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Background: Unrecognized obstructive sleep apnea (OSA) may lead to poor asthma control
despite optimal therapy. Our objective was to evaluate the relationship between OSA risk and
asthma control in adults.
Methods: Patients with asthma seen routinely at tertiary-care clinic visits completed the validated
Sleep Apnea Scale of the Sleep Disorders Questionnaire (SA-SDQ) and Asthma Control Question-
naire (ACQ). An ACQ score of = 1.5 defined not-well-controlled asthma, and an SA-SDQ score of
=36 for men and =32 for women defined high OSA risk. Logistic regression was used to model
associations of high OSA risk with not-well-controlled asthma (ACQ full version and short
versions).
Results: Among 472 subjects with asthma, the mean = SD ACQ (full version) score was 0.87 = 0.90,
and 80 (17%) subjects were not well controlled. Mean SA-SDQ score was 27 =7, and 109 (23%)
subjects met the definition of high OSA risk. High OSA risk was associated, on average, with
2.87-times higher odds for not-well-controlled asthma (ACQ full version) (95% CI, 1.54-5.32;
P =.0009) after adjusting for obesity and other factors known to worsen asthma control. Similar
independent associations were seen when using the short ACQ versions.
Conclusions: High OSA risk is significantly associated with not-well-controlled asthma indepen-
dent of known asthma aggravators and regardless of the ACQ version used. Patients who have
difficulty achieving adequate asthma control should be screened for OSA.
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Abbreviations: ACQ = Asthma Control Questionnaire; CPAP = continuous positive airway pressure; GERD =
gastroesophageal reflux disease; OSA = obstructive sleep apnea; PEFR = peak expiratory flow rate; PSG = polysomnography;

SA-SDQ = Sleep Apnea Scale of the Sleep Disorders Questionnaire

Current guidelines for the management of asthma
recommend that therapy be targeted to achieve
asthma control,'® which has been shown to improve
health-related quality of life.* However, large
community-based surveys show that this goal is
rarely achieved.?¢

Data suggest that obstructive sleep apnea (OSA) is
an important contributor to asthma control. Conti-
nuous positive airway pressure (CPAP) treatment of
OSA in patients with asthma improves outcomes,
including asthma symptoms,™ rescue bronchodilator
use,” peak expiratory flow rates (PEFRs),” and
asthma-specific quality of life assessed with validated
instruments.'*!" Although important, these studies
included small numbers of participants selected pri-
marily for nocturnal symptoms and used nonran-
domized designs. Additionally, OSA was recently
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identified as an important risk factor for frequent
exacerbations in patients with difficult-to-treat asthma.'?
The National Asthma Education and Prevention Pro-
gram guidelines recommend evaluation for OSA in
patients with asthma with suboptimal control." How-
ever, evidence contributed only to a grade D (expert
panel) recommendation, highlighting the need for
more research.

Asthma control involves multiple components of
subjective and objective measures.»>1315 The Asthma
Control Questionnaire (ACQ) is a composite instru-
ment that demonstrates strong discriminating ability
between well-controlled and not-well-controlled
asthma.’® Current guidelines recommend using the
ACQ in routine clinical practice.’ A full version and
three shortened versions of the ACQ (designed with
exclusion of spirometry, B2-agonist data, and both)
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were recently validated.'™'® The Sleep Apnea Scale
of the Sleep Disorders Questionnaire (SA-SDQ) is a
validated screening tool to identify patients at high
risk for OSA.19

Using these questionnaires, we sought to deter-
mine whether a high OSA risk is associated with not-
well-controlled asthma apart from other characteristics
known to be associated with poor asthma outcomes.''?
Further, because information on spirometry and
B2-agonist use may not always be available, we
wished to determine whether similar relationships
exist between OSA risk and the three ACQ short ver-
sions as for the ACQ full version. We hypothesized
that high OSA risk will independently predict a higher
likelihood for not-well-controlled asthma and that
comparable associations will be observed with the
ACQ short versions. Preliminary data from this study
were presented in abstract form.202!

