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Abstract: Background and Objectives: Studies have tried to establish a relationship between Obstructive
Sleep Apnea syndrome (OSA) and smoking but data still remain controversial. We aimed: 1. To
evaluate the relationship between smoking and OSA; 2. To explore potential differences accord-
ing to gender, and 3. To analyze the prevalence of cardiovascular disease (CVD) co-morbidities
according to gender and smoking status. Materials and Methods: This retrospective study included
3791 (70.6% males) adult patients who visited a Sleep Clinic. All participants underwent noctur-
nal polysomnography. Daytime somnolence and insomnia were assessed by using the Epworth
Sleepiness Scale (ESS) and the Athens Insomnia Scale (AIS). Ever-smokers completed the Fagerstrom
Test for Nicotine Dependence (FTND). Results: OSA was confirmed in 72.1% of participants with
62.2% suffering from moderate-to-severe disease. The number of cigarettes/day, Pack/Years, and
FTND were significantly higher in patients with more severe OSA. The prevalence of current smokers
was higher in those without OSA or with mild disease, whereas the prevalence of former smokers
was higher in moderate and severe OSA. In univariate analysis, current smokers were found to
be 1.2 times more likely to have OSA compared with never and former smokers combined and
former smokers 1.49 times more likely compared with never smokers. In the multiple regression
analysis, after adjusting for BMI, gender, age and number of alcoholic drinks per week, smoking
was not found to be significantly associated with OSA. In gender stratified multivariate analyses, no
significant associations were observed. CVD co-morbidities were more frequent in more severe OSA.
Hypertension, coronary disease and diabetes were more prevalent in former smokers with AHI ≥ 15,
compared with current smokers, especially in men. Conclusions: Even if an independent effect of
smoking on OSA was not found, the number of cigarettes/day, Pack/Years, and FTND were higher
in patients with more severe OSA with more prevalent CVD co-morbidities.

Keywords: sleep apnea; smoking; gender differences; cardiovascular; hypertension

1. Introduction

Obstructive sleep apnea syndrome (OSA) is the most common sleep-related breathing
disorder characterized by snoring, repeated episodes of airflow cessation, hypoxemia
during sleep, and daytime hypersomnolence [1,2]. It is estimated that 2% to 14% among
community screened patients and 21% to 90% among patients referred for sleep evaluation
suffer from OSA [1]. Based on recent data, the prevalence of OSA ranges from 13% to
33% in men and from 6% to 19% in women, respectively [3]. Women may be particularly
vulnerable to OSA during life events like pregnancy and menopause as reproductive
hormone levels change [4,5]. Additionally, females appear to have a different OSA clinical
presentation compared with males with lower apnea hypopnea index (AHI). Women
report less snoring and episodes of respiratory events than men, while insomnia, fatigue,
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headaches and mood changes are reported more frequently. As a consequence of this
different clinical profile, OSA may be under-diagnosed in females [5].

Many studies have tried to establish the relationship between OSA and cigarette
smoking, showing a higher prevalence of smoking among OSA patients [6,7]. Additionally,
there is evidence that smoking may be a risk factor for sleep apnea or snoring [8–13].
Smokers present decreased sleep quality with difficulties in initiation and maintenance of
sleep [14–17]. Smoking induces upper airway chronic inflammation contributing to OSA
symptoms [18,19]. Active, passive, as well as former smoking has been associated with
snoring [11]. However, the data still remain controversial, failing to conclusively establish
a clinically significant association between these two entities. Despite the conflicting
evidence, it is reported that smoking has an impact on OSA through various mechanisms
including changes of sleep architecture, of upper airway neuromuscular function, of arousal
mechanisms and of enhanced upper airway inflammation [13]. Additionally, untreated
OSA has been related to smoking addiction [20,21]. Nevertheless, further research is
needed to clarify the effect of each disorder on the other. Gender may also influence
outcomes, as especially in females, OSA has been found to independently increase the
risk for coronary heart disease and type 2 diabetes mellitus [22]. On the other hand, some
studies suggest a higher risk of cardiovascular disease (CVD) co-morbidity [23] in men
suffering from OSA.

CVD are frequent comorbidities in OSA patients [18]. OSA is associated with an increased
incidence of arterial hypertension (HTN), stroke, heart failure, atrial fibrillation, and coro-
nary artery disease (CAD) [24]. OSA prevalence ranges between 30% to 83% in patients with
HTN, between 12–55% in those with heart failure and 38–65% in patients with CAD [24].
It is reported that OSA patients, especially those with the severe form of the syndrome,
exhibit higher all-cause and CVD mortality [24]. OSA is also independently associated
with metabolic syndrome and insulin resistance that are related with an increased risk
for incident CVD events [25,26]. In any case, the pathogenesis of CVD in OSA patients
is multifactorial including various well-characterized mechanisms such as intermittent
hypoxia, oxidative stress, sympathetic activation, and endothelial dysfunction [24].

Cigarette smoking is also a major risk factor of CVD and remains the leading cause of
preventable mortality worldwide. The all-cause mortality rate among smokers is almost
three times than that of never smokers [13], whereas the adverse effects of smoking on
CVD risk have been demonstrated to be greater in women than in men of the general
population [27,28]. The purpose of this study was to evaluate the relationship between
smoking and OSA and to explore potential differences according to gender. We also aimed
to analyze and compare the prevalence of cardiovascular co-morbidities of OSA patients
according to gender and smoking status.

2. Materials and Methods

We conducted a retrospective cohort study, including all adult patients who visited
the Sleep Clinic of Respiratory Failure Unit of Aristotle University of Thessaloniki due to
symptoms suggestive of OSA over the years 2015–2020. Data regarding patients’ demo-
graphic and clinical characteristics, co-morbidities and smoking habits were recorded. CVD
(arterial hypertension, history of myocardial infarction, coronary artery disease, stroke) and
diabetes mellitus type 2 were self-reported by the patients. Patients with unclear smoking
history, those already receiving treatment for OSA, or suffering from other sleep disorders
apart from OSA were excluded. The Local Ethics Committee has approved the protocol
(No965/290618), and all participants have given their consent.

Daytime somnolence was assessed with the use of the Epworth Sleepiness Scale
(ESS) [29]. An ESS score greater than 10 points was considered as excessive daytime
sleepiness. The 8-item Athens Insomnia Scale (AIS) was used to evaluate the severity of
insomnia [30]. An AIS cut-off score of ≥6 was used to establish the diagnosis of insomnia
problems. All participants underwent nocturnal polysomnography (Embletta® GOLD,
Portable Sleep System, Embla, Broomfield, CO, USA) to confirm the diagnosis of OSA.



Medicina 2021, 57, 1137 3 of 13

Sleep studies were manually scored according to the American Academy of Sleep Medicine
(AASM) criteria [31]. Cases were stratified according to the severity of OSA determined
by the Apnea Hypopnea Index (AHI) as mild with AHI 5 to 15/h, as moderate with AHI
greater than 15 to 30/h and as severe with AHI greater than 30/h.

Patients with an active smoking history > 2 years were considered current smokers,
and those with no smoking history as non-smokers. Smokers were divided into two groups:
current and former smokers. Former smokers referred to smokers who quit smoking for
at least six months. Smoking history was quantified in number of pack years (P/Ys) as
(packs smoked per day) × (years as a smoker). Active and former smokers completed the
Fagerstrom Test for Nicotine Dependence (FTND) [32].

