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Nocturnal bilevel positive airway pressure for the treatment of 
asthma

Robert L. Owens, MD1, Lisa M. Campana, PhD2, Alison M. Foster2, Ashley M. Schomer2, 
Elliot Israel2, Atul Malhotra1

1Division of Pulmonary, Critical Care and Sleep Medicine, University of California San Diego, San 
Diego, CA

2Brigham and Women’s Hospital, Boston, MA

Abstract

Nocturnal worsening of asthma may be due to reduced lung volumes and fewer sigh breaths, 

which have been shown to increase airway resistance and bronchoreactivity. We hypothesized 

that mimicking deep inspiration using nocturnal mechanical support would improve symptoms in 

patients with asthma.

Subjects with asthma underwent usual care and bilevel positive airway pressure (PAP) therapy for 

4 weeks, separated by 4 weeks, and methacholine challenge (PC20) and subjective assessments.

13 patients with asthma alone and 8 with asthma + OSA completed the protocol. Change in 

bronchoreactivity (ratio of Post/Pre PC20) was not significantly different during usual care and 

bilevel PAP [0.86 (IQR 0.19, 1.82) vs 0.94 (IQR 0.56, 2.5), p = 0.88], nor was the change in 

Asthma Control Test different: 0.1±2.2 vs. −0.2±2.9, p = 0.79, respectively.

Bilevel PAP therapy for four weeks did not improve subjective or objective measures of asthma 

severity in patients with asthma or those with asthma and OSA, although there was heterogeneity 

in response.
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INTRODUCTION

Deep inspiration has an important role in bronchodilation. However, deep inspiration or 

sighs are relatively infrequent1 during stable sleep and their impact on lower airway 

mechanics may be attenuated during sleep.2 Nocturnal worsening of asthma has been 

recognized for centuries3, 4, has persisted into the modern era5–8 and is associated with 

morbidity and mortality, 9, 10 including daytime cognitive consequences.11, 12

The pathogenesis of nocturnal worsening of asthma is not known, although circadian 

rhythms influencing lung function or inflammation, local environmental factors (e.g. 

mattress dust mites), or co-morbidities associated with lying recumbent (e.g. gastro-

esophageal reflux) are traditional explanations. However, several lines of evidence suggest 

that this nocturnal worsening of asthma symptoms is related to sleep specifically. First, 

although airway resistance increases throughout the night in awake asthma patients, it 

increases more when they also sleep.13 Second, nocturnal asthma attacks seem stage 

dependent, with the greatest bronchoconstriction during REM sleep, rather than time 

of night dependent.14 Thus, it seems that the sleep state might contribute to nocturnal 

worsening of asthma via mechanical changes, including reduced lung volumes and reduction 

in deep inspirations. During wakefulness, reductions in functional residual capacity and 

prevention of deep inspirations contribute to increased bronchoreactivity - within minutes - 

even in people without asthma.15, 16

Some investigators have used continuous positive airway pressure (CPAP), which increases 

lung volume, to reduce bronchoconstriction. For example, Tepper applied CPAP 8–10 

cmH20 for 7 nights to people with stable asthma, and found that bronchconstriction (as 

measured by the provocative concentration of methacholine to reduce FEV1 by 20%, 

PC20) was improved compared to sham CPAP.17 Another small study of CPAP for one 

week in severe asthma patients found reductions in nocturnal worsening of asthma and 

improvements in asthma control and quality of life18. Most recently, a large randomized, 

sham-controlled clinical trial of CPAP for 12 weeks found improvements in the PC20 and 

other markers of subjective and clinical asthma control, but this occurred in all groups 

(sham, low and high CPAP), possibly related to humidification.19

As both lung volumes and tidal lung stretch are thought to be important, we previously 

studied the effect of bilevel positive airway pressure, which should not only induce tonic 

mechanical strain but also increase tidal strain during inspiration. In our prior study, a single 

night of bilevel PAP did not produce major changes in bronchoreactivity.20 Nor did bi-level 

PAP substantially alter sleep architecture in naïve subjects.

