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Abstract
Background While several studies assessed the relation between cigarette smoking and sleep, there are still very few studies
assessing the effect of nicotine in cigarette smoking on sleep.
Aim This study aimed to compare higher vs lower nicotine levels in cigarette smoking on sleep quality.
Methods We used data from the recently released dataset for the Randomized Trial of Reduced-Nicotine Standards for
Cigarettes. We included three groups in the current study: the least nicotine concentration (i.e., 0.4 mg/g), a moderate nicotine
concentration (i.e., 5.2 mg/g), and the highest nicotine concentration (i.e., 15.8 mg/g). For each participant, we included data
regarding baseline and the last follow up at 6 weeks, where we compared insomnia, sleep problems, and awakening at night, in
addition to different depression and affect scores.
Results A total of 360 patients were included in this study, with a mean age of 42.4 (±13.4) years. For the three nicotine groups
(i.e., 0.4 mg/g, 5.2 mg/g, and 15.8 mg/g), we included 119 (33%), 122 (34%), and 119 (33%) participants. Among the high-
nicotine-dose group, the number of participants who had worsened sleep was significantly higher than the number of those who
had improved sleep (p = 0.01) after 6 weeks of consumption, where 37 (31%) had worsened sleep score after 6 weeks while only
19 (16%) had improved score compared with baseline.
Conclusion While previous studies established a relation either between cigarette smoking and sleep or between nicotine patches and
sleep, the present study is the first to establish that higher nicotine doses in cigarettes were associated with more sleep disturbances.
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Introduction

Cigarette smoking has long been associated with difficulty in
initiating and maintaining sleep [1]. Animal studies have

revealed a change in sleep quality caused by the nicotine dose
[2, 3], and several studies have pointed to this dose-dependent
fashion in humans [4]. Different review articles previously
examined the effect of cigarette smoking on sleep [4, 5]. In
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these reviews, only a few studies focused on assessing the
effect of nicotine on sleep quality, where almost none of them
compared different nicotine doses in cigarettes and their effect
on sleep in a longitudinal design. The aim of the current study
was to assess the effect of high-, moderate-, and low-nicotine
doses in cigarettes on sleep disturbances after 6 weeks of
consumption.

Materials and methods

We used data from the recently released dataset for the
Randomized Trial of Reduced-Nicotine Standards for
Cigarettes [6], a double-blind, parallel, randomized clinical
trial. In this trial, a sample of 840 participants randomized to
smoke for 6 weeks either their usual brand of cigarettes or one
of six types of investigational cigarettes with nicotine content
ranging from 0.4mg per gram of tobacco to 15.8mg per gram.
Dataset were released on the 14th of February 2020, available
at the National Institute on Drug Abuse data share website
(https://datashare.nida.nih.gov). No institutional review
board was requested as we used openly accessible data.

Participants

Included participants were adults above the age of 18 years,
smoking of five or more cigarettes per day, and no current
interest in quitting smoking. Of the six groups originally in-
cluded in the randomized trial, we included three groups in the
current study (Fig. 1); the least nicotine concentration (i.e., 0.4
mg/g), the moderate nicotine concentration (i.e., 5.2 mg/g),
and the highest nicotine concentration (i.e., 15.8 mg/g). All
included groups used the same cigarette paper, tipping paper,
and dual plug (paper: cellulose acetate) filters. The number of
cigarettes smoked was assessed through a handheld smoking
topography device (CReSS Pocket, Borgwaldt), a commonly
used device in clinical settings that measures the number and
volume of puffs in real-time settings [7].

Variables

For each participant, we included data regarding baseline and
the last follow-up at 6 weeks.

We included demographic variables, including age, gen-
der, marital status (never married, married, separated, and
widowed), living (alone, with family, with other than family),
number of children and adults living with (more than 5 mem-
bers is considered 6), education (up to high school, college
undergraduate, college graduate), employment (full time, part-
time, unemployed, or other, which include retirement, disabil-
ity among others).

We measured depression via the Center for Epidemiologic
Studies Depression Scale (CESD) [8]. We also used the

Positive and Negative Affect Schedule (PANAS) scale to de-
scribe emotions, including positive and negative affect [9].
Our dependent variable was asking about insomnia, sleep
problems, and awakening at night, where the participant grade
his/her symptom on a scale from 0 to 4: 0 = none, 1 = slight, 2
= mild, 3 = moderate, 4 = severe. This question was asked as
part of the Minnesota Nicotine Withdrawal Scale (MNWS)
and was previously found to be an independent item that
may be used to reflect sleep disturbances as part of nicotine
withdrawal effects [10, 11].

