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Abstract 

Background To explore whether the use of e-cigarettes and conventional cigarettes affects the prevalence of 
obstructive sleep apnea (OSA) in adults.

Methods Complete records of smoking and sleep about OSA from the 2015–2018 National Health and Nutrition 
Examination Survey. The adults were divided into four groups: noncurrent smokers, current electronic cigarettes 
(e-cigarette) users only, current conventional cigarettes (c-cigarette) users only, and dual users. OSA was assessed by 
three main signs and symptoms from the questionnaire. Multivariable logistic regression after adjusting for covariates 
was conducted to investigate the association of OSA with different smoking patterns.

Results Among the 11,248 participants, the prevalence of OSA was higher among smokers compared to non-smok-
ers (P < 0.0001). In a stratified analysis of smoke manners, the results showed that an increased prevalence of OSA 
with c-cigarette use alone (OR = 1.38, 95% CI = 1.17–1.63) and dual-use (OR = 1.78, 95% CI = 1.37–2.32) compared 
to non-smoking participants, while there was no significant difference with e-cigarette use (OR = 0.84, 95% CI = 
0.52–1.37). Multivariate logistic regression analysis showed the prevalence of OSA is highest in dual users (OR = 1.93, 
95% CI = 1.39–2.69) than non-smokers.

Conclusion Our findings indicate the prevalence of OSA was higher in c-cigarette smokers than in non-smokers, 
while there was no significant difference in the prevalence of OSA between e-cigarette smokers and non-smok-
ers. Dual users had the highest prevalence for OSA compared to c-cigarette smokers, e-cigarette smokers and 
non-smokers.
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Background
Obstructive sleep apnea (OSA) is an increasingly com-
mon type of upper airway obstruction during sleep 
[1]. Impaired gas exchange leads to decreased oxygen 
saturation, hypercapnia, and sleep fragmentation, all 
of which have serious health consequences such as 
increased cardiovascular prevalence, neurocognitive 
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dysfunction, and increased mortality [2, 3]. Currently, 
OSA has become one of the top public health issues, 
with a prevalence of about 5–15% of the overall popu-
lation [4]. Therefore, it is important to understand the 
factors that influence OSA.

Obesity and males are the main prevalence factors for 
OSA, with a prevalence of 24% in middle-aged men com-
pared to 9% in women of the same age group [5]. Obe-
sity causes the deposition of more fat around the upper 
respiratory tract, changes the original ventilation condi-
tion, and directly increases the possibility of upper res-
piratory tract stenosis [6]. Chi et  al. reported that the 
enlarged tongue due to fat accumulation can cause the 
hyoid bone to be in a posterior inferior position, narrow-
ing the airway [7]. In addition, obesity may also affect 
the lung volume and increase the risk of OSA. However, 
the mechanism by which men are more likely to develop 
OSA remains unclear. The fact that more men than 
women smoke is probably one of the reasons for this. 
Currently, there is still controversy about this claim.

Epidemiological studies have showed that smoking 
increases the risk of OSA, and a Berlin questionnaire sur-
vey of 10,101 truck drivers found that smoking is asso-
ciated with a high prevalence of OSA (odds ratio (OR) 
= 1.16, P = 0.014) [8]. Another case-control study also 
confirmed that smokers had a 2.5-fold higher prevalence 
of OSA than non-smokers or former smokers (OR = 2.5, 
95% CI:1.3 ~ 4.7, P = 0.0049) [9]. Regarding the effect 
of smoking volume, a study from Thailand showed that 
smokers who smoked 10 cigarettes a day and had a smok-
ing history of more than 10 years had a 4.1-fold increased 
risk of OSA (OR = 4.1, 95% CI:2.3 ~ 7.4) [9]. Therefore, 

smoking may be an independent risk factor for OSA in a 
dose-dependent manner.