Therefore we conducted a pilot study of the effect of 4 weeks of bilevel PAP therapy on 

bronchoreactivity and subjective asthma control. Specifically, we applied bilevel PAP to 

asthma patients without obstructive sleep apnea and naïve to PAP therapy, and to asthma 

patients with OSA on CPAP. This latter group allowed us to assess the physiological 

impact of increases in tidal volume alone on bronchoreactivity and asthma quality of life 

in patients accustomed to PAP therapy. Moreover, although nocturnal asthma is a common 

problem, obstructive sleep apnea is the most common form of sleep disordered breathing 
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and prevalence has been reported to increase with increasing asthma severity.21, 22 Complex 

interactions are thought to occur between asthma and OSA, although mechanistic data 

remain sparse. During obstructive apnea, transpulmonary pressure changes are minimal, 

perhaps contributing to bronchospasm via lack of lung stretch. Waking up gasping can occur 

with both OSA and nocturnal asthma, but given the high prevalence of undiagnosed OSA, 

careful physiological assessment would seem critical to draw meaningful conclusions.

METHODS

The study was approved by the Partners’ Healthcare Institutional Review Board; all 

subjects were consented by the researchers and gave informed written consent. The study 

was registered at ClinicalTrials.gov (NCT01154699), and conducted at the Brigham and 

Women’s Hospital Center for Clinical Investigation.

Patients

Patients aged 18–70 years with physician diagnosed asthma underwent a history and 

physical examination, and were excluded for: any lung disease other than asthma or 

OSA; current or >10 pack-year history of smoking; or severe asthma, defined as a recent 

exacerbation requiring a doctor or emergency room visit for asthma or oral steroid use in the 

last 4 weeks, or frequent exacerbations (>4 per year). Those on medications known to affect 

respiratory function (other than asthma or rhinitis medications), or those regularly taking 

medications for sleep were excluded.

A methacholine challenge test was performed in accordance with American Thoracic 

Society guidelines, and only subjects with a PC20 <12mg/mL were included. Subjects 

without known sleep apnea underwent home sleep testing with a level III portable monitor 

(ApneaLink, ResMed). Subjects were considered without OSA and continued with the study 

if the apnea hypopnea index (AHI) <10/hr without symptoms of OSA based on AASM 

criteria. Subjects with known OSA had to be compliant with CPAP therapy defined as >4 

hours use per night on 4 out of 7 nights per week.

Study Protocol

This was a crossover trial of 4 weeks of nocturnal bilevel PAP vs usual care, in random 

order determined by coin flip, separated by a 4 week wash-out period (Figure 1). After a 

screening visit, subjects attended four study visits (before and after the bilevel PAP and 

usual care blocks) that consisted of written questionnaires and a methacholine challenge. 

Visits occurred during the day according to patient preference, thus, these occurred >1 hour 

after awakening. During the study, patients continued their usual asthma care. Peak flow 

measurements were made on awakening and before bedtime using a handheld peak flow 

meter (Asma-1, Vitalograph Inc.) and subjects recorded their symptoms in a written diary. 

The diary asked subjects the number of puffs of rescue medication used in the last 24 hours, 

and the number of nocturnal awakenings that required rescue medication.

Non OSA/PAP patients were fitted with a nasal mask and placed on Bilevel PAP (System 

One BiPAP Pro, Philips Respironics) at an inspiratory pressure of 10cmH2O and an 

expiratory pressure of 4cmH2O in a spontaneous mode. OSA subjects used their own masks 
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and were placed on an expiratory pressure equal to their therapeutic CPAP level, with an 

inspiratory pressure 6 cmH2O above the expiratory pressure. Heated humidification was 

provided with all bilevel PAP devices, and adjusted by subjects as desired.

Outcomes

Adherence to bilevel PAP therapy was measured by device download of recorded usage 

hours.

Our primary objective outcome was the change in PC20 during each block. The main 

subjective outcome of the study was the change in the Asthma Control Test (ACT).23 

Secondary outcomes were: peak flow, the Short Form – 36, Pittsburgh Sleep Quality Index 

(PSQI), and the Epworth Sleepiness Score (ESS).

Data Analysis

Data were analyzed without knowledge of the treatment phase. Means (standard deviations) 

were calculated for the descriptive statistics such as baseline variables. PC20 is reported as a 

geometric mean. If the FEV1 did not decline by 20% at the maximum dose of methacholine 

(25mg/mL), the PC20 was assigned the value of the highest dose multiplied by 1.5. The main 

objective outcome was the change in PC20 during each block (usual care vs. bilevel PAP), 

expressed as the ratio PC20 at the end of the block/PC20 from the start of the block. Values 

greater than 1 would signal improvement in bronchoreactivity during that block; values less 

than 1 would represent worsening bronchoreactivity during that time. The Wilcoxon rank 

sum test was used to assess statistical difference.

