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ABSTRACT 

Background. Asthma control can be influenced by several factors, including obstructive 

sleep apnea (OSA). The literature reports variable prevalence and magnitude of OSA 

impact on asthma outcomes. The aim of our study is to analyze the frequency of high-

risk for OSA in asthma patients and its impact on disease severity and control. 

Methods. We conducted a cross-sectional study at an Allergy Department with adult 

asthma patients recruited while undergoing routine lung function tests. Data on sex, 

age, body mass index, allergen sensitization, smoking habits, risk of OSA (using the Berlin 

questionnaire), rhinitis control (through CARAT), asthma severity (based on GINA 2023), M
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asthma control (using the ACT), adherence to asthma treatment (through Treatment 

Adherence Measure) and pulmonary function test results were collected. 

Results. We included 216 patients, predominantly women (70.4%), with a median (P25-

P75) age of 29.0 (21.0-45.0) years, of whom 28.2% were on GINA treatment levels 4-5. 

In 75.5% of cases asthma was controlled. High-risk for OSA was identified in 21.8% of 

patients. Asthma patients with high-risk for OSA were more likely to have uncontrolled 

[(47.8%; n=22) vs (15.8%; n=26); p<0.001] and more severe disease [(44.7%; n=21) vs 

(23.7%; n=40), p=0.006]. In multivariable analysis, high-risk for OSA (OR: 2.81 [95%CI: 

1.1.28-6.17], p=0.010), sex (women) (OR: 5.21 [95% CI: 1.70-15.96], p=0.004), 

uncontrolled rhinitis (OR: 3.65 [95%CI: 1.38-9.64], p=0.009) and GINA asthma treatment 

steps 4-5 (OR: 2.46 [95% CI: 1.15-5.26], p=0.020) were associated with uncontrolled 

asthma. 

Conclusions. It is crucial to actively investigate OSA, especially in patients with 

uncontrolled and more severe forms of asthma. 
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IMPACT STATEMENT: 

Obstructive sleep apnoea is an underrecognized comorbidity that can have a 

detrimental influence on asthma outcomes. Our study showed an association between 

obstructive sleep apnoea and uncontrolled and more severe asthma; therefore, it is 

imperative to proactively assess this comorbidity in these patients. 
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INTRODUCTION 

Asthma is a heterogeneous disease usually characterized by chronic inflammation of the 

airways. It is defined by respiratory symptoms that vary in time and intensity, associated 

with variable expiratory airflow limitation (1). 

Many factors can contribute to poor control of the disease, including comorbidities. All 

comorbidities must be assessed when treating patients with asthma, including 

obstructive sleep apnea (OSA) (1). 

OSA is a breathing disorder characterized by narrowing of the upper airway that 

interferes with normal ventilation during sleep (2). The prevalence of OSA varies 

considerably depending on the population studied (2). It is higher in disease-specific 

populations, including patients with coronary artery disease, congestive heart failure, 

cardiac arrhythmias, refractory hypertension, type 2 diabetes, polycystic ovary disease 

or asthma (2–4). In general, the prevalence of OSA in asthma patients appears to be 

about two to three times higher than in patients without asthma (3). A recent systematic 

review found an estimated prevalence of OSA in asthma patients of 8%–52.6%, which is 

even higher (50-95%) in patients with severe asthma (5). Despite the higher prevalence 

in patients with asthma, especially those with severe asthma, different prevalence 

estimates are reported in the literature (3,4). 

OSA is an underestimated comorbidity that can have a negative impact on asthma 

outcomes. In most published studies, the presence of OSA is associated with poorer 

asthma control, more exacerbations and more emergency department visits, hospital 

admissions and ICU admissions (6–8). On the other hand, some studies showed no M
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significant association between asthma severity or control and the presence of OSA 

(4,9). 

In this study, we aimed to analyze the frequency of high-risk for OSA in patients with 

asthma and assess its impact on disease severity and control. 

 

MATERIALS AND METHODS 

Study design, setting and participants 

This cross-sectional study was conducted in the Allergy and Clinical Immunology 

Department of a tertiary hospital in Lisbon, Portugal. 

All adult patients scheduled for an examination in our center’s lung function test 

laboratory due to their asthma between January 2022 and December 2022 were invited 

to participate. Participation eligibility conditions were to be ≥18 years-old, to have a 

medical diagnosis of asthma, to present an asthma A2 score≥2, and be able to perform 

a spirometry. Exclusion criteria were the inability to understand the consent form or the 

questionnaires. 

This study was approved by the Ethics Committee of the Centro Hospitalar Universitário 

de Lisboa Central. All participants provided written informed consent to participate in 

this study. 

