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Abstract
Purpose Although obstructive sleep apnea (OSA) syndrome
is a common disorder; the connection between OSA and
smoking habits is still controversial. In this study, we investi-
gated whether active smoking and pack×years of smoking
have an impact on the severity of the disease regarding the
patients with OSA.
Methods This study included 964 patients referred to the
Sleep Disorders Clinic between 01.01.2007 and 01.03.2013
with an overnight polysomnographic diagnosis of OSA. The
correlation between smoking habits and polysomnographic
parameters has been studied in detail.
Results There were 684 male (79 %) and 280 female (21 %)
patients, 367 (50.6 %) of whom never smoked. Of all, 20.7 %
of the smokers were current smokers (n=150) while 28.2 %
were former smokers (n=208). Active smokers had a mean
age of 49.53 (SD 10.17) while former smokers and never
smokers had a mean age of 51.37 (SD 10.62), 54.2 (SD
11.56), respectively, which was statistically significant
(p<0.0001). There was a significant male predominance in

smoking (p<0.0001). In addition, male patients displayed
more severe OSA than female patients. (p=0.001).
Desaturation time during sleep was found to be significantly
longer in the group of former smokers in comparison to never
smokers (73.84 SD 97.1–52 SD 85.8) (p=0.005). Besides, as
the apnea hypopnea index increased, the mean pack×years
rose significantly (p=0.01). Severe smokers compared to mild
smokers had higher AHI, lower NREM 3, higher NREM1-2
stages (p=0. 017, p=0.007, p<0.001).
Conclusion In this study, we found that cigarette smoking was
associated with early age disease; heavy smokers had more
severe OSA.
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Introduction

Obstructive sleep apnea syndrome (OSA) is a common chronic
disorder characterized by snoring, repeated episodes of airflow
cessation, hypoxemia during sleep, and daytime hypersomno-
lence [1]. Its prevalence is 16 to 33 % in men and 8 to 19 % in
women, with 80 % underdiagnosed [2, 3]. OSA has been
shown to increase the risk of hypertension, stroke, and cardio-
vascular disease [4–6]. Furthermore, it has been demonstrated
to increase morbidity as well. Therefore, focusing on the diag-
nosis and risk factors is essential for the prevention of OSA [2].

OSA has well-known risk factors such as male sex, older
age, alcohol consumption, genetic factors, and a narrowed
upper airway. But the connection between exposure to smoke
and OSA is not clear. Smoking may be a risk factor for sleep
apnea or snoring [3, 7–9]. Studies have confirmed the effect of
smoking onOSA and found that the morbidity of sleep-related
respiratory disorders is higher for smokers [7–10].
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The correlation between smoking and OSA has not been
studied in detail and the available evidence does not conclu-
sively establish a clinically significant relationship [11]. In
particular, the direct impact of smoking on OSA and the poly-
somnographic results, and the correlation between current or
former smoking and the severity of OSA have not been ade-
quately demonstrated [12]. For this reason, we aimed to study
the relationship of OSA and OSA severity with current and
former cigarette smoking as potential risk factors for sleep-
disordered breathing.

Materials and methods

Study design and subjects

This study included 964 patients referred to the Sleep
Disorders Clinic within the department of pulmonary diseases
between 01.01.2007 and 01.03.2013 and diagnosed with
OSA. Throughout this period, totally 5892 patients had been
hospitalized in our Sleep Disorders Clinic. The diagnosis of
OSA was established by overnight polysomnography.
Medical and polysomnographic records of 964 patients were
reviewed retrospectively. Patients with unclear smoking his-
tory or missing data in their polysomnography records were
excluded (n=239). The study protocol was approved by the
Institutional Review Board of the research hospital.

Smoking habits

Patients with an active smoking history >2 years were consid-
ered current smokers, and patients with no smoking history
were nonsmokers. Smokers were divided into two groups:
current and former smokers. Former smoker referred to
smokers who quit smoking for at least 6 months. Smoking
history was quantified in number of pack years (PYs) as
(packs smoked per day)×(years as a smoker). Also, we divid-
ed smokers according to their pack×years of smoking into
three categories; mild (≤9 PYs), moderate (10–19 PYs), and
severe (≥20 PYs). All of these data were obtained from med-
ical records of the patients recruited in the study.