The change (end of block – start of block value) in ACT were calculated for each block 

(usual care vs. bilevel PAP), and were compared using a two-tailed paired T-test. A similar 

analysis was performed with all of the questionnaire data. Secondary outcomes based on 

daily diary records and peak flows were averaged over all of the days between study 

visits prior to data analysis, providing a single mean value for each subject for each study 

block. The minimally important difference on the ACT has been estimated to be 3.24 Thus, 

assuming a power of 0.80 (alpha = 0.05), at least 16 subjects would be needed. Values are 

presented as a mean ± standard deviation unless otherwise indicated.

RESULTS

Patients

In total, 20 patients with asthma and no known diagnosis of OSA underwent screening. 6 

potential subjects did not have a PC20 <12 mg/dL. Another subject dropped out of the study 

after screening and was not randomized. The characteristics of the remaining 13 patients 

with asthma but not OSA are shown in Table 1. 7 subjects were randomly assigned to begin 

in the usual care arm. 1 asthma only subject had severe obstruction (FEV1 <35% predicted) 

and did not complete methacholine challenge testing.

13 patients with both asthma and CPAP treated OSA were screened. Of these, 8 met all 

inclusion criteria and were randomized. Baseline demographic information and CPAP usage 

are shown in Table 1. 6 subjects began in the usual care arm. Enrolment ceased once 20 
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subjects completed the protocol. Individual subject-level data, including baseline medication 

use, is available in Supplementary Table #1.

In both groups, as designed, asthma was well controlled but with remaining 

bronchoreactivity. There were two asthma exacerbations during the study (1 subject with 

asthma only, and 1 with asthma and OSA). Both exacerbations occurred during the 

bilevel PAP period. These subjects did not undergo methacholine challenges following their 

exacerbations; however, all available data are included.

Bilevel PAP use

Of the patients with asthma only and naïve to PAP, 2 reported difficulties and gave up 

therapy despite efforts at intensive support. The remaining subjects with asthma only used 

bilevel PAP an average of 4 hours 59 minutes per night ± 1 hour 31 minutes. Of note, three 

of the remaining 11 patients without OSA (AHI on home sleep testing was 4, 0, and 3/hour) 

had a residual apnea hypopnea index as measured by the bilevel devices of 18, 7.7, and 9.2 

per hour, respectively. The majority of these events were central apneas.

Patients with OSA on CPAP used Bilevel PAP 4 hours 7 minutes per night ± 1 hour 29 

minutes, compared to their average baseline CPAP use of 4 hours 24 minutes per night ± 1 

hour 31 minutes.

Bronchoreactivity and Spirometry

Complete bronchoreactivity data were available in 17 subjects. (2 subjects had 

exacerbations, 1 had severe obstruction across all visits, and 1 had severe obstruction 

without any clear exacerbation on a single visit, precluding methacholine challenge.) Across 

all subjects, the change in bronchoreactivity (as measured by ratio Post/Pre PC20) was not 

significantly different during usual care and bilevel PAP [0.86 (IQR 0.19, 1.82) vs 0.94 

(IQR 0.56, 2.5), p=0.88]. See individual responses in Figure 2. There were no statistical 

differences when examined in the groups with and without OSA. Even excluding the 2 

subjects who did not wear bilevel PAP, there was no difference in the change in PC20 during 

usual care vs. bilevel PAP (data not shown). Nor was any change seen in spirometry (Table 

2).

Asthma quality of life

Across all subjects, there was no difference in the change in ACT during usual care 

vs. bilevel PAP (mean change 0.1±2.2 vs. −0.2±2.9, respectively, p=0.79). See individual 

responses in Figure 3. There was no statistical difference when examined in the groups with 

and without OSA.

Peak flow and daily asthma symptoms

As shown in Table 2, there were very small and not statistically significant changes in 

morning peak flow, %nocturnal decrease in peak flow, nocturnal awakenings, and rescue 

medication use during the bilevel PAP block.
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Sleep quality

Changes in sleep quality, asthma control and quality of life were similar during the usual 

care and bilevel PAP blocks (Table 3). Of note, subjective sleep quality and quality of life 

did not decline with bilevel PAP.

DISCUSSION

We did not find evidence that 4 weeks of bilevel PAP improved our physiological measures 

including subjective or objective markers of asthma severity. Alternatively, the addition of 

bilevel PAP to non-apneic asthmatics did not worsen subjective sleep quality.

