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Abstract 

Background There is a great association between the prevalence of obstructive sleep apnea (OSA) and asthma. 
Nonetheless, whether OSA impacts lung function, symptoms, and control in asthma and whether asthma increases 
the respiratory events in OSA are unknown. This meta-analysis aimed to examine the relationship between obstruc-
tive sleep apnea and asthma severity and vice versa.

Methods We carried out a systematic search of PubMed, EMBASE, and Scopus from inception to September 2022. 
Primary outcomes were lung function, parameters of polysomnography, the risk of OSA in more severe or difficult-
to-control asthmatic patients, and the risk of asthma in patients with more severe OSA. Heterogeneity was exam-
ined with the Q test and  I2 statistics. We also performed subgroup analysis, Meta-regression, and Egger’s test for bias 
analysis.

Results 34 studies with 27,912 subjects were totally included. The results showed that the comorbidity of OSA 
aggravated lung function in asthmatic patients with a consequent decreased forced expiratory volume in one second 
%predicted (%FEV1) and the effect was particularly evident in children. %FEV1 tended to decrease in adult asthma 
patients complicated with OSA, but did not reach statistical significance. Interestingly, the risk of asthma seemed to 
be slightly lower in patients with more severe OSA (OR = 0.87, 95%CI 0.763–0.998). Asthma had no significant effect 
on polysomnography, but increased daytime sleepiness assessed by the Epworth Sleepiness Scale in OSA patients 
(WMD = 0.60, 95%CI 0.16–1.04). More severe asthma or difficult-to-control asthma was independently associated with 
OSA (odds ratio (OR) = 4.36, 95%CI 2.49–7.64).

Conclusion OSA was associated with more severe or difficult-to-control asthma with decreased %FEV1 in children. 
The effect of OSA on lung function in adult patients should be further confirmed. Asthma increased daytime sleepi-
ness in OSA patients. More studies are warranted to investigate the effect of asthma on OSA severity and the impact 
of different OSA severity on the prevalence of asthma. It is strongly recommended that people with moderate-to-
severe or difficult-to-control asthma screen for OSA and get the appropriate treatment.
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Introduction
The prevalence of obstructive sleep apnea (OSA) and 
asthma is increasing. Nevertheless, OSA and asthma 
have adverse effects on each other with distinct inter-
active mechanisms under the upper and lower airway 
pathologies, in addition to shared comorbidities such as 
obesity, rhinitis, and gastro-oesophageal reflux [1]. The 
prevalence of OSA among asthmatic populations has 
been reported to be 38 to 70%; one of the main reasons is 
structural and collapsibility changes in the upper airway 
during sleep related to the use of inhaled corticosteroids 
(ICS), oral corticosteroids, and systemic corticosteroids 
[1, 2]. Conversely, 35.1% of clinical populations with OSA 
report physician-diagnosed asthma, likely due to chronic 
intermittent hypoxia with consequent inflammation and/
or remodeling of the lower airways [3, 4].

A large retrospective cohort study of patients with OSA 
showed significantly higher rates of all-cause readmission 
compared with those without OSA (hazard rate = 1.56; 
95% confidence interval 1.50–1.62) [5]. Comorbidity with 
OSA has a negative effect on the prognosis of asthma. As 
well as being an important test in the diagnosis of asthma, 
greater variability in lung function is associated with poorly 
controlled asthma [6]. Nonetheless, the link between OSA 
and lung function and asthma control is controversial 
[7–26]. Although asthma makes a significant contribution 
to the risk of OSA, it is unclear if asthma aggravates OSA 
severity with increased respiratory events and more severe 
hypoxia [27–40]. A meta-analysis to evaluate the relation-
ship between OSA and asthma severity and vice versa is 
warranted. This review will focus on the independent inter-
action of OSA and asthma based on a meta-analysis.

Methods
We conducted a meta-analysis according to PRISMA 
statement guidelines [41]. The first part, (Part A), exam-
ined the effect of OSA on lung function and the risk of 
asthma in patients with different OSA severity. Part B 
examined the effect of asthma on PSG and Epworth 
Sleepiness Scale (ESS), as well as the risk of asthma in 
patients with different asthma severity (or control status). 
This meta-analysis has been registered in the PROSPERO 
database (CRD42021283829).

Search strategy
We carried out a systematic search through PubMed, 
Medline, EMBASE, and Scopus, ClinicalTrials (all 

searched from inception to September 2022). Index 
terms such as medical subject headings and free text 
were utilized to capture a broad range of literature. 
Index terms were limited to those identified in the title, 
abstract, and keywords. The detailed strategy listing all 
search terms used and how they were combined is shown 
in the Additional file 1: Tables S1–S3) and the selection 
process is shown in Fig. 1.