 

Data Collection 

Data were collected using a self-administered standardized questionnaire that included 

questions on sociodemographic data, medical history, OSA risk (Berlin Questionnaire), 

rhinitis control (Control of Allergic Rhinitis and Asthma Test, upper airway subscore - M
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CARAT-UA), asthma control (Asthma Control Test - ACT) and treatment adherence (MAT 

- Treatment Adherence Measure). The lung function test results conducted on the 

questionnaire's day were recorded. Daily prescribed asthma medications and 

information about sensitization to airborne allergens were obtained from electronic 

medical records. Asthma severity was defined according to the Global Initiative for 

Asthma (GINA) 2023 classification (steps 1-5). 

The A2 score comprises eight questions, being the score the sum of positive answers. It 

can be used to rule in/rule out asthma in epidemiological studies and clinical screenings. 

Asthma can be excluded for results of 0 to 1 (10). 

The Berlin Questionnaire is an OSA screening questionnaire with ten questions 

organized in three categories: the first comprises five questions on snoring and cessation 

of breathing, the second includes four questions about daytime sleepiness and 

fatigue/tiredness, and the last comprises information about arterial hypertension and 

obesity. A score of at least two is warranted for categories one and two to be considered 

positive. The third category is positive if there is a history of high blood pressure or a 

body mass index>30 kg/m2. Patients with a positive score in two or three categories are 

considered to have high-risk for OSA (11–13). The Berlin Questionnaire has a sensitivity, 

specificity, positive predictive value and negative predicted value of 72.1%, 50%, 87.7% 

and 26.7%, respectively, for an apnea-hypopnea index>5; of 82.6%, 44.8%, 58.4% and 

73.3% for an apnea-hypopnea index>15; of 88.4%, 39.1%, 35.4% and 90% for an apnea-

hypopnea index>30 (13). 
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The CARAT-UA encompasses the first four questions of CARAT answered on a 4-point 

Likert that address upper airway symptoms over a four-week period, with a total 

possible score ranging from 0 (minimum control) to 12 (maximum control) (14). 

The ACT Questionnaire contains five questions about the frequency of asthma 

symptoms and required rescue medication use during the previous four weeks. The 

scores range from 5 (worse control) to 25 (total control), with a cut-off value for asthma 

control of 20 (15). 

The MAT comprises seven questions that assess patient behavior patterns associated 

with the use of medicines. The answers are rated on a six-point scale, and the result is 

expressed as the sum of the score of all questions divided by seven, ranging from 1 

(minimum adherence) to 6 (maximum adherence). The patient is considered to have 

good medication adherence if MAT≥5 (16). 

 

Lung Function tests 

Global Lung Function Initiative (GLI) reference equations for spirometry were used. The 

lower limit of normal (LLN) was defined as the 5th percentile (corresponding to a z-score 

of −1.645). 

 

Sample size 

Considering n=1000 as the number of adult patients with asthma assessed in our lung 

function test laboratory each year, and assuming a 25% prevalence of OSA, for a 

confidence level of 95% and a 5% margin of error, we would need to include 224 

participants. M
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Variables 

The primary outcome variable of the regression analysis was the presence of non-

controlled asthma (ACT<20). High-risk for OSA, obesity (body mass index≥30 kg/m2), 

non-controlled rhinitis, to be on GINA treatment steps 4-5, current allergy sensitization 

to house dust mites, pollens, pets or mold evaluated by skin prick tests, low treatment 

adherence (according to MAT), former or current smoker, pre/post-bronchodilator FEV1 

and FEV1/FVC<LLN were considered as potential risk factors for non-controlled asthma 

and sex and age were considered potential confounders. 

An additional regression analysis was also conducted, considering asthma severity (GINA 

treatment steps 4-5) as the main outcome. 

 

Statistical analysis 

An exploratory analysis was carried out for all variables. Categorical data were presented 

as prevalence rates (with 95 % confidence intervals - 95% CI) and continuous variables 

as median (with 25th - P25 and 75th - P75 percentiles). 

Logistic regression models were used to explore the association between non-controlled 

asthma (outcome) and the above-mentioned risk and confounding factors. Covariates 

with a p-value<0.25 were selected as candidates for the multivariable analysis, and a 

purposeful selection was used to choose the variables in the final model. 

Crude regression coefficients and corresponding odds ratio (OR) with 95% CI were 

calculated first. Adjusted ORs were obtained as a result of fitting the multivariable 

logistic regression models to the data. The level of significance was ɑ=0.05. Data analysis 

was performed using IBM SPSS Statistics version 26 (New York, USA).  M
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RESULTS 

Characterization of the population 

We included 225 patients, but due to missing data, only 216 were included in the 

analysis. The majority were women (70.4%; n=152), with a median age of 29.0 (P25-P75: 

21.0-45.0) years and a median BMI of 24.6 (P25-P75: 21.6-29.1) kg/m2. Regarding 

asthma severity, 28.2% (n=61) of patients were taking medication corresponding to 

GINA steps 4-5. Rhinitis was controlled in 34.7% of patients (n=74) and asthma was 

controlled in 75.5% of patients (n=163). High-risk for OSA was considered in 21.8% of 

patients (n=47).  

