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Tobacco smoking has been a recognized risk factor for cardiovascular diseases (CVD). Smoking is a chronic relapsing

disease and pharmacotherapy is a main component of smoking cessation. Obstructive sleep apnea (OSA) and smoking

both increase the risk of CVD and are associated with significant morbidity and mortality. There are few existing data

examining how pharmacological treatment, such as nicotine replacement therapy (NRT), bupropion, and varenicline,

affect smokers suffering with OSA and especially their cardiovascular effects.
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1. Introduction

Smoking is considered a chronic relapsing disease  and should be treated with different therapeutic interventions aimed

at different aspects of nicotine addiction (physical, behavioral, psychological, and cognitive). The combination of

behavioral support, education, and pharmacological treatment is the key to successful smoking cessation . Clear but

brief advice (3–5 min) provided by any healthcare professional significantly increases the motivation of a smoker to quit

and increases abstinence rates .

Pharmacological treatment is an important component of smoking cessation interventions. First-line smoking cessation

medications should be the first choice of clinicians as they have been approved by the European Medicines Agency

(EMA) and are considered to be safe and effective in treating tobacco dependence. Nicotine replacement therapy (NRT),

varenicline, and bupropion are the first-line therapies for smoking cessation . Second-line medications include

nortriptyline, clonidine, and cytisine that are not approved for smoking cessation in all European countries. They may be

administered when first-line medications cannot be used . Prolonging the duration of pharmacological treatment and a

combination of different medications have been used in order to increase treatment efficacy .

Withdrawal symptoms are considered a main component in relapse and should be treated with the optimization of

pharmacotherapy and the appropriate psychological support with counseling. Cravings and withdrawal symptoms should

be evaluated at each follow-up visit of the smoker during the quitting process. During smoking cessation, sleep

disturbances are frequent withdrawal symptoms and contribute to daytime symptoms such as irritability, memory loss, or

concentration difficulties. Sleep problems and daytime somnolence negatively affect the ability of abstinent smokers to

cope with everyday functioning, making relapse easier . Patients suffering from OSA may have daytime somnolence

due to sleep deprivation from the respiratory events. This may make their smoking cessation attempts more difficult. For

that there is a need for the personalized evaluation of each smoker with the appropriate therapies according to their

different needs during cessation. On the other hand, the different smoking cessation medications may affect sleep and

sleep breathing events, especially in patients with OSA .

2. First-Line Medications

2.1. Nicotine Replacement Therapy (NRT)

NRTs have been used for many decades for smoking cessation with significant efficacy in order to provide the nicotine of

cigarettes without the damaging effects of smoke . On the other hand, there are few and controversial studies on

NRTs’ capacity to improve sleep disorders due to tobacco withdrawal . There is evidence from self-reported

questionnaires of abstinent smokers that NRTs increase sleep disruptions. On the other hand, in studies using objective
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data with sleep recordings, NRTs were not found to improve the subjective symptoms of sleep disturbances during

cessation, whereas the objective signs were improved .

The effect of NRTs on the sleep architecture of non-smokers and former smokers is similar. In non-smokers, the

application of a transdermal nicotine patch resulted in increased sleep stage 2, in rapid eye movement (REM) sleep

reduction, and in REM sleep rebound during the nights that followed the discontinuation of the patch. In addition, no

significant effects in sleep latency, sleep continuity, and total sleep time (TST) were found . Furthermore, in smokers

undergoing smoking cessation, the transdermal nicotine patch of 24 h duration appeared more effective than that of 16 h

in sleep quality improvement by lowering microarousals and by increasing slow wave sleep (SWS) . Both patches

resulted in prolonged sleep latency and shorter TST, whereas only the 24 h patch improved NREM sleep, SWS, and

arousals . Studies using subjective sleep variables found that more sleep difficulties were reported in those who used

nicotine patches, but the effect of the concomitant use of patches and smoking contributing to higher nicotine levels was

not always evaluated .

