i.e. BMI) scale were coded as the 
absolute increase and decrease. By focusing on within-
person variation, the procedure is suitable for testing the 
consequences of increases and decreases in a variable of 
interest14. The regression model controlled for time-invariant 
heterogeneity by removing between-individual variance, 
resulting in each individual serving as his/her own control14. 
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The asymmetry of the effects was tested by comparing the 
relationship between the positive variables (e.g. starting 
smoking) and sleep problems with the relationship between 
the negative variables (e.g. quitting smoking) and sleep 
problems (chi-squared test).

RESULTS
The longitudinal panel data used in this study were fielded 
during five waves, in 2015, 2016, 2017, 2018, and 2019. 
During these waves, 1477 unique individuals completed 
the full questionnaire. Completed data were necessary 
to compute the asymmetry of the effects for fixed time 
intervals. The sample used in the analysis included 259 
unique individuals (17.5%; 1295 records in total) who 
changed their smoking status at least once and at most four 

times (mean=1.4, SD=0.6). The majority of these individuals 
(67%) changed their smoking status only once. About half 
of the participants that changed their smoking status at 
least once (52%) were women aged 18–87 years, mostly 
within a bandwidth 40.6–70.4 years (mean=55.5, SD=14.9). 
Most of these participants were part of a household of two 
members (mean=2.2, SD=1.0) and had a partner (65%) and/
or a child (70%). The average BMI was 26.8 kg/m2 (SD=11.2). 
Table 1 provides an overview of the participants, including 
comparisons between the individuals that changed their 
smoking status (n=259) and the individuals that did not 
change their smoking status (n=1218).

The results of the logistic regression analysis are 
presented in Table 2. A one-step improvement of subjective 
health reduced the odds of sleep problems by 21% (B=-

Table 1. Characteristics of participants included in the study

Characteristics Change in smoking status
(n=259)

No change in smoking status
(n=1218)

Total
(n=1477)

Mean (%) SD Mean (%) SD Mean (%) SD
Femalea 52 - 44 - 46 -
Age  (years)b 55.5 14.9 64.6 12.5 63.2 13.3
Partner statusc 65 - 73 - 71 -
Parental statusd 70 - 81 - 79 -
BMI (kg/m2)e 26.8 11.2 27.8 50.5 27.67 46.1

Partner status and parental status indicate whether the participants have a partner and a child. Student’s t-test was used to test the mean difference between the 
participants that changed smoking status and participants that did not change smoking status. a The group that changed their smoking status had a higher proportion 
of woman than the group that did not change their smoking status, t(1475)=2.2, p<0.05. b The group that changed their smoking status were younger than the group 
that did not change their smoking status, t(1475)=9.1, p<0.001. c Individuals from the group that changed their smoking status had a partner less often than individuals 
from the group that did not change their smoking status, t(1475)=2.6, p<0.01. d Individuals from the group that changed their smoking status were a parent less often 
than individuals from the group that did not change their smoking status, t(1475)=4.0, p<0.001. e The BMI of individuals from the group that changed their smoking 
status was not significantly different from the BMI of individuals from the group that did not change their smoking status, t(1475)=0.3, non-significant.

Table 2. Results of asymmetric logistic regression via GEE, estimating changes in sleep problems

Parameter B (95% CI) SE z p
Intercept -1.18 (-1.30 – -1.06) 0.06 -18.70 <0.001
Subjective health (+) -0.21 (-0.32 – -0.09) 0.06 -3.54 <0.001
Subjective health (-) 0.18 (0.08 – 0.28) 0.05 3.53 <0.001
BMI (+) 0.00 (0.00 – 0.00) 0.00 -1.97 0.049
BMI (-) 0.00 (-0.00 – 0.00) 0.00 0.42 0.677
Partner status (+) 0.38 (-0.10 – 0.85) 0.24 1.56 0.119
Partner status (-) 0.41 (0.01 – 0.81) 0.20 1.99 0.046
Parental status (+) -0.34 (-0.85 – 0.18) 0.26 -1.28 0.199
Parental status (-) -0.14 (-0.51 – 0.23) 0.19 -0.75 0.451
Smoking (+) 0.18 (-0.09 – 0.45) 0.14 1.32 0.188
Smoking (-) 0.23 (0.01 – 0.44) 0.11 2.07 0.039
t2 (wave 2017) 0.00 (-0.00 – 0.00) 0.04 -0.01 0.990
t3 (wave 2018) 0.00 (-0.00 – 0.00) 0.05 0.08 0.938
t4 (wave 2019) 0.00 (-0.00 – 0.00) 0.06 -0.04 0.970