Polysomnography

Polysomnography (PSG) was performed in the Sleep
Laboratory with Grass Technologies Comet Series EEG/
PSG with AS40 Amplifier System running Grass
Technologies Twin software version 4 (Grass Technologies,
Astro-Med Inc. Product Group, USA) and included four elec-
troencephalography (EEG) channels (C3 to A1, C4 to A2, O1
to A2, and O2 to A1), right and left electrooculography (EOG)
channels, one chin electromyography (EMG) channel and
four tibialis anterior EMG channels, finger pulse oximeter,

strain gauges for thoracoabdominal movements, one electro-
cardiography (ECG) lead, a nasal airflow (pressure cannula), a
nasal thermistor, and a digital microphone for snoring detec-
tion. PSG recordings were scored in 30-s epochs for sleep,
breathing, and oxygenation according to the standard criteria
of the American Academy of Sleep Medicine (AASM) [12].
Obstructive apnea was defined as 90 % cessation of oro-nasal
airflow for at least 10 s in the presence of chest-wall motion.
Hypopnea was defined as 50 % or higher reduction in the
airflow, associated with 3 % or higher arterial oxygen
desaturation and/or arousal, or 30 % or higher reduction in
the respiratory airflow associated with 4 % or higher arterial
oxygen desaturation and/or arousal for at least 10 s. Apnea
hypopnea index (AHI) was calculated as the total number of
apneas and hypopneas per hour of sleep. Diagnosis of OSA
was based on PSG findings, according to the International
Classification of Sleep Disorders 2 (ICSD-2) [13]. Subjects
with an AHI ≥5 were considered to have OSA, and OSA
severity was classified as mild (5≤ AHI <15), moderate (15≤
AHI <30), or severe (AHI ≥30). The oxygen desaturation
index (ODI) which measures the number of oxygen
desaturations ≥3 % per sleeping hour was determined. Body
mass index (BMI) and ODI were measured for each group in
order to analyze the relationship between these variables and
OSA severity [14, 15]. Excessive daytime sleepiness was de-
fined as the score of Epworth sleepiness scale >10 [16].

Patients with severe lower lung diseases were excluded and
the patients who have COPD as an accompanying disease
were only mild in severity.

Statistical analysis

Data were expressed as mean ± standard deviation of median
(interquartile range) for continuous variables, and in numbers
with frequencies (%) for categorical variables. ANOVA,
Tukey HSD, chi-squared, and Fisher exact test were used to
assess the association between patient factors and
respisomnography results. Descriptive of all available vari-
ables are given as numbers, percentages whereas results are
expressed in terms ofmeans (SD). Statistical correlations were
calculated using the Statistical Package for the Social Sciences
(SPSS, version 17.5) and p value <0.05 was considered sta-
tistically significant.

Results

A total number of 964 patients were recruited in the study.
Polysomnographic records of twenty-one patients displayed
missing data. There were 684 male (79 %) and 280 female
(21 %) patients. Three hundred sixty-seven patients (50.6 %)
never smoked. We divided smokers into two groups as current
smokers (n=150, 20.7 %) and former smokers (n=208,
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28.2 %). Former smokers had 26.77 (SD 21.5) PYs of
smoking history while active smokers had 29.3 (SD 28.7)
PYs. The mean age was 52.07 (SD 11.3). Active smokers
had a mean age of 49.53 (SD 10.17) while former smokers
and never smokers had a mean age of 51.37 (SD 10.62), 54.20
(SD 11.56), respectively (Fig. 1). The correlation between age
and smoking status was found to be statistically significant
(p=0.000).

57.8 % of never smokers, 85.6 % of former smokers and
83.3 % of active smokers were men (Fig. 2). The correlation
between smoking and gender was statistically significant
(p=0.000). Furthermore, male patients had more severe
OSA than female patients (489 men with moderate or severe
OSA vs . 154 women with the same) (p = 0.001).
Accompanying diseases like hypertension, diabetes mellitus,
coronary heart diseases (others; asthma, COPD, hypothyroid-
ism, etc.), and demographic data are summarized in Table 1.

