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Objective: Both tobacco use and obstructive apnea-hypopnea syndrome (OSA) can affect sleep, and it is speculated that tobacco use
may further affect the sleep of those with OSA. Our primary objective is to clarify the associations between tobacco use and the
macrostructure and microstructure of sleep in patients with OSA.

Methods: This retrospective study encompasses a cohort of 1017 patients who were hospitalized between January 2020 and
January 2023 for the investigation of sleep disorders. Rigorous inclusion criteria were applied, and all patients underwent
a comprehensive polysomnography (PSG) assessment and completed a Pittsburgh Sleep Quality Index (PSQI) questionnaire.
Results: Patients with OSA who concurrently used tobacco exhibited markedly inferior sleep quality than those who did not. Notably,
there was no association between the degree of tobacco dependence and sleep quality. Those with OSA who used tobacco
demonstrated a significant prolongation of stage 1 light sleep and a reduction of deep sleep duration (N3). In this group, those who
demonstrated poor sleep quality had more pronounced alterations in light sleep stages with prolonged N1 and shortened N2 stages.
Conclusion: Our findings reveal a substantial reduction in sleep quality amongst OSA patients who also use tobacco, compared to
those with OSA who do not use tobacco. The rate of poor sleep quality was not linearly associated with the level of tobacco
dependence. Tobacco use was associated with alterations in both light and slow wave sleep in those with OSA. Importantly, the effects
of tobacco dependence on sleep structure were more pronounced in those with more severe OSA.
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Introduction

Obstructive sleep apnea-hypopnea syndrome (OSA) represents a significant global public health concern, affecting
a substantial number of individuals worldwide. The estimated global prevalence of OSA is approximately 1 billion
individuals, with approximately 425 million individuals experiencing moderate to severe OSA." Currently, OSA is the
most common type of sleep-breathing disorder.” OSA is characterized by the repeated occurrence of partial or complete
obstruction of the upper airway during sleep, resulting in recurrent episodes of apnea or hypopnea, and typical
manifestations of OSA include chronic snoring, as well as nocturnal hypoxemia and excessive daytime sleepiness.’
The repetitive occurrence of apnea in individuals with OSA disrupts the normal sleep architecture, leading to notable
alterations in sleep stages. One distinctive feature of OSA-related sleep architecture disorders is an increase in stages of
light sleep (N1 and N2) and a decrease in slow wave sleep (SWS).* Multiple studies have identified OSA as a significant
contributor to the reduction in SWS observed in humans.’

With more than 1.3 billion people around the world using tobacco products, it’s important to be wary of the fact that
tobacco use has been shown to alter the essential physiological function of sleep.® Tobacco use is associated with various
symptoms of insomnia, including an increase in light sleep stages, a reduction in slow-wave sleep, an elevation in rapid
eye movement sleep, prolonged sleep latency, diminished sleep efficiency, and a decrease in total sleep duration.®” The
so-called Tobacco-induced sleep disturbances (TISDs) is also known by this term.'® However, some studies have not
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found significant differences in REM, total sleep time or other sleep structures in those who use tobacco.® Tobacco is
widely recognized for its impact on the central nervous system. Tobacco directly stimulates cholinergic nerves at the
widespread acetylcholine receptor, and indirectly alters the glutaminergic, dopaminergic and 5-hydroxytryptaminergic
systems in the brain.”'" Cessation of tobacco use is associated with symptoms of depression.®

Several studies have underscored tobacco use as a notable risk factor for the development of OSA.'? According to
findings from the University of Wisconsin Sleep Cohort Study, which is one of the largest cohort studies in the United
States investigating OSA, current smokers exhibited a higher likelihood of presenting with moderate to severe OSA in
comparison to non-smokers.'* Nevertheless, it is crucial to acknowledge that divergent viewpoints exist within scholarly
discourse. Some researchers have put forth the notion that tobacco use may potentially decrease the frequency of sleep
apneas, while others have posited that nicotine itself may not exert a significant effect on OSA."* Insomnia and OSA are
often coincident. Those with insomnia and OSA have more severely impaired sleep than those with insomnia or OSA
alone.'” In a study of 231 OSA patients, up to 50% suffered from insomnia.'®

The impact of tobacco use on OSA remains a subject of debate within the scientific community. Existing studies
investigating the effects of tobacco use on sleep structure have predominantly focused on unspecified populations, while
comprehensive investigations specifically targeting individuals with OSA are lacking. Particularly, the examination of
sleep quality in this specific population remains notably limited.

As tobacco use and OSA both independently affect sleep, we hypothesize that the use of tobacco may further impact
sleep in those with OSA. To advance our understanding and facilitate the diagnosis and treatment of OSA, it is crucial to
refine our knowledge in this area. Therefore, the objective of this study is to investigate the effects of tobacco use on
sleep structure and sleep quality in patients with OSA. This will be achieved through the integration of objective
measurements obtained from polysomnography (PSG) and subjective perceptions assessed using the Pittsburgh Sleep
Quality Index (PSQI). By doing so, we aim to elucidate the relationship between tobacco use, sleep structure, and sleep
quality. Furthermore, we endeavor to explore the factors influencing OSA in both tobacco and non-tobacco using

populations.

Materials and Methods

Participants, Inclusion and Exclusion Criteria
This retrospective study involved a total of 1017 participants who were selected from the Sleep Medicine Center of the
Second Affiliated Hospital of Fujian Medical University (Fujian Provincial Sleep Medicine Center) (Figure 1).

The primary inclusion criteria for this study were as follows: participants were individuals who were admitted to the
hospital between January 2020 and January 2023 with suspected sleep disorders. To ensure consistent sleep structure
parameters, the age range of participants was restricted to 15-64 years, excluding individuals in childhood and older
adults due to potential variations in sleep patterns. Before enrollment, all participants provided voluntary informed
consent, which was an essential component of the study protocol.

The primary exclusion criteria for this study encompassed the following: individuals undergoing treatments that could
impact muscle function and sleep structure, those diagnosed with neurological disorders or experiencing neuropathic
pain, individuals with active inflammation or confirmed active malignancy, individuals with severe respiratory or cardiac
insufficiency (Including hypertension, chronic obstructive pulmonary disease, and asthma, etc)., those with severe
psychiatric disorders, cognitive impairment, and individuals displaying non-compliance during the study duration.'’
And individuals with comorbidities of sleep-related disorders which are related to sleep architecture such as bruxism or
periodic limb movement during sleep.