MATERIALS AND METHODS

Study Population

The population consisted of patients with asthma aged 18 to
75 years managed at routine follow-up visits at the allergy and pul-
monary subspecialty clinics of the University of Wisconsin-Madison
between July 2007 and January 2009. Subjects were enrolled as
part of an ongoing study on the relationship between OSA and
asthma, which received University of Wisconsin Health Sciences
Institutional Review Board approval. Written informed consent
was obtained from each subject. The diagnosis of asthma was
made by allergy and pulmonary physicians staffing these tertiary-

care clinics and was based on established criteria.2? Standard of
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care at follow-up visits includes history, physical examination,
asthma control assessment, and spirometry. Patients having
urgent asthma visits and pregnant women were excluded.

Survey Instruments and Medical Records Review

The full version of ACQ contains items on symptoms (including
activities) and rescue B,-agonist use in the prior week, and percent-
predicted FEV| (recorded from prebronchodilator spirometry
performed at clinic visit), all rated on a 7-point (0-6) Likert scale.!?
Scores are obtained by averaging the responses from each ques-
tion, with higher scores indicating worse asthma control.'” The
three shortened versions of the ACQ are: (1) symptoms and per-
cent-predicted FEV,, (2) symptoms and short-acting B2-agonist
use, and (3) symptoms alone. The measurement properties of all
four versions of the ACQ are very similar.'s The validated cut-point
of = 1.5 differentiates between well-controlled and not-well-
controlled asthma.! The minimal clinically important difference
for all ACQ versions has been established at 0.5.18

The SA-SDQ contains eight OSA symptom items rated on a
5-point Likert scale, including loud snoring disruptive to the bed
partner, breathing pauses during sleep, sudden gasping arousals,
worsening of snoring while supine or after alcohol consumption,
nocturnal nasal congestion and sweating, and history of hyperten-
sion.” Four anthropometric variables (age, smoking, weight,
and BMI) are rated on a scale of 1 to 5. To define high OSA risk,
we used the SA-SDQ cutoff scores of =36 for men and =32 for
women, which have been validated with polysomnography (PSG)
in a large sample of sleep patients.?

Medical records were reviewed for established diagnoses of
comorbid lung diseases (eg, allergic bronchopulmonary aspergillo-
sis, COPD, interstitial lung diseases); sleep-disordered breathing,
including treatment; and comorbid illnesses known to worsen
asthma control (gastroesophageal reflux disease [GERD]; rhinitis;
chronic sinusitis; nasal polyposis; and psychiatric disease, such as
depression, anxiety, and panic or bipolar disorders),"? spirometry
data from clinic visits, and current asthma and allergy medications.

Data Analysis

Obesity was defined as a BMI = 30 kg/m? (Centers for Disease
Control and Prevention criteria). Baseline variables were summa-
rized as mean * SD for continuous variables and percentages for
categorical variables. Two-sample ¢ tests were used to analyze dif-
ferences in ACQ scores between subjects with and without high
OSA risk. Logistic regression was used to test for univariate rela-
tionships of not-well-controlled asthma with high OSA risk and
other contributors to asthma control (demographics [age, sex, and
black race], obesity, nasal diseases [rhinitis, chronic sinusitis, and
polyps], GERD, and psychiatric disease).-> Multivariate logistic
regression models were then fitted with not-well-controlled
asthma as the outcome and high OSA risk as the predictor, with
stepwise adjustment for the aforementioned covariates regardless
of their univariate associations with not-well-controlled asthma.
Two-sided P values < .05 indicated statistical significance. Analyses
were performed using SAS statistical software, version 9.1 (SAS
Institute; Cary, NC).

RESULTS

Subject Characteristics
Of the 567 subjects recruited to participate,
539 (95%) completed questionnaires, and 28 were

excluded because of comorbid lung disease. Of the
remaining 511, 63 had previously diagnosed OSA, and
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of those, 39 being treated at the time of the survey
were excluded from further analyses.