The baseline characteristics of our sample are described in Table I. 

High-risk for OSA patients’ characteristics 

High-risk for OSA patients were mostly women [(83.0%; n=39) vs (66.9%; n=113), 

p=0.046], older [41.0 (26.0-49.0) vs 28.0 (21.0-42.5) years, p=0.001] and had a higher 

body mass index [31.8 (29.0-34.0) vs 24.0 (21.2-27.1), p<0.001] than patients without a 

high-risk for OSA, as expected, since obesity is part of the Berlin questionnaire. Obesity 

was present in 70.2% (n=33) of high-risk for OSA patients. 

High-risk for OSA patients also presented more frequently uncontrolled rhinitis [(89.1%; 

n=41) vs (58.7%; n=98), p<0.001], uncontrolled asthma [(47.8%; n=22) vs (15.8%; n=26), 

p<0.001] and with asthma on GINA asthma treatment steps 4-5 [(44.7%; n=21) vs 

(23.7%; n=40), p=0.006]. Regarding lung function, high-risk for OSA was not associated 

with significant variations in pre-bronchodilator or post-bronchodilator FEV1 and 

FEV1/FVC.  

 M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 9 

High-risk for OSA: Association with uncontrolled asthma 

Patients with uncontrolled asthma were more frequently classified as having high-risk 

for OSA compared to patients with controlled disease [(45.8%; n=22) vs (14.7%; n=24), 

p<0.001]. 

In the univariable analysis, women sex, obesity, sensitization to airborne allergens, 

uncontrolled rhinitis, GINA asthma treatment steps 4-5 and high-risk for OSA were 

associated with uncontrolled asthma (Table II). 

In the multivariable analysis, after adjusting for other variables, high-risk for OSA 

persisted as a risk factor for uncontrolled asthma in the final model together with female 

sex, uncontrolled rhinitis, and GINA treatment steps 4-5 (Table II). 

High-risk for OSA: Association with higher asthma severity 

Patients on GINA asthma treatment steps 4-5 had a greater frequency of high-risk for 

OSA compared to patients with lower asthma severity [(34.4%; n=21) vs (16.8%; n=26), 

p=0.006]. 

In the univariable analysis, age, obesity, ACT<20, high-risk for OSA, pre-bronchodilator 

FEV1<LLN, pre-bronchodilator FEV1/FVC<LLN and post-bronchodilator FEV1/FVC<LLN 

were associated with more severe asthma (Table III). 

In the multivariable analysis, after adjusting for other variables, only high-risk for OSA, 

uncontrolled asthma and post-bronchodilator FEV1/FVC<LLN remained significantly 

associated with more severe asthma in the final model (Table III). 

 

DISCUSSION M
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Our study showed that asthma patients with high-risk for OSA were likelier to have 

uncontrolled asthma and more severe disease. 

In a cross-sectional study conducted in Portugal in 2014, the prevalence of OSA in the 

general population aged 25 years or older was estimated to be 0.89% (17). Different 

prevalence estimates have been reported for the higher incidence of OSA in patients 

with asthma. A systematic review found a prevalence of OSA (from thirteen 

questionnaire-based studies) in asthma patients ranging from 8% to 52.6% (5). In a 

meta-analysis by Kong et al. the prevalence of OSA in asthma patients was reported to 

be 49.5% (3). In our study we observed an estimated frequency of OSA of almost 20%, 

which is higher than the prevalence observed in the general population and consistent 

with previous studies conducted in asthma patients (8). 

In our analysis, patients with high-risk for OSA were mostly women, older and had a 

higher BMI. Our results are consistent with the published literature on the general 

population, as higher BMI and age are major risk factors for OSA (18,19). Although we 

should emphasise that 30% of high-risk for OSA patients were not obese, suggesting that 

this single characteristic should not be considered synonymous with OSA. 

In the general population, OSA is generally more common in men (18,19). In asthma 

patients, however, the dominance of sex varies (9,20,21). High-risk for OSA has not been 

associated with significant variations in lung function, which is consistent with other 

studies, such as that of Oyama et al. in which no significant correlation was found 

between lung function and the presence or severity of OSA, although OSA patients had 

more severe asthma (22). M
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In recent years, there is increasing evidence of a relationship between OSA, and asthma 

based on shared pathophysiological factors and bidirectional interactions (23,24). 

