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ABSTRACT
Objective: Previous studies have found that excessive daytime sleepiness (EDS) is a more common
problem in asthmatic subjects than in the general population. The aim of this studywas to investigate
whether the prevalence of EDS is increased in asthmatic subjects and, if so, to analyse the occurrence
of potential risk factors for EDS in asthmatics.Methods: Cross-sectional epidemiological study. In 2008,
a postal questionnaire was sent out to a random sample of 45,000 individuals aged 16–75 years in four
Swedish cities. Results: Of the 25,160 persons who participated, 7.3% were defined as having asthma.
The prevalence of EDS was significantly higher in asthmatic subjects (42.1% vs. 28.5%, p < 0.001) com-
pared with non-asthmatic subjects. Asthma was an independent risk factor for EDS (adjusted OR 1.29)
and the risk of having EDS increasedwith asthma severity. Risk factors for EDS in subjects with asthma
included insomnia (OR, 3.87; 95% CI, 3.10–4.84); chronic rhinosinusitis (OR, 2.00; 95% CI, 1.53–2.62); cur-
rent smoking (OR, 1.60; 95% CI, 1.15–2.22) and obesity (OR, 1.53; 95% CI, 1.09–2.13). Conclusions: EDS is a
common problem among subjects with asthma. Asthma is an independent risk factor for having EDS.
Furthermore, subjects with asthma often have other risk factors for EDS, many of them potentially
modifiable.

Introduction

Excessive daytime sleepiness (EDS) is an increasing prob-
lem [1] affecting 6–23% of the general population [2,3].
EDS has been implied to impair both cognitive per-
formance [4,5] and work performance [5,6], as well as
being associated with reduced quality of life [7,8] and an
increased risk of both motor vehicle [9] and work-related
accidents [6]. EDS thus has a negative impact on daily
functioning and consequently affects both the personal
and professional aspect of an individual’s life.

In the 1990s, the prevalence of EDS was reported
to be 50% higher in adult subjects with asthma com-
paredwith non-asthmatic subjects [10].More recent stud-
ies have found a strong association between asthma and
daytime sleepiness in children [11], and an association
between poor asthma control and daytime sleepiness have
been found in several studies in children, adolescents
and adults [12–15]. It has been suggested that sleep dis-
turbances might contribute to the high prevalence of
daytime sleepiness [16], as it has been observed that
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asthmatic subjects have a reduced quality of sleep
[12,17,18]. Furthermore, asthma often co-exists with
other respiratory diseases of the upper airways, such
as allergic rhinitis and obstructive sleep apnoea (OSA),
conditions which has in turn been associated with an
increased risk of having EDS [19,20].

Apart from asthma, insomnia [21,22] has a well-
established association with EDS. Studies have also
implied that EDS is more common in the younger pop-
ulation [21,23], as well as in the very old [23], and a
higher risk of daytime sleepiness has been seen in women
[8,24,25]. Being overweight has also been associated with
an increased risk of having EDS [8,23,26] and in subjects
with EDS, a low physical activity is more commonly seen
[21].

The aim of this study was to investigate the association
between EDS and asthma. Our hypothesis was that the
prevalence of EDS is increased in asthmatic subjects and
that this increase is associated both to asthma control and
to risk factors not directly related to asthma.

©  Taylor & Francis
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Method

Population

The Global Allergy and Asthma European Network
(GA2LEN) is a network of the leading European clin-
ical and research facilities in the field of asthma and
allergology. It is the largest multidisciplinary network of
researchers in the field and consists of 27 research insti-
tutes in more than 20 European countries [27]. In this
study, the Swedish version of the 2008 GA2LEN sur-
vey was used. The questionnaire consisted of 40 ques-
tions about asthma, allergic diseases, sinusitis, chronic
obstructive lung disease (COPD), eczema, air pollu-
tion, damp and mould in the home environment, edu-
cational and occupational status, and lifestyle factors
including BMI, exercise and sleeping habits, and tobacco
use.

