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The connection between smoking and Obstructive sleep apnea (OSA) is not yet clear. There are studies that have
confirmed the effect of smoking on sleep disordered breathing, whereas others did not. Nicotine affects sleep, as smokers
have prolonged total sleep and REM latency, reduced sleep efficiency, total sleep time, and slow wave sleep. Smoking
cessation has been related with impaired sleep.
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| 1. Introduction

Obstructive sleep apnea (OSA) is the most common sleep breathing disorder characterized by recurrent episodes of
complete or partial obstruction of the upper airway, resulting in intermittent hypoxia and sleep fragmentation L. The main
predisposing risk factors of OSA are male gender, older age, genetic and anatomical factors, central obesity, alcohol
consumption, and also a narrowed upper airway. OSA is an independent risk factor for cardiovascular and
cerebrovascular disease leading to increased morbidity and all-cause mortality 2.

Sleep fragmentation from frequent arousals result to daytime sleepiness, memory loss, and impaired cognitive function
contributing to accidents Bl. OSA causes catecholamine surges, low-grade inflammation, and oxidative stress, having as a
result cardio-metabolic consequences ¥ such as hypertension, stroke, cardiac arrhythmias, and death when left
untreated. The gold standard for the diagnosis of OSA is in laboratory polysomnography (PSG). As PSG is not widely
available and rather expensive, other alternative diagnostic approaches have been tested as questionnaires, clinical
prediction scores, and portable sleep monitors. Several questionnaires have been developed as screening tools for the
detection of patients with a high probability of OSA, but none of these instruments achieved the reliability of PSG. Home
sleep studies provide benefits in terms of cost and time, but with a lower diagnostic reliability compared with in-laboratory
testing. However, in patients with a high probability of OSA and without co-morbidities, home sleep apnea testing is not
inferior to in-laboratory PSG. Imagine modalities as lateral cephalometry, endoscopy, computed tomography (CT), or
magnetic resonance imaging (MRI) may be useful for identifying the site of upper airway obstruction &l Continuous
positive airway pressure (CPAP) is often considered the gold standard of OSA treatment; however, adherence to this
treatment is often poor 21, Additional OSA treatments include upper airway surgery, mandibular device therapy, modulation
of hypoglossal nerve, pharmacotherapy, and combination therapy .

OSA is a heterogeneous disease with different clinical phenotypes and also different underlying pathogenetic mechanisms
(endotypes). Several factors may be involved in the pathogenesis of OSA as (a) anatomical compromise resulting in a
small, collapsible upper airway, (b) impaired pharyngeal dilator muscle function, (c) unstable oversensitive ventilatory
control (elevated loop gain), and (d) low arousal threshold (individuals predisposed to wake up easily with respiratory
disturbances). Additionally, the redistribution of body fluid may also be important BRI Cayses of narrowed upper
airway anatomy that predispose to the development of OSA include nasal congestion, increased tonsil or adenoid or
tongue size, fat deposition around the upper airway due to central obesity, and upper airway edema due to several factors
including smoking LIL2A3I14IISI16]17] The data on the relationship between OSA and smoking still remain controversial,

failing to establish a safe conclusion about the association between these two entities (19,

Cigarette smoking is still the leading cause of preventable mortality and is the major contributor of cardiovascular disease.
Both smoking and OSA increase the risk of cardiovascular disease as they both induce oxidative stress, endothelial
dysfunction, and increase inflammatory response. For that they are associated with significant morbidity and mortality L6,
Further, there is evidence that each of these two conditions adversely affects the other and may lead to increased co-



morbidity 2. The health consequences of cigarette smoking are well documented; however, the effect of smoking
cessation on sleep apnea has not been extensively studied.

Targeting anatomy with medical therapy is challenging. Smoking cessation could improve OSA, as it may alleviate upper
airways oedema, but studies to support this are limited L2281 Additionally, there is some evidence that links untreated
OSA with increased smoking addiction 22, implying that the treatment of OSA could help towards a more successful
smoking cessation attempt.

| 2. Mechanisms by Which Smoking Can Result in OSA

Smoking induces chronic inflammation of the upper airway contributing to OSA symptoms 2820 Apart from active,
passive and former smoking has been related with snoring 12, There are studies that have confirmed the effect of
smoking on sleep disordered breathing LUMR2LSI4IISII6NL7 They have found that the prevalence of respiratory events,
as sleep apnea or snoring, is higher in smokers, even in passive smokers LUR2MI3IL4IISIIONLT] smoking has an impact on
OSA through several mechanisms that include enhanced upper airway inflammation, changes of sleep architecture,
instability of arousal mechanisms, and alterations of upper airway neuromuscular function 22! (Figure 1).
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Figure 1. A summary of the bidirectional relationship between Obstructive Sleep Apnea (OSA) and cigarette smoking; (a)
Mechanisms by which smoking can result in OSA; (b) Associations between OSA and smoking.