Statistical analysis

We used SPSS version 21.0 (Chicago, USA) in our analysis.
We used mean (± standard deviation) to describe continuous
variables (e.g., age). We used count (frequency) to describe
other nominal variables (e.g., gender).

We used one-way ANOVA to analyze the difference be-
tween the three nicotine consumption groups and each of age,
or depression score. We also performed one-way ANOVA to
analyze the difference between change in sleep quality with
depression and PANAS scale. We used chi-square test to an-
alyze the difference between the three nicotine consumption
groups with baseline characteristics and also between sleep
quality change with the change number of cigarettes con-
sumed during the follow-up period. We used the Kruskal-
Wallis test to analyze the difference in the number of ciga-
rettes consumed between the three groups at baseline. We
performed the Wilcoxon signed-rank test to analyze the dif-
ference in sleep score and other variables at baseline and after
6 weeks for each group and reported the findings as:

– Positive difference, where the sleep score improved at 6
weeks.

– Negative difference, where the sleep score worsened at 6
weeks.

– Ties, where the sleep score was the same at 6 weeks.

We used linear regression to analyze the factors impacting
the depression at 6 weeks, where nicotine dose, PANAS
score, and sleep disturbances were the independent variables
used. All underlying assumptions were met. We adopted a p
value of 0.05 as a significant threshold.

Results

A total of 360 patients were included in this study, with a
mean age of 42.4 (± 13.4) years. They were 202 (56%) men
and 158 (44%) women. For the lowest-nicotine group (i.e., 0.4
mg/g), 119 (33%) participants were included, 122 (34%) for
the moderate-nicotine group (i.e., 5.2 mg/g), and 119 (33%)
for the highest-nicotine group (i.e., 15.8 mg/g). Participants in
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the three groups did not differ in the number of cigarettes
consumed at baseline (p = 0.551). Table 1 compares baseline
characteristics between the three nicotine groups, where it
shows no significant difference between the three nicotine
dose groups in regard to baseline characteristics.

Among the high-nicotine-dose group, the number of partici-
pants who had worsened sleep was significantly higher than the
number of those who had improved sleep (p = 0.01) after 6
weeks of consumption, where 37 (31%) had worsened sleep
score after 6 weeks while only 19 (16%) had improved score
compared with baseline. We did not find a significant change in
sleep score between baseline and after 6 weeks period among
both moderate- and low-nicotine-dose groups (Table 2). There
was no significant difference between groups regarding the
change in the number of daily cigarettes consumed (p = 0.358),
or depression score (p = 0.531).

We calculated the difference in sleep quality before and after
the intervention, and we categorized the sleep change into im-
proved, same, or worsened. We analyzed the difference in de-
pression change and PANAS change between the three groups
(Table 3). We found that worsened sleep quality was significant-
ly associated with both higher depression score (p < 0.001) and
higher PANAS score (p = 0.013). Moreover, the depression
score was significantly associated with both sleep disturbances
and PANAS score (p < 0.001), but not nicotine dose (p = 0.967).

Discussion

Although previous studies pointed to the relationship between
sleep quality and nicotine consumption [5, 12–15], this is the

first study that established a relationship between higher and
lower doses of nicotine consumption and sleep disturbances.
We found that significantly more sleep disturbances and in-
somnia were observed for the high-nicotine group only after 6
weeks of follow-up, an increase that was not observed for the
moderate- and low-nicotine groups. We also found that those
who had worsened sleep had higher depression and PANAS
scores.

Several studies assessed the effect of nicotine patches on
sleep in different cohorts. In a study that assessed the effect of
different doses of nicotine patches on healthy non-smokers (n
= 66), the authors found that higher nicotine doses are associ-
ated with insomnia and sleep disturbances [5]. A smaller study
on non-smokers (n = 12) found that nicotine patches reduced
REM sleep in a dose-dependent fashion compared with pla-
cebo patches [15]. A study on heavy smokers (n = 23) com-
pared the duration of nocturnal nicotine patch exposure on
quality of sleep [14] and found that a prolonged nocturnal
nicotine patch exposure improved the quality of sleep, in
terms of prolonged slow-wave sleep. A previous study that
assessed the factors affecting sleep quality during exam pe-
riods found that nicotine generally leads to diminished sleep
quality [13].

Sleep disturbances and poor sleep quality are known to
impair different life domains affecting people’s life, where
cigarette smoking has long been studied as an independent
risk factor to affect sleep. In a recent population-based survey,
researchers found that smokers demonstrated poorer sleep
quality and more sleep disturbances compared with non-
smokers [16]. A study assessing smoking intensity and sleep
quality using a self-reported questionnaire found that 36% of

Fig. 1 Nicotine groups included in the current study from the original primary study
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smokers had a Pittsburgh Sleep Quality Index (PSQI) score >
5 and were therefore classified as having poor sleep quality
[17]. Furthermore, in a survey done on smokers, the authors
found that sleep quality was poorer on those dependent on
nicotine [18]. On the other hand, quitting smoking itself may

induce transient insomnia [4]; future studies should assess the
effect of nicotine dose on post-abstinence insomnia.