In 2008, the survey was sent out to a total of 45,000
randomly selected individuals aged 16–75 years in four
Swedish cities—10,000 randomly selected individuals in
each of the cities of Uppsala, Stockholm and Umeå and
15,000 inGothenburg. Up to three reminders weremailed
out.

The study was approved by the local ethics committee
in 2008 (Dnr: 2008/014).

Definitions of disorders and conditions derived from
the questionnaire

Excessive daytime sleepiness (EDS) was defined as having
trouble with sleepiness during the daytime at least three
times a week in the last few months [10,24,25].

Asthmawas defined as a positive answer to either of the
questions “Have you ever had an asthma attack in the last
12 months?” or “Are you currently taking any medicine
for asthma, including inhalers, aerosols or tablets?” [28].

Asthma-related symptoms were defined as, in the last
12months, having had one ormore of the following symp-
toms: (A) wheezing or whistling in the chest, (B) waking
up with chest tightness and (C) being woken up by short-
ness of breath. The number of asthma-related symptoms
was used as a marker of asthma severity [28].

Allergic rhinitis was defined as a positive answer to the
question: “Do you have any nasal allergies including hay
fever?”

Insomnia included (A) difficulty maintaining sleep
(DMS) “waking up several times during the night”, (B) dif-
ficulty inducing sleep (DIS) “having trouble falling asleep
at night” and (C) early morning awakening (EMA) “wak-
ing up too early and then having trouble falling asleep
again”, of which any of these symptoms had to have a

Table . Characteristics of participants with and without asthma
(mean± SD or %).

No asthma
(n= ,)

Asthma
(n= ) p-Value

Women . . <.
Age (years) .± . .± . <.
Age group (years) .
–< . .
–< . .
� . .

BMI (kg/m) .± . .± . <.
BMI group <.

< . .
–< . .
–< . .
� . .

Physical activity <.
� times/week . .
– times/week . .
� time/month . .

Current smoking . . .
Insomnia . . <.
Snoring . . <.
Allergic rhinitis . . <.
Chronic rhinosinusitis . . <.

frequency of at least three times a week in the past few
months [28].

Habitual snoring was defined as, in the past few
months, having “loud and disturbing snoring” at least
three nights a week [10,24].

Current smoking was defined as a positive answer to
both of the questions “Have you ever smoked one ormore
cigarettes a day for more than a year?” and “Have you
smoked at all during the last month?”

Low physical activitywas defined as “Exercising so hard
that you get sweaty or out of breath” once a month or less.

Chronic rhinosinusitis (CRS) was defined according to
the European Position Paper on Rhinosinusitis and Nasal
Polyps (EP3OS) criteria as a positive answer to at least
two of the questions (A)–(D) of which one had to be
(A) or (C); (A) “Have you suffered from a blocked nose
for more than 12 weeks during the last 12 months?”,
(B) “Have you suffered from pain or pressure around
the forehead, nose or eyes for more than 12 weeks dur-
ing the last 12 months?”, (C) “Have you had discoloured
snot or phlegm for more than 12 weeks during the last
12 months?” and (D) “Have you suffered from a reduced
or total loss of sense of smell for more than 12 weeks dur-
ing the last 12 months?” [29].

To be included in this study, the participants had to
have answered all the questions in the survey used to
define “Asthma” and “Excessive daytime sleepiness” and,
as a result, the total study population consisted of 25,160
subjects. Of these, 1,830 (7.3%) subjects were defined as
having asthma. The characteristics of the subjects are pre-
sented in Table 1.
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Figure . Causal diagram between asthma and excessive daytime sleepiness (EDS). Green arrows indicate causal paths, while red arrows
showbiasingpaths. Blue circles showancestors of outcome. Red circles showancestors of exposure andoutcome. Thegreen circle indicates
the exposure and the blue circle with the black line inside it indicates the outcome. From this diagram, the model used in the logistic
regression analysis was extracted by DAGitty.net.