2.1. Upper Airway Inflammation due to Inhalation of Cigarette Smoke

Exposure to cigarette smoke may contribute to the inflammation of upper airways resulting in further narrowing and
predisposing to the development of hypopneas and apneas. OSA alone has been found to be associated with
inflammation of the upper airway 28, In the study of Kim et al. 18!, all the patients with moderate to severe OSA presented
increased thickness and edema of the uvular mucosa in upper airway mucosal biopsy. Additionally, increased calcitonin
gene-related peptide (CGRP) was found in the biopsies of smokers with OSA. This may have possibly further contributed
to the inflammation of the upper airways of these patients. However further studies are needed to clarify the relationship of
the inflammation caused by smoking and OSA pathogenesis.

Cigarette smoke has been found to reversibly activate hypoxia-inducible factor 1 (HIF-1a) 21 and this factor has been
also found unregulated in OSA patients. As HIF-1a has been involved in the regulation of metabolic processes and in the
development of insulin resistance and diabetes, it may further contribute to the development and aggravation of the
metabolic co-morbidities of OSA [22,

2.2. Changes in Sleep Architecture and Smoking

Another mechanism by which smoking may have an impact on OSA pathogenesis is by its effect on sleep architecture (23!
[24125] There is evidence for an association between smoking and a worse sleep quality. Current smokers reported
daytime sleepiness, difficulty falling and staying asleep, and increased insomnia symptoms 28 more frequently than non-
smokers, with male smokers more likely to report nightmares 4. Data from the Sleep Heart Health Study [
demonstrated that current smokers, as compared with nonsmokers or former smokers, had longer sleep latency and a
higher proportion of lighter sleep. However, no differences in sleep architecture were found between never and former
smokers &, Analysis using EEG spectral analysis, demonstrated that the differences in sleep quality between smokers
and nonsmokers were more evident during the early part of the night and decreased during the end [28. The



predominance of disturbances during the earlier part of the night may be attributed to the immediate effects of nicotine
and/or to the nicotine withdrawal effects. Shorter sleep time, longer sleep latency, and higher rapid eye movement (REM)
sleep density were found in smokers compared to non-smokers when matched by sex and age, in a study that used in-
laboratory polysomnography 29, Further, a larger analysis from 1492 adults that also used data from in-laboratory sleep
studies, reported that current smokers had a higher arousal index and more sleep time with saturation of oxygen (SaO,)
less than 90% compared with nonsmokers B9, However, there is still a need for further objective data in order to support
the hypothesis that current smoking is associated with poor sleep quality leading to OSA.

2.3. Smoking May Affect Arousal Threshold

Arousals have been implicated in the pathogenesis of OSA B, There is a hypothesis that smoking results in a higher
arousal threshold mostly from pediatric clinical studies, but there is still conflicting evidence. Due to nicotine’s short half-
life, its effects on the arousal threshold may be different during the early period of the night compared with the end. In the
study of Conway et al. B9 smokers presented a higher arousal index, with longer respiratory events and greater
desaturations. On the other hand, infants that were exposed to maternal smoking demonstrated reduced arousability from
sleep and passive smoking is a recognized risk factor for the development of sudden infant death syndrome 23],
Further data are needed as the higher arousal threshold may result in less instability of sleep and decrease the
collapsibility of upper airways 231,

2.4. Smoking May Impair Upper Airway Neuromuscular Reflexes

The impairment of the protective upper airway neuromuscular reflexes by nicotine is considered to be another potential
mechanism by which smoking may affect sleep apnea. Data from animal models have shown that exposure to passive
smoking in lambs resulted in enhanced respiratory inhibition and in more apneas with laryngeal stimulation B4, Studies in
animal models support the hypothesis that nicotine exposure may enhance the constriction of the upper airways; however,
data in humans to support this are scarce.