Statistical Analysis

SPSS for Windows 20.0 software (SPSS Inc., Chicago, IL, USA) was used for the sta-
tistical analysis. Descriptive statistics for continuous variables and for categorical data
were given in terms of average and standard deviation and frequency and percentage,
respectively. Chi-square test was used to compare categorical data. A comparison of quanti-
tative data was done using unpaired t-test and, where appropriate, one-way ANOVA with
post hoc Bonferroni comparison. Univariate analyses and multivariate logistic regression
analyses were performed to calculate the odds ratio (OR) and 95% confidence intervals
(95% CI) for smoking status and the risk of OSA and for the relationship of smoking his-
tory with CVD co-morbidities. All multivariate logistic regression analyses controlled for
a number of known risk factors that included sex, age, BMI and number of alcoholic drinks
per week. Current and former smokers were compared separately with never smokers for
the likelihood of developing OSA. Current smokers were also compared with former and
never smokers combined, for the likelihood of developing OSA. All significance tests were
two-sided, and a 0.05 significance level was used.

3. Results

A total number of 3791 participants, males (70.6%) and females (29.4%), were recruited
in the study. After evaluation by a sleep study, 520 (13.7%) of the participants had AHI < 5,
534 (14.1%) suffered from mild disease, 918 (24.2%) from moderate and 1819 (48%) from
severe. The mean ESS score was higher in patients with moderate to severe OSA as well
as insomnia symptoms (Table 1). There was a marked male predominance, whereas OSA
patients were older with higher body mass index (BMI). Of all the participants, 30.5%
were current smokers, 32.9% former smokers and 32.9% never smokers. The percentage of
smokers did not differ between patients with AHI ≥ 15 and those with AHI < 15. However,
nicotine dependence, expressed with FTND, was higher in patients with AHI ≥ 15. The
prevalence of obesity and all cardiovascular co-morbidities was higher in patients with
AHI ≥ 15 when compared to AHI < 15 group (Table 1).

Table 1. Clinical characteristics of the population and comparison between subjects with AHI ≥ 15
vs. AHI < 15.

All Subjects
(n = 3791)

AHI ≥ 15
Subjects
(n = 2733)

AHI < 15
Subjects
(n = 1058)

p

Age, years 57.2 ± 13.6 58.9 ± 12.6 53.1 ± 15.04 <0.001

BMI, kg/m2 32.1 ± 9.2 33.4 ± 9.6 28.6 ± 7.2 <0.001

Male gender, n (%) 2678 (70.6) 2007 (73.4) 671 (63.4) <0.001

Smokers, n (%) 1158 (30.5) 802 (29.3) 356 (32.9) 0.09

FTND 4.9 ± 2.8 5.1 ± 2.6 4.49 ± 2.9 0.007

ESS 9.6 ± 4.5 10.12 ± 4.5 8.35 ± 4.3 <0.001

AIS 8.9 ± 5.5 9.2 ± 5.48 8.01 ± 5.4 <0.001
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Table 1. Cont.

All Subjects
(n = 3791)

AHI ≥ 15
Subjects
(n = 2733)

AHI < 15
Subjects
(n = 1058)

p

Obesity a, n (%) 2343 (61.8) 1941 (71) 402 (38) <0.001

Arterial hypertension, n (%) 1530 (40.4) 1217 (44.5) 313 (29.6) <0.001

Coronary heart disease 400 (10.6) 332 (12.1) 68 (6.4) <0.001

Myocardial infarction, n (%) 96 (2.5) 82 (3) 14 (1.3) <0.001

Stroke, n (%) 107 (2.8) 22 (2.1) 85 (3.1) 0.4

Diabetes mellitus, n (%) 488 (12.9) 393 (14.4) 95 (9) <0.001
OSA: obstructive sleep apnea syndrome; BMI: body mass index; FTND: Fagerstrom Test for Nicotine Dependence;
ESS: Epworth sleepiness scale; AIS: Athens Insomnia Scale; a: BMI > 30.

When the participants were compared according to OSA severity, significant differ-
ences were observed in age, BMI, AHI and Oxygen Desaturation Index (ODI) as expected
(Table 2). In addition, the number of cigarettes/day, the P/Ys and FTND were significantly
higher in patients with more severe OSA. Interestingly, the prevalence of current smokers
was higher in those without OSA or with mild disease, whereas the prevalence of former
smokers was higher in moderate and severe OSA. Furthermore, excessive daytime sleepiness
(ESS) and insomnia symptoms (AIS) were increased according to severity of the disease.

Table 2. Characteristics of the participants according to the severity of OSA.

No OSA
(N = 520)

Mild OSA
(N = 534)

Moderate OSA
(N = 918)

Severe OSA
(N = 1819) p

Age (years) 49.4 ± 15.1 56.7 ± 14 59 ± 12.7 58.8 ± 12.5 <0.001

BMI (kg/m2) 27.7 ± 7 29.6 ± 7.2 31.3 ± 8.9 34.4 ± 9.7 <0.001

Cigarettes/day 20.1 ± 15 22.6 ± 15.5 24.7 ± 16.3 27.7 ± 18 <0.001

Pack/years 13.5 ± 26.01 19.36 ± 26.1 22.84 ± 30.45 25.96 ± 32.86 <0.001

Current smokers (%) 178 (34.2) 176 (32.9) 269 (29.3) 535 (29) 0.12

Former smokers (%) 118 (22.7) 170 (31.8) 318 (34.6) 642 (35.2) 0.01

FTND 4.19 ± 2.93 4.85 ± 2.7 4.9 ± 2.67 5.23 ± 2.85 0.008

AHI (events/h) 2.4 ± 1.2 9 ± 2.9 22.8 ± 3.8 53.3 ± 19.1 <0.001

ODI (events/h) 2.9 ± 3.5 9.1 ± 4.2 22.9 ± 7.7 52.4 ± 20.6 <0.001

ESS 8.4 ± 4.2 8.2 ± 4.3 9.3 ± 4.4 10.5 ± 4.6 <0.001

AIS 8.2 ± 5.5 7.7 ± 5.2 8.8 ± 5.4 9.4 ± 5.4 <0.001

Arterial hypertension, n (%) 118 (22.7) 195 (36.5) 378 (41.2) 839 (46.1) <0.001

Coronary artery disease, n (%) 23 (4.4) 45 (8.4) 113 (12.3) 219 (12) <0.001

Diabetes mellitus, n (%) 43 (8.26) 67 (12.5) 140 (15.2) 348 (19.1) <0.001

Myocardial infarction, n (%) 2 (0.4) 13 (2) 27 (2.9) 60 (3.3) 0.48

Stroke, n (%) 9 (1.7) 13 (2.4) 27 (2.9) 58 (3.2) 0.74

OSA: obstructive sleep apnea syndrome; BMI: body mass index; AHI = Apnea-Hypopnea Index; ODI = Oxygen Desaturation Index; FTND:
Fagerstrom Test for Nicotine Dependence; ESS: Epworth sleepiness scale; AIS: Athens Insomnia Scale.