The mean body mass index was 32.3 (SD 6.4). There was a
statistically significant correlation between BMI and smoking
status. Never smokers had amean BMI of 32.78 (SD 6.4), while
active smokers had a mean BMI of 31.1 (SD 5.8) (p=0.021).

There was no significant correlation between smoking sta-
tus groups (never-former-current smokers) and accompanying
diseases, Epworth score, AHI, total sleep time, sleep latans,
REM latans, REM %, NREM 1–2 %, NREM 3 %, and min-
imum O2 saturation. Likewise, there was no significant corre-
lation between OSA severity (mild, moderate, severe) and
smoking habits (non-former-current smokers) (p=0.49)
(Fig. 3).

When we combined former and active smokers and com-
pared themwith nonsmokers, the age displayed by two groups
was statistically significant, 50.6 (SD 10.4), 54.2 (SD 11.9)
(p=0.000). Moreover, total sleep time and sleep efficiency
were higher and statistically significant in the group of
smokers (328.8 SD 102.7–310.8 SD 105.6 p=0.021), (83.7
SD 13.5–81.3 SD 13.8 p=0.02) compared to that of
nonsmokers.

Polysomnographic results are summarized in Table 2.
Desaturation time during sleep was significantly higher in

the group of former smokers compared to never-smokers
(73.84 SD 97.1–52 SD 85.8) (p=0.005).

Mild OSA patients displayed a mean PYs of 5.73 (SD
13.7), moderate 7.03 (SD 20.2), and severe patients 9.91
(SD 19.6) cigarette smoking, respectively (Table 2). If we look
at the PYs and OSA severity, as the severity of OSA increases
(as the AHI increases), the mean PYs increased significantly
(p=0.01) (Fig. 4).

When we divided the smokers into three groups like mild,
moderate, and severe, we found that mild smokers have sig-
nificantly lower AHI than severe smokers (36.3 vs 44.2 AHI)
(p=0.017). The percentage of NREM 1–2 stages during sleep
was significantly lower in the mild smokers group compared
to severe smokers (74.5 vs 80 %) (p=0.007). The percentage
of NREM3 stage was significantly higher in the mild smokers
group compared to severe smokers (14 vs 8.3 %) (p<0.001)
(Table 3). However, there was no significant correlation in
terms of OSA severity and other parameters when we com-
pared moderate smoking group with mild or severe smoking
groups. Also, we separately compared mild former, mild cur-
rent, moderate former and moderate current, and severe
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Fig. 1 Mean age according to smoking groups (p<0.0001)

Table 1 Comorbidities of the patients with obstructive sleep apnea
syndrome

Frequency Percentage

No comorbidity 485 50.3

HT 244 25.3

DM 46 4.8

CHD 43 4.5

Other 43 4.5

HT + DM 67 7,0

HT + CHD 19 2.0

DM + CHD 17 1.8

Total 964 100.0

HT hypertension, DM diabetes mellitus, CHD coronary heart disease

57.8

85.6 83.3

42.2

14.4 16.7

Never smoker Former smoker Ac�ve smoker

Percentages of Smoking

MALE FEMALE

Fig. 2 Gender differences between smoking groups (p<0.0001)
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former and severe current smokers groups. There was no sta-
tistical significance between these smoking groups and pa-
rameters like the following: age, BMI, AHI, Epworth score,
and PSG parameters (p<0.05 for all).

As expected, as the AHI increases, the number of accom-
panying diseases significantly increased (p=0.01). As AHI
increases, the Epworth score increases (p=0.001), total sleep
time decreases (p=0.001), REM % decreases (p=0.001),
NREM 1–2 increases (p=0.001), NREM 3 decreases (p=
0.001), the level of minimum O2 saturation decreases (p=
0.001), and total desaturation time increases (p=0.001) signif-
icantly (Table 2).

Discussion

In this study, we found that active smokers are diagnosed at a
younger age than former and never smokers.We observed that
male OSA patients smoked more than female OSA patients
and male patients had more severe disease. Never smokers
had higher BMI than current and former smokers.
Desaturation time during sleep was higher in the group of
former smokers compared to that of never smokers. The

PYs history particularly increased as the AHI increased and
severe smokers have higher AHI, higher NREM 1–2 stages,
and lower NREM 3 stages.