To minimize potential interference with sleep quality and sleep structure, participants were instructed to abstain from
consuming substances known to affect the nervous system and sleep, such as tea, coffee, alcohol, and eszopiclone, for 3
days preceding the polysomnography test. Moreover, participants with a history of prolonged usage of the aforemen-
tioned substances, or other addictive substances, were excluded from the study to mitigate potential withdrawal reactions
that could impact the examination results. On the day of the polysomnography test, participants were advised to refrain
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Figure | Inclusion and exclusion process in this study.

from engaging in strenuous physical exercise. The polysomnography test was conducted after 2 hours of tranquil rest in
a suitable environment, ensuring optimal conditions for data acquisition.

Sample Size

The sample size was determined according to the formula (n = ’W).lg m is the detection rate of tobacco use. In order
to minimize the error, we set m as 0.3 (Based on the smoking prevalence rate of 26.6% among people >15 years old in
China)."” § is the allowable error, it is the maximum error of the sample rate and the overall rate that should be controlled
range, we set the allowable error is 0.03m. We set a as 0.05, a confidence interval is taken as 95%, and then the
corresponding p is 1.96. Using this method, we determine that n is 498 (patients with OSA), and considering the 20% lost
interview rate, 623 patients with OSA need to be surveyed. To minimize error, there were 1017 patients with OSA in this

study.

Polysomnography
PSG is internationally acknowledged as the gold standard diagnostic tool for assessing OSA. In this study, the sleep
structure of the participants was meticulously evaluated using PSG. PSG is a comprehensive diagnostic tool that employs
the monitoring of various bioelectrical signals, including electroencephalogram (EEG), electrooculogram (EOG), elec-
tromyogram (EMGQG), electrocardiogram (ECG), and airflow detectors. In addition to these bioelectrical measurements,
PSG incorporates visual recordings and audio recordings throughout the nocturnal period to provide a comprehensive
assessment of sleep patterns and associated physiological parameters.' 722!

To ensure the precision of the examination outcomes, the fitting of PSG equipment was performed on each patient by
a skilled sleep technician affiliated with the Sleep Medicine Center. The PSG fitting procedures adhered to the established
guidelines outlined in the American Academy of Sleep Medicine (AASM) recommendations, specifically referring to
“The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology, and Technical Specifications,
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Version 2.3”.>2 The PSG results were mutually subjected to simultaneous analysis and evaluation by two experienced
physicians specializing in pulmonary and critical care. In events of discordance in result analysis, a third pulmonary and
critical care physician, equally qualified and experienced, will undertake a reassessment. Following this reassessment, the
three physicians will discuss their findings. Consensus among them will be a prerequisite for including the participant’s
findings in the study. The analysis and evaluation process followed the guidelines recommended by the AASM. The PSG
recordings were conducted from 22:00 on the day of the study until 06:00 the following day, encompassing a total
duration of eight hours. To accommodate individual circumstances, fluctuations in the PSG duration were limited to
+1 hours.

OSA Definitions

The ASSM provides the following classification for OSA severity.”> OSA severity was categorized into three levels:
mild, moderate, and severe. Mild OSA was defined as an apnea-hypopnea index (AHI, AHI is number of apneas plus
hypopneas per hour of sleep®?) ranging from 5 to 15, accompanied by one or more of the following sleep symptoms: (1)
Nocturnal breathing disturbances, such as snoring or apnea episodes (occurring during snoring, gasping, or sleep); (2)
Daytime sleepiness, fatigue, or non-refreshing sleep despite adequate opportunities for sleep, not attributable to another
mental disorder (including sleep disorders) or a somatic condition. Moderate OSA was defined by an AHI between 15
and 30. Severe OSA was defined as an AHI exceeding 30.

Sleep Structure Staging Definition

The sleep structure encompasses two main stages: non-rapid eye movement sleep (NREM) and rapid eye movement
sleep. NREM sleep is further divided into three stages: N1, N2, and N3. Stages N1 and N2 collectively represent the light
sleep stage, while stage N3 is referred to as the deep sleep stage, also known as SWS.

It is important to note that there are variations in sleep structure across different age groups, leading to ongoing
debates regarding the staging of sleep structure worldwide. In accordance with the recommendations outlined in the
Principles and Practice of Sleep Medicine (4th Edition), we established specific percentage ranges to define the normal
distribution of each sleep stage for the participants in this study. These ranges are as follows: 2—5% for stage N1, 45-55%
for stage N2, 10-20% for stage N3, and 20-25% for REM sleep (stage R).%* In this study, the participants’ sleep stages
(PSG results) were manually analyzed and assessed by two qualified respiratory and critical care physicians, following
the recommendations of The AASM Manual for The Scoring of Sleep and Associated Events: Rules, Terminology, and
Technical Specifications, Version 2.3.

Pittsburgh Sleep Quality Index

We used the PSQI scale to assess participants’ sleep quality in the last 1 month. The Chinese version of the PSQI has
good reliability and validity, with a retest reliability of 0.81, a specificity of 90.2%, and a sensitivity of 98.3%.>* The
PSQI scale comprises 7 components, encompassing a total of 18 items. These components assess various aspects of sleep
quality and related factors. The components of the PSQI scale include sleep quality, sleep latency (time taken to fall
asleep), sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction.'® Each
component is scored on a scale ranging from 0—3. The total PSQI score is the sum of the cumulative scores for each of
the components. The total PSQI score ranges from 0-21, with higher scores indicating poorer sleep quality. 0-5 is
classified as great sleep quality, 6-10 is common sleep quality, 11-15 is bad sleep quality, and 16-21 is terrible sleep
quality. A total PSQI score>7 is the criterion for poor sleep quality.'®