Our findings contrast with prior reports of subjective or objective improvements of asthma 

with PAP. There are several possible reasons for the discrepancy. First, other studies have 

focused on more severe asthma patients compared to our cohort.28 Based on prior literature, 

we anticipated an improvement in bronchoreactivity that would be reflected in the PC20, and 

recruited patients based on their PC20. However, patients with more obstruction based on 

spirometry, or some other phenotype, might be more likely to respond to our intervention. 

Second, we rigorously screened for OSA. Older studies may have inadvertently treated 

OSA. Patients with asthma and OSA who begin treatment with CPAP have been reported to 

have improved asthma specific quality of life, although changes in objective measurements 

of asthma have been more difficult to show.29 Recently Serrano found that 6 months of 

CPAP for OSA was associated with fewer asthma attacks, and small improvements in 

subjective asthma control and quality of life.30 Although FEV1 was unchanged, fewer 

patients had positive bronchodilator tests after PAP therapy. Based on our data and the ALA 

CPAP trial, it seems likely that improvements in asthma by treating OSA are not clearly 

due to mechanical stretch. In theory, reported improvements in nocturnal dyspnea following 

application of positive pressure may reflect resolution of respiratory arousals (from OSA) 

rather than improved asthma control. Moreover, some nocturnal symptoms attributed to 

asthma may actually reflect unrecognized OSA. Third, we used low to moderate airway 

pressures, chosen to optimize comfort and adherence to therapy. If mechanical stretch is 

important, larger changes in resting lung volume and/or tidal stretch may be necessary.31 

However, even at the pressures used in the present study 3 of 11 adherent, PAP-naïve 

subjects demonstrated new onset central apneas that persisted throughout four weeks of 

therapy, which could worsen with higher pressures as a function of hypocapnia.32–34

Our findings add to the literature in an important way. Although the recent ALA publication 

showed no improvement in PC20 using CPAP compared to sham PAP, our use of bi-level 

PAP may mimic deep inspiration more than standard CPAP. Looking for reasons that neither 

study shows improvement, low adherence is one possible explanation. However, our subjects 

used CPAP ~4–5 hours per night on average, and higher levels of adherence would be 

difficult to achieve outside a laboratory setting. The timing of use of PAP use relative to the 

onset of bronchoconstriction during the night is likely important.35 In theory, the greatest 

period of vulnerability for sleep-related bronchoconstriction may be the latter half of the 

night, when REM sleep is most likely to occur. Finally, it may be that PAP does have a 

beneficial effect on airway smooth muscle in asthma; however, that effect is small36 and/or 

short-lived37, 38 and we are not able to detect it in this small cohort. Moreover, the impact of 
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repeated deep inspiration may be hard to assess physiologically, given that deep inspiration 

precedes the standard measurement of FEV1 and FVC.39 Nonetheless, we feel confident that 

we have excluded a major effect of our approach in unselected asthma patients.

Despite no discernible group effect, there were patients who asked to keep their bilevel PAP 

because of subjective improvement in asthma symptoms, which were matched by objective 

improvements in PC20. While these improvements may be for reasons not related to PAP 

use, the possibility remains that future studies can help identify patient subgroups (based 

on asthma endophenotypes) who might benefit from this approach.40 The current study 

cohort is too small to identify confidently predictors of response; however, responders were 

generally young, not obese, and had PC20 <1mg/mL. However, none of these factors reliably 

predicted favorable subjective or objective response to bilevel PAP. Predictors of response to 

PAP therapy might be explored in analysis of larger cohorts using sophisticated biomarkers 

and/or endophenotyping.

One novel aspect of our study was the use of bilevel PAP. While CPAP will induce 

tonic lung stretch and increase resting lung volumes during sleep, bilevel PAP has the 

potential to also increase tidal volumes. In the asthma + OSA group already on CPAP, 

there was no benefit in any parameter from the switch to bilevel PAP. In our prior single 

night physiological study we observed only a modest increase in tidal volumes (~50mL), 

presumably as pressure support offloaded respiratory muscles, rather than augmented tidal 

volume appreciably.20, 33 Thus, application of bilevel PAP may not sufficiently induce 

enough tidal stretch with the settings used to mimic a deep inspiration. Of note, higher 

inspiratory pressures may cause or worsen central apneas via hypocapnia and could trigger 

arousals from sleep. Central apneas often appear during CPAP treatment of OSA and persist 

in a subset of patients; there is less known about the natural history of central apneas from 

bilevel PAP.32, 41 Thus, in theory, optimal lung stretch may be beneficial during sleep for 

asthma control but perhaps poorly tolerated.