In a separate analysis according to the smoking habits of the participants with OSA,
former smokers were found to be older with a higher BMI and co-morbidities as hyperten-
sion, coronary heart disease and diabetes. Current smokers presented higher AHI and ODI,
especially compared with non-smokers in the post hoc analysis. However, no significant
differences were observed in ESS and AIS between groups (Table 3).
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Table 3. Characteristics of the participants with OSA according to their smoking habits.

Smokers
(N = 802, 29.3%)

Former Smokers
(N = 959, 35.1%)

Non-Smokers
(N = 886, 32.4%) p

Age (years) 54.4 ± 11 62.1 ± 11 59.5 ± 13 <0.001

BMI (kg/m2) 34.2 ± 8.2 34.2 ± 8.6 33.1 ± 9.5 0.01

Neck circumference, cm 43 ± 6.8 43.3 ± 6.5 41.6 ± 5.8 <0.001

Waist circumference, cm 116 ± 18.1 118 ± 15.6 114 ± 16.5 0.006

AHI (events/h) 44.2 ± 22.4 43.1 ± 21.1 41.7 ± 20 0.048

ODI (events/h) 43.4 ± 22.7 42.09 ± 22.4 40.9 ± 21.08 0.047

ESS 9.9 ± 4.67 10.26 ± 4.5 10.1 ± 4.6 0.42

AIS 9.24 ± 5.2 9.1 ± 5.7 9.37 ± 5.47 0.66

Arterial hypertension, n (%) 307 (38.3) 472 (49.2) 424 (47.8) <0.001

Coronary artery disease, n (%) 75 (9.3) 189 (19.7) 64 (7.2) <0.001

Diabetes mellitus, n (%) 121 (15.1) 217 (22.6) 146 (16.5) <0.001

Myocardial infarction, n (%) 24 (3) 51 (5.3) 12 (1.35) 0.9

Stroke, n (%) 27 (3.4) 31 (3.2) 26 (2.9) 0.8

OSA: obstructive sleep apnea syndrome; BMI: body mass index; AHI: Apnea-Hypopnea Index; ODI: Oxygen Desaturation Index; ESS:
Epworth sleepiness scale; AIS: Athens Insomnia Scale.

A significant but weak correlation was found between P/Ys and AHI (r = 0.12,
p < 0.001), P/Ys and ODI (0.14, p < 0.001), P/Ys and ESS (r = 0.08, p < 0.001) and P/Ys
and AIS (r = 0.04, p = 0.02). Additionally, a weak correlation was found between FTND
and AHI (r = 0.09, 0.01), FTND and ODI (r = 0.08, p = 0.02) and FTND and AIS (r = 0.18,
p < 0.001). In the analysis according to gender, for men the correlation remained similar.
However, no significant correlations were found for women neither for P/Ys nor for FTND
and AHI, ODI and AIS, respectively.

In a separate analysis of ever smoking patients with OSA (AHI ≥ 15) according to
gender, a male predominance was observed (70.9% vs. 46.5%, p < 0.001). Interestingly, no
significant difference in ESS score was observed, whereas women presented with more
insomnia symptoms (p = 0.001) (Table 4).

Table 4. Characteristics of ever-smokers OSA patients (AHI ≥ 15) according to gender.

Males
(N = 1423)

Females
(N = 338) p

Age (years) 58.5 ± 12.5 58.9 ± 10 0.01

BMI, (kg/m2) 33.8 ± 7.7 36 ± 10.7 0.02

Waist circumference, cm 130 ± 17 110 ± 18 0.002

Neck circumference, cm 42.9 ± 6.5 38.8 ± 7.6 <0.001

ESS 10.14 ± 4.5 10.1 ± 4.6 0.5

AIS 8.7 ± 5.3 10.8 ± 5.6 0.001

AHI (event/h) 45.4 ± 21.6 40.3 ± 22 0.007

ODI (event/h) 43.5 ± 21.9 41.2 ± 25 0.2

FTND 5.26 ± 2.6 4.5 ± 2.8 0.03

Cigarettes/day 24.6 ± 14.4 17.1 ± 9.9 <0.001

Packs/year 38.9 ± 27 26 ± 19.1 <0.001

Arterial hypertension, n (%) 606 (42.6) 173 (51) 0.005



Medicina 2021, 57, 1137 6 of 13

Table 4. Cont.

Males
(N = 1423)

Females
(N = 338) p

Coronary artery disease, n (%) 240 (16.8) 24 (7.1) <0.001

Diabetes mellitus, n (%) 200 (14) 71 (21) 0.002

Myocardial infarction, n (%) 64 (4.49) 6 (1.77) 0.045

Stroke, n (%) 27 (3) 8 (2.8) 0.5
OSA: obstructive sleep apnea syndrome; BMI: body mass index; ESS: Epworth sleepiness scale; AIS: Athens
insomnia scale; AHI: apnea hypopnea index; ODI: oxygen desaturation index; FTND: fagerstrom test for nicotine
dependence.

Cigarettes/day, P/Ys and FTND were statistically significantly higher in men. HTN
and diabetes were more prevalent in women but men presented more frequently CAD or
a myocardial event. Comparing male and female OSA patients according to smoking status
(current, former, and non-smokers), we found that current smokers were diagnosed at
younger age and had higher BMI than former and never smokers in both genders. Smoking
habit was associated with neither ESS nor OSA severity. As for co-morbidities, there were
no statistically significant differences according to smoking status in women apart from
a predominance of HTN in former smokers (p = 0.006); however, male former smokers
presented all CVD co-morbidities (except stroke) and diabetes mellitus more frequently
than active or never smokers (Table 5).

Table 5. Comparison of smokers, former smokers and non-smokers with OSA (AHI ≥ 15) according to gender.

Men with OSA (N = 2007) Women with OSA (N = 726)

Current
Smokers
(n = 632)

Former
Smokers
(n = 791)

Non-Smokers
(n = 584) p

Current
Smokers
(n = 170)

Former
Smokers
(n = 168)

Non-Smokers
(n = 388) p

Age (years) 54.4 ± 11.1 62.1 ± 11.8 59.5 ± 13.5 <0.001 56.3 ± 9.6 61.4 ± 9.8 64.3 ± 11.8 <0.001

BMI, (kg/m2) 33.9 ± 7.4 33.7 ± 8.1 32.6 ± 8.6 0.015 35.5 ± 10.6 34.8 ± 10.7 33.8 ± 10.5 0.019

ESS 10 ± 4.6 9.9 ± 4.6 10.2 ± 4.5 0.42 10.1 ± 4.7 10 ± 4.5 9.5 ± 4.4 0.24

AHI (event/h) 45.3 ± 22.2 43.7 ± 21 43.1 ± 20 0.17 40.1 ± 22.7 40.4 ± 21.3 39.7 ± 18.6 0.9

ODI (event/h) 43.9 ± 21.8 43.2 ± 22.07 41.8 ± 21.4 0.23 39.7 ± 20.4 41.4 ± 25.9 41.1 ± 24.1 0.65

Arterial hypertension, n (%) 232 (36.7) 374 (47.2) 211 (36.1) <0.001 75 (44.1) 98 (58.3) 213 (54.8) 0.006

Coronary artery disease,
n (%) 67 (10.6) 174 (21.9) 38 (6.5) <0.001 9 (5.3) 15 (8.9) 27 (7) 0.43

Stroke, n (%) 22 (3.4) 26 (3.2) 14 (2.3) 0.76 5 (2.9) 5 (3) 12 (3.1) 0.86

Diabetes mellitus, n (%) 63 (9.9) 137 (17.3) 59 (10.1) <0.001 38 (22) 33 (19.6) 38 (9.8) 0.218

Myocardial infarction, n (%) 19 (3.6) 45 (6.06) 9 (1.9) 0.001 2 (1.17) 4 (2.3) 3 (0.77) 0.17

OSA: obstructive sleep apnea syndrome; BMI: body mass index; ESS: Epworth sleepiness scale; AHI: apnea hypopnea index; ODI: oxygen
desaturation index.