Tobacco Use and the Heaviness of Smoking Index Definition

Participants who had smoked at least one traditional cigarette in the past 1 month, and had smoked more than 100
traditional cigarettes in their lifetime, were defined as having a valid history of tobacco use.*” Participants who matched
a valid history of tobacco use and had no previous history of quitting as well as no current quitting status were included
in the tobacco use population. Never-smokers (non-tobacco users) were subjects who had never smoked for 1 year or
more, and had a total cigarette exposure of less than 0.5 pack-years.*®
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The Heaviness of Smoking Index (HSI) was used to measure participants’ tobacco addiction, which consisted of 2
items, including the number of cigarettes currently smoked per day and the time they woke up in the morning to smoke
for the first time.?” The number of cigarettes currently smoked per day: <10 cigarettes is a 0 score, 11-20 cigarettes is a 1
score, 21-30 cigarettes is a 2 score, >30 cigarettes is a 3 score. The time they woke up in the morning to smoke for the
first time: more than 60 minutes is a 0 score, 31-60 minutes is 1 score, 6—30 minutes is a 2 score, <5 minutes is a 3 score.
Each item score ranges from 0-3, and the total HSI score is the sum of the two item scores. The total HSI score ranges
from 0-6, and those with an HSI >4 are defined as severely tobacco dependent.”® In addition, body mass index (BMI)
was defined as follows: <18.5 as thin, 18.5-24 as normal weight, 24-28 as overweight, and >28 as obese.?’

Data Analysis

Data analysis for this study was conducted using SPSS 27.0 software, which is protected by copyright license. To
determine the statistical significance of differences between variables, we initially employed a one-way analysis of
variance (ANOVA) test using SPSS 27.0. Significance was determined at a threshold of p<0.05, indicating statistically
significant differences. The model was optimized through iterative attempts, considering main effects and full factorial
interactions. Subsequently, a multi-logistic regression analysis was performed using the optimized model. All statistical
tests were two-tailed, with a significance level (o) set at 0.05.

When exploring sleep quality and sleep structure, participants were divided into two categories: those who used
tobacco and those who did not. In the analysis conducted on the tobacco-using and non-tobacco-using population, a one-
way ANOVA was performed with “sleep structure (Stage N1/N2/N3/R)” and “total PSQI score” as dependent variables.
The independent variables included “OSA grading, gender, BMI, and sleep quality”. There were no individuals with
a BMI less than 18.5, so the underweight category was not included in the analysis.

When exploring the severity of tobacco addiction, the tobacco-using population was further divided into two groups:
severe tobacco addiction and non-severe tobacco addiction. A one-way ANOVA was conducted with “sleep structure
(Stage N1/N2/N3/R) and total PSQI score” as the dependent variable, and “OSA grading, gender, BMI, and sleep
quality” as independent variables.

Sleep structure (Stage N1/N2/N3/R) shows the percentage of total sleep, PSQI is presented as a total score, with
higher scores representing poorer sleep quality. Scores greater or equal to 7 were defined as “poor sleep quality”. Sleep
quality shows the boundary between the good and bad of sleep. Variables with correlation were then tested for Pearson
correlation (labelled r).

Results

Demographic Characteristics of Participants

A total of 1017 participants diagnosed with OSA were included in this study. The study population consisted of 288
(28.3%) tobacco users and 729 (71.7%) non-tobacco users, with a mean age of 42.6+11.8 years. Specific details are
shown in Table 1.

Sleep Quality and Sleep Structure in Tobacco/Non-Tobacco Using Populations
The results indicated a significant correlation between OSA grading and sleep stages (Stage NI1/N3) (P?<0.001,
P<0.001) (r*= 0.207, r°= 0.083) in the non-tobacco-using population. However, no significant correlation was observed
between OSA grading and sleep stages (Stage N2/R) or the total PSQI score. Gender showed a significant correlation
with sleep stages (Stage N1/N3) (P?<0.001, P°<0.001) (r*= 0.132, r°= —0.205) but not with sleep stages (Stage N2/R) or
the total PSQI score. BMI demonstrated significant correlations with sleep stages (Stage N2/N3) (P’=0.026, P°=0.007)
(1= 0.044, r°=- 0.116) and the total PSQI score (P°= 0.038) (r°= 0.071), while no significant correlation was found with
sleep stages (Stage N1/R). Sleep quality did not exhibit a significant correlation with sleep stages (Stage N1/N2/ N3/R).
Specific details are shown in Table 2 and Figures 2—4.

The results indicated a significant correlation between OSA grading and sleep stages (Stage N1/N3/R) (P?<0.001,
P°<0.001, P9=0.025) (r*= 0.228, 1°= —0.287, 1= —0.125) in the tobacco-using population. However, no significant
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correlation was observed between OSA grading and sleep stages (Stage N2) or the total PSQI score. Gender showed
a significant correlation with sleep stages (Stage R) (P9=0.004) (r= —0.170) and the total PSQI score (P*=0.027) (r'=
0.131), but not with sleep stages (Stage N1/N2/N3). BMI did not exhibit a significant correlation with sleep stages (Stage
N1/N2/N3/R) or the total PSQI score. Sleep quality demonstrated a significant correlation with sleep stages (Stage N1/

Table | Demographic Characteristics of Participants

Characteristic Participants, n(%) Mean and Standard Deviation
ALL 1017
Gender Males 833(81.9)
Females 184(18.1)
Age 15-25 57(5.6) 42.57+11.78
25-35 278(27.3)
3545 276(27.1)
45-55 231(22.7)
55-65 175(17.2)
BMI <185 0(0.0) 27.19+3.68
18.5-24 175(17.2)
24-28 500(49.2)
228 342(33.6)
OSA Mild 213(20.9)
Moderate 214(21.1)
Severe 590(58.0)
PSQI <7 736(72.4) 5.14+3.98
27 281(27.6)
AHI 41.49+27.09
Tobacco Use 288(28.3)
OSA Mild 62(21.5)
Moderate 50(17.4)
Severe 176(61.1)
PSQI <7 131(45.5) 8.09+3.36
27 157(54.5)
HSI <4 199(69.1)
24 89(30.9)
AHI 43.187+27.96
Non-Tobacco Use 729(71.7)
OSA Mild 151(20.7)
Moderate 164(22.5)
Severe 414(56.8)
PSQI <7 605(83.0) 3.974£3.58
27 124(17.0)
AHI 40.8+26.73

Notes: The table describes the demographic characteristics of the participants, including all participants, tobacco
users, and non-tobacco users. The bold text in the table denotes the respective sample population.