The onset of smoking (and other variables) is (are) denoted by (+). The offset of smoking (and other variables) is (are) denoted by (-).
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0.21, p<0.001) and a one-step deterioration of subjective 
health increased the odds by 18% (B=0.18, p<0.001). 
Partner status was also significantly associated with sleep 
problems. Starting to live together with a partner had no 
significant impact on sleep problems (B=0.38, p=0.12), 
but stopping living together increased the likelihood of 
sleep problems by 41% (B=0.41, p<0.05). The asymmetric 
effects of partner status on sleep problems were statistically 
significant (χ2=6.4, p=0.01). Finally, starting smoking 
did not significantly increase the odds of sleep problems 
(B=0.18, p=0.19). In contrast, quitting smoking increased 
the likelihood of sleep problems by 23% (B=0.23, p<0.05). 
The asymmetric effects of smoking on sleep problems were 
significant (χ2=6.0, p=0.01), indicating that starting smoking 
and quitting smoking did not have opposite effects on sleep 
problems. Thus, quitting smoking is indeed followed by sleep 
problems, whereas starting smoking is not significantly 
related to sleep problems. 

DISCUSSION
The aim of this study was to test the asymmetry of the 
relationship between smoking and sleep problems. Based on 
Dutch panel data, the analysis revealed that starting smoking 
does not have a similar relationship with sleep problems as 
quitting smoking. Quitting smoking was associated with an 
increase in sleep problems, whereas starting smoking was 
not significantly related to sleep problems. Smoking might 
indeed not cause sleep problems when starting smoking but 
could result in sleep problems over time.

The findings of this study are in line with previous 
research pointing out that smokers attempting to 
quit encounter sleep problems3,4. It also expands the 
understanding of the impact of starting smoking on sleep 
problems. Previous research suggests that smoking reduces 
stress11, which indicates that some aspects of smoking 
may benefit sleep. Furthermore, for people who used to 
smoke, starting smoking can help alleviate sleep-disrupting 
withdrawal symptoms2,9. However, as previous research 
also suggests that smokers sleep worse than non-smokers, 
it is reasonable to assume that starting smoking eventually 
causes sleep problems. Indeed, based on the current data, 
the asymmetrical effects found do not support a reduction in 
sleep problems as a result of smoking. Although the direction 
of the impact of smoking on sleep problems was positive, the 
effect of starting smoking was not significant.

The lack of support for a positive impact on sleep 
problems raises the question when smokers start to 
experience more sleep problems than non-smokers. Possibly, 
sleep problems may have already increased before persons 
start smoking, as smoking could be perceived as a way to 
relax and relieve stress10. Starting smoking, similarly, can 
alleviate withdrawal symptoms for individuals that used 
to smoke4. However, it should be noted that in the present 
sample, the majority of participants only changed their 
smoking status once. Hence, our findings mostly apply to 

individuals who started or stopped smoking once during the 
five measurements (i.e. a five-year perioda) 

In short, future research should consider testing whether 
existing sleep problems based on psychological (e.g. stress) 
and physiological factors (e.g. withdrawal) lead individuals 
to start smoking.

Limitations 
While further examining the relationship between smoking 
and sleep problems, two important study limitations should 
be considered. First, although we controlled for several 
important factors affecting sleep, the relationship between 
smoking and sleep problems can be affected by factors 
such as smoking history, heaviness of smoking, and the use 
of replacement therapy. Future research should test how 
these factors moderate the (asymmetry of the) relationship 
between smoking and sleep problems. Possibly, individuals 
who become heavier first-time smokers experience more 
sleep issues as well as when they begin smoking.  Second, 
the validity of our measurements warrant consideration. 
Because the measurements were applied only once each 
year, within-year changes were not accounted for. As a 
result, our measurements are sensitive to misclassification 
bias. For example, if participants started smoking just 
after their last measurement, any sleep problems arising 
from starting smoking might have ended by the time of the 
next measurement. Likewise, our measurement of sleep 
disturbance is brief and easy to administer, but uncommon in 
the sleep literature and perhaps less valid. More established 
measures of sleep problems are the Pittsburgh Sleep Quality 
Index (PSQI)20, Jenkins Sleep Scale (JSS)21, and the General 
Sleep Disturbance Scale (GSDS)22. Although our measurement 
(i.e. ‘Do you regularly suffer from sleeping problems?’) is 
closely related to the one-item sleep scale of the quality of 
life questionnaire (EORTC QLQ-C30: ‘Have you had trouble 
sleeping?’), which is found to be related to the Jenkins Sleep 
Scale23. Future research should test whether our findings 
hold while using more established measures.

CONCLUSIONS
The relationship between quitting smoking and sleep 
problems can be dissimilar from the relationship between 
starting smoking and sleep problems. Based on longitudinal 
panel data, this study found an increase in sleep problems 
after quitting smoking, but no statistically significant 
change in sleep problems after starting smoking. Awareness 
programs focused on the dangers of smoking should consider 
pointing out these delayed, hidden dangers of smoking.
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