Some studies have recognized that smoking might have an
effect on sleep-related disorders, yet it is difficult to establish an
independent effect of smoking on OSA [8–10, 17]. Previous
studies have suggested that smoking may be an independent
risk factor for habitual snoring [7–10] and that snoring frequen-
cy increases with the number of cigarettes smoked or the dura-
tion of exposure to smoke [18–20]. However, most studies
compare patients’ smoking history with OSA prevalence while
the relationship between exposure to smoking and OSA sever-
ity has not been meticulously investigated.

Most studies focus on sex, overweight, and upper airway
abnormalities as risk factors for snoring and sleep apnea. In a
recent study, Franklin et al. found that current smoking, for-
mer smoking, and second-hand smoking are all major risk
factors for habitual snoring [20]. The snoring frequency in-
creased with the amount of tobacco smoked and with the
exposure to second-hand smoking, which further supports
the hypothesis that smoking induces snoring.

In a study made by Kim et al., it is suggested that smoking
may worsen OSA through exacerbation of the upper airway

36.1

41.1

35.9

Never Smoker Former Smoker Ac�ve Smoker

AHI means

Fig. 3 Apnea hypopnea index in smoking groups (p=0.49)

Table 2 Correlation between
BMI, smoking, Epworth score,
and polysomnographic findings
according to obstructive sleep
apnea severity of the patients

Mean (SD) p

5≤ AHI <15 15 ≤ AHI <30 AHI ≥30

Age 51.8 (10.8) 54 (11.3) 52.5 (10.7) 0.000

BMI 30.2 (4.9) 31.7 (6.6) 34.3 (6.5) 0.000

PYs (total) 5.7 (13.5) 7 (20.2) 9.9 (19.6) 0.016

Epworth 7.1 (4.9) 7.3 (4.8) 10 (5.6) 0.000

REM % 13.1 (7.9) 11.9 (7.2) 8.1 (7) 0.000

NREM1–2 % 62.1 (14.2) 67.6 (15.6) 79.8 (15.6) 0.000

NREM 3 % 22.7 (12.4) 18.1 (11.7) 9.9 (12) 0.000

Minimum O2 saturation 84.2 (8.8) 81.2 (7.9) 71.3 (12.5) 0.000

Total desaturation time 19.6 (58.8) 30.7 (68.7) 99.2 (100) 0.000

BMI body mass index, PYs Packet×years, REM rapid eye movement, NREM non-rapid eye movement

Fig. 4 The mean pack×year of smoking increases as the severity of
obstructive sleep apnea increases (p=0.01)
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collapse at the level of the uvula, and that histological changes
of the uvular mucosa correlated with smoking might be due to
increased CGRP-related neurogenic inflammation [21]. The
authors determined that CGRP expression might be stimulat-
ed by smoke which results in edema and thickness of the
lamina propria in the uvulas of OSA patients. Also, another
study demonstrated that nasal resistance was increased in
smokers [22]. Indicators of nasal obstruction, which may be
related with OSA, can be due to smoking-related chronic mu-
cosal inflammation like thicker epithelium, cellular hyperpla-
sia, mucosal edema, and damaged cilia function [23–25].
Other possible smoking-associated mechanisms such as de-
creased lung function, an increased rate of respiratory infec-
tions, and obstructive airway diseases might further affect
breathing during sleep [26, 27].

In a study by Hızlı et al., the authors suggested that in
patients with OSA and simple snoring, cigarette smoking
was associated with early age disease [28]. Similarly, we also
found that compared to former and never smokers, current
smokers are of younger age when they are diagnosed with
OSA. With more inflammation in the upper airways, these
patients may display more symptoms and thus see the clinic
at a younger age. Also, apneas during sleep may increase due
to the rebound effect of nicotine withdrawal as the nicotine
levels continue to decline through the night. Although the
impact of nightly nicotine withdrawal does not exist in all
smokers, this may be a possible reason for the OSA patients
to be more symptomatic.