Although asthma and OSA share some similar risk factors, such as rhinitis, obesity and 

gastroesophageal reflux, there are specific characteristics that may contribute to this 

relationship (24). OSA is associated with increased bronchial hyperreactivity and 

inflammation (23). Chronic intermittent hypoxia associated with OSA has been shown 

to shift the inflammatory profile in the airways from type 2 to type 1 T helper cells, 

contributing to lung remodeling and airway dysfunction (24,25). This altered profile may 

lead to a reduced response to inhaled corticosteroid therapy (24,25). On the other hand, 

airway, and systemic inflammation together with the use of systemic and inhaled 

corticosteroids in asthma patients may contribute to the remodeling of pharyngeal 

structures and redistribution of adipose tissue, favoring its collapse (23,26). 

According to our findings, it is crucial to screen asthma patients for OSA, especially those 

with uncontrolled asthma and uncontrolled rhinitis who are women and comply with 

GINA treatment levels 4-5. These findings are consistent with those of a study by Al-

Lawati et al. in which the incidence of high-risk for OSA, also assessed by the Berlin 

questionnaire, was 46% in patients with uncontrolled asthma (20). Rhinitis is a common 

comorbidity in asthma patients, affecting most of them (1). Furthermore, rhinitis 

symptoms, particularly nasal congestion, have been linked to an increased risk of sleep 

breathing disorders in asthma patients, with longer and more frequent apneas in some 

studies (27), while in others this association is not as clear (4). We did not find an 

association between the presence of rhinitis and the risk of OSA, although patients with M
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uncontrolled rhinitis were at higher risk of OSA. Studies addressing the relationship 

between rhinitis control and OSA are currently lacking. 

In our work, high-risk for OSA was associated with higher odds of uncontrolled asthma. 

Previous studies on asthma and OSA showed similar results, although the magnitudes 

of the effects varied. Teodorescu et al. examined the relationship between OSA risk 

(assessed by questionnaire) and asthma control (measured by the Asthma Control 

Questionnaire) in adults and concluded that high OSA risk was associated with 2.87-fold 

higher odds of uncontrolled asthma, even after adjustment for factors known to worsen 

asthma control (28). 

In our study, high-risk for OSA was also associated with more severe asthma, especially 

in patients with bronchial obstruction and uncontrolled asthma. This result is consistent 

with other published studies that show crescent prevalence estimates based on asthma 

severity (3,5). Julien et al. compared the prevalence of OSA (assessed by 

polysomnography) in patients with severe and moderate asthma and in non-asthmatic 

patients (4). They showed that OSA was related to asthma severity, occurring in 88% of 

patients with severe asthma and 58% of patients with moderate asthma, compared with 

31% in patients without asthma (4). Guven et al. found a prevalence of 74.5% of OSA 

(assessed by polysomnography) in patients with difficult-to-treat/severe asthma (21). In 

our work, the estimated frequency of OSA (34.4%) in patients with severe asthma was 

lower than in these studies (4). This could be explained by the definition of OSA (Berlin 

questionnaire) we used, and by different population characteristics. In the study by Al-

Lawati et al. the prevalence of OSA (assessed by polysomnography) in patients with 

severe asthma was 32.4%, which is more in line with our results (20). M
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The presence of OSA may be associated with worse outcomes in asthma patients, as a 

higher rate of severe asthma exacerbations, a higher risk of non-invasive positive 

pressure ventilation and longer length of hospital stay, a higher risk of readmission after 

hospitalization for an asthma exacerbation (8,29,30). Therefore, it is important to 

identify asthma patients with OSA, as its treatment has positive effects on asthma 

symptoms, asthma control and severity, as well as quality of life (31–36). 

Our study has some limitations. First, it is a unicentric study and conducted in an Allergy 

and Clinical Immunology Department, so our results may not be generalizable to the 

general asthma patients. Second, it is a questionnaire-based study, so the identification 

of OSA patients may not have been entirely accurate, despite the Berlin Questionnaire 

being a validated OSA screening tool. Nevertheless, our findings highlight the need to 

actively look for the presence of OSA, a comorbidity that has a negative impact on 

asthma control, especially in those patients with uncontrolled and more severe asthma. 

FUNDING 

The study did not receive funding. 

AUTHORS’ CONTRIBUTION 

GMDS: Conceptualization, Formal analysis, Investigation, Methodology, Writing – 

original draft 

PSC: Conceptualization, Investigation, Methodology, Writing – original draft 

JGM: Conceptualization, Methodology, Writing – original draft, Writing – review & 

editing 

SS: Investigation, Writing – original draft 

SS: Investigation, Writing – original draft M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 14 

AB: Investigation, Writing – original draft 

PCM: Conceptualization, Formal analysis, Methodology, Writing – original draft, Writing 

– review & editing 

PLP: Methodology, Writing – review & editing 

CONFLICT OF INTEREST 

The authors declare that they have no conflicts of interest. 