Selection criteria
Two researchers independently assessed the articles for 
eligibility for inclusion. Any disagreements were resolved 
through discussion, and the senior author was available 
to arbitrate if necessary.

The inclusion criteria for Part A were as follows: (1) 
children or adult patients diagnosed with asthma accord-
ing to accepted guidelines or criterion; (2) cross-sectional 
or cohort study including OSA and non-OSA groups in 
asthmatic patients; (3) at least one of the following out-
come measurements included: forced expiratory volume 
in one second %predicted (%FEV1), forced vital capacity 
% predicted (FVC%), forced expiratory volume in one 
second/forced vital capacity  (FEV1/FVC), forced expira-
tory flow 25–75% of VC  (FEF25-75%), asthma control test 
(ACT); (4) sufficient data for calculating odds ratio (OR) 
with 95% confidence interval (CI) of the risk of asthma in 
OSA with varying severity; (5) English language.

The inclusion criteria for Part B were: (1) children or 
adult patients diagnosed with OSA by polysomnogra-
phy (PSG); (2) cross-sectional or cohort study includ-
ing asthma and non-asthma groups in OSA patients; 
(3) at least one of the following outcome measurements 
included: apnea/hypopnea index (AHI), lowest periph-
eral oxygen saturation  (LSpO2), oxygen desaturation 
index (ODI), arousal index (ArI), Epworth Sleepiness 
Scale, percent sleeping time in which oxygen saturation 
was below 90% (T90%); (4) sufficient data for calculating 
odds ratio (OR) with 95% confidence interval (CI) of the 
risk of OSA in asthma with varying severity; and (5) Eng-
lish language.

Data extraction
Information was independently extracted from each 
study by two authors. Tables from baseline included 
the following variables: first author, publication year, 
research site (country), gender (male%), mean age and 
body mass index (BMI) of the study population, study 
design, smoking condition, severity of OSA or asthma, 
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study population, and quality of the study. The definition 
of OSA severity was based on the American Academy of 
Sleep Medicine. And the definition of asthma severity was 
based on Global Initiative for Asthma (GINA), including 
moderate-to-severe asthma, uncontrolled asthma, and 
difficult-to-treat asthma. If the original article did not 
define asthma severity according to GINA, the character-
istics of the asthmatic population were recorded. Other 
specific variables included the number of asthma patients 
with and without OSA (Table  1), number of asthma 
patients graded by severity and OSA patients in each 
group (Table 2), number of OSA patients with and with-
out asthma (Table 3), number of OSA patients graded by 
disease severity and patients with asthma in each group 
(Table  4), subgroup meta-analysis of main outcomes in 
patients with asthma in OSA group and non-OSA group 
(Table 5), and subgroup meta-analysis of main outcomes 

in patients with OSA in asthma group and non-asthma 
group (Table 6). In forest plot for the subgroup of OSA 
severity and asthma severity, we macroscopically focused 
more on the comparison of more severe OSA or asthma 
with controls, regardless of the specific degree of OSA 
severity, and the asthma severity or control status.     

Statistical methods
All analyses were performed using the compre-
hensive Meta-Analysis Software (Stata 15.0). The 
random-effects model was conducted if significant het-
erogeneity was determined (p < 0.05); otherwise, the 
fixed-effects model was applied (p ≥ 0.05). We used the 
 I2 index to assess heterogeneity.  I2 ≥ 50 was considered 
moderate-to-high heterogeneity. Subgroup analyses 
were conducted to determine the sources of heteroge-
neity when  I2 ≥ 50. The pooled weight mean difference 

Fig. 1 The flow diagram of identifying studies through systemic search in multiple databases. OSA: obstructive sleep apnea
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(WMD) of each study and 95%CI were used to esti-
mate the following outcomes: %FEV1, FVC%,  FEV1/
FVC,  FEF25–75%, ACT, AHI, LSpO2, ODI, ArI, ESS, and 
T90%. OR and 95% CI were used to estimate the risk of 
asthma in OSA with different grades of severity and the 
risk of OSA in asthma with different degrees of severity. 
A P-value < 0.05 was considered statistically significant.

Quality assessment
Agency for Healthcare Research and Quality (AHRQ) 
[42] was used to assess the quality and risk of bias of 
included cross-sectional studies. The Newcastle–
Ottawa scale (NOS) [43] scoring system was used to 
assess the quality and risk of bias of included longitu-
dinal studies. The publication bias of included studies 
was assessed by funnel plot, Meta-regression Egger’s 
test [44]. Sensitivity analyses were conducted to assess 
the stability of the results.