N2) (P?<0.001, P*<0.001) (r*= 0.189, °= —0.210), but not with sleep stages (Stage N3/R).

Comparison of Sleep Quality and Sleep Structure Between Severely Addicted and
Non-Severely Addicted Tobacco Users

In the non-severe tobacco addiction population, the analysis revealed a significant correlation between OSA grading and
sleep stages (Stage N1/N3/R) (P*=0.002, P°<0.001, P=0.016) (1= 0.246, r°= —0.355, r*= —0.195), while no significant
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Table 2 One-Way ANOVA for Sleep Structure and Sleep Quality in Tobacco/Non-Tobacco Using Populations

NI N2 N3 R PSQI
P P Pe p pe

Non-Tobacco Use
OSA <0.001 0.078 <0.001 0.05 0.561
Mild 16.1£12.6 48.2+13.5 20.1+£12.4 13.316.2 4.1+3.9
Moderate 15.8£10.5 49.4+12.7 19.6+£10.4 13.616.4 4,1+3.5
Severe 23.1%17.5 51.2+16.3 11.9£9.9 12.747.4 3.843.5
Gender <0.001 0.322 <0.001 0.993 0.46
Males 21.2+16.4 50.5+15.6 14.1£10.9 12.747.0 .
Females 16.2+11.8 49.2+12.9 19.6111.4 12.748.6 4.2+4.1
BMI 0.117 0.026 0.007 0.461 0.038
[18.5-24) 19.6£15.7 47.5£13.2 17.5£10.7 13.4£6.7 3.843.5
[24-28) 19.1£14.5 51.5+14.9 15.5£12.0 12.57.5 3.743.5
228 21.8+17.1 49.9+16.2 13.7£10.2 12.6+7.5 4.5+3.8
Sleep quality 0317 0.107 0.421 0.298 <0.001
Good 19.8+£15.7 50.6+15.2 15.2+£10.9 12.6£7.0 2.6+1.8
Poor 21.3x15.1 48.2+14.1 16.1£12.8 13.418.8 10.7£2.5
Tobacco Use
OSA <0.001 0.99 <0.001 0.025 0.603
Mild 18.1£10.0 48.5£10.0 17.6+£8.2 14.2+5.6 8.3+4.0
Moderate 17.4£12.5 48.8+12.2 17.0£8.2 15.0+6.4 7.7%3.1
Severe 26.2+18.0 48.7+16.6 11.2£10.1 12.7+£5.8 8.1+3.4
Gender 0.063 0.697 0.202 0.004 0.027
Males 23.4+16.4 48.6+£14.9 13.4£10.0 13.245.8 8.2+3.4
Females 16.1£11.7 50.0+11.2 16.5+6.5 17.316.2 6.412.8
BMI 0.219 0.944 0.678 0.075 0.249
[18.5-24) 21.5t15.4 47.8x16.1 14.318.8 14.04£5.5 8.5+3.9
[24-28) 21.6x14.1 48.8+12.4 14.0£9.1 14.1£6.0 7.8+3.3
228 24.9+18.5 48.7t16.8 13.0£10.9 12.54£5.9 8.4+3.3
Sleep quality <0.001 <0.001 0.904 0.162 <0.001
Good 19.6£12.4 52.0+13.7 13.5£9.5 12.916.1 5.2%1.6
Poor 25.7+18.4 45.9+14.8 13.7£10.1 13.945.8 10.5£2.4

Notes: The table is a one-way ANOVA for sleep structure and sleep quality. The table is divided into two groups: Non-tobacco users and tobacco users. Statistically
significant values are indicated in bold within the table.

correlation was found with sleep stages (Stage N2) or the total PSQI score. Gender exhibited a significant correlation
with sleep stages (Stage R) (P=0.002) (rd: —0.213) and the total PSQI score, but not with sleep stages (Stage N1/N2/
N3). BMI demonstrated a significant correlation with sleep stages (Stage R) (P%=0.017) (1= —0.161), but no significant
correlation was observed with sleep stages (Stage N1/N2/N3) or the total PSQI score. Sleep quality showed a significant
correlation with sleep stages (Stage N1/N2) (P*=0.002, P’<0.001) (r*= 0.207, 1°= —0.238), but not with sleep stages
(Stage N3/R). Specific details are provided in Table 3 and Figures 5-7.

In the severe tobacco addiction population, the analysis indicated a significant correlation between OSA grading and
sleep stages (Stage N1/N3) (P?=0.031, P°=0.025) ("= 0.153, r°= —0.116), while no significant correlation was found with
sleep stages (Stage N2/R) or the total PSQI score. There was no significant correlation between gender and sleep stages
(Stage N1/N2/N3/R) or the total PSQI score. Likewise, there was no significant correlation between BMI and sleep
stages (Stage N1/N2/N3/R) or the total PSQI score. Additionally, there was no significant correlation between sleep
quality and sleep stages (Stage N1/N2/N3/R).
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Figure 2 The left graph shows a comparison of sleep structure in the tobacco/non-tobacco using population. The right graph shows a comparison of sleep quality for

tobacco/non-tobacco using populations.
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Figure 3 Comparison of sleep structure among tobacco/non-tobacco using populations (OSA Grade/Gender).

Multi-Logistics Regression Analysis of Factors Influencing OSA in Tobacco/

Non-Tobacco Using Populations
In the non-tobacco-using population, we employed “age, gender, BMI, and sleep quality” as independent variables, while

“OSA grading” served as the dependent variable. Multi-logistic regression analysis was conducted with mild OSA as the

control (P<0.05 for inclusion and P>0.10 for exclusion). Our results demonstrate that relative to mild OSA, moderate
OSA was significantly correlated with gender (OR=0.56[0.340—0.921], P=0.022), but was not significantly correlated
with Age, BMI or sleep quality. Severe OSA showed a significant correlation with gender (OR=0.259[0.164-0.410],
P<0.001) and BMI (OR=0.26[0.146-0.462], P<0.001 // OR=0.544[0.338-0.878], P=0.013), but not with age or sleep
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Figure 4 Comparison of sleep structure among tobacco/non-tobacco using populations (BMl/Sleep Quality).

quality. Detailed information can be found in Table 4 and Figure 8. The rows with B of 0 and OR of 1 in Table 4 were
utilized as controls for this variable.