In the univariate analysis, smoking was significantly associated with OSA (p = 0.026)
(Table 6). Current smokers were found 1.2 times more likely to have OSA compared with
never and former smokers combined (95% CI 1.02–1.38). Univariate tests to estimate the
odds of OSA for current vs. never smokers and former vs. never smokers were done using
logistic regression. Interestingly, former smokers were 1.49 times more likely to have OSA
compared with never smokers (95% CI 1.25–1.78). However, in the multiple regression
analysis, after adjusting for BMI, gender, age and number of alcoholic drinks per week,
smoking was not significantly associated with OSA (p = 0.76). Similarly, former smokers
were not found more likely than never smokers to have OSA, in contrast to the univariate
analysis where the result was statistically significant. In the subgroup gender analysis,
former male smokers were 1.6 times more likely to present OSA, whereas current smokers
were 1.2 times as likely to have OSA compared with never and former smokers combined.
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However, these results were not maintained after adjustment for confounding factors. In
the female subgroup, no associations were statistically significant (Table 6).

Table 6. Risk of Obstructive Sleep Apnea (OSA) associated with current smoking and former smoking estimated by
unadjusted and adjusted Odds Ratio (OR) and 95% Confidence Intervals (CI).

Total OSA Sample Univariate Multivariate *

OSA
OR (95% CI) p OSA

OR (95% CI) p

Current vs. never or former smoker 1.2 (1.02–1.38) 0.026 1.037 (0.87–1.22) 0.67

Current vs. never smoker 1.01 (0.85–1.2) 0.84 0.98 (0.81–1.19) 0.88

Former vs. never smoker 1.49 (1.25–1.78) <0.001 1.08 (0.89–1.3) 0.39

Subgroup Analysis by Gender
Males Females

Univariate Multivariate ** Univariate Multivariate **

OSA
(95% CI) p OSA

(95% CI) p OSA
(95% CI) p OSA

(95% CI) p

Current vs. never or former smoker 1.23
(1.02–1.48) 0.02 1.06

(0.8–1.3) 0.5 1.2
(0.9–1.6) 0.1 0.96

(0.7–1.3) 0.8

Current vs. never smoker 1.05
(0.8–1.3) 0.6 1.0

(0.7–1.2) 0.2 1.25
(0.9–1.6) 0.1 0.96

(0.7–1.3) 0.8

Former vs. never smoker 1.6
(1.2–2) <0.001 1.2

(0.9–1.5) 0.1 1.01
(0.7–1.3) 0.9 1.04

(0.7–1.4) 0.7

* Odds ratios have been adjusted for age, sex, body mass index and number of alcoholic drinks per week. ** Odds ratios have been adjusted
for age, body mass index and number of alcoholic drinks per week.

Additionally we performed a multivariate analysis (adjusting for age, gender, smoking
status, number of alcoholic drinks per week, AHI) on the relationship of smoking history
with CVD co-morbidities that showed that smoking history was not so strongly associated
with HTN (OR = 1.009, (95% CI 0.84–1.21), p = 0.9 for current smokers, OR = 0.968 (95%
CI 0.8–1.16), p = 0.7 for former smokers) as female gender (OR = 1.5 (95% CI 1.28–1.77),
p < 0.001), age (OR = 1.07 (1.07–1.08), p < 0.001) and AHI (OR = 1.01 (1.007–1.013), p < 0.001).
Stroke was associated with current smoking (OR = 1.54 (0.93–2.55), p = 0.09) and age
(OR = 1.05 (1.04–1.07), p < 0.001). CAD was strongly associated with current (1.98 (1.4–2.79),
p < 0.001) and former smoking (OR = 2.49 (1.85–3.35), p < 0.001).

4. Discussion

In the current study, we found that the number of cigarettes/day, the P/Ys and nicotine
dependence were significantly higher in patients with more severe OSA. The prevalence
of current smokers was higher in those without OSA or with mild disease, whereas the
prevalence of former smokers was higher in moderate and severe OSA. In univariate
analysis, current smokers were found 1.2 times more likely to have OSA compared with
never and former smokers combined and former smokers 1.49 times more likely compared
with never smokers. However, in the multiple regression analysis, after adjusting for
BMI, gender, age and number of alcoholic drinks per week, smoking was not found to
be significantly associated with OSA. CVD co-morbidities were more frequent in more
severe OSA. However, HTN was more strongly associated with gender and age than
smoking status, whereas stroke and CAD were strongly associated with smoking. A higher
prevalence of HTN was observed in patients with AHI ≥ 15 and especially those with more
severe OSA. However, HTN, CAD, and diabetes were more prevalent in former smokers
with AHI ≥ 15, compared with current smokers with AHI ≥ 15. In the separate analysis
according to gender, a male predominance in smoking among OSA patient was observed,
with male patients smoking more cigarettes, having higher nicotine dependence and more
severe OSA than females. Daytime sleepiness did not differ between genders, but women
complained more of insomnia. HTN and diabetes were more frequent in women but men
presented more frequently CAD or an ischemic myocardial event. Finally, we observed
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that current smokers were diagnosed with OSA at a younger age compared with former
and never smokers and presented higher AHI and oxygen desaturation Index (ODI).

The association between smoking and OSA is not currently well-established. Data
from the Wisconsin Sleep Cohort Study report that active but not former smoking was
associated with a greater possibility of developing moderate or severe OSA, even after
adjustment of confounding factors especially in heavy smokers [21]. Similarly, a small
case-control study in a referral population showed that the prevalence of current smoking
in the group of OSA patients was higher than that of the non-OSA patients (35% vs. 18%)
and that smoking was independently associated with OSA [8]. In addition, similarly with
our findings, another study reported that heavy smokers suffered from more severe OSA
and that smoking associated with earlier age of disease diagnosis [33]. A more recent
study also revealed a significant effect of P/Ys, age and BMI on OSA severity. Increased
smoking status was associated with increased OSA severity expressed by increased AHI
and reduced oxygen saturation [34].