Results
Study selection
According to our research strategy, 1646 articles were 
retrieved initially and after excluding duplicates, 882 arti-
cles remained. After the abstract screening, 752 articles 
that did not meet the inclusion criterion were excluded. 
After reading the full text of the remaining 130 articles, 
a further 99 were excluded: 89 due to a lack of appropri-
ate data, 8 conference abstracts without available data, 1 
clinical study protocol, and 1 article that was retracted. 
34 eligible studies were included with a total sample size 
of 27,722 subjects [7–40]. In Part A, 13 studies [7–19] 
examined the effect of OSA on lung function and ACT 
in asthma with 1,111 subjects (Table  1), and 7 studies 
[20–26] examined the relationship between asthma and 
varying severity of OSA with 15,266 subjects (Table 2). In 
Part B, 10 studies [9, 22, 25, 27–33] examined the effect 
of asthma on PSG and ESS in OSA patients with 9,666 
subjects (Table  3), and 11 studies [10, 13–15, 34–40] 

Table 5 Subgroup meta-analysis of main outcomes in patients with asthma in OSA group and non-OSA group

WMD; weighted mean difference, CI; confidence interval, PZ; P value for Z test, PH; P value based on Q test for between-study heterogeneity, %FEV1; forced expiratory 
volume in one second (%predicted), OSA; obstructive sleep apnea, AHI; apnea/hypopnea index, FVC%; forced vital capacity (%predicted),  FEF25-75%; forced expiratory 
flow (25–75% of VC), ACT; asthma control test

Outcomes and subgroups No. of studies Population WMD 95%CI I2 (%) PH Statistical model PZ Between-
group P 
value

FEV1 (%)

 All 13 1111 − 2.29 − 4.91, 0.33 75.9  < 0.001 Random 0.086 –

 Age

  Children 4 318 − 4.33 − 7.82, − 0.83 48.6 0.120 Random 0.015 0.210

  Adult 9 793 − 1.24 − 4.56, 2.08 78.1  < 0.001 0.464 –

 Severity of OSA

  AHI ≥ 1 or 5/h 11 1013 − 3.04 − 5.68, − 0.40 77.3  < 0.001 Random 0.024 0.015

  AHI ≥ 15/h 2 98 7.69 − 0.54, 15.93 0 0.557 0.067 –

 Severity of asthma

  Routine 8 714 − 2.56 − 5.83, 0.70 72.6 0.001 Random 0.124 0.863

  Uncontrolled 4 307 − 1.34 − 7.23, 4.54 86.1  < 0.001 0.655 –

FVC (%) 13 1111 0.01 − 1.92, 1.94 0 0.573 Fixed 0.992 –

FEV1/FVC (%)

 All 9 782 − 0.82 − 3.08, 1.44 69.0 0.001 Random 0.477 –

 Age

  Children 2 141 − 4.75 − 8.55, − 0.95 0 0.446 Random 0.014 0.035

  Adult 7 641 0.04 − 2.28, 2.37 67.3 0.005 0.972 –

 Severity of OSA

  AHI ≥ 1 or 5/h 7 684 − 1.65 − 4.03, 0.74 72.0 0.002 Random 0.176 0.017

  AHI ≥ 15/h 2 98 4.83 0.05, 9.61 0 0.482 0.047 –

 Severity of asthma

  Routine 6 589 − 1.11 − 4.63, 2.41 76.6 0.001 Random 0.536 0.254

  Uncontrolled 2 94 1.01 − 0.27, 2.30 0 0.873 0.123 –

FEF25–75% 3 179 − 5.15 − 12.72, 2.42 27.0 0.254 Fixed 0.183 –

ACT score 4 385 − 0.37 − 0.74, 0.00 0 0.688 Fixed 0.050 –
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examined the relationship between OSA and varying 
severity of asthma with 1869 subjects (Table  4). Other 
characteristics of the included studies are presented in 
each table.

The effect of OSA on lung function and ACT in asthmatic 
patients
In 13 studies (N = 1111) that fulfilled the inclusion 
criterion, OSA was not significantly associated with 
aggravation of lung function. The initial meta-analysis 
indicated that OSA had no influence on %FEV1 (pooled 
WMD = −  2.29, 95%CI −  4.91–0.33,  I2 = 75.9%), FVC% 
(pooled WMD = 0.01, 95%CI −  1.92–1.94,  I2 = 0%), 
 FEV1/FVC (pooled WMD = − 0.82, 95%CI − 3.08–1.44, 
I2 = 69.0%), or  FEF25–75% (pooled WMD = − 5.15, 95%CI 
− 12.72–2.42, I2 = 27%) (Table 5). The result of ACT scor-
ing revealed that the comorbidity of OSA tended to make 
asthma more difficult to control (pooled WMD = − 0.37, 
95%CI − 0.74–0.00, P = 0.05) (Table 5, Additional file 1: 
Fig. S1). OSA did not significantly affect the result of 
 FEF25–75% (pooled WMD = − 5.15, 95%CI − 12.72–2.42, 
P = 0.183) (Additional file 1: Fig. S2). Nonetheless, further 
analysis suggested that OSA increased fractional exhaled 
nitric oxide (FeNO) in patients with asthma (pooled 
WMD = 4.37, 95%CI 0.05–8.69, P = 0.047) (Additional 
file 1: Fig. S3).