In the tobacco-using population, we utilized “age, gender, BMI, sleep quality, and HIS” as independent variables, and
“OSA grading” as the dependent variable. Multi-logistic regression analysis was performed with mild OSA as the control
(P<0.05 for inclusion and P>0.10 for exclusion). Compared with mild OSA, moderate OSA was significantly correlated
with gender (OR=0.184[0.037-0.919], P=0.039), but not age, BMI, sleep quality or HSI. Severe OSA was significantly
correlated with Age ([35-45), OR=2.713[1.072-6.863], P=0.035), Gender (OR=0.165[0.051-0.534], P=0.003) and BMI
(normal weight/overweight) (ORormal-weight=0-218[0.075-0.637], Phormal-weight=0-005//OR gyerweight=0.451[0.224-0.908],
P overweignt=0.026), but not with sleep quality or HSIL.

Multi-Logistics Regression Analysis of Factors Influencing Sleep Stages

The sleep structure was categorized into normal and abnormal values, with the normal values of sleep stages (Stage N1/
N3/R) serving as the baseline control. A multi-logistic regression analysis was conducted with “tobacco use, sleep
quality, OSA grading, age, gender, and BMI” as independent variables and abnormal sleep stages (Stage N1/N3/R) as the
dependent variable (P<0.05 for inclusion and P>0.10 for exclusion). N1 sleep was significantly associated with tobacco
use (OR=0.585[0.308-0.732], P=0.02) and sleep quality (OR=0.328[0.158-0.683], P=0.003), but no significant associa-
tions were observed with OSA grade, age, gender or BMI. N3 sleep was significantly associated with OSA grading
(ORpi1g =0.701[0.496-0.991], Ppiig =0.044 // ORppoderate =0.506[0.362—0.706], Prroderate-0sa<0.001), but did not show
a significant association with tobacco use, sleep quality, age, gender or BMI. There was a significant association between
R stage and BMI (ORpormal-weight =0.350[0.181-0.677], Ppormai-weight =0.002 // ORgyerweight =0.506[0.292-0.879],
Poverweight =0.016), but not with tobacco use, sleep quality, OSA grade, age or gender. Specific details are shown in
Table 5 and Figure 9. The rows with B of 0 and OR of 1 in Table 5 were used as controls for this variable.
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Table 3 One-Way ANOVA for Sleep Structure and Sleep Quality in Severe Addiction/Non-Severe Addiction

Populations
NI N2 N3 R PSQI
Pa Pb Pc Pd Pe
Non-Severe HSI
OSA 0.002 0.675 <0.001 0.016 0.655
Mild 16.8+10.0 46.9+10.2 19.5+8.1 15.0+5.8 8.1£3.9
Moderate 18.2+13.4 48.9+12.2 16.0+8.5 14.616.5 7.4£3.0
Severe 25.6+18.5 49.2£17.3 11.3£9.4 12.316.0 7.7£32
Gender 0.13 0.771 0.376 0.002 0.024
Males 22.6£16.6 48.5%15.3 13.949.7 13.0£6.0 7.9+33
Females 15.9+11.8 49.7£10.7 16.2+6.8 18.1+6.5 5.9+2.7
BMI 0217 0.45 0.17 0.017 0.705
[18.5-24) 21.4+16.1 45.4%15.6 16.1£9.2 13.8+6.2 8.1+£3.3
[24-28) 20.3+£14.8 48.2%13.0 14.949.2 14.516.1 7.6£3.3
228 24.5%18.1 50.0£17.0 12.6x10.0 11.916.1 7.9+£35
Sleep quality 0.002 <0.001 0.743 0.337 <0.001
Good 18.6+12.0 52.2+14.4 13.949.7 13.0£6.4 5.1£1.6
Poor 257194 44.8x14.6 14.3+9.5 13.8+6.0 10.5+2.2
Severe HSI
OSA 0.031 0.443 0.025 0.067 0.982
Mild 21.849.4 52.6+8.5 12.616.3 11.914.3 9.0+4.4
Moderate 14.2+7.9 48.5+12.9 20.6+6.4 16.8+5.6 8.8+3.6
Severe 27.4£17.3 47.7£15.3 I1.1x11.0 13.4+5.4 8.81£2.9
Gender 0.365 0.757 0.379 0914 0.943
Males 25.1£15.8 48.6x14.0 12.3+£10.5 13.5+5.4 8.943.3
Females 16.7£13.6 51.2¢16.3 17.7£6.0 13.242.3 9.0t1.7
BMI 0.793 0.264 0.525 0.757 0.237
[18.5-24) 21.6x14.7 53.3+16.8 10.2+6.8 14.6+3.3 9.5+5.1
[24-28) 24.6x11.9 50.2+£10.7 11.6+8.7 13.2+5.7 82433
=28 257195 46.1£16.3 13.8+12.6 13.745.2 9.4+2.7
Sleep quality 0.444 0.24 0.879 0.262 <0.001
Good 23.0+13.1 51.2¢11.3 12.249.0 12.6+4.8 5.5+1.7
Poor 25.7£17.0 47.5%15.1 12.6x11.1 14.0+5.5 10.5+2.6

Notes: The table shows a one-way ANOVA for sleep structure and sleep quality in severe tobacco addiction and non-severe tobacco addiction
populations. Statistically significant values are indicated in bold within the table.

