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Abstract

Rationale: The SubPopulations and InteRmediate Outcome Measures in COPD Study (SPIROMICYS) is a prospective cohort study that
enrolled 2981 participants with the goal of identifying new chronic obstructive pulmonary disease (COPD) subgroups and intermediate
markers of disease progression. Individuals with COPD and obstructive sleep apnea (OSA) experience impaired quality of life and more
frequent exacerbations. COPD severity also associates with computed tomography scan-based emphysema and alterations in airway
dimensions.

Objectives: The objective was to determine whether the combination of lung function and structure influences the risk of OSA among
current and former smokers.

Methods: Using 2 OSA risk scores, the Berlin Sleep Questionnaire (BSQ), and the DOISNORES0 (Diseases, Observed apnea, Insomnia,
Snoring, Neck circumference > 18 inches, Obesity with body mass index [BMI] >32, R=are you male, Excessive daytime sleepiness, 50=age
=50) (DIS), 1767 current and former smokers were evaluated for an association of Iung structure and function with OSA risk.

Measurements and Main Results: The study cohort's mean age was 63 years, BMI was 28 kg/m?2, and forced expiratory volume in 1
second (FEV1) was 74.8% predicted. The majority were male (55%), White (77%), former smokers (59%), and had COPD (63%). A high-
risk OSA score was reported in 36% and 61% using DIS and BSQ respectively. There was a 9% increased odds of a high-risk DIS score
(odds ratio [OR]=1.09, 95% confidence interval [CI]:1.03—1.14) and nominally increased odds of a high-risk BSQ score for every 10%
decrease in FEV1 %predicted (OR=1.04, 95%CI: 0.998-1.09). Lung function-OSA risk associations persisted after additionally adjusting
for lung structure measurements (%emphysema, %air trapping, parametric response mapping for functional small airways disease, , mean
segmental wall area, tracheal %wall area, dysanapsis) for DIS (OR=1.12, 95%CIL:1.03-1.22) and BSQ (OR=1.09, 95%CL:1.01-1.18).

Conclusions: Lower lung function independently associates with having high risk for OSA in current and former smokers. Lung
structural elements, especially dysanapsis, functional small airways disease, and tracheal %wall area strengthened the effects on OSA risk.
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Introduction

Current and former smokers with preserved lung function
may have respiratory symptoms, sleep disorders including
obstructive sleep apnea (OSA), and decreased quality of
life.13 Individuals with chronic obstructive pulmonary
disease (COPD) and OSA experience impaired quality of life,
more frequent respiratory exacerbations,%> and increased
risk of mortality if not treated with continuous positive
airway pressure (CPAP), compared to those with COPD
alone. Those with COPD and OSA also have evidence of
increased airway wall thickness and increased airway wall
thickness has separately been associated with increased
risk for respiratory symptoms and exacerbations.”8
While informative, the existing literature is limited by the
lack of sleep-related questionnaires in combination with
quantitative computed tomography (CT) scan parameters
among people with COPD or current and former smokers.

While the combination of COPD and OSA is associated
with adverse effects, worse lung function (lower forced
expiratory volume in 1 second [FEV1] percentage predicted
[%pred]) is associated with a better measure of OSA
severity, specifically a lower apnea-hypopnea index (AHI).?
A potential mechanism for this beneficial association might
be that individuals with advanced COPD have increased
lung volumes due to air trapping and hyperinflation which
provides tension that opens and stabilizes the upper airways.
This mechanism is supported by CT-based studies of lung
structure showing that in smokers with OSA, increased
emphysema and air trapping are associated with a lower
AHI10 Dysanapsis is a CT scan-based structural measure of
the mismatch between airway tree caliber to lung size that
if low, is a known risk factor for COPD progression that
might contribute to OSA risk and severity among those with
heavier smoking histories and COPD.11

While OSA is typically diagnosed with a polysomnogram
(PSG) in COPD, those who need to have a sleep study are
often identified with office questionnaires. The Berlin
Sleep Questionnaire (BSQ) is a commonly used predictive
tool and has 85%-96% positive predictive value (PPV) in a
sleep clinic populationl2 that has not been validated in a
population of current and former smokers. A newer tool,
the DOISNORESO (Diseases, Observed apnea, Insomnia,
Snoring, Neck circumference >18 inches, Obesity with
body mass index [BMI] >32, R=are you male, Excessive
daytime sleepiness, 50=age >50) (DIS) tested as a patient-
administered questionnaire has a PPV of 84% in a sleep
clinic population that considers additional factors not
included in the BSQ, specifically comorbid cardiovascular
disease, age, gender, and neck circumference.13.14 DIS
has also been associated with increased odds of inpatient
medical emergency team activation among those at risk for
OSA admitted to the hospitall* and may give additional
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insight into why some people with or at risk for OSA have
more adverse effects than others.

We hypothesize that the combination of lung function
and lung structure influences the risk of sleep apnea among
current and former smokers who have COPD or individuals
with a prior heavy smoking history. To test this hypothesis,
we evaluated how lung function and different CT-based
lung structure measures associate with risk of OSA using
2 methods, the BSQ and the DIS, to identify those at risk.
The DIS was used as it includes additional comorbidities that
largely exist in this population and may differentially identify
those at risk for OSA compared to the BSQ. Understanding
associations between lung function, structure, and risk
of OSA would provide evidence supporting the early
recognition of concomitant COPD and OSA to improve
outcomes. Further, identifying whether the newer DIS shows
different associations than the established BSQ will help
determine which questionnaire to use.