 

REFERENCES 

1.  Global Initiative for Asthma. Global strategy for asthma management and prevention. 

2023; www.ginasthma.org 

2.  Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al. Clinical 

Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep Apnea: An 

American Academy of Sleep Medicine Clinical Practice Guideline. J Clin Sleep Med. 

2017;13(3): 479–504. https://doi.org/10.5664/jcsm.6506. 

3.  Kong DL, Qin Z, Shen H, Jin HY, Wang W, Wang ZF. Association of Obstructive Sleep 

Apnea with Asthma: A Meta-Analysis. Sci Rep. 2017;7(1): 4088. 

https://doi.org/10.1038/s41598-017-04446-6. 

4.  Julien JY, Martin JG, Ernst P, Olivenstein R, Hamid Q, Lemière C, et al. Prevalence of 

obstructive sleep apnea–hypopnea in severe versus moderate asthma. J Allergy Clin 

Immunol Pract. 2009;124(2): 371–376. https://doi.org/10.1016/j.jaci.2009.05.016. 

5.  Davies SE, Bishopp A, Wharton S, Turner AM, Mansur AH. The association between 

asthma and obstructive sleep apnea (OSA): A systematic review. J Asthma. 

2019;56(2): 118–129. https://doi.org/10.1080/02770903.2018.1444049. 

6.  Zidan M, Daabis R, Gharraf H. Overlap of obstructive sleep apnea and bronchial 

asthma: Effect on asthma control. Egypt J Chest Dis Tuberc. 2015;64(2): 425–430. 

https://doi.org/10.1016/j.ejcdt.2015.01.007. M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 15 

7.  Teodorescu M, Broytman O, Curran-Everett D, Sorkness RL, Crisafi G, Bleecker ER, et 

al. Obstructive Sleep Apnea Risk, Asthma Burden, and Lower Airway Inflammation in 

Adults in the Severe Asthma Research Program (SARP) II. J Allergy Clin Immunol Pract. 

2015;3(4): 566-575.e1. https://doi.org/10.1016/j.jaip.2015.04.002. 

8.  Wang Y, Liu K, Hu K, Yang J, Li Z, Nie M, et al. Impact of obstructive sleep apnea on 

severe asthma exacerbations. Sleep Med. 2016;26: 1–5. 

https://doi.org/10.1016/j.sleep.2016.06.013. 

9.  Kim MY, Jo EJ, Kang SY, Chang YS, Yoon IY, Cho SH, et al. Obstructive sleep apnea is 

associated with reduced quality of life in adult patients with asthma. Ann Allergy 

Asthma Immunol. 2013;110(4): 253-257.e1. 

https://doi.org/10.1016/j.anai.2013.01.005. 

10.  Sá-Sousa A, Pereira AM, Almeida R, Araújo L, Couto M, Jacinto T, et al. Adult 

Asthma Scores—Development and Validation of Multivariable Scores to Identify 

Asthma in Surveys. J Allergy Clin Immunol Pract. 2019;7(1): 183-190.e6. 

https://doi.org/10.1016/j.jaip.2018.06.024. 

11.  Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin 

Questionnaire To Identify Patients at Risk for the Sleep Apnea Syndrome. Ann Intern 

Med. 1999;131(7): 485. https://doi.org/10.7326/0003-4819-131-7-199910050-

00002. 

12.  Oktay Arslan B, Ucar Hosgor ZZ, Orman MN. Which Screening Questionnaire is 

Best for Predicting Obstructive Sleep Apnea in the Sleep Clinic Population Considering 

Age, Gender, and Comorbidities? Turk Thorac J. 2020;21(6): 383–389. 

https://doi.org/10.5152/TurkThoracJ.2019.19024. 

13.  Vaz AP, Drummond M, Mota PC, Severo M, Almeida J, Winck JC. Translation of 

Berlin Questionnaire to Portuguese language and its application in OSA identification 

in a sleep disordered breathing clinic. Pulmonology. 2011;17(2): 59–65.  

14.  Azevedo P, Correia-de-Sousa J, Bousquet J, Bugalho-Almeida A, Del Giacco SR, 

Demoly P, et al. Control of Allergic Rhinitis and Asthma Test (CARAT): dissemination M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 16 

and applications in primary care. Prim Care Respir J. 2013;22(1): 112–116. 

https://doi.org/10.4104/pcrj.2013.00012. 

15.  Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. 

Development of the asthma control test: A survey for assessing asthma control. J 

Allergy Clin Immunol. 2004;113(1): 59–65. 

https://doi.org/10.1016/j.jaci.2003.09.008. 