Discussion
Obstructive sleep apnea-hypopnea syndrome represents the predominant form of sleep apnea, characterized by recurrent
episodes of sleep fragmentation caused by repeated awakenings. These disruptions contribute to daytime sleepiness,
memory impairment, and cognitive dysfunction in affected individuals, thereby increasing the risk of inadvertent
accidents.’® OSA is associated with cardiovascular and cerebrovascular diseases, diabetes, neurocognitive dysfunction,
and other diseases, it is a huge burden on society, and only the United States spends at least 10 billion dollars a year on it
above the health care costs.”' However, what is even more worrying is that there are still significant shortcomings in the
diagnosis and treatment of OSA in clinical practice.’*** The association between OSA and tobacco use remains
a subject of ongoing debate, and a definitive conclusion regarding their relationship has yet to be established with
certainty.>*

Tobacco use has been shown to approximately double the risk of developing sleep disorders when comparing
tobacco-using groups to non-users.’® In our study, we observed a significant elevation in the prevalence of poor sleep
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Figure 5 Comparison of sleep structure in severe addiction/non-severe addiction populations (OSA Grade/BMI).
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Figure 6 Comparison of sleep structure in severe addiction/non-severe addiction populations (Gender/Sleep Quality).
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Figure 7 Comparison of PSQI total scores in severe addiction/non-severe addiction populations.

quality among individuals with OSA who were tobacco users, as opposed to non-tobacco users within the OSA
population. Tobacco withdrawal may increase sleep instability due to the inability of tobacco users to smoking after
falling asleep.” It is worth mentioning that tobacco promotes the release of neurotransmitters by stimulating cholinergic
receptors in the central nervous system, and the decrease in the release of relevant neurotransmitters at night may be
related to the decrease in the concentration of tobacco in the bloodstream after falling asleep, which is a property that
may be involved in the regulation of the sleep-wake cycle, thereby leading to fluctuations in sleep.>® Therefore, we
propose that the association between tobacco use and compromised sleep quality can be attributed to the interplay of
tobacco’s dual effects, encompassing both the euphoric and withdrawal-related outcomes, along with the potential
presence of psychological disorders prevalent among individuals with OSA, such as depression and anxiety. These
overlapping factors likely contribute to the complex nature of the relationship between tobacco use and impaired sleep
quality in OSA patients.” Additionally, in exploring sleep quality across different degrees of tobacco dependence, we
also found that rates of poor sleep quality did not continue to increase with tobacco dependence.

OSA patients frequently manifest clinical symptoms such as lethargy, depression, and cognitive dysfunction.
Intriguingly, certain studies have suggested that tobacco use might serve as a form of self-medication among individuals
with OSA.*7*® People with OSA may be ostracized by their peers due to factors such as loud nighttime snoring, daytime
sleepiness, and decreased work productivity.*> While tobacco use has been shown to be potentially harmful,®' and
smoking induces upper airway inflammation or increases airway resistance leading to OSA symptoms,*’ it is worth
noting that tobacco has been found to increase ventilation and decrease upper airway resistance, thereby counteracting
the symptoms of OSA.>® The findings regarding the relationship between tobacco use and OSA appear contradictory. The
apparent contradiction in these findings warrants further investigation and a more comprehensive understanding of the
complex interactions between tobacco use and OSA. Importantly, there is insufficient evidence from long-term pro-
spective studies to establish a definitive correlation between smoking cessation and the improvement of OSA.'*

Several studies have demonstrated that long-term tobacco use in adults can disrupt sleep structure, specifically
characterized by a notable increase in lighter sleep stages (Stage N1 and Stage N2) and a reduction in slow wave sleep
(Stage N3), within the continuous sleep structure. However, no significant differences were observed between the sleep
structures of total sleep time and REM sleep in individuals who use tobacco compared to healthy adults who do not use
tobacco.® Our investigation revealed significant alterations in sleep structure among individuals with OSA who engaged
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Table 4 Multi-Logistics Regression Analysis of Factors Influencing OSA Grading in
Tobacco and Non-Tobacco Using Populations

Factors | Variables OR (95% CI) P
Non-Tobacco Use
OSA-Moderate
Age [15-25) 0.475(0.178-1.266) 0.137
[25-35) 0.748(0.376—1.488) 0.409
[35-45) 0.759(0.376—1.531) 0.441
[45-55) 1.143(0.603-2.168) 0.681
[55-64] I
Gender Females 0.560(0.340-0.921) 0.022
Males |
BMI [18.5-24) 1.164(0.614-2.204) 0.642
[24-28) 0.975(0.545-1.744) 0.931
228 |
Sleep quality Good 0.958(0.539-1.701) 0.883
Poor |
OSA-Severe
Age [15-25) 0.454(0.193-1.068) 0.07
[25-35) 0.946(0.513-1.745) 0.86
[35-45) 1.423(0.769-2.632) 0.262
[45-55) 1.112(0.609-2.030) 0.729
[55-64] |
Gender Females 0.259(0.164-0.410) | <0.001
Males |
BMI [18.5-24) | 0.260(0.146-0.462) | <0.001
[24-28) 0.544(0.338-0.878) | 0.013
228 |
Sleep quality Good 1.300(0.773-2.189) 0.323
Poor |
Tobacco Use
OSA-Moderate
Age [15-25) 2.336(0.358-15.247) | 0.375
[25-35) 2.890(0.894-9.346) 0.076
[35-45) 1.570(0.442-5.575) 0.486
[45-55) 1.619(0.425-6.164) 0.48
[55-64] |
Gender Females 0.184(0.037-0.919) 0.039
Males |
BMI [18.5-24) | 0.776(0.225-2.674) 0.688
[24-28) 0.727(0.301-1.755) 0.479
228 [
Sleep quality Good 1.305(0.598-2.849) 0.504
Poor |
HSI <4 1.333(0.520-3.418) 0.55
24 |
OSA-Severe
Age [15-25) 1.411(0.296-6.716) 0.665
[25-35) 1.750(0.669—4.380) 0.232
[35-45) 2.713(1.072-6.863) | 0.035
(Continued)
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Table 4 (Continued).