Possible smoking-associated mechanisms of OSA have been described through various
studies. It was suggested that smoking alters the uvular mucosa of OSA patients, so that it
becomes more thickened and edematous through CGRP-induced neurogenic inflammation.
Longer exposure to smoking may result in a higher prevalence of moderate or severe
OSA [19]. Nasal obstruction due to smoking-related chronic mucosal inflammation, as
thickened epithelium, cellular hyperplasia, mucosal edema and damaged cilia function,
was also considered to be a potential mechanism [35–37]. Other potential explanations of
the smoking effects on OSA were suggested to be the nicotine-induced impairment of the
neuromuscular protective reflexes of the upper airway [38]. Smoking-related respiratory
effects, such as accelerated loss of lung function and increased rates of obstructive airway
diseases [39] were also suggested to play a role in the development of OSA. Finally, the
interactions among the stimulant effects of nicotine, of nicotine withdrawal and of the
respiratory effects of smoking may result in sleep-disordered breathing. Older studies [40]
demonstrated that the administration of nicotine gum prior to sleep resulted in a decreased
number of obstructive and mixed apneas during the first 2 h of sleep, suggesting that
nicotine may actually reduce sleep-disordered breathing. However, as nicotine blood levels
decline and upper airway resistance increases during the night, AHI increased due to
nicotine withdrawal or smoking-associated respiratory effects [40]. However, other studies
using nicotine in the form of transdermal patches [41] and tooth patch [42] did not show
any significant effects on respiratory events.

On the other hand, other studies suggest that there is no evidence of a causal rela-
tionship between OSA and cigarette smoking. In our study, smoking was not found to
be significantly associated with OSA after adjusting for BMI, gender, age and number
of alcoholic drinks per week, in both genders. However, the number of cigarettes/day,
the P/Ys and nicotine dependence were significantly higher in patients with more severe
OSA and both AHI and ODI were lower in non-smokers. In compliance with our results,
a previous large cross-sectional study concluded that smoking was not an independent
risk factor for OSA after adjusting for confounding variables (age, BMI, and gender). Pa-
tients with more severe OSA (AHI > 50) were found to be heavier smokers and conversely,
heavy smokers presented a higher AHI than non-smokers [43]. Our findings are also in
accordance with a recent study that reported no significant association between cigarette
smoking and OSA after adjusting for gender, BMI and age [44]. This study also found that
smokers presented higher AHI than in our results [44]. Furthermore, a large single-center
retrospective observational study including 3613 OSA patients also reported that smokers
with OSA had a higher AHI, and lower mean oxygenation during sleep [6]. In a like matter,
in another retrospective analysis, no significant differences in the AHI were found when
comparing current/former smokers with non-smokers. However, current/former smokers
presented lower nocturnal mean oxygen saturation [45]. Opposite to our findings, these
three latter studies [6,44,45] reported higher daytime sleepiness (ESS) in smokers that was



Medicina 2021, 57, 1137 9 of 13

attributed to the combined effects of nicotine on sleep architecture, on the upper airway
and possibly to nocturnal hypoxia.

Additionally, older studies have also reported a significant decrease in nocturnal
oxygen saturation among smokers, but no significant differences in AHI and ODI between
smokers and non-smokers [46]. In another study, smoking was found to be associated with
ODI and arousals but not with AHI. The effects were more pronounced in current than
former smokers. Current smokers with more than 15 P/Ys presented higher Total Sleep
Time at SaO2 <90% and higher arousal index. Further, former smokers with more than
15 P/Ys were found to have higher AHI and arousal index compared with those with less
than 15 P/Ys [47]. In a more recent meta-analysis, OSA was related with the use of alcohol,
without enough evidence to confirm its association with tobacco or caffeine. However, the
level of evidence of this meta-analysis was low, so that the authors suggested a cautious
interpretation of their results [48]. Similarly to our results, data from the Sleep Heart Health
Study concluded that former smoking was associated with more severe OSA, although
current smoking was not. An inverse association between AHI and current smoking was
observed in both males and females of this study with current smokers been more likely to
have lower AHI [49]. In addition, a large population study also found current smoking to
be strongly but inversely associated with self-reported OSA diagnosis in both genders [50].
The most likely explanation for the discordant results of the aforementioned studies is
the different populations examined. Studies like ours evaluate populations referred to
a sleep clinic with the participants suffering more frequently from more severe OSA, being
predominantly male and obese. On the other hand, studies evaluating population in the
community setting include similar proportions of men and women with milder disease.

In our study, the majority of the ever-smoking patients were men who suffered from
a more severe form of the disease in accordance with previously presented results [33].
Indeed, our results are expected, taking into account an OSA reported male:female ratio
of 8–10:1 in clinical studies or approximately 2:1 or 3:1 in epidemiological studies [51].
Additionally, a cross-sectional study conducted in Greece, found that male sex was a strong
independent determinant for current smoking [52]. The prevalence of smoking found in our
study was 29 to 33%, similar to that of the general population in Greece (28–35%) [52,53],
higher in males and OSA patients. Daytime sleepiness did not differ between genders.
However, women complained more often of insomnia in accordance with the existing
literature [5]. Whether different anthropometric measurements, possible hormonal changes
or lifestyle factors influence our findings is under discussion. In any case, even if our
current knowledge supports normal changes in sleep architecture according to sex, age,
and ethnicity [4,5,54], the role of smoking status remains a potential field of future research.

Many studies have suggested a relationship between OSA and cardiovascular dis-
eases [26,55]. In Greece, the prevalence of hypertension is almost 23% in men and 15%
in women, with a lower prevalence of diabetes (around 5%) in both genders [56]. The
prevalence of CVD co-morbidities was higher in our OSA population compared with the
general population. HTN is the most common CVD co-morbidity in patients suffering from
OSA [24–26,57]. On the other hand, smoking is one of the most important risk factors for
HTN [58]. We found a significantly higher prevalence of HTN in patients with AHI ≥ 15
and especially those with more severe OSA. Paradoxically, we also found that HTN was
less frequent in smokers with AHI ≥ 15, compared with former smokers and also current
smokers with AHI ≥ 15. Our results are in line with the observations of Bielicki et al. [6]
that also showed that the proportion of non-smokers with OSA with HTN was higher than
that of ever-smokers. Contrary to our findings, Shao et al. found a significant increase
of HTN risk in current/former smoking patients with OSA [45]. This variation could be
related to the differences of the populations studied. In the study of Bielicki et al. [6], as in
our study, smokers were younger than non-smokers and former smokers, and this could
have had an impact on the results, as HTN incidence increases with age [59]. In our analysis
HTN was more strongly associated with gender and age than smoking status. Additionally,
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our study, due to its retrospective design, did not assess the duration of smoking cessation
in former smokers, a factor that could also affect HTN.

Regarding the separate gender analysis, the prevalence of HTN and diabetes mellitus
among female smoker patients and especially former smokers was higher than in male.
This was expected, considering that female patients were older and more obese. On
the other hand, among male OSA patients that smoked, CAD and myocardial infarction
were more frequent. Notably, a recent large epidemiological study of Greek OSA patients
showed that female sex was an independent significant predictor of prevalent CVD (arterial
hypertension, coronary heart disease, stroke, and heart failure), especially in younger and
non-obese OSA patients [60]. Indeed, important gender-based differences have been
described in the association between OSA and CVD [22,27,28,61,62]. Furthermore, there
is evidence supporting a significant role of OSA as a contributing factor to incident CVD
and cardiac remodeling in women, suggesting that these associations are stronger than
in middle aged to elderly male individuals without prevalent CVD [63]. Our findings
though can be expected, since the majority of male patients in our cohort suffered from
more severe disease and smoked more cigarettes/day and had more P/Ys than female
patients. Actually, previous studies have shown that moderate to severe OSA was more
strongly associated with CVD risk than gender [60]. Whether there is a potential modifying
role of smoking on the gender-related cardiovascular effect of the syndrome needs to be
further evaluated.