Our findings contrast with early studies in non-apneic asthma, which concluded that CPAP 

disrupted sleep architecture.25 This finding likely reflects improvements in PAP technology, 

particularly interfaces. Recognizing that our subjects represent a well-motivated cohort, 

average daily PAP use was high compared with other trials of PAP therapy in patients 

without OSA.19, 26 Clinically, there should be no increased concern about non-adherence to 

PAP therapy in asthma patients diagnosed with OSA. Indeed epidemiological studies have 

shown an increased incidence of new onset OSA in asthma, making our findings potentially 

important clinically.27

Limitations

Our patients were heterogeneous in terms of baseline medical therapy, with some on inhaled 

corticosteroids and others only receiving short acting bronchodilators. We designed the 

study to be broadly applicable to typical asthma patients and to address whether bilevel PAP 

as add-on therapy would improve asthma control in those with residual bronchoreactivity. 

Thus, our study design may have improved generalizability but could have failed to 

identify subsets of responders based on baseline pharmacology, baseline spirometry, or 

asthma endotype. Thus, further work is clearly necessary which we hope our findings will 
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encourage. Additionally, although the impact of lung volume manipulations and/or deep 

inspirations usually affect airway resistance and reactivity within minutes, the clinical effect 

of bilevel might take more than 4 weeks to become apparent.

Conclusions

Bilevel PAP therapy for four weeks with a goal of inducing lung stretch mimicking 

deep inspiration, although generally well tolerated, did not improve subjective or objective 

measures of asthma severity in patients with asthma or those with asthma and OSA. There 

was heterogeneity in response, which could be explored in future studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

The authors wish to thank the members of the Data Safety Monitoring Board: Michael Cho MD MPH, Sanjay Patel 
MD MS, Angela Rogers MD MPH, and Sunita Sharma MD MPH.

The study was supported by the NIH/NHLBI K23 HL105542 (PI: Owens).

REFERENCES

1. Perez-Padilla R, West P, Kryger MH. Sighs during sleep in adult humans. Sleep. 1983; 6: 234–43. 
[PubMed: 6622880] 

2. Irvin CG, Pak J, Martin RJ. Airway-parenchyma uncoupling in nocturnal asthma. Am J Respir Crit 
Care Med. 2000; 161: 50–6. [PubMed: 10619797] 

3. Sakula A Sir John Floyer’s A Treatise of the Asthma (1698). Thorax. 1984; 39: 248–54. [PubMed: 
6372153] 

4. Sakula A Henry Hyde Salter (1823–71): a biographical sketch. Thorax. 1985; 40: 887–8. [PubMed: 
3913047] 

5. Raherison C, Abouelfath A, Le Gros V, Taytard A, Molimard M. Underdiagnosis of nocturnal 
symptoms in asthma in general practice. The Journal of asthma : official journal of the Association 
for the Care of Asthma. 2006; 43: 199–202. [PubMed: 16754521] 

6. Storms WW, Bodman SF, Nathan RA, Byer P. Nocturnal asthma symptoms may be more prevalent 
than we think. The Journal of asthma : official journal of the Association for the Care of Asthma. 
1994; 31: 313–8. [PubMed: 8040155] 

7. Turner-Warwick M Epidemiology of nocturnal asthma. The American journal of medicine. 1988; 
85: 6–8.

8. Van Keimpema AR, Ariaansz M, Tamminga JJ, Nauta JJ, Postmus PE. Nocturnal waking 
and morning dip of peak expiratory flow in clinically stable asthma patients during treatment. 
Occurrence and patient characteristics. Respiration; international review of thoracic diseases. 1997; 
64: 29–34.

9. Cochrane GM, Clark JH. A survey of asthma mortality in patients between ages 35 and 64 in the 
Greater London hospitals in 1971. Thorax. 1975; 30: 300–5. [PubMed: 167466] 

10. Hetzel MR, Clark TJ, Branthwaite MA. Asthma: analysis of sudden deaths and ventilatory arrests 
in hospital. British medical journal. 1977; 1: 808–11. [PubMed: 856387] 

11. 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: 569–73. 
[PubMed: 1926025] 

Owens et al. Page 8

Respir Physiol Neurobiol. Author manuscript; available in PMC 2022 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Weersink EJ, van Zomeren EH, Koeter GH, Postma DS. Treatment of nocturnal airway obstruction 
improves daytime cognitive performance in asthmatics. American journal of respiratory and 
critical care medicine. 1997; 156: 1144–50. [PubMed: 9351614] 