The results for %FEV1 and FVC% revealed high het-
erogeneity so a subgroup analysis was performed to 
determine the sources of heterogeneity. Analysis after 
subgrouping subjects by age (children and adults) 
revealed that %FEV1 and  FEV1/FVC decreased by 

4.33 (pooled WMD = −  4.33, 95%CI −  7.82–−  0.83, 
P = 0.015, between-group P value = 0.210) (Fig.  2) and 
4.75 (pooled WMD = −  4.75, 95%CI −  8.55– −  0.95, 
P = 0.014, between-group P value = 0.035) (Fig.  2), 
respectively, in children with asthma complicated by 
OSA but no such effect was seen in adults (the heteroge-
neity evaluated by  I2 for a subgroup is shown in Table 5). 
Analysis based on the severity of OSA (AHI ≥ 1 or 5/h, 
AHI ≥ 15/h) revealed that %FEV1 was slightly decreased 
in patients with asthma complicated by OSA (AHI ≥ 1 
or 5/h) (pooled WMD = −  3.04, 95%CI −  5.68–−  0.40, 
P = 0.024, between-group P value = 0.015) (Fig.  3) 
but tended to increase (pooled WMD = 7.69, 95%CI 
−  0.54–15.93, P = 0.067) in patients with AHI ≥ 15/h. 
Interestingly,  FEV1/FVC significantly improved (pooled 
WMD = 4.83, 95%CI 0.05–9.61, P = 0.047, between-
group P value = 0.017) in patients with AHI ≥ 15/h, but 
was not significantly affected when OSA complicated 
with asthma (AHI ≥ 1 or 5/h) (Fig. 3). We also conducted 
a subgroup analysis based on the severity of asthma. 
There were no statistically significant differences when 
patients with asthma but no additional conditions (rou-
tine group) were compared with an uncontrolled group 
(defined according to the criterion of GINA) (Table 5).

Since the pooled results of %FEV1 and FEV1/FVC in 
adult patients with asthma were inconsistent with high 
heterogeneity, more subgroup analyses were performed 
to address this. When evaluating %FEV1 and FEV1/FVC, 
the results of subgroup analysis based on OSA severity 
were similar to those of the all age group, containing 2 
same articles in a group of AHI ≥ 15/h [7, 18]. However, 

Table 6 Subgroup meta-analysis of main outcomes in patients with OSA in asthma group and non-asthma group

WMD; weighted mean difference, CI; confidence interval, PZ; P value for Z test, PH; P value based on Q test for between-study heterogeneity, AHI; apnea/hypopnea 
index,  LSpO2; lowest peripheral oxygen saturation, ODI; oxygen desaturation index, ArI; arousal index, T90%; percent sleeping time in which oxygen saturation was 
below 90%, ESS; Epworth Sleepiness Scale

Outcomes and subgroups No. of 
studies

Population WMD 95%CI I2 (%) PH Statistical model PZ Between-
group P 
value

AHI (events/hour)

 All 9 9540 0.47 − 1.59, 2.52 65.9 0.003 Random 0.656 –

 Age

  Adult 7 9434 0.72 − 1.95, 3.38 74.2 0.001 Random 0.599 0.670

  Children 2 106 − 0.08 − 2.61, 2.44 0 0.703 0.948 –

 Severity of OSA

  AHI ≥ 1 or 5/h 5 3801 0.27 − 1.97, 2.50 43.0 0.135 Random 0.686 0.912

  AHI ≥ 15/h 3 5739 0.63 − 5.45, 6.71 82.1 0.004 0.839 –

LSpO2 (%) 4 6360 − 0.10 − 1.28, 1.09 47.2 0.128 Fixed 0.872 –

ODI (events/hour) 4 6310 − 0.56 − 1.68, 0.56 30.2 0.231 Fixed 0.326 –

ArI (events/hour) 3 3074 − 0.94 − 2.14, 0.26 4.6 0.351 Fixed 0.123 –

T90 (%) 3 3142 0.02 − 0.42, 0.47 0 0.536 Fixed 0.915 –

ESS score 4 9089 0.60 0.16, 1.04 0 0.678 Fixed 0.007 –
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Fig. 2 A %FEV1 B: FEV1/FVC; Forest plot for subgroup analyses by age on the effect of OSA on lung function. %FEV1: forced expiratory volume in 
one second %predicted; FEV1/FVC: forced expiratory volume in one second/forced vital capacity; WMD: weighted mean difference; CI: confidence 
interval



Page 16 of 25Wang et al. European Journal of Medical Research          (2023) 28:139 