The present study has certain limitations. Firstly, patients were enrolled based on
a referral to the sleep clinic, a factor that potentially limits the ability to generalize our
findings to other populations. Additionally, the retrospective design of the study precludes
causal inferences, and the self-reported data may lead to underestimation of smoking or
CVD prevalence. However, these limitations are partly counterbalanced by our relatively
large sample.

5. Conclusions

In conclusion, even if we failed to prove an independent effect of smoking habit
on OSA, we showed that the number of cigarettes/day, the P/Ys, and nicotine depen-
dence were significantly higher in patients with more severe OSA. Current smokers were
diagnosed with OSA at a younger age compared with former and never smokers and
presented higher AHI and ODI. HTN, CAD, and diabetes were more prevalent in former
smokers with AHI ≥ 15, compared with current smokers with AHI ≥ 15. A higher preva-
lence of HTN was observed in patients with AHI ≥ 15 and especially those with more
severe OSA. To our knowledge, this is the first epidemiological study examining a large
cohort of Greek subjects and investigating the effect of smoking habits on OSA and the
potential sex differences.
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sleep apnea syndrome. Pneumologia 2016, 65, 28–35.
8. Kashyap, R.; Hock, L.M.; Bowman, T.J. Higher prevalence of smoking in patients diagnosed as having obstructive sleep apnea.

Sleep Breath. 2001, 5, 167–172. [CrossRef]
9. Lindberg, E.; Gislason, T. Epidemiology of sleep-related obstructive breathing. Sleep Med. Rev. 2000, 4, 411–433. [CrossRef]
10. Bearpark, H.; Elliott, L.; Grunstein, R.; Cullen, S.; Schneider, H.; Althaus, W.; Sullivan, C. Snoring and sleep apnea. A population

study in Australian men. Am. J. Respir. Crit. Care Med. 1995, 151, 1459–1465. [CrossRef] [PubMed]
11. Franklin, K.A.; Gislason, T.; Omenaas, E.; Jõgi, R.; Jensen, E.J.; Lindberg, E.; Gunnbjörnsdóttir, M.; Nyström, L.; Laerum, B.N.;

Björnsson, E.; et al. The influence of active and passive smoking on habitual snoring. Am. J. Respir. Crit. Care Med. 2004, 170,
799–803. [CrossRef]

12. Lindberg, E.; Taube, A.; Janson, C.; Gislason, T.; Svardsudd, K.; Boman, G. A 10-year follow-up of snoring in men. Chest 1998, 114,
1048–1055. [CrossRef] [PubMed]

13. Krishnan, V.; Dixon-Williams, S.; Thornton, J.D. Where there is smoke . . . there is sleep apnea: Exploring the relationship between
smoking and sleep apnea. Chest 2014, 146, 1673–1680. [CrossRef]

14. Ogeil, R.P.; Phillips, J.G. Commonly used stimulants: Sleep problems, dependence and psychological distress. Drug Alcohol
Depend. 2015, 153, 145–151. [CrossRef]

15. Phillips, B.A.; Danner, F.J. Cigarette smoking and sleep disturbance. Arch. Intern. Med. 1995, 155, 734–737. [CrossRef]
16. Soldatos, C.R.; Kales, J.D.; Scharf, M.B.; Bixler, E.O.; Kales, A. Cigarette smoking associated with sleep difficulty. Science 1980, 207,

551–553. [CrossRef]
17. Zhang, L.; Samet, J.; Caffo, B.; Punjabi, N.M. Cigarette smoking and nocturnal sleep architecture. Am. J. Epidemiol. 2006, 164,

529–537. [CrossRef]
18. Lin, Y.N.; Li, Q.Y.; Zhang, X.J. Interaction between smoking and obstructive sleep apnea: Not just participants. Chin. Med. J. 2012,

125, 3150–3156.
19. Kim, K.S.; Kim, J.H.; Park, S.Y.; Won, H.R.; Lee, H.J.; Yang, H.S.; Kim, H.J. Smoking induces oropharyngeal narrowing and

increases the severity of obstructive sleep apnea syndrome. J. Clin. Sleep Med. 2012, 8, 367–374. [CrossRef] [PubMed]
20. Schrand, J.R. Is sleep apnea a predisposing factor for tobacco use? Med. Hypotheses 1996, 47, 443–448. [CrossRef]
21. Wetter, D.W.; Young, T.B.; Bidwell, T.R.; Badr, M.S.; Palta, M. Smoking as a risk factor for sleep-disordered breathing. Arch. Intern.

Med. 1994, 154, 2219–2224. [CrossRef]
22. Strausz, S.; Havulinna, A.S.; Tuomi, T.; Bachour, A.; Groop, L.; Mäkitie, A.; Koskinen, S.; Salomaa, V.; Palotie, A.; Ripatti, S.; et al.

Obstructive sleep apnoea and the risk for coronary heart disease and type 2 diabetes: A longitudinal population-based study in
Finland. BMJ Open 2018, 8, e022752. [CrossRef]

23. Geovanini, G.R.; Wang, R.; Weng, J.; Jenny, N.S.; Shea, S.; Allison, M.; Libby, P.; Redline, S. Association between obstructive sleep
apnea and cardiovascular risk factors: Variation by age, sex, and race. The Multi-Ethnic Study of Atherosclerosis. Ann. Am.
Thorac. Soc. 2018, 15, 970–977. [CrossRef]

24. Javaheri, S.; Barbe, F.; Campos-Rodriguez, F.; Dempsey, J.A.; Khayat, R.; Javaheri, S.; Malhotra, A.; Martinez-Garcia, M.A.; Mehra,
R.; Pack, A.I.; et al. Sleep Apnea: Types, Mechanisms, and Clinical Cardiovascular Consequences. J. Am. Coll. Cardiol. 2017, 69,
841–858. [CrossRef] [PubMed]

25. Drager, L.F.; Polotsky, V.Y.; O’Donnell, C.P.; Cravo, S.L.; Lorenzi-Filho, G.; Machado, B.H. Translational approaches to under-
standing metabolic dysfunction and cardiovascular consequences of obstructive sleep apnea. Am. J. Physiol. Heart Circ. Physiol.
2015, 309, 1101–1111. [CrossRef]

26. Marshall, N.S.; Wong, K.K.H.; Liu, P.Y.; Cullen, S.R.; Knuiman, M.W.; Grunstein, R.R. Sleep apnea as an independent risk factor
for all-cause mortality: The Busselton Health Study. Sleep 2008, 31, 1079–1085.