13. Ballard RD, Saathoff MC, Patel DK, Kelly PL, Martin RJ. Effect of sleep on nocturnal 
bronchoconstriction and ventilatory patterns in asthmatics. Journal of applied physiology. 1989; 
67: 243–9. [PubMed: 2759949] 

14. Bellia V, Cuttitta G, Insalaco G, Visconti A, Bonsignore G. Relationship of nocturnal 
bronchoconstriction to sleep stages. The American review of respiratory disease. 1989; 140: 363–
7. [PubMed: 2764372] 

15. Ding DJ, Martin JG, Macklem PT. Effects of lung volume on maximal methacholine-induced 
bronchoconstriction in normal humans. Journal of applied physiology. 1987; 62: 1324–30. 
[PubMed: 3553143] 

16. Skloot G, Permutt S, Togias A. Airway hyperresponsiveness in asthma: a problem of limited 
smooth muscle relaxation with inspiration. The Journal of clinical investigation. 1995; 96: 2393–
403. [PubMed: 7593627] 

17. Busk M, Busk N, Puntenney P, Hutchins J, Yu Z, Gunst SJ, Tepper RS. Use of continuous positive 
airway pressure reduces airway reactivity in adults with asthma. The European respiratory journal. 
2013; 41: 317–22. [PubMed: 22835615] 

18. D’Amato M, Stanziola AA, de Laurentiis G, Diana R, Russo C, Maniscalco M, D’Amato G, Sofia 
M. Nocturnal continuous positive airway pressure in severe non-apneic asthma. A pilot study. The 
clinical respiratory journal. 2014; 8: 417–24. [PubMed: 24308356] 

19. Holbrook JT, Sugar EA, Brown RH, Drye LT, Irvin CG, Schwartz AR, Tepper RS, Wise RA, Yasin 
RZ, Busk MF, American Lung Association Airways Clinical Research C. Effect of Continuous 
Positive Airway Pressure on Airway Reactivity in Asthma. A Randomized, Sham-controlled 
Clinical Trial. Ann Am Thorac Soc. 2016; 13: 1940–50. [PubMed: 27398992] 

20. Campana LM, Malhotra A, Suki B, Hess L, Israel E, Smales E, Deyoung P, Owens RL. The effect 
of lung stretch during sleep on airway mechanics in overweight and obese asthma. Respiratory 
physiology & neurobiology. 2013; 185: 304–12. [PubMed: 23041446] 

21. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ, Nunez CM, Patel 
SR, Penzel T, Pepin JL, Peppard PE, Sinha S, Tufik S, Valentine K, Malhotra A. Estimation of 
the global prevalence and burden of obstructive sleep apnoea: a literature-based analysis. Lancet 
Respir Med. 2019; 7: 687–98. [PubMed: 31300334] 

22. Julien JY, Martin JG, Ernst P, Olivenstein R, Hamid Q, Lemiere C, Pepe C, Naor N, Olha A, 
Kimoff RJ. Prevalence of obstructive sleep apnea-hypopnea in severe versus moderate asthma. J 
Allergy Clin Immunol. 2009; 124: 371–6. [PubMed: 19560194] 

23. Schatz M, Sorkness CA, Li JT, Marcus P, Murray JJ, Nathan RA, Kosinski M, Pendergraft TB, 
Jhingran P. Asthma Control Test: reliability, validity, and responsiveness in patients not previously 
followed by asthma specialists. J Allergy Clin Immunol. 2006; 117: 549–56. [PubMed: 16522452] 

24. Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally important 
difference of the Asthma Control Test. J Allergy Clin Immunol. 2009; 124: 719–23 e1. [PubMed: 
19767070] 

25. Martin RJ, Pak J. Nasal CPAP in nonapneic nocturnal asthma. Chest. 1991; 100: 1024–7. 
[PubMed: 1914551] 

26. Craig SE, Kohler M, Nicoll D, Bratton DJ, Nunn A, Davies R, Stradling J. Continuous positive 
airway pressure improves sleepiness but not calculated vascular risk in patients with minimally 
symptomatic obstructive sleep apnoea: the MOSAIC randomised controlled trial. Thorax. 2012; 
67: 1090–6. [PubMed: 23111478] 

27. Teodorescu M, Barnet JH, Hagen EW, Palta M, Young TB, Peppard PE. Association between 
asthma and risk of developing obstructive sleep apnea. JAMA : the journal of the American 
Medical Association. 2015; 313: 156–64.