Electronic cigarettes (e-cigarettes) are inhalable aerosol 
devices that are produced by electrical heating. E-ciga-
rettes are promoted as a less harmful and more fashiona-
ble smoking tool [10]. Evidence from developed countries 
suggests that the popularity of e-cigarettes is rapidly 
increasing, especially among younger populations [11]. 
However, with reports of e-cigarette-related lung injury 
in 2019, various side effects produced by e-cigarettes in 
life are getting attention. To our knowledge, there are no 
studies on the relationship between different smoking 
patterns and OSA.

Understanding the impact of different smoking pat-
terns on OSA risk can lead to better prevention and 
treatment. Therefore, in the present study, our primary 
objective was to explore if a difference exists in the preva-
lence of OSA according to smoking patterns, including 
the use of e-cigarettes and cigarettes, in a nationally rep-
resentative sample of US adults.

Methods
Study population
This cross-sectional analysis was conducted using data 
from the 2015–2018 cycle of the National Health and 
Nutrition Examination Survey (NHANES). Data are 
deidentified, publicly available, and can be accessed at 
https:// www. cdc. gov/ nchs/ nhanes. A total of 19225 par-
ticipants were included in the study. A total of 7969 par-
ticipants were excluded for the following reasons: missing 
values for OSA, smoking, and BMI. The final analytical 
sample included 11248 participants (Fig. 1).

Fig. 1  A flowchart of the participant selection process

https://www.cdc.gov/nchs/nhanes
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Definition of smoking status and OSA
In the NHANES 2015–2018 survey, participants were 
asked whether they had ever used electronic cigarettes 
and how many days in the past 30 days they used e-cig-
arettes. Participants who answered yes to the question 
“Have you ever used e-cigarettes?“ and used more than 
0 in the past 30 days were labeled as using e-cigarettes, 
and others were labeled as not using e-cigarettes. Par-
ticipants were also asked whether they had smoked at 
least 100 cigarettes in their entire lives and whether they 
presently smoke cigarettes every day, some days, or not 
at all. Participants who smoked more than 100 cigarettes 
in their lifetime and smoked some day or every day were 
defined as conventional cigarette (c-cigarette) users, and 
others were labeled as not using c-cigarettes. Adults were 
categorized into noncurrent smokers, current e-cigarette 
users only, current conventional cigarette users only, and 
dual users.

Obstructive sleep apnea (OSA) was defined as partici-
pants answering at least one of the following three ques-
tions as yes, as previously reported [12]: (1) Snoring 3 
or more nights per week; (2) snorting, gasping, or stop-
ping breathing 3 or more nights per week; or (3) feeling 
excessively sleepy during the day 16–30 times per month 
despite sleeping around 7 or more hours per night on 
weekdays or work nights.

Statistical analyses
We use descriptive statistics to calculate weighted data, 
and the file “WTMEC2YR - Full sample 2 year MEC 
exam weight” in 2015–2016, 2017–2018 cycles were 
selected as the designated sample weight of this study. 
Categorical variables are calculated as unweighted fre-
quencies and weighted estimates of overall proportions 
or means, and continuous variables are calculated as 
means ± standard errors. For continuous or categorical 
data, the T-test or chi-square test was utilized. Univari-
ate analysis was used to determine the factors influenc-
ing OSA. The prevalence of OSA in different years was 
measured, and differences between smoking patterns 
were calculated. Multivariable logistic regressions were 
conducted to investigate the influence of smoking pat-
terns on the prevalence of OSA. Models were adjusted 
for gender, age, BMI, marital status, and drinking. R 4.1.2 
was used to perform all statistical analyses in this study 
(nhanesR package). P = 0.05 was used to determine sta-
tistical significance.

Results
A total of 11,248 participants (5828 men and 5420 
women) were categorized into four groups: current non-
smoke (n = 8959), c-cigarette only (n = 1718), e-cigarette 

only (n = 264), and dual-use (n = 307). In current sur-
veys, men and the 18–40 age group are more likely to 
use e-cigarettes. Smoking combustible cigarettes is still 
the most popular way. Participants older than 40 years 
old were more likely to be dual users when they smoked 
e-cigarettes (3.19% versus 1.33% in the 40–60 age group, 
and 1.40% vs. 0.48% in the 60–80 age group). Smoking 
increases the prevalence of OSA and the differences in 
the prevalence of OSA among participants with different 
smoking patterns (P < 0.0001, Table 1).