16.  Delgado AB, Lima ML. Contributo para a validação concorrente de uma medida 

de adesão aos tratamentos. Psicologia, Saúde & Doenças. 2001;2(2): 81–100.  

17.  Rodrigues AP, Pinto P, Nunes B, Bárbara C. Obstructive Sleep Apnea: 

Epidemiology and Portuguese patients profile. Pulmonology. 2017;23(2): 57–61. 

https://doi.org/10.1016/j.rppnen.2017.01.002. 

18.  Jordan AS, McSharry DG, Malhotra A. Adult obstructive sleep apnoea. Lancet. 

2014;383(9918): 736–747. https://doi.org/10.1016/S0140-6736(13)60734-5. 

19.  Gottlieb DJ, Punjabi NM. Diagnosis and Management of Obstructive Sleep 

Apnea: A Review. JAMA. 2020;323(14): 1389. 

https://doi.org/10.1001/jama.2020.3514. 

20.  Al-Lawati F, Al-Mubaihsi S, Jayakrishnan B, Rizvi S, Al-Abri M. Obstructive sleep 

apnea in patients with severe asthma: Prevalence and association between severity 

and asthma control. Ann Thorac Med. 2022;17(2): 118–123. 

https://doi.org/10.4103/atm.atm_375_21. 

21.  Guven SF. The prevalence of obstructive sleep apnea in patients with difficult-to-

treat asthma. Asian Pac J Allergy Immunol. 2013;32(2): 153–159. 

https://doi.org/10.12932/AP0360.32.2.2013. 

22.  Oyama B, Tsuburai T, Tsuruoka H, Nishida K, Usuba A, Hida N, et al. Complicating 

effects of obstructive sleep apnea syndrome on the severity of adult asthma. J 

Asthma. 2020;57(11): 1173–1178. 

https://doi.org/10.1080/02770903.2019.1652643. 

23.  Ragnoli B, Pochetti P, Raie A, Malerba M. Interrelationship Between Obstructive M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 17 

Sleep Apnea Syndrome and Severe Asthma: From Endo-Phenotype to Clinical 

Aspects. Front Med (Lausanne). 2021;8: 640636. 

https://doi.org/10.3389/fmed.2021.640636. 

24.  Prasad B, Nyenhuis SM, Imayama I, Siddiqi A, Teodorescu M. Asthma and 

Obstructive Sleep Apnea Overlap: What Has the Evidence Taught Us? Am J Respir Crit 

Care Med. 2020;201(11): 1345–1357. https://doi.org/10.1164/rccm.201810-1838TR. 

25.  Althoff MD, Ghincea A, Wood LG, Holguin F, Sharma S. Asthma and Three 

Colinear Comorbidities: Obesity, OSA, and GERD. J Allergy Clin Immunol Pract. 

2021;9(11): 3877–3884. https://doi.org/10.1016/j.jaip.2021.09.003. 

26.  Teodorescu M, Xie A, Sorkness CA, Robbins J, Reeder S, Gong Y, et al. Effects of 

Inhaled Fluticasone on Upper Airway during Sleep and Wakefulness in Asthma: A Pilot 

Study. J Clin Sleep Med. 2014;10(2): 183–193. https://doi.org/10.5664/jcsm.3450. 

27.  Braido F, Baiardini I, Lacedonia D, Facchini FM, Fanfulla F, Molinengo G, et al. 

Sleep Apnea Risk in Subjects With Asthma With or Without Comorbid Rhinitis. Respir 

Care. 2014;59(12): 1851–1856. https://doi.org/10.4187/respcare.03084. 

28.  Teodorescu M, Polomis DA, Hall SV, Teodorescu MC, Gangnon RE, Peterson AG, 

et al. Association of Obstructive Sleep Apnea Risk With Asthma Control in Adults. 

Chest. 2010;138(3): 543–550. https://doi.org/10.1378/chest.09-3066. 

29.  Hirayama A, Goto T, Faridi MK, Camargo CA, Hasegawa K. Association of 

obstructive sleep apnea with all-cause readmissions after hospitalization for asthma 

exacerbation in adults aged 18–54 years: a population-based study, 2010–2013. J 

Asthma. 2021;58(9): 1176–1185. https://doi.org/10.1080/02770903.2020.1781887. 

30.  Oka S, Goto T, Hirayama A, Faridi MK, Camargo CA, Hasegawa K. Association of 

obstructive sleep apnea with severity of patients hospitalized for acute asthma. Ann 

Allergy Asthma Immunol. 2020;124(2): 165-170.e4. 

https://doi.org/10.1016/j.anai.2019.11.002. 