Fig. 3 A %FEV1; B FEV1/FVC; Forest plot for subgroup analyses by OSA severity on the effect of OSA on lung function. %FEV1: forced expiratory 
volume in one second %predicted; FEV1/FVC: forced expiratory volume in one second/forced vital capacity
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the decline in %FEV1 (pooled WMD = −  2.34, 95%CI 
−  5.78–1.10, P = 0.182, I2 = 81.1%, between-group P 
value = 0.028) and FEV1/FVC (pooled WMD = −  0.79, 
95%CI −  3.26–0.79, P = 0.535, I2 = 72.6%, between-
group P value = 0.041) showed no significant differences 
in asthmatic patients with AHI  > 5/h (Additional file  1: 
Table  S4). There were no significant differences among 
subgroups regarding severity of asthma, age, male%, and 
BMI, with remaining high heterogeneity (all between-
group P values > 0.05, Additional file 1: Table S4).

The risk of asthma in patients with different OSA severity
When exploring the association of asthma with OSA 
severity, we found that the risk of asthma was lower in 
patients with more severe OSA with low heterogene-
ity (pooled OR = 0.87, 95%CI 0.763 to 0.998, I2 = 0%, 
P = 0.047) in a large number of subjects (N = 15,266). The 
result suggested that people with more severe OSA are 
less likely to be complicated with asthma. The charac-
teristics of included OSA patients and the forest plot are 
shown in Table 2 and Fig. 4, respectively.

The effect of asthma on lung function and the ESS score 
in OSA patients
A review of 10 studies (N = 9666) that fulfilled the 
inclusion criterion revealed that asthma had no 
significant effect on OSA severity when assessed 

mainly by parameters of PSG (Table  6). There 
was an insignificant association with AHI (pooled 
WMD = 0.47, 95%CI −  1.59–2.52, I2 = 65.9%), 
 LSaO2 (pooled WMD = 0.07, 95%CI −  1.28–1.09, 
I2 = 47.2%), ODI (pooled WMD = −  0,56, 95%CI 
−  1.68–0.56, I2 = 30.2%), ArI (pooled WMD = −  0.94, 
95%CI −  2.14–0.26, I2 = 46%) and T90% (pooled 
WMD = 0.02, 95%CI −  0.42–0.47, I2 = 0.0%), regard-
less of subgroup analyses by age (children and adults) 
or severity of OSA (AHI ≥ 5/h, AHI ≥ 15/h). In addi-
tion, our study suggested that comorbidity of asthma 
may exacerbate daytime sleepiness assessed by ESS 
(pooled WMD = 0.60, 95%CI 0.16–1.04, P = 0.007) 
(Additional file 1: Fig. S4).

We also conducted several subgroup analyses based on 
age, male%, and BMI for adult OSA patients. The results 
showed that there were no significant differences among 
subgroups (Additional file 1: Table S5).

The risk of OSA in patients with different asthma severity
The risk of OSA was significantly higher in more severe 
or more difficult-to-control asthma in 7 of the 11 studies 
(Total N = 1869). Assessment of asthma severity included 
frequency of severe exacerbations over 12 months, symp-
toms during the day or night, activity limitation, and 
frequency of SABA reliever use for symptoms [6, 45]. 
The meta-analysis suggested that more severe or more 

Fig. 4 Forest plot for Meta-analysis of odds ratio of OSA in patients with varying severity of asthma. OSA: obstructive sleep apnea; OR: odds ratio
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Fig. 5 A Pooled results; B The subgroup of asthmatic patients with BMI < 27; Forest plot for Meta-analysis of odds ratio of asthma in different 
severity of OSA. OSA: obstructive sleep apnea; BMI: body mass index; OR: odds ratio
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difficult-to-control asthma is a significant risk factor for 
OSA (pooled OR = 4.36, 95%CI 2.49–7.64, I2 = 74.2%, 
P < 0.001) (Fig. 5A).

Then, we conducted a subgroup analysis based on 
BMI, the  I2 for asthmatic patients with mean BMI ≥ 27 
dramatically decreased to 0% (pooled OR = 2.51, 95%CI 
1.95–3.24, P < 0.001). Nevertheless, the subgroup of asth-
matic patients with mean BMI < 27 still remained a high 
heterogeneity, presenting a stronger association with 
OSA (pooled OR = 12.81, 95%CI 3.2–51.37, I2 = 68.7%, 
P < 0.001) (Fig.  5B). Characteristics of included studies 
are shown in Table 4.