The prevalence rates of smoking in developed and devel-
oping countries are 20–40 % in women, 30–40 % in men and
2–10 % in women, 40–60 % in men, respectively [29]. In
Turkey, the prevalence of smoking in women is 24 % and in
men is 63% [29]. Similar to what is described in the literature,
we observed that there is a male predomination in smoking. In

our study, we showed that male OSA patients smoke more
than female OSA patients; furthermore, male patients
displayed more severe OSA than female patients. Men, espe-
cially in their middle age and later are exposed to an increased
risk of developing OSA because of increased mass in torso
and neck [30]. Women suffer less frequently and to a lesser
degree thanmen do, to some extent thanks to their physiology,
but possibly also due to differential levels of progesterone
[31]. Prevalence in post-menopausal women approximates
to that of men in the same age range [31]. Our study group
had more male patients with more severe OSA.

As expected, active smokers with OSA had less BMI than
nonsmokers. Overweight is a well-known risk factor for OSA
[17]. Smoking itself can be used for weight control and as it is
known that nicotine intake reduces appetite and increases met-
abolic activity [32].

There was no significant correlation between smoking status
groups and OSA severity (AHI), but we showed that there is
data on the effect of smoking in patients with OSA. The data
was based on the information; the severity of OSA increased
(as the AHI increases) whereas the mean PYs significantly
increased and mild smokers have lower AHI than severe
smokers. Also, we demonstrated that compared to mild
smokers, severe smokers have a worse sleep stability in asso-
ciation with an increase in lighter sleep stages. In addition,
whenwe look at the PSG results, desaturation time during sleep
was significantly higher in the group of former smokers com-
pared to never smokers. Decreased hypoxia sensitivity, airway
inflammation, and the effects of nicotine on airway muscles
could be the possible mechanisms for these outcomes.
Smoking may be a reason for hypoxia as the chemical irritants
in smoke tend to inflame the soft tissue of the upper airway and
promote fluid retention, both of which can result in the
narrowing of the upper airway [33]. Various studies showed
that active smokers were more likely to suffer from longer
durations of hypoxia [34, 35]. Smoking can lead to decreased
hypoxia sensitivity and potential failure to recover from apnea,
which prolongs the durations of apneas with desaturation
[36–38]. Additionally, Wetter et al. concluded that smokers
have a high prevalence of sleep disturbance [39]. Recent studies
also confirmed that active smokers experienced a lower sleep
efficiency and lighter sleep stages which might be due to sleep
disturbance caused by nightly nicotine withdrawal [40, 41].

In this study, we aimed to establish the correlation between
tobacco smoking and the severity of OSA using medical re-
cords and polysomnographic results. We found that there was
no significant correlation between smoking status groups
(never-former-current smokers) and Epworth score as well
as AHI. Likewise, no significant correlation was found be-
tween OSA severity (mild, moderate, severe) and smoking
habits (never-former-current smokers) either. However, active
smokers used to have the disease at a younger age with less
BMI. Also, desaturation time during sleep was higher in the

Table 3 Correlation between BMI, AHI, Epworth score, and
polysomnographic findings according to smoking severity of the patients

Mean (SD)

PYs <10 PYs ≥20 p

Age 53.8 (12) 52.1 (9.82) >0.05

BMI 32.72 (6.5) 34.3 (7.1) >0.05

AHI 36.3 (30.3) 44.2 (30.6) 0.000

Epworth 8.6 (5.9) 9.7 (6.2) >0.05

REM % 10.1 (8.1) 10.3 (7.8) >0.05

NREM 1–2 % 74.5 (16.8) 80 (15.7) 0.007

NREM 3 % 14 (13.4) 8.3 (9.9) 0.000

Minimum O2 saturation 78 (12.3) 76.9 (11.7) >0.05

Total desaturation time 50.4 (84.1) 67.3 (99.6) >0.05

BMI body mass index, PYs packet×years, REM rapid eye movement,
NREM non-rapid eye movement, AHI apnea hypopnea index
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group of former smokers compared to never smokers, and the
PY history particularly increased as the AHI rose. Severe
smokers had lighter sleep stages with increased AHI.
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