Table  2 shows the associations between e-cigarette 
and cigarette smoking status and OSA. Univariate analy-
sis showed an increased prevalence of OSA with c-cig-
arette use alone (OR = 1.38, 95% CI = 1.17–1.63) and 
dual-use (OR = 1.78, 95% CI = 1.37–2.32) compared to 
non-smoking participants, while there was no significant 
difference with e-cigarette use (OR = 0.84, 95% CI = 
0.52–1.37). In addition, gender, age, BMI, marriage, and 
alcohol consumption were also independent influences 
on OSA. There was no significant association between 
education level, average household income, ethnicity, and 
OSA.

The weighted estimate of the prevalence of OSA for 
different smoking patterns in different years is presented 
in Table 3. The participants with the highest occurrence 
of OSA in different years were dual users, with 42.30% 
(2015–2016) and 44.68% (2017–2018), respectively. Par-
ticipants with the lowest OSA prevalence in 2015–2016 
were non-smokers (28.79%), while in 2017–2018 were 
e-cigarette smokers (17.26%).

Table 4 presents a multivariate logistic regression anal-
ysis summarizing the effect of different smoking patterns 
on the prevalence of OSA. Adjusted for gender, age, BMI, 
marital status, and drink, the ORs of OSA were 1.40 (95% 
CI: 1.18–1.67) in c-cigarette users, 1.14 (95% CI: 0.65–
1.99) in e-cigarette users, and 1.94 (95% CI: 1.40–2.69) in 
dual users, compared to non-users.

Discussion
Our current findings, based on a survey of a representa-
tive US population, demonstrate that smoking in adults is 
associated with a higher prevalence of OSA. Additionally, 
among adults with different smoking patterns, a signifi-
cant association between c-cigarette use only and a high 
prevalence of OSA was observed. However, e-cigarette-
only smoking did not affect the prevalence of OSA com-
pared to non-smoking adults. In addition, we found the 
highest prevalence of OSA in participants who smoked 
both e-cigarettes and conventional cigarettes.

OSA is an unfavorable factor in multiple systems 
of the body, including the metabolic system, the neu-
ropsychiatric system, and the cardiovascular system. 
The well-known etiology of OSA is primarily caused by 
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recurrent episodes of the partial or complete collapse of 
the upper airway during sleep. OSA is increasingly being 
recognized as a significant cause of increased mortal-
ity [13]. It is noteworthy that despite the great progress 
made in the past in the recognition of OSA, 70–80% are 
still undiagnosed [14, 15]. Since patients are often una-
ware of their symptoms while sleeping, they are usually 
detected by their bed partners or family members, miss-
ing the best time for early intervention, which can lead 
to serious complications. Therefore, understanding the 
prevalence factors for OSA is crucial for the population 
to receive early diagnosis and treatment.

Recent research suggests that participants who smoke 
are more likely to snore and develop OSA [16]. A recent 
meta-analysis revealed that secondhand smoke exposure 
has been independently associated with OSA [17]. Ciga-
rette smoke-induced airway inflammation and injury 
alter the mechanical and neurological properties of the 
upper airway and increase its collapsibility during sleep 

[13]. Overall, these cases support the view that partici-
pants who traditionally smoked were significantly associ-
ated with OSA. Our results are consistent with previous 
studies showing that smokers have a higher prevalence of 
OSA than non-smokers.

