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ABSTRACT

Objective: Bronchial asthma and obstructive sleep apnoea (OSA) are common respiratory disorders
that can co-exist. The strength of this association, and also the impact of OSA on asthma-related clin-
ical outcomes remain unclear. Data Sources: Literature review was performed in EMBASE and MED-
LINE databases. Studies up to and including 2016 were selected. Study Selection: Studies were included
if they contained; 1) a population with asthma AND 2) a prevalence of OSA reported using either
polysomnography or validated questionnaires such as the Sleep Apnoea Scale of the Sleep Disorders
Questionnaire (SA-SDQ), STOP BANG or the Berlin questionnaire. Results: Nineteen studies were iden-
tified. Thirteen questionnaire-based studies met the inclusion/exclusion criteria and twelve of these
demonstrated a prevalence of OSA in asthma of 8-52.6%, with one study showing no association
between the two conditions. Six studies using polysomnography demonstrated a high prevalence
0f 19.2-60%; which was higher at 50-95% in severe asthma. Two polysomnography and four question-
naire studies found worse asthma-related clinical outcomes with co-existing OSA. One polysomnogra-
phy and two questionnaire studies showed no difference. Conclusion: This systematic review suggests
that there is a high prevalence of OSA in asthma, particularly within severe asthma populations and
that co-diagnosis of OSA in asthma patients is associated with worse clinical outcomes. However this
outcome was not uniform and the number of studies using polysomnography to confirm OSA was
small. This weakens the conclusions that can be drawn and prompts the need for adequately pow-
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ered and well-designed studies to confirm or refute these findings.

Introduction

Asthma is a common respiratory condition, with 5.4 mil-
lion people in the United Kingdom requiring treatment
(1). Approximately 5%-10% of the asthma population
has refractory asthma that remains uncontrolled despite
optimal medical therapy (2). This group experiences
frequent exacerbations, hospital admissions, and health-
care utilization and are often dependent on high doses
of inhaled corticosteroids (ICS) or maintenance oral
corticosteroids (OCS) (3).

OSA with sleepiness (OSA syndrome) has been shown
to have a prevalence of 2% in women and 4% in men. OSA
without associated daytime sleepiness has a higher preva-
lence of 9% in women and 24% in men (4). This condition
is strongly associated with obesity, and has independent

associations with hypertension, stroke, diabetes, and
cardiovascular disease (5-7). Treatment with continuous
positive airway pressure (CPAP) reduces long-term mor-
tality, particularly cardiovascular mortality in patients
with severe OSA (8).

Asthma and OSA overlap with similar comorbidi-
ties and underlying pathophysiology potentiating the two
conditions (Figure 1). Gastro-esophageal reflux disease
(GORD), rhinosinusitis, and obesity are associated with
both. The pathophysiology connecting these conditions
is complex with a high likelihood for central role played
by systemic and local inflammation (9).

Asthmatics have poor sleep quality, reduced sleep
time, and reduced slow wave sleep (10-12). In addi-
tion to this, many epidemiological studies have shown
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Figure 1. Pathophysiological interplay in asthma-OSA overlap.

asthmatics have increased incidences of symptoms of
sleep-disordered breathing (13-14, 16-18).

The symptoms of poorly controlled asthma and OSA
have similar clinical features. Given the associated mor-
bidity and mortality of both conditions, a review of the
literature is warranted to determine the current state of
knowledge on the strength and direction of any relation-
ship between OSA and asthma, and to highlight any gaps
in the literature that require further research.

Materials & methods

A qualitative systematic review of the literature was per-
formed with MEDLINE and EMBASE databases using
the following search terms: Asthma AND (incidence OR
prevalence OR odds OR risk) AND (Obstructive Sleep
Apnoea OR Obstructive Sleep Apnea OR OSA OR sleep
OR apnoea OR apnea OR snoring OR sleep-disordered
breathing). All studies up to and including the year 2016
were included.

Inclusion/exclusion process

Studies were selected for full text review if they fulfilled
the criteria of examining 1) a population with asthma and
2) an outcome focusing on OSA/sleep/sleep-disordered
breathing or symptoms of sleep-disordered breathing or
3) comorbidities relating to either condition. Studies were
excluded if not in the English language or were carried out
on a pediatric population (<18 years of age).