Statistical analyses

The statistical analyses were performed using StatView
version 5.0.1 (SAS Institute Inc., North Carolina, USA)
and STATA version 12 (Stata Corporation, College Sta-
tion, Texas, USA). Bivariate analyses were performed
using the chi-square test and unpaired t-test to com-
pare the data between subjects with and without asthma.
Logistic regression was then used to calculate crude and
adjusted odds ratios (ORs) with 95% confidence intervals
(95% CI) in the multivariate analysis. Analyses of interac-
tion were done in order to see if the association between
EDS and independent variables was significantly different
in women than in men. A p-value of <0.05 was regarded
as statistically significant.

To decide which variables to adjust for in the multi-
ple logistic regression models, a directed acyclic graph
(DAG) was used. It was created by using DAGitty
(http://www.dagitty.net) [30], a browser-based environ-
ment for creating and analysing causal models. From this
diagram (Figure 1), the smallest set of co-variates neces-
sary to control for bias, the minimal sufficient adjustment
set, was extracted by DAGitty. This model was then used
in the multiple logistic regression analysis.

Results

The subjects with asthma were significantly younger,
were more often women and had a higher mean BMI
than the subjects without asthma (Table 1). There was

a higher prevalence of obesity (BMI �30) and subjects
<35 years old in the asthma group. However, asthmatic
subjects were significantly more physically active than
non-asthmatics.

The subjects with asthma had a significantly higher
prevalence of allergic rhinitis and CRS compared with
subjects without asthma. Snoring and insomnia were also
significantlymore common in the asthma group (Table 1).

The prevalence of EDS was significantly higher in
the asthma group than in the group of subjects without
asthma (42.1% vs. 28.5%). The prevalence of EDS was
higher in both men and women in the asthma group
compared with non-asthmatic subjects (46.2% vs. 31.1%
and 35.7% vs. 25.5% for women and men, respectively)
(Figure 2).

The association between asthma and EDS remained
significant after adjusting for possible confounders
(Table 2). Other independent risk factors for having EDS
included female sex, age <35 years, insomnia, snor-
ing, CRS, allergic rhinitis, obesity, current smoking and
having a low physical activity level (Table 2).

Allergic rhinitis, low physical activity and obesity were
statistically significant risk factors for EDS in both men
and women. The strongest risk factors for EDS for both
sexes were CRS, insomnia, snoring and age <35 years
(Table 3).

There was a significant sex-related interaction for age
and current smoking. The association between age <35
years and EDS was significantly stronger for women than
men and a similar gender differencewas found for current

http://www.dagitty.net
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Figure . Prevalence of EDS in subjects with and without asthma,
divided by sex.

smoking (Table 3). There was also an almost significant
gender interaction for asthma, with an independent sig-
nificant association between EDS and asthma in women
but not in men.

EDS in participants with asthma

Of the asthmatic subjects, 15.8% reported three asthma-
related symptoms, 25.4% reported two symptoms, and
40.3% and 18.5% of the subjects reported one and no
asthma-related symptoms, respectively (data not shown).
The number of asthma-related symptoms correlated pos-
itively with having EDS. In the group with three reported

Table . Unadjusted and adjusted odds ratios (% CI) for the
association between excessive daytime sleepiness and asthma,
sex, age, BMI, physical activity, current smoking, insomnia, snor-
ing, allergic rhinitis and chronic rhinosinusitis among the entire
study population.

Unadjusted
OR

(n= ,)

Adjusted
OR

∗

(n= ,)

Women . (.–.) . (.–.)
Age< years . (.–.) . (.–.)
BMI< . (.–.) . (.–.)
BMI –  
BMI – . (.–.) . (.–.)
BMI� . (.–.) . (.–.)
Low physical activity . (.–.) . (.–.)
Current smoking . (.–.) . (.–.)
Insomnia . (.–.) . (.–.)
Snoring . (.–.) . (.–.)
Allergic rhinitis . (.–.) . (.–.)
Chronic rhinosinusitis . (.–.) . (.–.)
Asthma . (.–.) . (.–.)

Note. ∗The odds ratios are adjusted for asthma, sex, age, BMI, physical activity,
current smoking, insomnia, snoring allergic rhinitis and chronic rhinosinusitis.