Recently, the use of e-cigarettes has been on the rise 
among young people and adults. In a previous study, 
43% of young people reported that e-cigarettes were 
less harmful than cigarettes [18]. Even e-cigarettes are 
sometimes considered a quit-smoking tool. However, 
with reports of e-cigarette-related lung injury in 2019, 
various side effects produced by e-cigarettes in life are 
getting attention. To the best of our knowledge, there 
are no studies on the effects of different smoking pat-
terns on OSA. In the present study, we planned to 
investigate whether e-cigarette users were positively 
associated with a higher prevalence of OSA. We found 
that e-cigarette smokers did not increase the prevalence 
of OSA (OR = 0.84, 95% CI = 0.52–1.37). Interestingly, 

Table 1 Characteristics of participants according to different smoking patterns (N = 1,1248): result from a cross-sectional study of the 
United States NHANES 2015–2018

No smoking C-cigarette only E-cigarette only Dual use P-value

BMI, mean (SE) 29.67 (0.19) 28.84 (0.25) 28.64 (0.76) 29.28 (0.59) 0.02

Age, mean (SE) 48.52 (0.41) 45.03 (0.59) 30.64 (1.36) 39.78 (1.19) < 0.0001

Sex (N, Weighted %) < 0.0001

 Female 4889 (82.66) 701 (12.77) 106 (1.92) 132 (2.66)

 Male 4070 (76.40) 1017 (16.08) 158 (3.55) 175 (3.97)

Ethnicity (N, Weighted %) 0.002

 White 2849 (79.44) 643 (14.32) 98 (2.74) 143 (3.50)

 Black 1860 (75.06) 521 (19.67) 59 (2.64) 62 (2.62)

 Mexican 1488 (82.08) 199 (12.20) 45 (3.50) 33 (2.21)

 Other 2762 (82.18) 355 (12.09) 62 (2.20) 69 (3.53)

Marital (N, Weighted %) < 0.0001

 No 3212 (73.42) 845 (18.63) 117 (4.12) 142 (3.83)

 Yes 5314 (83.31) 851 (12.35) 86 (1.42) 146 (2.92)

Education (N, Weighted %) < 0.0001

 Less than high school 1923 (72.38) 457 (19.58) 31 (1.65) 89 (6.40)

 High school 1979 (71.23) 519 (20.11) 103 (4.83) 83 (3.84)

 More than high school 5046 (84.54) 741 (10.96) 130 (2.09) 135 (2.41)

Annual family income (N, Weighted %) < 0.0001

 <=20,000 6588 (82.58) 1008 (12.06) 182 (2.54) 188 (2.81)

 >20,000 1672 (65.43) 565 (25.72) 59 (2.98) 98 (5.87)

Drink (N, Weighted %) < 0.0001

 No 2168 (89.23) 185 (8.16) 26 (1.24) 26 (1.37)

 Mild 2877 (87.57) 412 (8.60) 59 (1.77) 71 (2.06)

 Moderate 1165 (76.81) 284 (16.02) 62 (4.32) 49 (2.85)

 Heavy 1110 (59.24) 540 (27.27) 91 (5.27) 132 (8.22)

Obstructive sleep apnea (N, Weighted %) < 0.0001

 No 6271 (81.23) 1096 (13.16) 187 (2.90) 170 (2.71)

 Yes 2688 (76.19) 622 (16.98) 77 (2.29) 137 (4.54)
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the prevalence of e-cigarettes for OSA was different in 
the results of different years. The prevalence of OSA 
among e-cigarette smoking participants in 2015–2016 
was 28.79%, which was higher than that of non-smok-
ers. While the lowest OSA prevalence rate was 17.26% 
among e-cigarette smokers in 2017–2018. Similarly, 

the prevalence of OSA in e-cigarette users was not sig-
nificantly different from that in non-smokers in a fully 
adjusted analysis. The prevalence of OSA is higher 
among e-cigarette smokers and dual users than among 
non-smokers. The difference in the prevalence of OSA 
among e-cigarette users between years may be due to 
the population bias in different years. More extensive 
population surveys are needed to verify.