Demographic, physiologic, and clinical characteris-
tics of the remaining 472 subjects are shown in Table 1.
The majority of our subjects were white. In subsequent
analyses, black subjects were compared with white and
subjects and those from all other races combined.
Among the 450 subjects with rhinitis, 360 (80%) were
using a nasal corticosteroid spray, 280 (62%) an oral
antihistamine, 14 (3%) nasal ipratropium, 12 (3%) a
topical antihistamine, and 3 (1%) topical cromolyns;
409 (91%) were taking either a nasal corticosteroid or
an antihistamine (oral or topical), with 243 (54%) tak-
ing both. Overall, 411 (91%) subjects with rhinitis were
using at least one of the types of medications enumer-
ated above.

The ACQ scores and frequency of patients meet-
ing criteria for not-well-controlled asthma are shown
in Table 2. The mean SA-SDQ score was 27 = 7, with
109 (23%) achieving scores that placed them at high
risk for OSA.

Associations of High OSA Risk With Not-Well-
Controlled Asthma (From ACQ Full Version)

In univariate analyses, a high OSA risk was associ-
ated with a 3.60 times higher odds for having not-

Table 1—Demographic, Physiologic, and Clinical
Characteristics Patients With Asthma (N =472)

Characteristic Value
Age,y 47+ 14
Female sex 300 (64)
BMI, kg/m? (range) 28.4+ 6.4 (16.7-60.5)
Obese (BMI =30 kg/m2) 149 (32)
Race
Black 15 (3.2)
White 446 (94.5)
Other: 11 (2.3)
Current-smoker 20 (4)
FEV,, % predicted 93.9+18.5
FVC, % predicted 91.1+16.5
FEV/FVC 73.5*8.5
FEF,; -, % predicted 69.2 +30.6
History
GERD 201 (43)
Rhinitis 450 (95)
Chronic sinusitis 173 (37)
Nasal polyps 77 (16)
Psychiatric disease 107 (23)
Medications
Inhaled corticosteroid 366 (78)
Inhaled long-acting bronchodilator 275 (58)
Antileukotriene agents 88 (19)
Theophylline 8(2)
Oral corticosteroid 31(7)

Data are presented as mean = SD or No. (%). FEF,;, .., = forced
expiratory flow, midexpiratory rate; GERD = gastroesophageal reflux
disease.

aIncludes Asians, Hawaiian/Pacific Islanders, American Indians, and
Alaskan Natives.
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Table 2—Asthma Conirol Questionnaire Scores and
Frequency of Not-Well-Conirolled Asthma for Each
Asthma Control Questionnaire Version

Not-Well-Controlled

ACQ Version ACQ Scores Asthma (ACQ=1.5)
ACQ full 0.87%=0.90 80 (17)
ACQ symptoms 0.92+0.94 100 (21)
and FEV, %
predicted
ACQ symptoms and 0.80+0.94 88 (19)
[,-agonist use
ACQ symptoms alone 0.86 =1.00 91 (19)

Data are presented as mean = SD or No. (%). ACQ = Asthma Control
Questionnaire.

well-controlled asthma (95% C, 2.16-5.98; P <.0001)
(Table 3). Obesity, black race, nasal polyps, GERD,
and psychopathology also were associated with higher
odds for not-well-controlled asthma, whereas rhinitis
was associated with lower odds. Progressive adjust-
ment for these characteristics (as single variables or
as a group for nasal diseases) only slightly altered the
relationship of not-well-controlled asthma with high
OSA risk (Table 4). Independent of all these char-
acteristics, a high OSA risk was associated with
2.87 times higher odds for not-well-controlled
asthma (95% CI, 1.54-5.32; P =.0009). In all models,
rhinitis, a frequently diagnosed condition in our
population, was inversely related to asthma control.