31.  Kauppi P, Bachour P, Maasilta P, Bachour A. Long-term CPAP treatment improves 

asthma control in patients with asthma and obstructive sleep apnoea. Sleep Breath. M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 18 

2016;20(4): 1217–1224. https://doi.org/10.1007/s11325-016-1340-1. 

32.  Cisneros C, Iturricastillo G, Martínez–Besteiro E, Eiros JM, Marcos C, Múgica V, 

et al. Obstructive sleep apnea: The key for a better asthma control? Sleep Med. 

2023;101: 135–137. https://doi.org/10.1016/j.sleep.2022.10.015. 

33.  Serrano-Pariente J, Plaza V, Soriano JB, Mayos M, López-Viña A, Picado C, et al. 

Asthma outcomes improve with continuous positive airway pressure for obstructive 

sleep apnea. Allergy. 2017;72(5): 802–812. https://doi.org/10.1111/all.13070. 

34.  Lafond C, Series F, Lemiere C. Impact of CPAP on asthmatic patients with 

obstructive sleep apnoea. Eur Respir J. 2007;29(2): 307–311. 

https://doi.org/10.1183/09031936.00059706. 

35.  Alkhalil M, Schulman ES, Getsy J. Obstructive sleep apnea syndrome and asthma: 

the role of continuous positive airway pressure treatment. Ann Allergy Asthma 

Immunol. 2008;101(4): 350–357. https://doi.org/10.1016/S1081-1206(10)60309-2. 

36.  Davies SE, Bishopp A, Wharton S, Turner AM, Mansur AH. Does Continuous 

Positive Airway Pressure (CPAP) treatment of obstructive sleep apnoea (OSA) 

improve asthma-related clinical outcomes in patients with co-existing conditions?- A 

systematic review. Respir Med. 2018;143: 18–30. 

https://doi.org/10.1016/j.rmed.2018.08.004. 

 

 

 

 

 

 

 

 M
an

us
cr

ip
t a

cc
ep

te
d 

fo
r p

ub
lic

at
io

n



 19 

Table I: Baseline characteristics of the participants (n=216) 

CHARACTERISTICS  

Sex (women), % (95% CI) 70.4 (63.8-76.4) 

Age - median (P25-P75), years 29.0 (21.0-45.0) 

BMI - median (P25-P75), kg/m2 24.6 (21.6-29.1) 

Obesity, % (95% CI) 21.3 (16.0-27.4) 

Past or current smoking habit, % (95% CI) 27.8 (21.9-34.3) 

Rhinitis, % (95% CI)  97.2 (94.1-99.0) 

Sensitisation to airborne allergen, % (95% CI) 89.4 (84.5-93.1) 

House dust mites, % (95% CI) 84.7 (79.2-89.2) 

Pollens, % (95% CI 58.8 (51.9-65.4) 

Pets, % (95% CI) 51.4 (44.5-58.2) 

Moulds, % (95% CI) 6.9 (3.9-11.2) 

Controlled rhinitis (CARAT-UA >8), % (95% CI) 34.7 (27.5-40.5) 

Asthma on GINA treatment steps 4-5, % (95% CI) 28.2 (22.3-34.8) 

Controlled asthma (ACT ≥20), % (95% CI) 75.5 (69.2-81.1) 

High-risk for OSA, % (95% CI) 21.8 (16.5-27.9) M
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Good asthma medication adherence (MAT ≥5), % (95% CI) 76.9 (70.7-82.3) 

Pre-bronchodilator FEV1 (z-score) <LLN, % (95% CI) 18.5 (13.6-24.4) 

Pre-bronchodilator FEV1/FVC (z-score) <LLN, % (95% CI) 18.1 (13.2-23.9) 

Post-bronchodilator FEV1/FVC (z-score) <LLN, % (95% CI) 6 (3.2-10.1) 

ACT – asthma control test; BMI – body mass index; CARAT-UA – Control of Allergic 

Rhinitis and Asthma Test, upper airway subscore; CI – confidence interval; FEV1 – forced 

expiratory volume in the first second; FVC – forced vital capacity; GINA – Global Initiative 

for Asthma; LLN – lower limit of normal; OSA – obstructive sleep apnoea 
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Table II: Associations with uncontrolled asthma (ACT<20) 

Variable 
Crude OR 

(95% CI) 
p-value 

Adjusted OR 

(95% CI)* 

p-

value# 

Sex     

   Men 1    

   Women 6.24 (2.14-18.23) 0.001 5.21 (1.70-15.96) 0.004 

Age      

   One-year 

increment 

0.99 (0.96-1.01) 0.207 - - 

Obesity     

   BMI <30 kg/m2 1    

   BMI ≥30 kg/m2 2.76 (1.34-5.68) 0.006 - - 

GINA treatment 

steps 

    