27. Huxley, R.R.; Woodward, M. Cigarette smoking as a risk factor for coronary heart disease in women compared with men:
A systematic review and meta-analysis of prospective cohort studies. Lancet 2011, 378, 1297–1305. [CrossRef]

28. Peters, S.A.; Huxley, R.R.; Woodward, M. Smoking as a risk factor for stroke in women compared with men: A systematic review
and meta-analysis of 81 cohorts, including 3,980,359 individuals and 42,401 strokes. Stroke 2013, 44, 2821–2828. [CrossRef]

http://doi.org/10.1001/jama.2013.276185
http://doi.org/10.1126/science.181.4102.856
http://doi.org/10.1016/j.smrv.2016.07.002
http://doi.org/10.5603/ARM.a2019.0011
http://www.ncbi.nlm.nih.gov/pubmed/31038721
http://doi.org/10.1055/s-2001-18805
http://doi.org/10.1053/smrv.2000.0118
http://doi.org/10.1164/ajrccm.151.5.7735600
http://www.ncbi.nlm.nih.gov/pubmed/7735600
http://doi.org/10.1164/rccm.200404-474OC
http://doi.org/10.1378/chest.114.4.1048
http://www.ncbi.nlm.nih.gov/pubmed/9792576
http://doi.org/10.1378/chest.14-0772
http://doi.org/10.1016/j.drugalcdep.2015.05.036
http://doi.org/10.1001/archinte.1995.00430070088011
http://doi.org/10.1126/science.7352268
http://doi.org/10.1093/aje/kwj231
http://doi.org/10.5664/jcsm.2024
http://www.ncbi.nlm.nih.gov/pubmed/22893766
http://doi.org/10.1016/S0306-9877(96)90155-3
http://doi.org/10.1001/archinte.1994.00420190121014
http://doi.org/10.1136/bmjopen-2018-022752
http://doi.org/10.1513/AnnalsATS.201802-121OC
http://doi.org/10.1016/j.jacc.2016.11.069
http://www.ncbi.nlm.nih.gov/pubmed/28209226
http://doi.org/10.1152/ajpheart.00094.2015
http://doi.org/10.1016/S0140-6736(11)60781-2
http://doi.org/10.1161/STROKEAHA.113.002342


Medicina 2021, 57, 1137 12 of 13

29. Johns, M.W. A new method for measuring daytime sleepiness: The Epworth Sleepiness Scale. Sleep 1991, 14, 540–545. [CrossRef]
[PubMed]

30. Soldatos, C.R.; Dikeos, D.G.; Paparrigopoulos, T.J. The diagnostic validity of the Athens Insomnia Scale. J. Psychosom. Res. 2003,
55, 263–267. [CrossRef]

31. Iber, C.; Ancoli-Israeli, S.; Chesson, A.; Quan, S.F. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology
and Technical Specifications, 1st ed.; American Academy of Sleep Medicine: Darien, IL, USA, 2007.

32. Heatherton, T.F.; Kozlowski, L.T.; Frecker, R.C.; Fagerström, K.O. The Fagerström Test for Nicotine Dependence: A revision of the
Fagerström Tolerance Questionnaire. Br. J. Addict. 1991, 86, 1119–1127. [CrossRef]

33. Varol, Y.; Anar, C.; Tuzel, O.E.; Guclu, S.Z.; Ucar, Z.Z. The impact of active and former smoking on the severity of obstructive
sleep apnea. Sleep Breath. 2015, 19, 1279–1284. [CrossRef]

34. Yosunkaya, S.; Kutlu, R.; Vatansev, H. Effects of smokıng on patıents wıth obstructıve sleep apnea syndrome. Clin. Respir. J. 2021,
15, 147–153. [CrossRef] [PubMed]

35. Cohen, N.A.; Zhang, S.; Sharp, D.B.; Tamashiro, E.; Chen, B.; Sorscher, E.J.; Woodworth, B.A. Cigarette smoke condensate inhibits
transepithelial chloride transport and ciliary beat frequency. Laryngoscope 2009, 119, 2269–2274. [CrossRef] [PubMed]

36. Young, T.; Finn, L.; Kim, H. Nasal obstruction as a risk factor for sleep-disordered breathing. The University Of Wisconsin Sleep
and Respiratory Research Group. J. Allergy Clin. Immunol. 1997, 99, 757–762. [CrossRef]

37. Hadar, T.; Yaniv, E.; Shvili, Y.; Koren, R.; Shvero, J. Histopathological changes of the nasal mucosa induced by smoking. Inhal.
Toxicol. 2009, 21, 1119–1122. [CrossRef] [PubMed]

38. Dicpinigaitis, P.V. Cough reflex sensitivity in cigarette smokers. Chest 2003, 123, 685–688. [CrossRef]
39. U.S. Department of Health and Human Services. The Health Benefits of Smoking Cessation: A Report of the Surgeon General;

Department Health and Human Services: Washington, DC, USA, 1990.
40. Gothe, B.; Strohl, K.P.; Levin, S.; Cherniack, N.S. Nicotine: A different approach to treatment of obstructive sleep apnea. Chest

1985, 87, 11–17. [CrossRef]
41. Davila, D.G.; Hurt, R.D.; Offord, K.P.; Harris, C.D.; Shepard, J.W. Acute effects of transdermal nicotine on sleep architecture,

snoring, and sleep-disordered breathing in nonsmokers. Am. J. Respir. Crit. Care Med. 1994, 150, 469–474. [CrossRef] [PubMed]
42. Zevin, S.; Swed, E.; Cahan, C. Clinical effects of locally delivered nicotine in obstructive sleep apnea syndrome. Am. J. Ther. 2003,

10, 170–175. [CrossRef] [PubMed]
43. Hoflstein, V. Relationship between smoking and sleep apnea in clinic population. Sleep 2002, 25, 519–524. [PubMed]
44. Hsu, W.Y.; Chiu, N.Y.; Chang, C.C.; Chang, T.G.; Lane, H.Y. The association between cigarette smoking and obstructive sleep

apnea. Tob. Induc. Dis. 2019, 17, 27. [CrossRef]
45. Shao, C.; Qi, H.; Fang, Q.; Tu, J.; Li, Q.; Wang, L. Smoking history and its relationship with comorbidities in patients with

obstructive sleep apnea. Tob. Induc. Dis. 2020, 18, 56. [CrossRef]
46. Casasola, G.G.; Alvarez-Sala, J.L.; Marques, J.A.; Sánchez-Alarcos, J.M.F.; Tashkin, D.P.; Espinós, D. Cigarette smoking behavior

and respiratory alterations during sleep in a healthy population. Sleep Breath. 2002, 6, 19–24. [CrossRef] [PubMed]
47. Conway, S.G.; Roizenblatt, S.S.; Palombini, L.; Castro, L.S.; Bittencourt, L.R.; Silva, R.S.; Tufik, S. Effect of smoking habits on sleep.