The gold standard for diagnosis of OSA is an overnight
polysomnography (PSG) test (19). Limited channel-sleep
studies are a well-recognized clinical alternative to PSG.
The Sleep Apnoea-Scale of Sleep Disorders Questionnaire
(SA-SDQ), the Berlin Questionnaire, and STOP-BANG
are validated screening questionnaires used to assess risk
of OSA. Questionnaires used in the assessment of severity

Table 1. Sensitivity and specificity of detecting OSA (AHI > 5).

Test/Questionnaire Sensitivity Specificity

Limited- 32%-100% 33%-100%
channel
sleep study
(LCSS) (19,20)

Overnight 87% (SE 4%, CI 65% (SE 7%, Cl
oximetry 36%-100%) 23%-99%)
(19,20)

Questionnaires 77.0% (95% Cl: 53.0% (95% Cl:
(pooled data 73.0-80.0%; 50%-57%;
that includes 1 =78.1%) I? = 88.8%).
STOP-BANG,

SA-SDQ, and
Berlin) (20,21)

of symptoms, such as daytime sleepiness (e.g., Epworth
sleepiness score), were not included unless known to
have specific validation for prediction of obstructive
sleep apnea risk. The sensitivity and specificity of the
accepted diagnostic tests and validated questionnaires
are reported in Table 1. All studies that involved formal
overnight sleep tests were found to use PSG rather than
limited-channel sleep studies or overnight oximetry, but
were not excluded on this basis. This review included
studies that have demonstrated OSA diagnosis (using
PSG) or OSA risk through the use of validated question-
naires. Table 2 illustrates how the included studies have
made the diagnosis of OSA and also if robust asthma

Table 2. Method of asthma/OSA diagnosis.

ATS/GINA asthma diagnosis

OSA diagnosis Yes No
PSG 2 4
Validated 8 5
questionnaire

(SA-SDQ,

STOP-BANG, Berlin)
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-Literature Review: MEDLINE and EMBASE databases
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Figure 2. Preferred reporting items for systematic review and meta-analyses (PRISMA).

diagnostic criteria were used. Studies using nonvalidated
questionnaires were excluded. Studies were also excluded
if they showed clear bias in the selection of asthma
patients based on symptoms of sleep-disordered breath-
ing. Studies that report OSA diagnosis (PSG) and OSA
risk (validated questionnaires) are presented separately
in Tables 3 and 4, respectively.

Secondly, to evaluate asthma-related clinical outcomes
in patients with coexisting OSA, included studies were
reviewed to determine if measures including the Asthma
Control Test (ACT), Asthma Quality of Life Ques-
tionnaire (AQLQ), and Asthma Control Questionnaire
(ACQ) were reported (22-24). Alternative clinical mea-
sures such as the number of emergency department
visits/hospital admissions/intensive care admissions, fre-
quency of OCS requiring exacerbations and persistent
daytime and night-time asthma symptoms were also
included. The impact of OSA treatment with CPAP is
beyond the scope of this systematic review, and is not
included in the results.

Data synthesis/extraction

Data were extracted from studies by one reviewer (SD)
and checked by a second (AB) to determine if the inclu-
sion/exclusion criteria were met (see Figure 2). Studies
were then re-reviewed to evaluate clinical outcomes in
OSA versus no-OSA.

Assessment of bias

Bias was assessed using the Briggs scale (27) by two
reviewers independently, with any disagreement resolved
by discussion.

Results

The progression of the studies through the selection pro-
cess is summarized in the preferred reporting items for
systematic review and meta-analyses (PRISMA) diagram
in Figure 2. Abstracts were excluded as sufficient review of
the study methodology was not possible. Other reasons
for exclusion included the following: one selected study
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was not available in full text after a search of the British
Library and one selected study had a retraction printed by
the journal after publication. Other reasons for exclusion
at each step are summarized in the PRISMA diagram. A
total of 19 studies were identified for inclusion in this sys-
tematic review (6 PSG and 13 questionnaire based).