28. Chan CS, Woolcock AJ, Sullivan CE. Nocturnal asthma: role of snoring and obstructive sleep 
apnea. The American review of respiratory disease. 1988; 137: 1502–4. [PubMed: 3059864] 

29. Lafond C, Series F, Lemiere C. Impact of CPAP on asthmatic patients with obstructive sleep 
apnoea. The European respiratory journal. 2007; 29: 307–11. [PubMed: 17050561] 

Owens et al. Page 9

Respir Physiol Neurobiol. Author manuscript; available in PMC 2022 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



30. Serrano-Pariente J, Plaza V, Soriano JB, Mayos M, Lopez-Vina A, Picado C, Vigil L, Group CT. 
Asthma outcomes improve with continuous positive airway pressure for obstructive sleep apnea. 
Allergy. 2017; 72: 802–12. [PubMed: 27732758] 

31. Harvey BC, Parameswaran H, Lutchen KR. Can tidal breathing with deep inspirations of intact 
airways create sustained bronchoprotection or bronchodilation? Journal of applied physiology. 
2013; 115: 436–45. [PubMed: 23722710] 

32. Johnson KG, Johnson DC. Bilevel positive airway pressure worsens central apneas during sleep. 
Chest. 2005; 128: 2141–50. [PubMed: 16236867] 

33. Meza S, Mendez M, Ostrowski M, Younes M. Susceptibility to periodic breathing with assisted 
ventilation during sleep in normal subjects. Journal of applied physiology. 1998; 85: 1929–40. 
[PubMed: 9804601] 

34. Dempsey JA, Veasey SC, Morgan BJ, O’Donnell CP. Pathophysiology of sleep apnea. Physiol Rev. 
2010; 90: 47–112. [PubMed: 20086074] 

35. Bates JHT, Rajendran V. Mitigation of airways responsiveness by deep inflation of the lung. 
Journal of applied physiology. 2018; 124: 1447–55. [PubMed: 29446713] 

36. Eichenberger PA, Kurzen AC, Rijks L, Diener SN, Scherer TA, Spengler CM. Similar 
Airway Function after Volitional Hyperpnea in Mild-Moderate Asthmatics and Healthy Controls. 
Respiration. 2019; 97: 558–68. [PubMed: 30933945] 

37. Mailhot-Larouche S, Bosse Y. Interval between simulated deep inspirations on the dynamics of 
airway smooth muscle contraction in guinea pig bronchi. Respir Physiol Neurobiol. 2019; 259: 
136–42. [PubMed: 30217723] 

38. Mailhot-Larouche S, Lortie K, Marsolais D, Flamand N, Bosse Y. An in vitro study examining 
the duration between deep inspirations on the rate of renarrowing. Respir Physiol Neurobiol. 2017; 
243: 13–9. [PubMed: 28487171] 

39. Yim S, Fredberg JJ, Malhotra A. Continuous positive airway pressure for asthma: not a big stretch? 
Eur Respir J. 2007; 29: 226–8. [PubMed: 17264319] 

40. Wasilewski NV, Fisher T, Turcotte SE, Fisher JT, Lougheed MD. Bronchoprotective effect of deep 
inspirations in cough variant asthma: A distinguishing feature in the spectrum of airway disease? 
Respir Physiol Neurobiol. 2018; 257: 55–64. [PubMed: 28917529] 

41. Nigam G, Riaz M, Chang ET, Camacho M. Natural history of treatment-emergent central sleep 
apnea on positive airway pressure: A systematic review. Ann Thorac Med. 2018; 13: 86–91. 
[PubMed: 29675059] 

Owens et al. Page 10

Respir Physiol Neurobiol. Author manuscript; available in PMC 2022 February 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• - Nocturnal worsening of asthma might be due to sleep, with low lung 

volumes and few sigh breaths

• - Bilevel positive airway pressure (PAP) should improve lung volumes and 

mimic sigh breaths

• - But, 4 weeks of nocturnal bilevel PAP did not improve asthma symptoms or 

bronchoreactivity
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Figure 1. 
Study design. After screening, subjects completed 4 weeks of usual care or Bilevel PAP, 

in random order, separated by 4 weeks of usual care. At each visit, subjects completed 

questionnaires and underwent methacholine challenge. In between visits, subjects completed 

diaries to record daily asthma symptoms.
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Figure 2. 
Change in PC20. Gray lines – asthma only, Black lines – asthma + OSA. If the FEV1 did not 

decline by 20% at the maximum dose of methacholine (25mg/mL), the PC20 was assigned 

the value of the highest dose multiplied by 1.5.
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Figure 3. 
Change in ACT. Gray lines – asthma only, Black lines – asthma + OSA.
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Table 1.