Associations of High OSA Risk With Short
ACQ Versions

Subjects with high OSA risk compared with those
without high OSA risk had higher scores on all ACQ
versions, with differences uniformly greater than the
validated minimal clinically important difference of

Table 3—Univariate Associations of Not-Well-

Controlled Asthma (on ACQ Full Version) With

High Obstructive Sleep Apnea Risk and Other
Characteristics Known To Worsen Asthma

Characteristic OR (95% CI) P Value
High OSA risk 3.60 (2.16-5.98) <.0001
Age 1.01 (0.99-1.03) 14
Sex, female vs male 0.69 (0.42-1.13) 14
Obesity (BMI =30 kg/mz) 2.46 (1.50-4.01) .0003
Black (vs all other) 3.45 (1.19-9.99) .02
Nasal condition

Rhinitis 0.27 (0.11-0.66) .004

Chronic sinusitis 1.11 (0.68-1.83) 67

Polyps 1.95 (1.10-3.48) 02
GERD 3.03 (1.83-5.01) <.0001
Psychiatric disease 1.99 (1.18-3.36) 01

Not-well-controlled asthma is defined by an ACQ score of =1.5. High
OSA risk is defined as a Sleep Apnea Scale of the Sleep Disorders
Questionnaire (SA-SDQ) score of = 36 for men and = 32 for women.
OR = odds ratio; OSA = obstructive sleep apnea. See Table 1 and 2
legends for expansion of other abbreviations.
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for Factors Known To Worsen Asthma Control

Adjusted for Demographics,

Obesity, GERD, Nasal
Diseases, and Psychiatric

Adjusted for Demographics,

Adjusted for Demographics, Obesity, GERD, and Nasal

Adjusted for Demographics

Obesity, and GERD Diseases Disease

and Obesity

Adjusted for Demographics

P Value OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

OR (95% CI)

P Value

OR (95% CI)

Characteristic

.0009
.23

2.87 (1.54-5.32)
1.43 (0.80-2.54)
3.00 (1.70-5.31)

.0005
27
<.0001

.0002 3.01 (1.62-5.60)

27

3.29 (1.82-5.95) <.0001 3.11 (1.71-5.68)
1.52 (0.87-2.65) 1.38 (0.78-2.43)
2.87 (1.67-4.94)

<.0001

3.92 (2.27-6.76)

High OSA risk

Obesity
GERD

1.38(0.77-2.46)
3.20 (1.82-5.65)

15

.0002

.0001

Nasal diseases

.05
.08

0.38 (0.14-1.02)
0.55 (0.29-1.06)
2.37 (1.08-5.24)
1.79 (0.97-3.27)

Not-well-controlled asthma is defined by an ACQ score of =1.5. High OSA risk is defined as an SA-SDQ score of =36 for men and =32 for women. See Table 1, 2, and 3 legends for expansion of

abbreviations.

.02
.08
.04

0.33 (0.12-0.86)
0.56 (0.29-1.07)
2.28 (1.04-5.01)

Rhinitis

Sinusitis

.03
.06

Nasal polyps
Psychiatric disease

:Demographics include age, sex, and race (black vs all others).

0.5 (P<<.0001 in all cases) (Fig 1). We found analogous
associations of high OSA risk with not-well-controlled
asthma on the ACQ short versions as for the full ver-
sion (Fig 2) (each P<.0001). Reiteration of the final
multivariate regression model (from Table 4) using
not-well-controlled asthma defined on the basis of
each ACQ short version showed similar independent
associations with high OSA risk as the ACQ full ver-
sion (Table 5).

DiscussioN

In this large, well-characterized, specialty clinic-
based asthma population, an association of high OSA
risk with not-well-controlled asthma emerged. This
finding was independent of obesity and other factors
known to worsen asthma control, such as GERD, nasal
diseases, and psychopathology, with similar associa-
tions observed for the ACQ short versions.