Association between asthma (non-severe) and OSA

a) Studies using PSG for OSA diagnosis (Table 3)

The prevalence of OSA was reported at 19.2%-60% (26—
29). Julien et al. reported a prevalence of 6/26 (23%) in
moderate asthma was compared to 3/26 (12%) in the
control group, but this did not reach statistical signifi-
cance (p = 0.303) (30). Zidan et al. demonstrated an OSA
prevalence of 18/30 (60%) in asthma compared to 2/12
(17%) of controls (p < 0.001) (25). A prospective cohort
study by Shaarawy et al. demonstrated a prevalence of
OSA of 15/60 (25%) in patients with asthma (28). Wang
et al. demonstrated a significantly higher prevalence of
OSA in asthma subjects 0f 28/146 (19.2%) versus matched
controls of 15/157 (9.6%), (p = 0.016) (29). Teodorescu
demonstrated incident OSA of 22/81 (27%) in asthma
compared to 75/466 (16%) in controls over multiple 4 year
intervals (p = 0.02) (26).

b) Studies using questionnaires to assess OSA risk
(Table 4)

Thirteen questionnaire-based studies met the inclusion/
exclusion criteria, of which twelve demonstrated
increased prevalence of OSA in asthma at a range of 8%-—
52.6%, while one study showed no association. In the lat-
ter study by Karachalioua et al., there was no association
between asthma and snoring [odds ratio (OR) = 1.01; CI:
0.76-1.35], apneas (OR = 1.22; CI: 0.79-1.88) or excessive
daytime sleepiness (OR = 1.39; CI: 0.83-2.35) (31).

Association between severe/difficult to treat asthma
(SDTA) and OSA

a) Studies using PSG for OSA diagnosis (Table 3)

Two studies looked at the association between
severe/difficult-to-treat asthma (SDTA) and prevalence
of OSA (30, 32). Julien et al. (30) reported a prevalence
of OSA of 50% (13/26) in severe asthma (SA) and 6/26
(23%) in moderate asthma compared to 3/26 (12%) in
controls. There was significantly more OSA in severe
versus moderate asthma (p = 0.044) and severe versus
controls (p = 0.003), but not when comparing moderate
to controls (p = 0.303). A study of 22 difficult-to-treat
asthma patients by Yigla et al. showed a particularly high
prevalence of OSA at 21/22 (95.5%) (32).

b) Studies using questionnaires to assess OSA risk
(Table 4)

Only four of the thirteen studies reported asthma severity
in relation to OSA risk. Teodorsecu et al. showed a sig-
nificant difference in OSA risk in SA versus normal con-
trols (NC, 24/94, 26% vs. 4/146, 3%, p = 0.04) and non-
severe asthma (NSA) versus NC (26/161, 16% vs. 4/146,
3%, p = 0.02). However, there was no significant correla-
tion for OSA risk in SA compared to NSA (33). A study
of asthmatic patients from a tertiary care center demon-
strated a prevalence of 97/244 (39.7%) of high OSA risk
and additionally that asthma severity step was predictive
of OSA risk (OR 1.6[95% CI: 1.26-2.03], p < 0.0001) (34).
However, a study of 177 asthmatic patients by Aukley et al.
showed a similar prevalence of OSA risk in asthma of 70
(39.5%) but did not show a correlation between OSA risk
and asthma severity (p = 0.183) (35). A study of 115 asth-
matics found 39/79 (49%) of women and 12/36 (33%) of
men had high OSA risk. This study included 38 (33%)
asthmatics on treatment severity Step 4; however, correla-
tion between asthma severity and OSA risk was not clearly
presented (10). Teodorescu et al. looked at OSA risk in
the elderly (20/154, 13%) compared to the young (45/659,
7%). OSA was associated with an almost 7 times greater
likelihood of SA in older individuals, which was of greater
magnitude than the younger population (OR = 2.16) (36)

OSA and asthma-related clinical outcomes

a) Studies using PSG for OSA diagnosis (Table 3)