Factors | Variables OR (95% CI) P
[45-55) 1.729(0.635-4.709) 0.284
[55-64] |
Gender Females 0.165(0.051-0.534) 0.003
Males |

BMI | [185-24) | 0218(0.075-0.637) | 0.005
[24-28) | 0.451(0.224-0.908) | 0.026

228 |
Sleep quality Good 1.016(0.541-1.908) 0.96
Poor |
HSI <4 0.674(0.332-1.369) 0.276
24 |

Notes: This table shows the multiple logistic regression analysis of factors influencing OSA grading in tobacco and
non-tobacco using populations. Statistically significant values are indicated in bold within the table.

in tobacco use. Specifically, we observed a notable elongation of the N1 stage (light sleep) and a concurrent reduction in
the N3 stage (deep sleep). Notably, the impact of tobacco on sleep structure appeared to be more prominent as the
severity of OSA worsened. We hypothesize that these changes may be attributed to the influence of tobacco on the
cholinergic system, which in turn disrupts the delicate balance between wakefulness and sleep states.’**® Furthermore,
tobacco use has been shown to elevate nasal resistance and cause inflammation of the nasal mucosa. And exposure to
tobacco smoke irritates the bronchial mucosa and triggers acute reflex constriction of the airways, subsequently
increasing airway resistance. These effects of tobacco use further exacerbate the symptoms of OSA.*' We postulate
that the observed heightened impact of tobacco on sleep structure, particularly as the severity of OSA worsens, may be
associated with this characteristic. More interestingly, we found that a shortening of the R stage occurred in severe OSA
compared to mild-moderate OSA in the tobacco-using population. It is imperative to note that REM sleep predominantly
occurs in the latter half of the night, while the concentration of tobacco in the blood gradually diminishes after the
initiation of sleep. Consequently, the impact of nicotine on the central nervous system also diminishes gradually.** We
hypothesize that the reason behind this observation is likely due to a combination of the direct euphoric effect of tobacco
being compromised by the presence of airway obstruction and the concurrent withdrawal effect of tobacco.*’

OSA Grade-Non Tobacco OSA Grade-Tobacco
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Age[25-35) —— Age[25-35) -
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Agel45-55) - : Ade]55-54] 5
Age[55-64] 4 L ] males Al
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Males - v BMI[18.5,24) :
BMI[18.5,24) = H BM| ?fl>228 - 0.
BM) ﬁn“,fzag 7 : Sleep quality/Good - :
Sleep quality/Good = Sleep qual %’5?2[,: ' °
Sleep quality/Poor = Y HSI>4 = ¥
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Figure 8 Protection and risk factors for different grades of OSA in tobacco/non-tobacco using populations.
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Table 5 Multi-Logistics Regression Analysis of Factors Influencing Sleep Stages

Sleep Structure Factors Variables OR (95% CI) P
Stage NI
(Outside the Tobacco use No 0.585 (0.308-0.732) 0.02
range of 2-5%) Yes |
Sleep quality Good 0.328 (0.158-0.683) 0.003
Poor |
OSA Mild 1.066 (0.580-1.960) 0.836
Moderate | 0.778 (0.447-1.355) 0.376
Severe |
Age [15-25) 0.598 (0.209-1.712) 0.338
[25-35) 0.624 (0.296—1.315) 0.215
[35-45) 0.599 (0.286—1.253) 0.174
[45-55) 0.813(0.380-1.740) 0.594
[55-65] |
Gender Females 0.684 (0.390-1.199) 0.185
Males |
BMI [18.5-24) 1.247 (0.617-2.521) 0.601
[24-28) 0.957 (0.576—1.590) 0.886
228 |
Stage N3
(Outside the Tobacco use No 1.128 (0.820-1.551) 0.459
range of 10-20%) Yes |
Sleep quality Good 0.985 (0.718-1.351) 0.923
Poor |
OSA Mild 0.701 (0.496-0.991) 0.044
Moderate | 0.506 (0.362-0.706) | <0.001
Severe [
Age [15-25) 1.611 (0.827-3.137) 0.161
[25-35) 1.202 (0.796-1.815) 0.383
[35-45) 1.116 (0.741-1.680) 0.6
[45-55) 0.995 (0.658-1.503) 0.98
[55-65] |
Gender Females 1.471(1.013-2.138) 0.043
Males |
BMI [18.5-24) 0.823(0.548-1.233) 0.345
[24-28) 0.842(0.622—1.139) 0.265
228 |
Stage R
(Outside the range of 20-25%) | Tobacco use No 0.939(0.555-1.590) 0.816
Yes |
Sleep quality Good 1.255(0.755-2.086) 0.38
Poor |
OSA Mild 0.919(0.519-1.630) 0.773
Moderate 0.680(0.406—1.139) 0.143
Severe |
Age [15-25) 2.502 (0.548-11.419) | 0.236
[25-35) 0.674 (0.344-1.322) 0.251
[35—45) 1.328 (0.639-2.761) 0.448
[45-55) 0.560 (0.289-1.084) 0.085
[55-65] |
Gender Females 1.883(0.954-3.524) 0.069
Males |
(Continued)
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Table 5 (Continued).

Sleep Structure Factors Variables OR (95% CI) P
BMI [18.5-24) 0.350(0.181-0.677) 0.002
[24-28) 0.506(0.292-0.879) 0.016
=28 |

Notes: This table presents a multiple logistics regression analysis of factors influencing sleep staging. Statistically
significant values are indicated in bold within the table.

Subsequently, we conducted further investigations to examine the influence of the degree of tobacco dependence on sleep
structure. Our findings revealed that the lengthening of the N1 stage and the reduction of the N3 stage were more pronounced in
the population with severe tobacco dependence as compared to those with non-severe tobacco dependence. On one hand, the
effect of tobacco on sleep structure depends not only on the duration of use but also the dose used.*" In the slow wave sleep stage,
a reduction of tobacco dosage is accompanied by an augmentation in duration.** We speculate that the occurrence of a shortened
N3 stage in this population may be associated with prolonged and intensive tobacco use over an extended period. On the other
hand, as stated previously, we speculate that the prolonging of the N1 stage is partially attributable to the alteration of arousal and
sleep by tobacco use.