As both withdrawal symptoms and nicotine administration may affect sleep, it is troublesome to discriminate between

them. Withdrawal effects of nicotine addiction should not be underestimated as there are studies that found that sleep

disorders continued with the use of nicotine patches, whereas in the placebo group they were even more frequent 

. Additionally, side effects such as sleep disturbances are related to the duration of nicotine abstinence and the severity

of nicotine dependence . The reduction in plasma nicotine levels during the night may induce withdrawal symptoms,

and especially heavy smokers may wake in order to smoke. This implies high nicotine dependence and increased risk of

failure or relapse . However, we should take into consideration that the heterogeneity of the methodology of the

different studies, i.e., the different time and dose of NRTs, the additional use of conventional cigarettes, and the use of

subjective or objective measures of sleep, limit the generalization of these results.

There is evidence that nicotine has stimulant properties on the activity of the genioglossus muscle and on the ventilatory

drive . Further, there are studies with conflicting results evaluating the effect of nicotine for OSA treatment 

. Nicotine gum (14 mg) use in OSA patients with different smoking histories resulted in the reduction in respiratory

events (obstructive and mixed apneas) early at night during the first 2 h when the dilating properties of nicotine on the

upper airway were efficient. However, this effect was not maintained as nicotine has a short half-life (2–4 h). For that, the

respiratory events increased until the end of the night as upper airway resistance also increased. Further, sleep

architecture, central apnea events, and end-tidal CO  during wakefulness were not affected . On the other hand, other

studies where nicotine was administered by transdermal patches  or by tooth patches  did not find any significant

alterations in respiratory events. In non-smoking OSA patients that received a transdermal nicotine patch (11 mg) for 12 h,

versus a placebo, no positive effects on snoring or respiratory events  were found. However, a negative correlation

between the mean duration of apneas and hypopneas and serum nicotine concentration was observed . Sleep

efficiency and TST were also reduced with the nicotine patch . In addition, in another study where nicotine tooth

patches in doses of 2 and 4 mg in OSA patients were used, no improvement of either the apnea hypopnea index (AHI) or

sleep stages was found .

Cardiovascular Effects of NRTs

Nicotine’s action on the α4β2 nicotinic acetylcholinergic receptor (nAChR) enhances its reinforcing and addictive effects

and on α3β4 nAChR mediates sympathetic neural stimulation. Due to this effect blood pressure, heart rate, and

myocardial work increase. In addition, this may result in the constriction of coronary arteries and reduction in the

myocardial blood supply. These effects may increase myocardial ischemia risk and the possibility of arrhythmias. It seems

that smokers develop a degree of tolerance to these cardiovascular effects of nicotine. NRTs provide less plasma

concentration of nicotine compared with cigarette smoking . Several clinical studies have evaluated the cardiovascular

effects of NRT, showing different results. Some studies found a significant increase in heart rate and systolic blood

pressure following the use of NRTs  while others did not find any effects .

It has also been reported that nicotine patches (21 mg/24 h) increased the heart rate and blood pressure of non-smokers

and normotensive smokers, but not of smokers with hypertension . This could be explained by the fact that heavy

smokers might develop tolerance to the effects of nicotine, resulting in no hemodynamic effects. In addition, a study

assessing high cardiovascular risk patients did not show an association between nicotine patch use and first myocardial

infarction . Furthermore, a meta-analysis showed no increase in the risk of cardiovascular side effects such as

hypertension, palpitations, arrhythmias, myocardial infarction, or stroke in patients using NRT versus those treated with a

placebo , suggesting that NRTs are safe for smoking cessation.
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Due to the aforementioned concerns on the cardiovascular safety of NRTs, some large clinical trials aimed to evaluate

their safety, especially for patients with CVD . These studies did not find increased cardiovascular risk in the

group of patients using NRTs for smoking cessation. Cardiac arrest, myocardial infarction, death, and hospitalization due

to arrhythmias, angina, or heart failure did not differ between the group using placebo and that using NRTs, although

smoking cessation was more successfully achieved in the NRT group .