Only three of the six included PSG-based studies reported
on asthma-related clinical outcomes. Of these, two
showed worse clinical outcomes with coexisting OSA. A
recent prospective cross-sectional cohort by Wang et al.
demonstrated that subjects with OSA had an increased
prevalence of SA exacerbations when compared to asth-
matics without OSA (p < 0.001). The Apnoea Hypopnoea
Index (AHI) significantly correlated with the number of
severe exacerbations (OR: 1.322, 95% CI: 1.148-1.523, p
< 0.001) (29). Zidan et al. used FEV{% as a marker of
asthma severity to demonstrate this as a significant pre-
dictor for the development of OSA, p < 0.001 (25). Julien
et al. showed that AHI did not correlate with asthma
severity or other clinical outcomes, including FEV;% and
AQLQ scores (30).

b) Studies using questionnaires to assess OSA risk
(Table 4)

Only 6/13 questionnaire studies evaluated OSA risk in
relation to asthma-related clinical outcomes. Of these, 4
studies reported worse clinical outcomes in patients with
high OSA risk, with a further 2 studies reporting no sig-
nificant difference in clinical outcomes. Teodorescu et al.



demonstrated that high OSA risk was related to worse
AQLQ scores (p < 0.0001), increased number of emer-
gency department (ED) visits (p = 0.001), increased num-
ber of hospital admissions (p = 0.005) and increased
number of admissions to the intensive care unit (ITU)
(p = 0.01) (31). A cross-sectional study by Teodorescu
et al. showed an association between high OSA risk and
both persistent daytime ([OR]1.96[95% CI = 1.31-2.94])
and night-time (1.97[1.32-2.94]) asthma symptoms (37).
A further study of 427 asthma patients showed high OSA
risk was associated with 2.87 times higher odds for hav-
ing poorly controlled asthma (95% C, 1.54-5.32) (38). A
cross-sectional study of 244 asthmatics demonstrated that
high OSA risk was associated with both daytime (p <
0.0001) and night-time (p = 0.0006) asthma symptoms
(34). Tay et al. demonstrated in a univariate analysis that
asthmatics with OSA to have worse ACT (p = 0.034) and
worse AQLQ (p = .029), but this was not shown in multi-
variate analysis of the same study. This study also showed
no significant difference in the number of exacerbations
in the OSA group versus no-OSA group (39). A cross-
sectional study by Kim et al. showed the high risk OSA
group to have lower ACT scores than the low risk OSA
group, however this did not reach statistical significance
(p =0.091) (40).

Discussion

In this systematic review, we observed a high OSA
prevalence in asthma, of 19%-60%. This was higher
in SDTA populations at 50%-95%. OSA risk assessed
using validated questionnaires reports a prevalence of
8%-52.6%. Clinical outcomes were worse in asthma
patients with coexisting OSA. This prevalence is similar to
that reported in a meta-analysis by Kong et al. (43), who
demonstrated a prevalence of OSA 0f 49.5%, and OSA risk
0f27.5%. However, the latter study did not analyze asthma
severity or report on associated clinical outcomes.

All studies reported an increased prevalence of OSA
when using PSG diagnosis. Only one study reported data
refuting the relationship between asthma and OSA risk
(31), and this was a questionnaire-based study. The lat-
ter study did have robust asthma diagnostic criteria, so
the conflicting results are notable. However, asthma sever-
ity measures were not reported and it is possible that this
population represents a milder asthma subgroup followed
up in primary care.

The concomitant diagnosis of OSA and asthma was
associated with worsened asthma-related clinical out-
comes. However, this finding was not universal between
studies. Two PSG studies demonstrate worse clinical out-
comes in OSA (29) and (25), whereas one PSG study
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showed no significant difference (30). All six question-
naire studies that looked at clinical outcomes showed
worse outcomes in OSA. However, although Tay et al.
demonstrated worse ACT and AQLQ in the OSA group
using a univariate analysis; this was not reproduced in a
multivariate analysis (39). Kim et al. demonstrated a wors-
ening of ACT scores in the OSA that failed to reach singi-
ficance (40).