Risk of bias and sensitivity analysis
AHRQ score for cross-sectional and NOS score for 
cohort studies are listed in Table  1–4. There were no 
studies considered low quality according to the crite-
rion and no publication bias was observed in the funnel 
plot or Egger’s test for (a) the relationship between OSA 
and %FEV1 in asthmatic patients; (b) the relationship 
between asthma and AHI in OSA patients; (c) the rela-
tionship between OSA and asthma severity in asthmatic 
patients; and (d) the relationship between asthma and 
OSA severity in asthmatic patients. (P = 0.875, P = 0.650, 
P = 0.084, and P = 0.535, respectively, Fig.  6, Additional 
file  1: Fig. S5). The meta-regression revealed that age, 
gender, and BMI did not affect the statistical significance 
of the pooled results, showing the association between 
OSA and more severe or difficult-to-control asthma 
(P = 0.203, P = 0.826, P = 0.672, respectively). Moreover, 
sensitivity analyses of two parts in the meta-analysis con-
firmed that the result was stable with no statistical sig-
nificance compared with the estimate (Additional file 1: 
Fig. S6).

Discussion
To the best of our knowledge, this is the first meta-
analysis to investigate the effect of OSA on lung func-
tion in asthmatic patients (Part A) and the effect of 
asthma on PSG in OSA patients (Part B), with a large 
amount of subjects. The results of Part A suggested that 

Fig. 6 A The relationship between OSA and %FEV1 in asthma 
patients; B The relationship between asthma and AHI in OSA patients; 
C The relationship between OSA and asthma severity in asthma 
patients; D The relationship between asthma and OSA severity in 
asthma patients. The funnel plot analysis of publication bias. OSA: 
obstructive sleep apnea; %FEV1: forced expiratory volume in one 
second %predicted; AHI: apnea hypopnea index

▸
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in asthmatic patients complicated with OSA, lung func-
tion may be aggravated with decreased %FEV1, especially 
in children. Nevertheless, the %FEV1 tended to decrease 
in adult asthma patients complicated with OSA, but did 
not reach statistical significance. OSA also had a negative 
effect on asthma symptoms and airway inflammation, as 
shown by increased ACT and FeNO. OSA did not affect 
small airway function assessed by  FEF25–75%. Interest-
ingly, the risk of asthma appeared to be lower in patients 
with more severe OSA with pooled OR = 0.87. Results of 
Part B indicated that more severe asthma or more diffi-
cult-to-control asthma was associated with OSA with 
pooled OR = 4.36, independent of age, gender, and BMI. 
And when OSA patients complicated with asthma, day-
time sleepiness was aggravated with increased ESS score, 
but there was no positive impact on parameters of PSG 
(AHI, LSpO2, ODI, ArI, and T90%) with extremely low 
heterogeneity.

The effect of OSA on asthma
Previous studies have reported that OSA is one of 
the most important pathophysiological mechanisms 
related to the worsening of asthma symptoms and con-
trol, in addition to shared risk factors and comorbidi-
ties [46]. OSA causes chronic systemic inflammation 
with the activation and release of cytokine and inflam-
matory mediators such as TNF-a, interleukin-6, vascu-
lar endothelial growth factor, pentane, 8-isoprostane, 
C-reactive protein, leptin and matrix metallopeptidase-9 
[47–51]. Many studies have found that OSA could lead 
to increased sputum neutrophils, which are linked to 
increased type 1 airway inflammation, airway remod-
eling, steroid resistance, and increased disease sever-
ity in asthma [52, 53]. The meta-analysis indicated that 
OSA slightly increased FeNO in asthma patients. FeNO 
is a biomarker widely used to assess airway inflammation 
and is higher in patients with asthma characterized by 
type 2 airway inflammation [54]. Nonetheless, the previ-
ous study revealed that chronic intermittent hypoxia for 
OSA reduced type 2 airway inflammation with decreased 
interleukin-5 and interleukin-13 in an animal model [55]. 
The measurement of FeNO led to inconsistent results 
that OSA patients had similar or slightly higher levels 
of FeNO compared to healthy controls [56]. The spe-
cific mechanism and clinical significance of increasing 
FENO in asthma patients complicated with OSA need to 
be further explored. In addition, bronchial hyperrespon-
siveness is closely associated with nocturnal pulmonary 
blood pooling caused by increasing negative intratho-
racic pressures, chronic intermittent hypoxia mediated 
through vagal neural receptor activation that accom-
panies the Muller maneuvers of obstructive events and 
stimulation of the carotid body [1, 36].