2.2. Bupropion

Bupropion SR is a first-line medication for smoking cessation and the first non-nicotine therapy. Since 1989, it has been

used as an anti-depressant and it has been observed that patients experienced smoking cessation unintentionally. For

that, bupropion was evaluated for smoking cessation . Bupropion is a weak norepinephrine–dopamine reuptake

inhibitor but without significant antagonism at histaminic or muscarinic receptors. While it is not a classic stimulant, it may

increase dopamine and norepinephrine resulting in non-specific stimulation . Its main mechanism of action is by

blocking the neuronal release of dopamine and noradrenaline and possibly by inhibiting anti-cholinergic nicotine receptors

. Bupropion’s efficacy for smoking cessation is independent from its anti-depressant action, as it has been proven

effective also in non-depressive smokers. Bupropion reduces the severity of withdrawal symptoms such as depression

and increased appetite and it has been found to almost double the abstinence ratio by reducing the severity of withdrawal

syndrome in both sexes . Bupropion is recommended for smoking cessation especially in smokers concerned about

post-abstinence weight gain and for preventing smoking relapses. With the exception of one study  in smokers with

chronic obstructive pulmonary disease (COPD), that expressed the hypothesis that bupropion could alter the ventilator

response to hypoxia and hypercapnia, no other study has found similar effects .

As bupropion has been on the market for many years as an anti-depressant, its adverse effects have been well

documented . The most common adverse effects include headaches, oral dryness, and insomnia. More specifically, the

short-acting formulations of bupropion that were administered late before sleep were associated with sleep disorders due

to their alerting effects . In order to avoid sleep problems such as insomnia, the first bupropion tablet is recommended

in the early morning, so that the second tablet is administered at least four hours before sleep, early in the afternoon. If

insomnia is considered a significant problem the dose may be reduced to 150 mg/day.

Moreover, unlike other anti-depressants, the use of bupropion in patients with depression may increase REM sleep and

decrease REM latency . A study has found that the differences in REM latency change after the administration of

bupropion reflects the different response to the medication and the different response to treatment assessed by

depression rating scales. Patients that showed an increase in REM latency after bupropion use responded better in the

anti-depressive treatment compared with those who showed a decrease in REM latency that did not show anti-depressive

response . Further, it has been found that bupropion presents a relatively low risk of inducing REM sleep behavioral

disorder  and restless legs syndrome .

Despite the administration of bupropion for many years as an anti-depressant and later for smoking cessation, there are

few data concerning its effects in OSA patients. The co-existence of insomnia and OSA (Comorbid insomnia and sleep

apnea, COMISA) is a rather common condition that has been under-recognized for several years. COMISA further impairs

the quality of sleep and may cause problems in the diagnosis but also treatment. . It has been observed that COMISA

is linked with an increased risk of all-cause mortality and also higher rates of hypertension and cardiovascular disease

(CVD) . Insomnia is one of the most frequent side effects of bupropion; however, researchers did not find any studies

evaluating the effects of bupropion on the sleep continuity of OSA patients and more specifically those suffering from

COMISA.

In addition, bupropion, unlike other anti-depressants, does not have REM suppressant effects and may increase REM .

Although OSA occurs during any sleep stage, the majority of respiratory events occur in REM, as during this stage of

sleep there is reduced muscle tone in every muscle apart from the diaphragm. In addition, some patients present

obstructive events only during REM sleep. For this reason, bupropion may affect the severity of OSA, especially in

patients with predominantly REM OSA. However, this is a hypothesis as no studies are available yet.

Cardiovascular Effects of Bupropion

The most important side effects of bupropion include the dose-related risk of seizures and hypertension reported even

without the pre-existence of hypertension . Precautions for these effects are included in the package label.

Older studies did not find clinically important effects of bupropion on heart rate, blood pressure, conduction complications,

or a higher risk of an AV block . The use of bupropion SR for smoking cessation in patients with CVD has been also

examined . No significant effects on blood pressure were found at 12 weeks between bupropion and placebo
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and the adverse cardiovascular events were similar in both groups. However, the cardiovascular events were greater in

the bupropion group after 12 months of observation, even though in the early post hoc analysis no significant differences

were found between the cardiovascular events in patients who completed 30 days and 12 weeks of therapy . Another

study that evaluated the effect of bupropion in smokers hospitalized for acute coronary syndrome ended early due to a

lack of efficacy, but did not find significant cardiovascular risk differences, even after one year of follow up . Other

studies that evaluated the cardiovascular effects of bupropion in the outpatient setting  did not find significant

increase in blood pressure or heart rate, even in patients suffering from CVD. However, CVD patients that received

bupropion reported more frequent adverse events such as palpitation and angina  and a small difference in heart rate

occurred in those that received higher dose of bupropion SR (400 mg) .