Braz. J. Med. Biol. Res. 2008, 41, 722–727. [CrossRef]
48. Taveira, K.; Kuntze, M.M.; Berretta, F.; de Souza, B.; Godolfim, L.R.; Demathe, T.; De Luca Canto, G.; Porporatti, A.L. Association

between obstructive sleep apnea and alcohol, caffeine and tobacco: A meta-analysis. J. Oral. Rehabil. 2018, 45, 890–902. [CrossRef]
[PubMed]

49. Nieto, F.J.; Young, T.B.; Lind, B.K.; Shahar, E.; Samet, J.M.; Redline, S.; D’Agostino, R.B.; Newman, A.B.; Lebowitz, M.D.; Pickering,
T.G. Association of sleep-disordered breathing, sleep apnea, and hypertension in a large community-based study. Sleep Heart
Health Study. JAMA 2000, 283, 1829–1836. [CrossRef] [PubMed]

50. Huang, T.; Lin, B.M.; Markt, S.C.; Stampfer, M.J.; Laden, F.; Hu, F.B.; Tworoger, S.S.; Redline, S. Sex differences in the associations
of obstructive sleep apnoea with epidemiological factors. Eur. Respir. J. 2018, 51, 1702421. [CrossRef]

51. Sforza, E.; Chouchou, F.; Collet, P.; Pichot, V.; Barthélémy, J.C.; Roche, F. Sex differences in obstructive sleep apnoea in an elderly
French population. Eur. Respir. J. 2011, 37, 1137–1143. [CrossRef] [PubMed]

52. Rachiotis, G.; Barbouni, A.; Katsioulis, A.; Antoniadou, E.; Kostikas, K.; Merakou, K.; Kourea, K.; Khoury, R.N.; Tsouros, A.;
Kremastinou, J.; et al. Prevalence and determinants of current and secondhand smoking in Greece: Results from the Global Adult
Tobacco Survey (GATS) study. BMJ Open 2017, 7, e013150. [CrossRef]

53. Kapetanstrataki, M.; Tzortzi, A.; Evangelopoulou, V.; Behrakis, P. Smoking prevalence in Greece: The role of age and sex. Tob.
Prev. Cessat. 2020, 6, A108. [CrossRef]

54. Sahlin, C.; Franklin, K.A.; Stenlund, H.; Lindberg, E. Sleep in women: Normal values for sleep stages and position and the effect
of age, obesity, sleep apnea, smoking, alcohol and hypertension. Sleep Med. 2009, 10, 1025–1030. [CrossRef]

55. Young, T.; Finn, L.; Peppard, P.E.; Szklo-Coxe, M.; Austin, D.; Nieto, F.J.; Stubbs, R.; Hla, K.M. Sleep disordered breathing and
mortality: Eighteen-year follow-up of the Wisconsin sleep cohort. Sleep 2008, 31, 1071–1078.

56. Timmis, A.; Townsend, N.; Gale, C.; Grobbee, R.; Maniadakis, N.; Flather, M.; Wilkins, E.; Wright, L.; Vos, R.; Bax, J.; et al.
European society of cardiology: Cardiovascular disease statistics 2017. Eur. Heart J. 2018, 39, 508–579. [CrossRef]

57. Lombardi, C.; Pengo, M.F.; Parati, G. Systemic hypertension in obstructive sleep apnea. J. Thorac. Dis. 2018, 10, S4231–S4243.
[CrossRef]

http://doi.org/10.1093/sleep/14.6.540
http://www.ncbi.nlm.nih.gov/pubmed/1798888
http://doi.org/10.1016/S0022-3999(02)00604-9
http://doi.org/10.1111/j.1360-0443.1991.tb01879.x
http://doi.org/10.1007/s11325-015-1159-1
http://doi.org/10.1111/crj.13278
http://www.ncbi.nlm.nih.gov/pubmed/32961627
http://doi.org/10.1002/lary.20223
http://www.ncbi.nlm.nih.gov/pubmed/19418539
http://doi.org/10.1016/S0091-6749(97)70124-6
http://doi.org/10.3109/08958370902767070
http://www.ncbi.nlm.nih.gov/pubmed/19852553
http://doi.org/10.1378/chest.123.3.685
http://doi.org/10.1378/chest.87.1.11
http://doi.org/10.1164/ajrccm.150.2.8049831
http://www.ncbi.nlm.nih.gov/pubmed/8049831
http://doi.org/10.1097/00045391-200305000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12756424
http://www.ncbi.nlm.nih.gov/pubmed/12150318
http://doi.org/10.18332/tid/105893
http://doi.org/10.18332/tid/123429
http://doi.org/10.1055/s-2002-23152
http://www.ncbi.nlm.nih.gov/pubmed/11917260
http://doi.org/10.1590/S0100-879X2008000800014
http://doi.org/10.1111/joor.12686
http://www.ncbi.nlm.nih.gov/pubmed/29971810
http://doi.org/10.1001/jama.283.14.1829
http://www.ncbi.nlm.nih.gov/pubmed/10770144
http://doi.org/10.1183/13993003.02421-2017
http://doi.org/10.1183/09031936.00043210
http://www.ncbi.nlm.nih.gov/pubmed/20817711
http://doi.org/10.1136/bmjopen-2016-013150
http://doi.org/10.18332/tpc/128490
http://doi.org/10.1016/j.sleep.2008.12.008
http://doi.org/10.1093/eurheartj/ehx628
http://doi.org/10.21037/jtd.2018.12.57


Medicina 2021, 57, 1137 13 of 13

58. Dikalov, S.; Itani, H.; Richmond, B.; Vergeade, A.; Rahman, S.; Boutaud, O.; Blackwell, T.; Massion, P.P.; Harrison, D.G.; Dikalova,
A. Tobacco smoking induces cardiovascular mitochondrial oxidative stress, promotes endothelial dysfunction, and enhances
hypertension. Am. J. Physiol. Heart Circ. Physiol. 2019, 316, H639–H646. [CrossRef] [PubMed]

59. Del Pinto, R.; Ferri, C. Hypertension Management at Older Age: An Update. High Blood Press. Cardiovasc. Prev. 2019, 26, 27–36.
[CrossRef]

60. Bouloukaki, I.; Mermigkis, C.; Markakis, M.; Pataka, A.; Alexaki, I.; Ermidou, C.; Moniaki, V.; Mauroudi, E.; Michelakis, S.;
Schiza, S.E. Cardiovascular Effect and Symptom Profile of Obstructive Sleep Apnea: Does Sex Matter? J. Clin. Sleep Med. 2019, 15,
1737–1745. [CrossRef] [PubMed]

61. Faulx, M.D.; Larkin, E.K.; Hoit, B.D.; Aylor, J.E.; Wright, A.T.; Redline, S. Sex influences endothelial function in sleep disordered
breathing. Sleep 2004, 27, 1113–1120. [CrossRef] [PubMed]

62. Minai, O.A.; Ricaurte, B.; Kaw, R.; Hammel, J.; Mansour, M.; McCarthy, K.; Golish, J.A.; Stoller, J.K. Frequency and impact of
pulmonary hypertension in patients with obstructive sleep apnea syndrome. Am. J. Cardiol. 2009, 104, 1300–1306. [CrossRef]

63. Roca, G.Q.; Redline, S.; Claggett, B.; Bello, N.; Ballantyne, C.M.; Solomon, S.D.; Shah, A.M. Sex-Specific association of sleep apnea
severity with subclinical myocardial injury, ventricular hypertrophy, and heart failure risk in a community-dwelling cohort: The
Atherosclerosis Risk in Communities-Sleep Heart Health Study. Circulation 2015, 132, 1329–1337. [CrossRef] [PubMed]

http://doi.org/10.1152/ajpheart.00595.2018
http://www.ncbi.nlm.nih.gov/pubmed/30608177
http://doi.org/10.1007/s40292-018-0290-z
http://doi.org/10.5664/jcsm.8074
http://www.ncbi.nlm.nih.gov/pubmed/31855159
http://doi.org/10.1093/sleep/27.6.1113
http://www.ncbi.nlm.nih.gov/pubmed/15532205
http://doi.org/10.1016/j.amjcard.2009.06.048
http://doi.org/10.1161/CIRCULATIONAHA.115.016985
http://www.ncbi.nlm.nih.gov/pubmed/26316620

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