Table . The entire study population divided into two groups:
men and women. Adjusted odds ratios (% CI)

∗
for the associa-

tion between excessive daytime sleepiness and asthma, age, BMI,
physical activity, current smoking, insomnia, snoring, allergic rhini-
tis and chronic rhinosinusitis in men and women, respectively.

Men (n= ,) Women (n= ,) p-value

Age< years . (.–.) . (.–.) .
BMI< . (.–.) . (.–.) .
BMI –<  
BMI –< . (.–.) . (.–.) .
BMI� . (.–.) . (.–.) .
Low physical activity . (.–.) . (.–.) .
Current smoking . (.–.) . (.–.) .
Insomnia . (.–.) . (.–.) .
Snoring . (.–.) . (.–.) .
Allergic rhinitis . (.–.) . (.–.) .
Chronic rhinosinusitis . (.–.) . (.–.) .
Asthma . (.–.) . (.–.) .

Note. ∗Odds ratios are adjusted for asthma, age, BMI, physical activity, current
smoking, insomnia, snoring, allergic rhinitis and chronic rhinosinusitis.

symptoms, 57.3% suffered from EDS, while only 31.9%
had EDS in the group with no reported symptoms
(Figure 3). The association between EDS and the number
of asthma-related symptoms remained significant after
adjusting for sex, age, BMI, physical activity, current
smoking, insomnia, snoring, allergic rhinitis and chronic
rhinosinusitis (Table 4).

Insomnia was the strongest risk factor for EDS in the
group of subjects with asthma (Table 4). Apart from the
number of asthma symptomsEDSwas also independently
associated with CRS, young age, current smoking and

Figure . Number of asthma-related symptoms and their asso-
ciation with excessive daytime sleepiness (EDS) in subjects with
asthma.
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Table . Adjusted odds ratios (% CI)
∗
for the association

between excessive daytime sleepiness and sex, age, BMI, physi-
cal activity, current smoking, insomnia, snoring, allergic rhinitis,
chronic rhinosinusitis and number of asthma-related symptoms
among subjects with asthma.

All subjects with asthma (n= )

Women . (.–.)
Age< years . (.–.)
BMI< . (.–.)
BMI –< 
BMI –< . (.–.)
BMI� . (.–.)
Low physical activity . (.–.)
Current smoking . (.–.)
Insomnia . (.–.)
Snoring . (.–.)
Allergic rhinitis . (.–.)
Chronic rhinosinusitis . (.–.)
Number of asthma-related symptoms
 . (.–.)
 . (.–.)
 . (.–.)

Note. ∗Odds ratios are adjusted for sex, age, BMI, physical activity, current
smoking, insomnia, snoring, allergic rhinitis, chronic rhinosinusitis and num-
ber of asthma-related symptoms.

obesity. No significant sex interaction was found for the
association between EDS and the various independent
variables.

Discussion

The present study shows that asthmatic subjects have a
prevalence of excessive daytime sleepiness (EDS) that is
considerably higher than that in non-asthmatics. Further-
more, in asthmatic subjects, EDS was related to asthma
severity and several potentially modifiable risk factors,
including obesity, current smoking, insomnia and CRS.
Somewhat surprisingly, we found that the association
between asthma and EDS was stronger in women.

The finding of a higher prevalence of EDS in asth-
matic subjects is in line with previously published results
[1,10,12,19]. In the present study the number of asthma
symptoms was used as a marker of asthma control and
the prevalence of EDS increased with the number of
symptoms in the group of participants with asthma.
Thus our results are in accordance with previous studies
showing an association between asthma control and EDS
[12–15]. Mastronarde et al. [12] found that improved
asthma control was associated with an improvement in
both sleep quality and Epworth Sleepiness Scale (ESS)
scores [31]. However, as these improvements were small,
poorly controlled asthma is unable solely to explain the
high prevalence of EDS in asthmatic subjects. In fact in
the present study insomnia was a stronger risk factor than
asthma control. Our results are therefore in line with what
was reported by Melzer et al. [16] who found that asthma
severity accounted for only 2% of the variance of daytime

sleepiness, compared to 28% of the variance accounted
for by insomnia severity in a study on adolescents with
asthma.