2.3. Varenicline

Varenicline is a first-line medication for smoking cessation and is one of the most effective ones as it has been found that

it significantly increases smoking abstinence rates . It binds with high selectivity and affinity with alpha4beta2 nAChRs

(α4β2nAChRs). It also stimulates dopamine release . Varenicline acts as a partial agonist reducing withdrawal

symptoms, but also as an antagonist reducing the rewarding effects of smoking and facilitating smoking cessation.

The most common side effects of varenicline include nausea, headaches, insomnia, and abnormal dreams. There is

evidence that smokers that are treated with varenicline often report sleep disorders that decrease over time . For

example, insomnia symptoms peak during the first week of use and progressively decline after 2–12 weeks . On the

other hand, sleep disorders are a commonly reported symptom during smoking cessation and are considered a

withdrawal symptom . Furthermore, abnormal dreams and nightmares are also frequently reported as varenicline’s

side effects . Frequent awakenings and abnormal dreams but without significant alterations in sleep measures were

reported in a study that evaluated sleep diaries after varenicline use . Due to the stimulation of dopamine release from

varenicline, amelioration of restless leg syndrome has been reported during smoking cessation attempts . Rarely, in

some cases, somnambulism and REM sleep disorders have been reported . In the study of Savage et al.  that

reviewed the original reports from WHO Global Individual Case Safety Reports Database, 27 reports were found about

the adverse effects of varenicline. These included ten reports of aggressive activity during sleep and seven of other sleep-

related harmful or potentially harmful activities (violent dreaming, nightmares, and other REM sleep behavior disorders, as

well as NREM parasomnias such as somnambulism).

The data on the effect of varenicline on patients with OSA that smoke are rather limited. A study showed that in smokers

suffering from OSA, varenicline administration resulted in prolongation of sleep latency, of N2 and N3 sleep stage latency,

in an increased arousal index, and in the reduction in AHI, especially during REM sleep . The main concern was the

fact that it is difficult to differentiate between the adverse effects of varenicline or withdrawal symptoms per se.

Unfortunately, due to the presence of N-nitroso-varenicline above the acceptable intake limits, varenicline has been

recalled from European market over the last 2 years, limiting studies to further explore its effects on sleep and sleep-

disordered breathing .

Cardiovascular Effects of Varenicline

As varenicline binds selectively to α4β2nAChRs, its cardiovascular effects via the α3β4 nAChRs should be rather limited

. However, it has been found that varenicline binds to α7 homomeric nAChR, that may affect endothelial function and/or

angiogenesis, contributing to cardiovascular adverse effects . Early clinical trials including smokers with CVD did not

find significantly higher rates of CV events as myocardial infarction and stroke compared to the placebo . However, the

US Food and Drug Administration (FDA) in 2011 mandated strengthened product warnings on the possible increased CV

event risk in smokers with CVD . In order to assess the neuropsychiatric adverse effects of bupropion and varenicline,

the FDA and the EMA requested that their manufacturers conduct a randomized clinical trial (RCT) to evaluate their

safety. The Evaluating Adverse Events in a Global Smoking Cessation Study (EAGLES) was extended in order to also

evaluate possible cardiovascular events during and after smoking cessation treatment . EAGLES was a large phase

IV 24-week randomized double-blind, triple-dummy, placebo- and active-controlled trial in smokers with and without

psychiatric disease and assessed the safety and efficacy of three first-line smoking cessation treatments: varenicline,

bupropion with a tapering regimen with NRTs (control). This study concluded that there was no evidence of increased risk

of serious cardiovascular adverse events with the use of smoking cessation pharmacotherapies .

In the meantime, several studies have reached mixed conclusions regarding varenicline’s safety . An

observational study reported a 34% increased risk of CVD hospitalizations and emergency department visits during

varenicline use compared with controls, concluding that varenicline was associated with increased risk of cardiovascular

but not neuropsychiatric events . However, this study design was criticized for bias due to the inappropriate use of a
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self-controlled risk, due to reverse causality and measurement errors . On the other hand, other studies on patients

with acute coronary syndromes using varenicline did not report increased cardiovascular events but increased smoking

abstinence compared with placebo . In addition, more recent studies in a real-life setting have also reported minimal

risk of cardiovascular side effects of first-line smoking cessation medication on cardiovascular events, heart rate, and

blood pressure, further supporting their safety for patients with CVD .