   Step ≤ 3 1    

   Step 4-5 2.88 (1.47-5.66) 0.002 2.46 (1.15-5.26) 0.020 

High-risk for OSA     

   No 1    

   Yes 4.90 (2.40-10.01) <0.001 2.81 (1.28-6.17) 0.010 

Former or current 

smoker  

    

   No 1    M
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   Yes 1.38 (0.69-2.77) 0.359 - - 

Rhinitis     

   No 1    

   Yes 0.188 (0.03-1.16) 0.071 - - 

Sensitisation to 

airborne allergens 

    

   No 1    

   Yes 0.38 (0.15-0.94) 0.037 - - 

Rhinitis control     

   CARAT-UA ≤8 4.70 (1.89-11.70) 0.001 3.65 (1.38-9.64) 0.009 

   CARAT-UA >8 1    

Non-adherence to 

asthma 

medication 

    

   MAT ≥5 1    

   MAT <5 1.45 (0.64-3.32) 0.375 - - 

Pre-

bronchodilator 

FEV1 (z-score)  

    

   ≥LLN 1    

   <LLN 1.50 (0.68-3.30) 0.316 - - 
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Pre-

bronchodilator 

FEV1/FVC (z-score) 

    

   ≥LLN 1    

   <LLN 1.33 (0.59-2.98) 0.495 - - 

Post-

bronchodilator 

FEV1/FVC (z-score) 

    

   ≥LLN 1    

   <LLN 1.14 (0.30-4.39) 0.848 - - 

*: Adjusted for sex, age, obesity, GINA treatment step, OSA and sensitization to 

airborne allergens; #: Only variables with a p-value < 0.05 are reported; CARAT-UA - 

Control of Allergic Rhinitis and Asthma Test, upper airway subscore; FEV1 – forced 

expiratory volume in the first second; FVC – forced vital capacity; GINA – Global 

Initiative for Asthma; LLN – lower limit of normal; MAT – Treatment Adherence 

Measure; OSA – obstructive sleep apnoea 
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Table III: Associations with higher asthma severity (asthma on GINA treatment steps 

4-5) 

Variable 
Crude OR  

(95% CI) 

p-

value 

Adjusted OR 

(95% CI)* 
p-value# 

Sex     

   Men 1  -  

   Women 1.60 (0.81-3.17) 0.180 - - 

Age      

   One-year 

increment 

0.97 (0.95-0.99) 0.002 - - 

Obesity     

   BMI <30 kg/m2 1    

   BMI ≥30 kg/m2 2.15 (1.08-4.24) 0.028 - - 

Asthma control     

   ACT ≥20 1    

   ACT <20 2.88 (1.47-5.66) 0.002 2.26 (1.09-4.72) 0.029 

High-risk for OSA     

   No 1    

   Yes 2.61 (1.33-5.12) 0.005 2.51 (1.19-5.28) 0.015 

Former or current 

smoker  

    

   No 1    M
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   Yes 1.15 (0.60-2.22) 0.670 - - 

Rhinitis     

   No 1    

   Yes 0.248 (0.04-1.53) 0.133 - - 

Sensitisation to 

airborne allergens 

    

   No 1    

   Yes 0.57 (0.23-1.41) 0.224 - - 

Rhinitis control     

   CARAT-UA ≤8 1.21 (0.64-2.29) 0.555 - - 

   CARAT-UA >8 1    

Non-adherence to 

asthma medication 

    

   MAT ≥5 1    

   MAT <5 0.67 (0.28-1.57) 0.355 - - 

Pre-bronchodilator 

FEV1 (z-score)  

    

   ≥LLN 1    

   <LLN 3.76 (1.84-7.67) <0.001 - - 

Pre-bronchodilator 

FEV1/FVC (z-score) 

    

   ≥LLN 1    M
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   <LLN 2.67 (1.30-5.47) 0.007 - - 

Post-

bronchodilator 

FEV1/FVC (z-score) 

    

   ≥LLN 1    

   <LLN 6.53 (1.93-22.11) 0.003 7.20 (2.01-25.79) 0.002 

*: Adjusted for sex, age, obesity, asthma control, GINA treatment step, OSA, 

sensitization to airborne allergens and pre- bronchodilator FEV1 < LLN; #: Only 

variables with a p-value < 0.05 are reported; ACT - asthma control test; CARAT-UA – 

Control of Allergic Rhinitis and Asthma Test, upper airway subscore; FEV1 - forced 

expiratory volume in the first second; FVC - forced vital capacity; GINA – Global 

Initiative for Asthma; LLN - lower limit of normal; MAT - Treatment Adherence 

Measure; OSA - obstructive sleep apnoea. 
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