Only two PSG studies reported a prevalence of OSA
in SA. The study by Yigla et al. demonstrated a partic-
ularly high OSA prevalence of 95%, but this population
had above-normal body mass index (BMI) and neck cir-
cumference (32). Additionally, steroid use could be an
independent predictor of OSA due to local myopathic
effects in the upper airways (44). Julien et al. found an
increased prevalence of OSA in SA (50%) and also in
moderate asthma (23%), with a prevalence of 12% in
controls, although this was not significant in moderate
asthma compared to controls (30). A questionnaire-based
study reported a prevalence of OSA in SA as 26% com-
pared to 16% in NSA and 3% in controls (33). Both stud-
ies used robust asthma and SA criteria. Questionnaires
to diagnose OSA rely on OSA symptoms, and it may be
that the OSA prevalence in this study is more reflective
of the symptomatic general population at 2% in women
and 4% in men (4), which is matched more closely in the
study control group (3%). Julien et al. used PSG to diag-
nose OSA, which does not rely on symptoms and this may
explain higher prevalence in the control group (12%) (30),
which is closer to that of the asymptomatic general popu-
lation of 9% of women and 24% of men (4).

All studies were systematically reviewed by two inde-
pendent reviewers and only those that used either a PSG
or validated questionnaire were included in this review.
A pooled systematic analysis that included the SA-SDQ,
and the Berlin and STOP-BANG questionnaires reported
sensitivity and specificity to be 77% and 53%, respectively
(21).

There are limitations to this review, particularly con-
cerning the diagnostic criteria of both clinical condi-
tions. Although the questionnaires are validated for the
detection of OSA risk, there is still potential for error as
an overnight sleep study is required for diagnosis with
full PSG being recognized as the gold standard. Alter-
native methods such as limited-channel sleep studies are
often recognized alternatives but interestingly none of the
studies used this method. It should also be noted that
the questionnaires have not been specifically validated in
asthma populations and clinical symptoms of OSA and
asthma can overlap. Participants were also included in
studies without consistent confirmation of asthma diag-
nosis. It is notable that of the six PSG studies, two of
these studies relied on a previous physician diagnosis of
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asthma, one study used self-reported asthma and one
study used unquantified reversible airway obstruction.
Only two studies had criteria similar to the American
Thoracic Society (ATS) or Global Initiative for Asthma
(GINA) guidelines. Of the questionnaire-based studies,
only eight of the thirteen studies demonstrated evidence
of robust asthma diagnostic criteria.

It is reasonable to assume that many of the participants
in the questionnaire-based studies by Teodorescu et al.
could overlap. The cross-sectional study in 2012 (37) has
reported that it is an expansion of other studies included
in this review (10, 34, 38). The impact of this should be
considered, particularly given the limited number of stud-
ies available.

The effects of confounders such as BMI are not ade-
quately accounted for in all studies. Yigla et al. found an
unexpectedly high prevalence of OSA in SA at 95% (32),
which could be attributed to steroid use. However the
average BMI and neck circumference were both higher
than normal in this population, both of which are inde-
pendent risk factors for OSA. Without a control group it
is difficult to ascertain the cause of this unexpectedly high
prevalence of OSA. The population studied by Shaarawy
et al. (28) also had a mean BMI that would fall within
obese range, but the prevalence of OSA in this group is
lower than other PSG-based studies with lower BMI pop-
ulations. Zidan (25) and Julien et al. (30) also had over-
weight populations, but mean BMI was not significantly
different from the control groups. Obesity is an impor-
tant comorbidity to consider, not only because it increases
the likelihood of OSA but also due to its association with
asthma. The interplay between obesity, asthma, and OSA
is complex (Figure 1) and it would be ideal to ascertain the
direction of this relationship, but given the cross-sectional
nature of the majority of studies, this is beyond the scope
of this review.

Despite the discussed limitations, we have systemati-
cally reviewed the current evidence and found an associ-
ation between OSA and asthma, which is stronger than
that of the general population (4). Further well-designed
studies using overnight PSG and robust asthma diagnos-
tic criteria are required.

Conclusion

This review of the current literature demonstrates a con-
sistently high prevalence of OSA in asthma, particularly
SA. Studies using questionnaires to assess OSA risk have
reported similar findings. Coexisting OSA may adversely
impact on asthma-related clinical outcomes. However,
there is a lack of PSG-based studies, and further evidence
is required before firm conclusions on this topic can be
made.
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