Our asthma population is likely representative of
patients who have unidentified or untreated OSA
managed in tertiary-care clinic settings. There was a
high rate (95%) of participation in the survey. The
characteristics of these patients are comparable to
previous studies,?2* except for a lower rate of obesity
and black race. Additionally, the high prevalence
(95%) of patients with rhinitis reflects that this sample
was primarily accrued from allergy clinics. Rhinitis
decreased the odds ratios for not-well-controlled
asthma likely because of its rigorous management by
expert providers, counteracting its detrimental influ-
ence on asthma control.

Our results add to the evidence of OSA as a potential
contributor to overall asthma control but on a much
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ACQ Version

FIGURE 1. Scores on each version of the ACQ in subjects with
and without high obstructive sleep apnea risk, which is defined
by Sleep Apnea Scale of the Sleep Disorders Questionnaire
(SA-SDQ) scores = 36 for men and = 32 for women. *P <.0001.
ACQ = Asthma Control Questionnaire; ACQf = ACQ full version;
ACQs=ACQ symptoms alone; ACQsb=ACQ symptoms and
short-acting ,-agonist use; ACQsf=ACQ symptoms and percent
predicted FEV,; OSA = obstructive sleep apnea.
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FIGURE 2. Unadjusted (black) and adjusted* (gray) odds ratios
(95% CIs) for not-well-controlled asthma defined on the basis of
each ACQ version, with high OSA risk (SA-SDQ scores =36 for
men and =32 for women) as the predictor. *Adjustment per-
formed for the variables included in the final model shown in
Table 4. See Figure 1 legend for expansion of abbreviation.

larger scale and independent of other known contribu-
tors to asthma control. Studies of CPAP treatment
of PSG-diagnosed OSA in patients with asthma
reported improved asthma outcomes, but in small
numbers of participants selected primarily for noctur-
nal asthma symptoms. Chan et al” reported reduced
asthma symptoms and bronchodilator use, and improved
PEFR after 2 weeks of CPAP in nine patients. Cessa-
tion of CPAP returned PEFR to baseline levels. In a
study by Guilleminault et al® of 10 subjects with OSA,
6 months of CPAP reduced the overall number of
asthma attacks and eliminated nocturnal asthma. In
16 patients with nocturnal asthma, Ciftci et al® found
that 2 months of CPAP for OSA resulted in a signifi-
cant reduction in asthma symptoms. Lafond et al'
reported improved asthma-specific quality of life
after 6 weeks of CPAP in 20 patients with asthma and
OSA. Several other factors (demographics, comor-
bidities such as obesity, nasal diseases, GERD, and
psychopathology) can influence asthma control.! The
potential contribution of OSA has been concomitantly
assessed in only one study of patients with difficult-
to-control asthma and found to be an important risk fac-
tor for frequent exacerbations in the prior year.!> Our
findings extend this observation in specialty-managed
patients with asthma overall because they demon-
strate, for the first time to our knowledge, associa-
tions of OSA risk with not-well-controlled asthma
independent of these well-recognized asthma aggra-
vators. Results suggest that when other contributors

www.chestpubs.org

Table 5—Multivariate Logistic Regression Models of Not-Well-Controlled Asthma (Defined Based on Each ACQ Version) on High OSA Risk, Controlling for Other

Factors Known To Worsen Asthma Control

ACQ Symptoms and
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ACQ Symptoms and FEV,%