It is unclear why insomnia is so common in asthmatic
subjects. It has been suggested that nocturnal asthma
symptoms due to a circadian variation in airway resis-
tance and hormone secretion might account for the
sleep disturbances [32]. However, Mastronarde et al. [12]
reported a much higher frequency of nocturnal awaken-
ings than nocturnal asthma symptoms, suggesting that
factors other than just asthma control might cause the
sleep disturbances in asthmatic subjects.

Apart from insomnia and asthma control we have
found several other risk factors for EDS in the asthmatic
population, including obesity and current smoking. In the
general population, obesity has been found to increase
the risk of developing EDS [33,34] and weight loss has in
turn been associatedwith its remission [34]. Furthermore,
a recent study by Theorell-Haglöw et al. [33] found that
insomnia and smoking were two of the strongest risk fac-
tors for developing EDS. In addition, our results showed
that CRS was an independent risk factor for EDS in asth-
matic subjects. Patients with CRS have a high prevalence
of sleep pathology [35], and in a recent study by Jiang et al.
[36] 38% of the patients with CRS were found to suffer
from EDS. Furthermore, studies have indicated that sub-
jects with CRS have experienced a significant reduction in
excessive daytime sleepiness following endoscopic sinus
surgery [37,38].

Interestingly, there were indications that asthma was a
stronger risk factor for EDS in women than in men. Sex-
related differences have been shown in both asthma epi-
demiology and disease expression [39] but not specifically
for the association between asthma and EDS. However,
McCallister et al. [40] demonstrated that women with
poor asthma control reported more asthma symptoms
than men, despite having better pulmonary function.
Women were more likely to report nocturnal awakenings
and difficulty sleeping due to their asthma. This indi-
cates that women’s sleep might be more affected by their
asthma and this could in turn explain why we found that
asthma was a stronger risk factor for EDS in women.

The current study is based on a questionnaire answered
by more than 25,000 randomly selected individuals in
the general population. The study areas (Gothenburg,
Uppsala, Stockholm and Umeå) are a fairly good rep-
resentation of both the geographic and demographic
features of Sweden. The sample can therefore be assumed
to represent the general population of Sweden—in con-
trast to similar studies with enriched populations [10].
However, some limitations need to be addressed. First,
all the data are self-reported. Second, EDS was assessed
by the participants’ own estimation of the frequency of
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daytime sleepiness instead of a more common measure-
ment, such as the ESS, an eight-item questionnaire for
measuring the level of daytime sleepiness [31]. However,
this way of assessing EDS has been used in other similar
studies [10,41]. Third, because of the cross-sectional
study design, no conclusions can be drawn about the
causality between asthma, other co-morbidities and EDS.

Conclusions

This study confirms that asthmatic subjects have a higher
prevalence of EDS than non-asthmatics. Furthermore the
asthmatic population was found to have several poten-
tially modifiable risk factors for EDS, including obe-
sity, current smoking, insomnia and CRS, all of which
could contribute to the high prevalence of EDS in this
population.

Since EDS has a negative impact on the daily life of the
people suffering from it, it is important that this problem
is recognised and addressed by physicians. We therefore
suggest that physicians treating asthmatic patients specif-
ically should try to identify both the occurrence of day-
time sleepiness and treatable risk factors for EDS. Special
consideration should be paid to women, since asthma had
a stronger association with EDS in women. Future inter-
ventional studies are warranted to determine whether
specific therapy for multiple risk factors has an additive
effect on improving daytime sleepiness in subjects with
asthma.

Declaration of interest

None of the authors has declared any conflict of interest.

Funding

This study was carried out as part of the GA2LEN survey and
was financially supported by the EU Sixth Framework Pro-
gramme for Research, contract no. FOOD-CT-2004-506378.
The studywas also supported financially by the SwedishAsthma
and Allergy Foundation (2008021) and Hjärt-Lungfonden
(HLF20070500).