The relationship between smoking and OSAS may be 
caused by the following factors: (1) smoking changes the 
sleep structure of the patient and reduces sleep stability; 
(2) nicotine in tobacco leaves the upper respiratory tract 
muscles loose, the nerve reaction weakened, and the res-
piratory tract collapses easily; (3) nicotine increases the 
threshold of sleep-wake; and (4) smoking stimulates the 
mucous membrane of the upper respiratory tract and 
aggravates the inflammatory reaction of the respira-
tory tract [19]. In addition, smoking causes edema and 
thickening of the hanging mucous membrane, leading 
to narrowing of the upper respiratory tract and oro-
pharynx, which may also be the mechanism of a severe 
increase in OSAS [20]. In addition, studies have shown 
that 35% of OSA patients smoke, while only about 18% 
of non-OSA patients smoke [9]. Although no clinical 
studies have been conducted to assess if OSA will aggra-
vate tobacco addiction, some studies have shown that 
some patients can relieve clinical manifestations of OSA 
such as drowsiness, anxiety, or depression by smoking, 
and smoking may become one of the methods for self-
treatment of daytime symptoms in OSA patients [21]. At 
the same time, a small sample study showed that 60% of 
65 patients with OSA successfully quit smoking during 
5 years of continuous positive airway pressure treatment 
[22]. However, the specific mechanism still needs further 
study.

Despite the novel findings of this study from a US pop-
ulation sample, it has several limitations. First, records of 
related situations were a self-report of participants’ rec-
ollections, and thus, memory bias may exist. Second, the 
present study could not exclude all confounding factors, 
which would have an impact on the results, such as the 
effect of different geographical locations and lifestyles on 
OSA. Third, the differences in gender and age distribu-
tion between the two groups may affect the results.

Table 2 Univariate analysis of association of smoking with 
obstructive sleep apnea: result from a cross-sectional study of the 
United States NHANES 2015-2018  

obstructive sleep apnea 
(OR (95% CI))

P-value

BMI 1.07 (1.06,1.08) < 0.01
Age 1.01 (1.01,1.01) < 0.01
Sex

 Female Reference -

 Male 1.36 (1.18,1.58) < 0.01
Ethnicity

 White Reference -

 Black 1.00 (0.86,1.16) 0.99

 Mexican 0.94 (0.78,1.14) 0.54

 Other 0.84 (0.71,1.00) 0.05

Marital

 No Reference -

 Yes 1.34 (1.18,1.53) < 0.01
Education

 Less than high school Reference -

 High school 1.04 (0.89,1.21) 0.60

 More than high school 1.00 (0.87,1.14) 0.95

Annual family income

 <=20,000 Reference -

 >20,000 1.01 (0.90,1.13) 0.90

Drink

 No Reference -

 Mild 1.23 (1.03,1.46) 0.02
 Moderate 1.14 (0.93,1.39) 0.20

 Heavy 1.32 (1.10,1.59) < 0.01
Smoking

 No smoking Reference -

 C-cigarette only 1.38 (1.17,1.63) < 0.01
 E-cigarette only 0.84 (0.52,1.37) 0.48

 Dual use 1.78 (1.37,2.32) < 0.01

Table 3 Trends in the prevalence of obstructive sleep apnea by different smoking patterns and year: result from a cross-sectional 
study of the United States NHANES 2015–2018

Prevalence of OSA, % (95%CI) Differences in the prevalence of OSA, % (95%CI)

No smoking C-cigarette only E-cigarette only Dual use C-cigarette vs. 
No smoking

E-cigarette vs. No 
smoking

E-cigarette vs. 
C-cigarette

Dual use vs. 
C-cigarette

2015–2016 28.79 (27.02–30.56) 37.92 (33.14–42.69) 41.36 (29.78–52.93) 42.30 (34.88–49.72) 9.12 (3.68–14.57) 12.56 (0.77–24.36) 3.44 (-10.26- 17.13) 4.385 (-5.29- 14.06)

2017–2018 31.46 (28.79–34.13) 36.56 (32.97–40.16) 17.26 (5.01–29.52) 44.68 (36.04–53.33) 5.11 (0.38–9.83) -14.12 (-27.21- -1.18) -19.3 (-31.41–7.19) 8.12 (-0.53- 16.76)
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Conclusion
Our findings indicate the prevalence of OSA was higher in 
c-cigarette smokers than in non-smokers, while there was 
no significant difference in the prevalence of OSA between 
e-cigarette smokers and non-smokers. Dual users had the 
highest prevalence for OSA compared to c-cigarette smok-
ers, e-cigarette smokers and non-smokers.
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