Moreover, we examined the factors that influenced abnormal values in sleep structure. Intriguingly, tobacco use, sleep
quality, and age emerged as influential factors in relation to the N1 stage. Recurrent sleep fragmentation and sleep arousal
significantly impact sleep quality, particularly affecting the light sleep stage. Additionally, tobacco has been found to
enhance mood, thereby exerting some influence on sleep quality.***® In addition, we observed a correlation between the
severity of OSA and the N3 sleep stage. As the OSA grading worsens, there is an increase in the frequency and duration
of apnea events. Patients with OSA experience hypoxia and upper airway occlusion during sleep, leading to the need for
increased ventilation. However, the heightened activity of the vagus nerve at night makes it challenging to prevent sleep
fragmentation and arousal caused by hypopnea or apnea.’” This feature also exacerbates the reduction of SWS and
REM.** While our multivariate regression analyses did not reveal a significant impact of tobacco on slow wave sleep, our
previous univariate analyses did suggest an effect. We postulate that the discrepancy between these findings may be
attributed to ongoing uncertainties in establishing the normal range of sleep structure values.”> Additionally, we observed
that the REM stage was influenced by BMI. It is worth noting that although it is conventionally believed that patients
with OSA typically experience difficulty in directly entering REM sleep after awakening and instead transition gradually
from NREM sleep, we speculate that patients with abnormal body weight may encounter prolonged deficiencies in the
REM stage due to recurrent sleep apnea, which perpetuates their sleep in the NREM stage. In compensatory situations,
patients may rapidly enter the deficient REM stage shortly after falling asleep. It is worth noting that individuals of lower
socio-economic status often face the need to engage in multiple concurrent jobs or reside in environments characterized
by high levels of noise. These circumstances contribute to increased levels of stress experienced by such individuals,
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Sleep quality-Good : Sleep quality-Good 4 & Sleep quality-Good - Tk
Sleep quality-Poor 4 4 Sleep quality-Poor- Y Sleep quality-Poor ]
OSA-Mild ——i OSA-Mild - o P=0.044 OSA-Mild i
OSA-Moderate o e OSA-Moderate o : P<0.001 OSA-Moderate -
OSA-Severe ? OSA-Severe 9 OSA-Severe 0
Age[15-25) —— Age[15-25) L. Age[15-25)= >
Age[25-35) —— Age([25-35) e Age[25-35) —e—
Age(35-45)- o Age[35-45)- : Age[35-45) :
Age[45-55)- : Age[45-55)- 3 Age[45-55)4 ;
Age|[55-64] [ ] Age|[55-64) [] Age[55-64)4 [}
Gender-Females+ : Gender-Females+ Poa Gender-Females : s

Gender-Males - v Gender-Males - v Gender-Males v
BMI[18.5-24) ——— BMI[18.5-24) L 3 BMI[18.5-24) :
BMI[24,28)4 —a BMI[24,28)- - BMI[24,28) :
BMI=284 . BMI=284 . BMI>28 .

T L] L] L] 1 T T T L] T T 1 T T T T T T 1

2 3 4 5 6 0 1 2 3 4 5 6 1 0 1 2 3 4 5 6

Figure 9 Protection and risk factors for sleep stage.
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subsequently resulting in sleep deprivation.*” Our study did not control the potential confounding effect of participants’
socioeconomic status, which could partially account for this finding.

It is widely acknowledged that the primary risk factors for OSA include gender, age, weight, and craniofacial abnormalities.>”
To investigate whether tobacco use constitutes an independent risk factor for OSA, Kashyap et al conducted a study involving
over 100 individuals with OSA and corresponding healthy controls, ultimately determining that tobacco use is indeed an
independent risk factor for OSA.>® Additionally, Moreno et al discovered that tobacco use was an independent risk factor for
OSA through a survey of over 10,000 drivers using the Berlin Questionnaire (OR 1.16, P=0.014).>" In our current study, we were
unable to conduct a specific investigation to ascertain whether tobacco is an independent risk factor for OSA, as we included all
patients with OSA in the study. However, interestingly, we observed that the severity of tobacco dependence did not impact the
progression of OSA in the tobacco-using OSA population. We speculate that this observation may be attributed to a balanced
interplay between the mixed effects of tobacco (a combination of euphoric and withdrawal effects) in individuals who have used
tobacco for an extended duration.>

Furthermore, we found that the progression of OSA was influenced by gender and BMI in the non-tobacco-using population,
while it was influenced by age, gender, and BMI in the tobacco-using population. The two populations exhibited differences
primarily in terms of age. Long-term tobacco users experience prolonged exposure to hypoxia, which can exacerbate OSA.>
We postulate that the effect of tobacco may not have reached equilibrium for those in the 35-45 age group, and that the effects of
hypoxia are yet to be seen in the younger age group, whereas the older age group may have developed equilibrium adaption.
Among middle-aged patients aged between 30 to 49, males are three times more likely to develop moderate-to-severe OSA
compared to females.>® Consistent with our study’s findings, gender was identified as an influential factor in moderate-to-severe
OSA regardless of tobacco use, with females exhibiting a protective effect against OSA in comparison to males. Additionally,
multiple studies have indicated that up to 70% of patients undergoing weight loss treatment are diagnosed with OSA.** This
aligns with our results, which demonstrate a significant association between severe OSA and BMI.

Strengths and Limitations
To the best of our knowledge, this study represents the first extensive examination of the effects of tobacco on both macroscopic
and microscopic aspects of sleep structure in individuals with OSA. By integrating subjective and objective measures, we have
addressed the limitations of previous studies that solely relied on either subjective self-reports or objective assessments.
Consequently, we have bridged important gaps in our understanding of the impact of tobacco on sleep structure and quality.
It is important to acknowledge certain limitations of our study. Firstly, this investigation was retrospective in nature,
lacking the ability to capture longitudinal changes in sleep quality and structure due to varying durations of tobacco use.
Additionally, the utilization of the initial night’s polysomnography introduces potential confounding factors associated
with first-night effects. Despite these limitations, our findings shed crucial light on the significant influence of tobacco
use on sleep structure and quality in individuals with OSA.

Conclusion

This study elucidated the impact of tobacco use on sleep quality and sleep structure in individuals with obstructive sleep apnea
(OSA). Our findings revealed a substantial deterioration in sleep quality among the OSA population who engaged in tobacco use,
as evidenced by a significantly higher prevalence of poor sleep quality compared to their non-tobacco-using counterparts.
Notably, the rate of poor sleep quality did not exhibit a linear increase with escalating levels of tobacco dependence. Furthermore,
tobacco use was associated with alterations in light sleep stages and slow wave sleep in the OSA population. Importantly, the
effects of tobacco dependence on these sleep structures were more pronounced in individuals with more severe OSA.
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