%FEV1 and  FEV1/FVC are the most common spiromet-
ric measurements applied to identify both the presence 
and degree of airflow obstruction [6]. In the subgroup 
of varying severity of OSA, two included studies [7, 18] 
showed that patients with asthma and moderate-severe 
OSA had better lung function (%FEV1,  FEV1/FVC) than 
those with AHI < 15/h without heterogeneity. Care-
ful analysis of two studies revealed that baseline %FEV1, 
age, BMI, and gender did not differ between patients 
with and without OSA. Nonetheless, Oyama and his col-
leagues showed that 15/20 patients with AHI ≥ 15/h were 
at asthma treatment stage 4 compared with 4/16 patients 
with AHI < 15/h [18]. Similarly, another study showed 
that baseline %FEV1 in asthmatic patients with severe 
OSA was higher than that of patients with moderate OSA 
(77.1 ± 25.3 vs 65.3 ± 24.6), and medication was similar 
except for leukotriene antagonist (61.8% vs 30.3%) [12]. 
When prescribed as monotherapy or as add-on therapy 
to ICS, leukotriene antagonists can increase  FEV1 [57]. 
Therefore, the conflicting results may be because asthma 
is more severe or difficult to control in the presence of 
severe OSA, requiring higher levels of asthmatic treat-
ment that presents a better baseline lung function. In 
addition, OSA was associated with more rapid lung func-
tion decline per year in patients with asthma and OSA 
severity had an essential effect on the rate of decline [12, 
58]. Guidelines advise that %FEV1 < 60% determines that 
a patient is at risk of future asthma exacerbations [6]. 
OSA is strongly connected to asthma exacerbations with 
decreased lung function.

Although a significant decline in baseline %FEV1 was 
observed among children asthmatic patients complicated 
with OSA, it was not seen in adult patients with high het-
erogeneity. Some studies indicated that airway hyperre-
sponsiveness is a strong risk factor for low lung function, 
mainly seen in airway parameters  (FEV1,  FEV1/FVC) in 
children [59, 60]. This may be the reason children with 
asthma and OSA had a greater reduction in lung function 
compared with adults in our meta-analysis with increas-
ing airway hyperresponsiveness in OSA. According to 
pathophysiology mechanisms and the result of our study  
that %FEV1 tented to decline in adult asthma in OSA, a 
cohort study controlling many confounding factors such 
as age, male%, BMI and asthma treatment stage is recom-
mended to investigate the effect of OSA on lung function 
in asthmatic patients. Blood and urine samples can also 
be collected for proteomic studies to explore new poten-
tial biomarkers, the pathophysiological mechanisms, and 
the specific differences between children and adults [61]. 
Poor asthmatic control will slow development and reduce 
the basal level of future lung function [62–64].

Although more severe OSA aggravated asthma control, 
the meta-analysis came out that it was not associated 
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with the risk of OSA (OR = 0.87, P = 0.047, I2 = 0%). In 
the two included studies with the largest population 
(N = 8400), AHI was slightly lower in asthmatic than in 
non-asthmatic patients with OSA [25, 32] (26.2 vs 23.0 
events/h, P < 0.001; 12.6 vs 11.3 events/h, P < 0.001). In 
terms of baseline characteristics, those without asthma 
were more likely to be male and older than those with 
asthma. Advancing age and male gender will increase the 
risk and worsen OSA severity [65]. This may suggest that 
patients with asthma were mainly female and younger, 
and more likely to appear in the moderate OSA group. 
Therefore, age and gender were the important confound-
ing factors to account for OR = 0.87, and there is no clear 
evidence that coexisting with more severe OSA reduces 
the prevalence of asthma.

Smoking condition is another potential confounding 
factor of inconsistent lung functions in the adult group. In 
the study of Wang et al. and Lu et al., the results showed 
that the group with more smokers had worse average 
lung function in %FEV1 [12, 14]. Smokers with asthma 
may present an accelerated rate of decline in lung func-
tion and may develop persistent airflow obstruction due 
to airway remodeling, increasing the use of rescue medi-
cation and the number of hospitalizations and emergency 
room visits [66–68]. Additionally, secondhand smoke is 
an important risk factor for childhood asthma, asthma-
like syndrome, and wheezing [69]. Despite tobacco 
smoking negatively affecting asthma control, OSA is 
strongly associated with poor control of asthma inde-
pendent of smoking and other known asthma aggravators 
[70, 71]. Since the most included original article did not 
demonstrate detailed information, we failed to under-
take a subgroup analysis or meta-regression on smoking 
conditions. In conclusion, physicians should be alert for 
the presence of comorbid OSA in patients with asthma, 
especially those who have low %FEV1, preventing acceler-
ated airway remodeling and reduction in lung function.

The effect of asthma on OSA
The result of Part B in our meta-analysis suggested that 
more severe asthma or more difficult-to-control asthma 
was associated with OSA with pooled OR = 4.36. The 
reasonable explanations may be OSA aggravates asthma, 
or severe asthma leads to OSA. A large prospective 
cohort study with 8-year follow-up intervals suggested 
that patients with asthma experienced a higher risk of 
OSA than those without asthma (49% vs 28%, P < 0.001), 
and asthma duration was an important predictor of OSA 
occurrence [72]. Many studies consistently consider that 
ICS and oral corticosteroids, both common therapies for 
asthma, also constitute a high risk for OSA occurrence 
with peri-pharyngeal fat deposition and upper airway 
myopathy [73, 74]. Asthma may disrupt the balance of 

forces to maintain pharyngeal airway patency, for exam-
ple, increased negative intrathoracic pressure may lead to 
higher pharynx collapsibility during asthma attacks [75, 
76]. Collett and colleagues also suggested that asthma 
could promote a reduction in the surface area of the 
upper airway with persistent airway mucosal inflamma-
tion [77].