Several limitations should be considered upon interpreting
the results and their associated data. Although several mea-
sures were adopted to minimize smoking outside study

Table 1 Baseline characteristics between the included three nicotine groups and the statistical difference between the three groups

Nicotine group p value

0.4 mg/g 5.2 mg/g 15.8 mg/g

Mean (± SD) Count % Mean (± SD) Count % Mean (± SD) Count %

Age 43.9 (± 13.6) 42.0 (± 13.0) 42.2 (± 13.7) 0.861
Gender Male 63 52.9% 68 55.7% 71 59.7% 0.576

Female 56 47.1% 54 44.3% 48 40.3%
What is your current

marital status?
Never married 63 52.9% 74 60.7% 65 54.6% 0.355
Married 12 10.1% 12 9.8% 15 12.6%
Separated 35 29.4% 34 27.9% 35 29.4%
Widowed 9 7.6% 2 1.6% 4 3.4%

How many adults are
living in your
home?

1 50 42.0% 43 35.2% 48 40.3% 0.678
2 35 29.4% 45 36.9% 37 31.1%
3 18 15.1% 16 13.1% 18 15.1%
4 6 5.0% 10 8.2% 6 5.0%
5 2 1.7% 4 3.3% 1 0.8%
> 5 8 6.7% 4 3.3% 9 7.6%

How many children
are living in your
home?

0 93 78.2% 81 66.4% 87 73.1% 0.260
1 13 10.9% 22 18.0% 14 11.8%
2 8 6.7% 10 8.2% 8 6.7%
3 5 4.2% 7 5.7% 4 3.4%
4 0 0.0% 2 1.6% 5 4.2%
> 5 0 0.0% 0 0.0% 1 0.8%

What is the highest
level of education
you completed?

Up to high school 49 41.2% 55 45.1% 53 44.5% 0.613
Collage

undergraduate
47 39.5% 52 42.6% 50 42.0%

College graduate
and more

23 19.3% 15 12.3% 16 13.4%

Are you currently a
student?

Yes, full time 16 13.4% 22 18.0% 13 10.9% 0.275
No 103 86.6% 100 82.0% 106 89.1%

What is your annual household
income (from all sources)?

28399.49
(± 37281.70)

48301.98
(± 270999.49)

20845.49
(± 27510.69)

0.632

What is your current
employment status?

Full time 28 23.5% 22 18.0% 19 16.0% 0.472
Part time 29 24.4% 38 31.1% 27 22.7%
Unemployed 41 34.5% 38 31.1% 45 37.8%
Other 21 17.6% 24 19.7% 28 23.5%

Number of cigarettes
per day

10 or less 27 22.7% 28 23.0% 34 28.6% 0.551
11–20 70 58.8% 65 53.3% 62 52.1%
21–30 18 15.1% 19 15.6% 15 12.6%
31 or more 4 3.4% 10 8.2% 8 6.7%

Table 3 Comparison between the
change in each of depression
score and Positive and Negative
Affect Schedule (PANAS) scale
score between different sleep
outcomes

Mean Std. deviation 95% confidence interval for mean

Lower bound Upper bound

Depression score change Improved −1.29 7.81 −3.21 .63

Same .93 5.71 .079 1.77

Worsened 5.92 9.47 3.90 7.94

PANAS scale change Improved −.21 1.13 −.49 .066

Same −.11 1.01 −.26 .037

Worsened .24 1.06 .014 .46
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settings, it will not be eliminated, which might impose an
unmeasured confounding effect [6]. Moreover, the duration
of the current study from the beginning to the endpoint was
only 6 weeks, so further longer duration studies should be
considered. The lowest nicotine dose was 0.4 mg/g, where
further studies should consider assessing nicotine-free ciga-
rettes in the future. Finally, the use of the sleep disturbances
item of the Minnesota Nicotine Withdrawal Scale will yield a
sub-optimal outcome compared with a dedicated sleep quality
scale that assesses sleep quality multidimensionally.

Most studies assessing the effect of cigarette smoking on
sleep have focused on the subjective number of cigarettes
smoked per day and its relation to sleep. Although the higher
the number of cigarettes smoked usually denotes a higher
nicotine dose, this conclusion needed to be examined indepen-
dently. Using high-quality data from a randomized controlled
study, we showed that higher nicotine concentration in ciga-
rettes was associated with more sleep disturbances compared
with lower nicotine doses.
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