References

1. Ford ES, Cunningham TJ, Giles WH, Croft JB. Trends
in insomnia and excessive daytime sleepiness among U.S.
adults from 2002 to 2012. Sleep Med 2015;16:372–378.

2. Ohayon MM, Caulet M, Philip P, Guilleminault C,
Priest RG. How sleep and mental disorders are related
to complaints of daytime sleepiness. Arch Intern Med
1997;157:2645–2652.

3. Lindberg E, Janson C, Gislason T, Björnsson E, Hetta J,
Boman G. Sleep disturbances in a young adult population:

can gender differences be explained by differences in psy-
chological status? Sleep 1997;20:381–387.

4. Liu H, Wang D, Li Y, Li Z, Zhang Y, Lei F, et al. Exam-
ination of daytime sleepiness and cognitive performance
testing in patients with primary insomnia. PloS ONE
2014;9:e100965.

5. Dean B, Aguilar D, Shapiro C, Orr WC, Isserman JA,
Calimlim B, et al. Impaired health status, daily function-
ing, and work productivity in adults with excessive sleepi-
ness. J Occup Environ Med Am Coll Occup Environ Med
2010;52:144–149.

6. Hirsch Allen AJM, Bansback N, Ayas NT. The effect of
OSA on work disability and work-related injuries. Chest
2015;147:1422–1428.

7. Baldwin CM, Griffith KA, Nieto FJ, O’Connor GT, Wal-
sleben JA, Redline S. The association of sleep-disordered
breathing and sleep symptoms with quality of life in the
Sleep Heart Health Study. Sleep 2001;24:96–105.

8. Hasler G, Buysse DJ, Gamma A, Ajdacic V, Eich D, Rössler
W, et al. Excessive daytime sleepiness in young adults: a
20-year prospective community study. J Clin Psychiatry
2005;66:521–529.

9. Ward KL, Hillman DR, James A, Bremner AP, Simpson L,
Cooper MN, et al. Excessive daytime sleepiness increases
the risk of motor vehicle crash in obstructive sleep apnea.
J Clin Sleep Med JCSM Off Publ Am Acad Sleep Med
2013;9:1013–1021.

10. Janson C, De Backer W, Gislason T, Plaschke P, Björnsson
E, Hetta J, et al. Increased prevalence of sleep disturbances
and daytime sleepiness in subjects with bronchial asthma: a
population study of young adults in three European coun-
tries. Eur Respir J 1996;9:2132–2138.

11. Calhoun SL, Vgontzas AN, Fernandez-Mendoza J, Mayes
SD, TsaoussoglouM,BastaM, et al. Prevalence and risk fac-
tors of excessive daytime sleepiness in a community sam-
ple of young children: the role of obesity, asthma, anxi-
ety/depression, and sleep. Sleep 2011;34:503–507.

12. Mastronarde JG,Wise RA, ShadeDM,Olopade CO, Scharf
SM. American LungAssociation AsthmaClinical Research
Centers. Sleep quality in asthma: results of a large prospec-
tive clinical trial. J Asthma Off J Assoc Care Asthma
2008;45:183–189.

13. van Maanen A, Wijga AH, Gehring U, Postma DS, Smit
HA, Oort FJ, et al. Sleep in children with asthma: results of
the PIAMA study. Eur Respir J 2013;41:832–837.

14. Li Z, Thompson LA, Gross HE, Shenkman EA, Reeve BB,
DeWalt DA, et al. Longitudinal associations among asthma
control, sleep problems, and health-related quality of life in
children with asthma: a report from the PROMIS( R©) Pedi-
atric Asthma Study. Sleep Med 2016;20:41–50.

15. Li Z, Huang I-C, Thompson L, Tuli S, Huang S-W, DeWalt
D, et al. The relationships between asthma control, daytime
sleepiness, and quality of life among children with asthma:
a path analysis. Sleep Med 2013;14:641–647.