Subject baseline demographics

Asthma only N=13 Asthma + OSA N=8

Gender 9W: 4M 5W: 3M

Age (years) 43.2 ± 16.7 44.8 ± 10.5

BMI (Kg/m2) 30.5 ± 7.4 36.4 ± 5.2

FEV1 %pred 90.2 ± 21.3 89.4 ± 21.0

FEV1/FVC 0.75 ± 0.09 0.75 ± 0.06

PC20 (mg/mL)# 1.5 (0.5) 1.8 (1.4)

ACT 19.4 ± 4.9 20.1 ± 3.6

AHI (events/hour) 2.5 ± 2.3 40.0 ± 30.1

CPAP pressure (cmH2O) 11.6 ± 3.4

CPAP usage (hours/day) 4 hours 24 minutes ± 1 hour 36 minutes

ESS 7.4 ± 4.8 12.4 ± 5.2

PSQI 7.1 ± 4.5 7.3 ± 3.2

SF-36 73.3 ± 17.4 70.1 ± 13

#
Data presented as geometric mean (SEM)

Apnea hypopnea index (AHI) in the Asthma only group from a home sleep test; AHI in the Asthma + OSA group is from their clinical study that 
qualified them for CPAP.

ACT – Asthma Control Test, 5–25, higher scores indicate better control.

ESS – Epworth Sleepiness Scale, 0–24, higher scores reflect greater sleepiness. 0–9 considered normal, ≥10 considered sleepy.

PSQI – Pittsburgh Sleep Quality Index, 0–21, higher scores indicate worse sleep. Scores > 5 considered poor sleep.

SF-36 – Short Form 36 Quality of Life, 0–100, higher score indicates better quality of life.

Respir Physiol Neurobiol. Author manuscript; available in PMC 2022 February 28.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Owens et al. Page 16

Table 2.

Asthma metrics during treatment blocks

Asthma only Asthma + OSA

Usual care Bilevel PAP Usual care (CPAP) Bilevel PAP

Change in...

FEV1 (L) −0.074 ± 0.182 0.036 ± 0.136 0.125 ± 0.265 −0.149 ± 0.188

FEV1 %predicted −3.08 ± 7.2 1.3 ± 4.9 4 ± 7.3 −5.5 ± 7.2

FVC (L) −0.077 ± 0.200 −0.003 ± 0.438 0.109 ± 0.288 −0.180 ± 0.242

FVC %predicted −2.8 ± 7.2 2.9 ± 9.5 2.9 ± 6.1 −5 ± 6.8

FEV1/FVC −0.01 ± 0.04 −0.01 ± 0.05 0.01 ± 0.03 0.00 ± 0.02

Average...

Morning Peak Flow (L/min) 365 ± 42 374 ± 42 371 ± 26.4 377 ± 29

Nocturnal drop in peak flow (%) 1.2 ± 1.9 −0.1 ± 2.6 2.7 ± 1.1 2.1 ± 1.7

Nocturnal awakenings requiring rescue medication 0.23 ± 0.15 0.09 ± 0.08 0.13 ± 0.13 0.14 ± 0.14

Total rescue medication use per day (median [IQR]) 0.28 [0, 1.62] 0.21 [0, 0.64] 0.13 [0, 4] 0.12 [0, 1]

Spirometry measured at the start and end of treatment blocks.

Morning and evening peak flows and asthma diaries completed daily during treatment blocks.
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Table 3.

Changes in sleep quality and quality of life. Values are averages +/− standard error.

Change in...

Asthma only Asthma + OSA

Usual care Bilevel PAP Usual care (CPAP) Bilevel PAP

ESS 0.7 ± 0.6 −0.4 ± 0.8 −0.4 ± 1.1 −1.3 ± 1.1

PSQI −0.4 ± 0.8 −0.2 ± 0.9 −0.6 ± 0.7 0.1 ± 1.2

SF-36 0.6 ± 2.4 1.4 ± 2.4 −0.3 ± 4.1 −2.8 ± 4.6

ESS – Epworth Sleepiness Scale, 0–24, higher scores reflect greater sleepiness. 0–9 considered normal, ≥10 considered sleepy.

PSQI – Pittsburgh Sleep Quality Index, 0–21, higher scores indicate worse sleep. Scores > 5 considered poor sleep.

SF-36 – Short Form 36 Quality of Life, 0–100, higher score indicates better quality of life.
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