| 3. Association between Smoking and OSA

The association between smoking and OSA is not currently well-established (Figure 1). Active but not former smoking
was associated with a higher possibility of developing moderate or severe OSA in the Wisconsin Sleep Cohort Study,
even after adjusting for confounding factors, and especially in heavy smokers 24, Other smaller studies showed that OSA
and smoking were independently associated, and that the prevalence of current smoking was higher in OSA patients
compared with those that did not suffer from OSA 5881 Similarly, it was found that smoking related with earlier age of
OSA diagnosis and that heavy smokers suffered from more severe disease 4. Likewise, in a large single-center study
that included 3613 OSA patients, it was reported that smokers suffering from OSA presented higher AHI and lower mean
oxygenation during sleep 8. A more recent study had also demonstrated the significant effect of increased smoking
status, expressed by Pack/Years (P/Ys), with OSA severity, expressed by Apnea Hypopnea Index (AHI) and oxygen
desaturation index (ODI) B9, The group had recently performed a study evaluating the effects of smoking on OSA and
even if the researchers did not find an independent effect of smoking on OSA, the severity of smoking status (measured
by number of cigarettes/days, P/Ys), and nicotine dependence were found higher in patients with more severe OSA.
Smoking was not significantly associated with OSA after adjusting for gender, age, BMI, and alcohol 29, Similarly, another
study reported that smoking was not associated with AHI but only with ODI and arousals, with these events been more
pronounced in current smokers B9, Those that smoked more than 15 P/Ys presented higher arousal index and longer
time spend with SaO, < 90%. Former smokers with a history of more than 15 P/Ys presented higher arousal index and
AHI compared with those with less P/Ys 39,

On the other hand, there are other studies that did not find a causal relationship between cigarette smoking and OSA.
Older studies have demonstrated that smokers present a significant decrease in nocturnal oxygen saturation, but when
compared with non-smokers, no significant differences in either AHI or ODI were found 41, However, evidence from the
Sleep Heart Health Study showed that the former, but not current smoking was associated with more severe disease. An
inverse association between current smoking and AHI was observed, with lower AHI values in current smokers (42,
Additionally, a large population study had also found that current smoking was strongly but inversely related with self-
reported OSA both in men and women 23, A large cross-sectional study reported that, after adjusting for age, BMI, and
gender, smoking was not an independent risk factor for OSA. However, the same study found that patients with more
severe disease (AHI > 50) were heavier smokers and also that compared with non-smokers, heavy smokers presented
higher AHI 4l Similarly, another study also concluded that although there was no significant association between
smoking and OSA, smokers presented higher AHI 2] In a retrospective analysis, when current/former smokers were



compared with non-smokers, no significant differences in the AHI were reported but a lower nocturnal mean oxygen
saturation was found in current/former smokers 28, These three studies 441451461 reported that smokers presented worse
daytime sleepiness that was attributed to nicotine’s effects on the upper airway, on sleep architecture, and also to
nocturnal hypoxia. In a more recent meta-analysis, there was evidence to confirm that OSA was related with alcohol use,
but not with tobacco or caffeine. However, the level of evidence in that analysis was low and the results should be
interpreted with caution 21,

The differences between the results of the aforementioned studies could be explained by the different populations that
were examined, as some of the studies evaluated populations from the community setting and others population referred
to a sleep clinic. Additionally, according to CDC (https://www.cdc.gov/nchs/nhis/tobacco/tobacco_glossary.htm, accessed
2 August 2022) a current smoker is defined as an adult who has smoked 100 cigarettes in his or her lifetime and who
currently smokes cigarettes, and a former smoker as an adult who has smoked at least 100 cigarettes in his or her lifetime
but who had quit smoking at the time of the research. Passive smoking or second-hand smoke is the inhalation of
environmental tobacco smoke. A heavy smoker is the smoker who consumes 20 or more cigarettes per day.
(https://www.canada.ca/en/health-canada/services/health-concerns/tobacco/research/tobacco-use-

statistics/terminology.html, accessed 2 August 2022) BZ. However, it is worth mentioning that in some studies the
aforementioned criteria may differ, i.e., a heavy smoker defined as someone who smokes more than 40 cigarettes per day
39 or a current smoker someone who smokes more than 10 pack/years ¥4 and this may also explain the differences in
the results.
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