Although many studies identified a mechanism by which 
asthma aggravates OSA, asthma was not obviously associ-
ated with increased respiratory events or worsened noctur-
nal hypoxia (T90% and  LSpO2) in OSA in our meta-analysis 
(Table  6). A potential reason for the discrepancy in meta-
analysis is that low arousal threshold is more frequent in 
patients with OSA and co-existing asthma, compared to 
those who have OSA alone [33]. Asthma is associated with 
respiratory muscle weakness and greater instability of the 
respiratory drive, and asthma nocturnal symptoms may 
result in sleep fragmentation and less total sleep time [78–
80]. These pathological mechanisms may contribute to the 
low arousal threshold in OSA, presented as lower AHI [81]. 
Sleep structure disorders raised by various asthma severity 
might account for the inaccurate acquisition of PSG param-
eters. Most of the original studies in this section did not 
address the severity of asthma, so we did not perform a sub-
group analysis. A recent study suggests that it is more impor-
tant to consider mean oxygen saturation during sleep when 
assessing OSA in asthma patients, which is associated with 
asthma symptoms and lung function [82].

Daytime sleepiness is one of the most important fea-
tures of OSA evaluated by the ESS score. The results 
of the meta-analysis indicated that comorbidity with 
asthma slightly increased ESS in patients with OSA 
(WMD = 0.60, P = 0.007,  I2 = 0%), which is consistent 
with the previous study. The risk of daytime sleepiness 
is 50% higher in asthmatic patients compared to those 
without asthma, and allergic rhinitis, a common comor-
bidity of asthma, is independently associated with sleepi-
ness [83]. Impaired sleep quality correlates with worse 
asthma control and quality of life with daytime sleepiness 
[84]. Most patients included in studies were suspected or 
diagnosed with OSA, and sleep physicians may not have 
investigated patients sufficiently to determine the pres-
ence or absence of asthma [39]. We believe that there 
should be a more pronounced difference in ESS between 
asthmatics and non-asthmatics and that asthma may 
have been underdiagnosed on self-report questionnaires 
due to the similarity of nocturnal asthmatic symptoms to 
those of OSA.

Limitations
This study has some important limitations. In the 
analysis of the relationship between OSA and lung 
function in asthmatic patients, we failed to lower the 
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high heterogeneity with different subgroup analyses. 
It is possible that coexisting OSA has a negative effect 
on asthma with different phenotypes and endotypes. 
We failed to collect sufficient data on peak expiratory 
flow, a predictive indicator for exacerbation of asthma. 
Although comorbidity with asthma did not show a sig-
nificant effect on PSG in OSA, the included patients 
with asthma were not grouped according to severity. 
Whether severe or uncontrolled asthma affects OSA 
severity requires further study. In the included stud-
ies, mismatches in age, gender, BMI, and treatment 
status between the single disease group and comorbid-
ity group may have contributed to risk bias for meta-
analysis, with high heterogeneity in adult patients. 
OSA and asthma are closely associated with shared 
comorbidities such as rhinitis, obesity, smoking condi-
tion, and gastroesophageal reflux disease, and would 
have affected our final results [46]. Finally, asthma is a 
heterogeneous disease (allergic, non-allergic, eosino-
philic, neutrophilic, etc.), and the specific relationship 
between endotypes of asthma and OSA is unknown. 
Taken together, a large-scale cohort study is needed to 
investigate the association between OSA and asthma by 
figuring out the confounding factors derived from phe-
notypes and endotypes.

Conclusion
In this meta-analysis, OSA was associated with more 
severe or more difficult-to-control asthma with 
decreased %FEV1 and increased airway inflamma-
tion, especially in children. %FEV1 tended to decrease 
in adult asthma patients complicated with OSA, but 
did not reach statistical significance. The differences 
between children and adults should be investigated 
by clinical research and proteomic studies. Asthma 
increased daytime sleepiness but did not significantly 
worsen OSA severity despite a lack of a subgroup for 
severity of asthma. More studies are warranted to 
investigate the effect of asthma on OSA severity and 
the impact of different OSA severity on the prevalence 
of asthma. Overall, clinicians should perform early 
detection, diagnosis and therapy for OSA in patients 
with asthma, in order to slow down the rate of airway 
remodeling and the decline in lung function.
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