ACQ Full

o | @ — “5
ERIR= IS N
=& =3 S = | o
S13das S&+E3|x
& V 2
&>
=)
£
<
w
~m e~~~ | §
o S = I - © 010
S8 mERo|g
10 ol o S ol | g
Rl = D hclo | D
n|lexz S0 9~ =
SlZed S22 (g
Zlomnme —~1=1mo |
ol AR |2
0 = S S a2
.4
=
<
»n
e}
<
) £
=2 = — e
=S 3 S 0 = |
T S o3 SI= M3 |»
- \/’ N N - '_]
A
Nl
(S —
S]
]
—_
3
Q
v
~l2e3y sooo|Y
Slhcse wmeS o |9
Glegiy SH9g =
R | o1y oo |5
0| L O SN Q0
AN S - |A&
| © 1~ ® S = = © |
Sol¥I—=E axwS|g
= ol S oS —ada | E
o=
5]
2]
.4
<
=
g
£
E = 2
= | K = = [l o]
SER-N- =] Samo |
S35 3S Sh~=3S |2
[ 3
2
B
=1
3
O
=
(S
: £
d
—_~ o~ —~ ~ o~~~ -
—~ | == SYo=|°%
o e X S o |2
Ql¥sy S99 |%¢%
| = © D o = sch| O3
h|nSs =Fxa|Es
e e ) cococ - |g§ .=
22D 222 B &
~lno © < o |z O
O ¥Rx a1z~ |3 ¢
ol — ol So —a |, 8
Z 3
~ g
7 &
”
SR}
S =
° L2
° = o
= e ] =]
= (= [ n w =
Sl29 10 VD ww |- Y
S a3S S S |y OO
1 > g
Ay o 2
<
= o
ﬁg
S
=
~ e~ o~~~ —~ | &
~ | a¥ = o F= | =2
Slann SSaal| 3o
O |18 cin =g 0 | O
gl ded Fabi |
RIMABE —~ASe| g
S| =S = S-S | ¥Pn
D 22
= o D= |, =
O| ® < M als | S ¢
i~ SSaH|EE
o,
=
P
£
N
Ko
5] QJ/\l
2T
i w &= 5
0| = ] =22
Z = 7] =atae} R
=iy S o882 &
[} 9 m"""-‘c":\-‘ [}
S| L 2 E o |8 =
S0 AT E L3RS RS
3 =0 s 2 23| 0<&
fae ﬁmm—q.ﬁi—'w; =
S miGgirEas L 28
= | Ao K I 7=
OolmoQ0 =z A< N

CHEST /138 /3 / SEPTEMBER, 2010

547



to asthma control are addressed, a new focus on
untreated OSA may make a difference in asthma
control.

Multiple putative pathways for OSA aggravation of
asthma exist. First, OSA could promote GERD,* a
well-recognized asthma trigger.26 Second, direct links
may exist through OSA-related increase in the resistive
load on lower airways?” overimposed on an already
more challenged airway system especially during sleep,”
upper-airway-triggered vagally mediated bronchoc-
onstriction,® and increased bronchial responsiveness?;
additionally, through altered chemical? arousal thresh-
olds or to resistive loading,? thus allowing more bron-
choconstriction to occur. Although these pathways
remain to be tested in patients with asthma and coex-
istent OSA, experimental studies of sustained hypoxia
have shown vagally mediated bronchoconstriction,®
increased bronchial responsiveness,?! cough suppres-
sion,* altered arousal thresholds to resistive loading,?
and impaired symptom perception in asthma.?® Finally,
OSA may lead to oxidative stress and inflammation in
the lower airway as it does in the cardiovascular sys-
tem.* Increased exhaled 8-isoprostane and interleu-
kin-6%5% and a neutrophilic inflammatory cellular
type in induced sputum have been recently demon-
strated,3738 the latter correlated with OSA sever-
ity.?s Preliminary work from our laboratory has found
that symptomatic patients with asthma and comorbid
OSA have lower levels of exhaled nitric oxide,?* an
indicator of eosinophilic inflammation. This obser-
vation suggests that OSA may contribute to the none-
osinophilic phenotype increasingly recognized among
patients with uncontrolled asthma.?

Our study substantiates the utility of all ACQ for-
mats for this relationship. ACQ versions had similar
associations with OSA risk because there was nearly
complete overlap of CIs (Fig 2, Table 5). These find-
ings are consistent with the reported lack of benefit
in FEV, observed with up to 2 months of CPAP?1
and collectively suggest that such an effect may take
longer or is less likely to develop.