16. Meltzer LJ, Ullrich M, Szefler SJ. Sleep duration, sleep
hygiene, and insomnia in adolescents with asthma. J
Allergy Clin Immunol Pract 2014;2:562–569.

17. Fitzpatrick MF, Engleman H, Whyte KF, Deary IJ,
Shapiro CM, Douglas NJ. Morbidity in nocturnal asthma:
sleep quality and daytime cognitive performance. Thorax
1991;46:569–573.

18. Jensen ME, Gibson PG, Collins CE, Hilton JM, Latham-
Smith F, Wood LG. Increased sleep latency and reduced



JOURNAL OF ASTHMA 7

sleep duration in children with asthma. Sleep Breath Schlaf
Atm 2013;17:281–287.

19. Teodorescu M, Consens FB, Bria WF, Coffey MJ, McMor-
ris MS, Weatherwax KJ, et al. Correlates of daytime sleepi-
ness in patients with asthma. Sleep Med 2006;7:607–613.

20. Thompson A, Sardana N, Craig TJ. Sleep impairment and
daytime sleepiness in patients with allergic rhinitis: the
role of congestion and inflammation. Ann Allergy Asthma
Immunol Off Publ Am Coll Allergy Asthma Immunol
2013;111:446–451.

21. Theorell-Haglöw J, Lindberg E, Janson C. What are the
important risk factors for daytime sleepiness and fatigue in
women? Sleep 2006;29:751–757.

22. Wilsmore BR, Grunstein RR, Fransen M, Woodward M,
Norton R, Ameratunga S. Sleep habits, insomnia, and day-
time sleepiness in a large and healthy community-based
sample ofNewZealanders. J Clin SleepMed JCSMOffPubl
Am Acad Sleep Med 2013;9:559–566.

23. Bixler EO, Vgontzas AN, Lin H-M, Calhoun SL, Vela-
Bueno A, Kales A. Excessive daytime sleepiness in a gen-
eral population sample: the role of sleep apnea, age, obe-
sity, diabetes, and depression. J Clin Endocrinol Metab
2005;90:4510–4515.

24. Janson C, Gislason T, De Backer W, Plaschke P, Björnsson
E, Hetta J, et al. Daytime sleepiness, snoring and gastro-
oesophageal reflux amongst young adults in three Euro-
pean countries. J Intern Med 1995;237:277–285.

25. Sundberg R, Torén K, Franklin KA, Gislason T, Ome-
naas E, Svanes C, et al. Asthma in men and women: treat-
ment adherence, anxiety, and quality of sleep. Respir Med
2010;104:337–344.

26. Vgontzas AN, Bixler EO, Chrousos GP. Obesity-related
sleepiness and fatigue: the role of the stress system and
cytokines. Ann N Y Acad Sci 2006;1083:329–344.

27. Hastan D, Fokkens WJ, Bachert C, Newson RB, Bis-
limovska J, Bockelbrink A, et al. Chronic rhinosinusitis
in Europe—an underestimated disease. A GA2LEN study.
Allergy 2011;66:1216–1223.

28. Sundbom F, Lindberg E, Bjerg A, Forsberg B, Franklin K,
Gunnbjörnsdottir M, et al. Asthma symptoms and nasal
congestion as independent risk factors for insomnia in a
general population: results from the GA(2)LEN survey.
Allergy 2013;68:213–219.

29. Fokkens W, Lund V, Mullol J. European Position Paper
on Rhinosinusitis and Nasal Polyps Group. EP3OS 2007:
European position paper on rhinosinusitis and nasal
polyps 2007. A summary for otorhinolaryngologists. Rhi-
nology 2007;45:97–101.

30. Textor J, Hardt J, Knüppel S. DAGitty: a graphical tool for
analyzing causal diagrams. Epidemiology 2011;5:745.

31. Johns MW. Reliability and factor analysis of the Epworth
Sleepiness Scale. Sleep 1992;15:376–381.

32. Lewis DA. Sleep in patients with asthma and chronic
obstructive pulmonary disease. Curr Opin Pulm Med
2001;7:105–112.
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