3. Second-Line Medications

3.1. Nortriptyline

Nortriptyline is a tricyclic anti-depressant that has been used as a second-line medication for smoking cessation .

The main indication of nortriptyline is as an antidepressant, but it has also been administered for chronic pain, i.e.,

orofacial pain, postherpetic neuralgia, and diabetic neuropathy (off-label). Nausea, headaches, constipation, dry mouth,

sedation, and arrhythmia risk in patients suffering from CVD are its main side effects. Due to the potential side effects, the

use of nortriptyline for smoking cessation is rather limited.

There are few studies evaluating the effects of nortriptyline on sleep and they are even more limited for patients with OSA.

A study on elderly patients that were suffering from major depression found that nortriptyline decreased sleep apnea as it

decreased REM sleep and increased phasic REM activity but did not have any effect on periodic limb movements during

sleep .

Cardiovascular Effects of Nortriptyline

Clinical trials have shown that the use of nortriptyline increased heart rate and reduced heart rate variability, cardiac

conduction, and cardio-respiratory coupling . An animal study indicated that nortriptyline may affect QT

prolongation . On the contrary, subsequent studies evaluating elderly depressed patients  or non-depressed patients

 supported its safety in patients with impaired cardiac function. Additionally, a cohort study evaluating anti-depressant

medication did not find significant association with cardiovascular events or all-cause mortality risk .

3.2. Clonidine

Clonidine is a second-line treatment for smoking cessation. It is an a2-adrenergic agonist that is indicated as an anti-

hypertension treatment . Its other off-label uses include drug withdrawal, certain pain conditions, flushing due to

menopause, attention deficit hyperactivity disorder, and restless leg syndrome . Clonidine is not approved worldwide

as a medication for smoking cessation . Clonidine’s most common adverse effects include postural hypotension,

drowsiness, dry mouth, and fatigue and these side effects limit its use for smoking cessation.

The effects of clonidine on sleep and specifically on OSA have not been widely investigated. In a study including eight

men suffering from OSA, clonidine hydrochloride was administered for ten days; this resulted in the reduction in

respiratory events, as REM sleep was suppressed and REM sleep latency increased. However, during non-REM sleep,

no changes were reported .

Cardiovascular Effects of Clonidine

Clonidine’s hemodynamic effects are mediated by both the heart and peripheral vascular system. Clonidine decreases

heart rate and stroke volume, especially early in therapy, and reduces peripheral resistance, an effect that seems to

persist even after the initial treatment period. Clonidine has a coronary vasodilating effect, proven beneficial for patients

with coronary artery disease. Severe bradycardia is uncommon, even though clonidine reduces the heart rate. However, it

should be used with caution in patients with AV conduction disease .

3.3. Cytisine

Cytisine is nicotine receptor partial agonist that is used for smoking cessation and as a second-line medication in certain

countries, especially in eastern European countries since 1960. It is an alkaloid that may be found in a number of plants.

During the last years, the interest in the use cytisine for smoking cessation has increased due to its low cost . Cytisine

has similar characteristics to varenicline, as a partial agonist of alpha4beta2 nAChRs, preventing the binding of nicotine

on these receptors and reducing cravings and symptoms of withdrawal . The most common side effects of cytisine

include nervousness, depression, vomiting, nausea, and sleep disorders . Varenicline was more effective for smoking

cessation compared with cytisine . On the other hand, when cytisine was compared with NRTs, it was found to have

superior effectiveness . However, no studies on the possible effects of cytisine on patients with OSA were found.
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Cardiovascular Effects of Cytisine

In one of the larger studies on cytisine , patients with a previous CVD such as severe atherosclerotic disease and

those who have undergone percutaneous coronary interventions were excluded. In a recent study that evaluated the use

of cytisine in patients with coronary artery disease 30 days after percutaneous coronary interventions found that it is a

rather safe and promising treatment with no increase in cardiovascular complications. However, the compliance was

rather low. Due to its low cost, cytisine may be beneficial for smoking cessation in patients with coronary artery disease.

However further research is needed to confirm its efficacy and safety .
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