OSA has been postulated to be a mediator of the
relationship between obesity and asthma control.40
The evidence from our study supports such a hypoth-
esis. In univariate analysis, obesity was significantly asso-
ciated with not-well-controlled asthma; however, when
accounting for OSA risk (Table 4 [data on obesity not
shown]), as well as in the final models (Table 5), this
association was almost always lost. Recent studies in
patients with asthma and obesity found less-severe
airway obstruction*! and inflammation*'42 or no asso-
ciation with airway inflammation**# but increased
airway markers of oxidative stress.*> The one study
that systematically ascertained OSA syndrome by
either PSG or symptoms reported an increased risk
for OSA (OR, 3.1; 95% CI, 1.1-9.0) and other asthma-
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aggravating comorbidities in patients with obesity and
concluded that factors other than airway inflamma-
tion alone explain the relationship between obesity and
asthma. 4

There are limitations to our study, the main relating
to use of a questionnaire-based assessment of OSA,
since PSG is the gold standard to diagnose OSA. Pro-
spective use of a costly technology such as PSG would
have been prohibitive for this large study, but our
results substantiate a need for such PSG-based stud-
ies. The SA-SDQ demonstrated high internal valid-
ity, good sensitivity, and specificity in a large sample
of sleep study patients.!* Furthermore, this question-
naire has a high diagnostic value compared with other
sleep apnea screening instruments.* Second, the
SA-SDQ has not been specifically validated in patients
with asthma. In other primary non-lung disease
patient populations, the SA-SDQ was found to be a
good predictor for OSA on PSG*+7 such that lower
cutoff scores than used herein have been proposed
for use in these patients.*” However, when these lower
cutoff scores were applied to a population of patients
with another chronic lung condition (ie, pulmonary
fibrosis), although a good correlation was noted
between SA-SDQ score and OSA severity, this instru-
ment did not perform as well as** in the original valida-
tion study.! These findings raise the possibility that
the original cutoff scores,' which we used in our
study, may be more appropriate for patients with
lung diseases. Further studies are necessary to vali-
date this scale specifically in patients with asthma. A
third limitation stems from the cross-sectional design,
preventing any conclusion about causality. Although
asthma also may be a risk factor for the development
of OSA,* our data, corroborated by other interven-
tional studies™? along with the magnitude of indepen-
dent effects observed and the plausible mechanistic
basis presented, suggest an effect of OSA on asthma
control. It is also possible that our study population,
which was based in a highly specialized clinic, may
contribute to an underestimation of the true relation-
ship of OSA with asthma control. The nose is the
main breathing route during sleep, and nasal conges-
tion is a well-established risk factor for OSA.% A large
proportion of our study subjects had a history of
rhinitis, with the majority (91%) receiving at least
one treatment at the time of survey. Such a high pro-
portion of treatment use, through its effect, is a likely
explanation for the “protective” association of rhinitis
with asthma control. These observations suggest that
this treatment effect also may have contributed to a
reduction of the true OSA risk in this cohort and per-
haps attenuated the impact of OSA on asthma con-
trol. Group analyses such as ours may not entirely
describe control of asthma in individual patients, such
as those with a poor perception of airway narrowing.
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Therefore, in such patients, using the full-version
ACQ for determining its relationship with OSA risk
may provide the best estimate of asthma control.
Finally, none of the ACQ versions can separate
between nocturnal from daytime asthma control.
Because interventional studies for OSA in asthma
have preferentially selected patients with nocturnal
symptoms,™? the OSA effect specifically on daytime
asthma remains largely unknown. Understanding this
relationship may have important implications on the
mechanisms underlying this interaction and is worthy
of future study.

In summary, this first large study of a population of
well-characterized patients with asthma finds an asso-
ciation of OSA risk with not-well-controlled asthma,
as incorporated in the current guidelines, indepen-
dent of obesity and other recognized asthma aggrava-
tors. These data strengthen the evidence of the role
of OSA in asthma control and suggest that OSA may
prove to be a treatable target in patients affected by
these highly prevalent and interacting conditions.
Prospective studies with objective sleep assessments
are needed if this relationship and its mechanistic
basis are to be better understood.
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