Methods

The Subpopulations and Intermediate Outcome
Measures in COPD Study (SPIROMICS) is a prospective,
multicenter cohort study that enrolled 2981 participants
aged 40-80 years old across 4 strata (never users of
cigarettes [<1 pack years], current or ex-users [>20
pack years] without airway obstruction as defined by
FEV1 to forced vital capacity (FVC) ratio=0.70, mild-to-moderate
COPD, and severe COPD based on Global initiative for
chronic Obstructive Lung Disease [GOLD] spirometric
grades) 15 with goals of identifying new COPD subgroups
and intermediate markers of disease progression.l6
Spirometry was performed following American
Thoracic Society recommendations1” and lung CT scans
were performed across sites based on a prespecified
protocol.18 Cross-sectional analyses were performed
with the 1767 participants who were current or former
users of cigarettes with available OSA scoring variables,
lung function, CT scan, and covariate data.

OSA risk was evaluated through the BSQ
administered during the baseline clinic visit and the
calculated DIS.13 The BSQ includes questions in 3
categories: snoring, excessive daytime sleepiness, and
hypertension/obesity. Having at least 2 of 3 categories
scored positive on the BSQ was considered high-risk for
OSA. The DIS was not administered during SPIROMICS,
however, analogous collected information on several
questionnaires that were administered as part of
SPIROMICS was used to calculate the score. The DIS
calculation has been previously validated against PSG14
and included: a history of atrial fibrillation, stroke,
hypertension, observed apnea, insomnia, snoring, neck
circumference (>18 inches in males and >17 inches
in females), obesity (BMI>32kg/m?2), male gender,
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excessive daytime sleepiness, and age =50 years. The DIS
was dichotomized with a score of =6 indicating a high
risk of having OSA. Parameters used in the DIS were
determined based on association with a PSG result in
the initial validation work.14 Neither the BSQ nor the
DIS are validated in specific COPD populations. Work is
ongoing to validate the DIS in the COPD population. We
used the BSQ and the DIS to evaluate findings across 2
validated measures of OSA risk.

Continuous variables for the COPD Assessment Test
(CAT)1? and the St George’s Respiratory Questionnaire
(SGRQ)20 were evaluated using linear regression
models. Annualized rates of exacerbations requiring
treatment (antibiotics and/or corticosteroids prescribed
by a health care provider) and severe exacerbations
(exacerbations requiring an emergency department visit
or hospitalization) were assessed using zero-inflated
negative binomial models.2l The OSA risk scores were
the primary predictors and were evaluated individually
in models of COPD severity that included standard
covariates: age, sex, current smoking status, and smoking
pack years.

Linear regression models were fit for each lung
structure measure with OSA risk as the primary
predictor. Lung structure measures included functional
small airways disease (% parametric response mapping
for functional small airways disease [PRMfSAD])22; air
trapping (% <-856 Hounsfield units [HU] at residual
volume); emphysema (% <-950 HU at total lung capacity);
and airway dimensions2?3 including tracheal wall area,
mean wall area percentage of the segmental airways
(%airway wall area), and dysanapsis (1-SD change).l1
Additional covariates of CT scanner model, BMI, height,
and study site were included in lung structure models.
Models were performed with and without FEV1 %pred.

Due to the strong effect of FEV1 %pred on OSA risk
and lung structure, logistic regression models for OSA
risk were first fit with FEV1 %pred as the main predictor
of interest, and then further adjusted for each of the lung
structure measures individually. Finally, a multivariable
logistic regression model was fit including covariates
listed above with FEV1 %pred, air trapping, emphysema,
PRMISAD | dysanapsis, and airway dimensions. Analyses
were performed using SAS version 9.4 (SAS Institute Inc,
Cary, North Carolina).

Results

The study cohort had a mean age of 63 years (standard
deviation [SD] 8.9). The majority were male (55%), the
mean BMI was 28 kg/m2 (SD 5.2), and the mean neck
circumference was 40.3 cm (SD 3.8) in men and 34.9 cm
(SD 4.0) in women. The cohort consisted of current (41%)
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and former (59%) smokers with a mean smoking history of
48.5 pack years (SD 27.1) and a history of atrial fibrillation,
hypertension, and stroke in 11%, 46%, and 5% of the cohort,
respectively. The mean postbronchodilator FEV1 was 74.8%
predicted (SD 26.3) and 63% had airflow obstruction, 68%
of mild-to-moderate severity based on GOLD criteria.15

The mean DIS score in SPIROMICS participants was
5.0 (SD 1.6). A high-risk OSA score was reported in 36%
and 61% of participants using the DIS (=6) and the BSQ
(=2 positive categories), respectively. Participants with a
high risk of OSA measured by the DIS were more frequently
male, had an older age, higher BMI, and a larger neck
circumference when compared to low risk (Table 1). High-
risk individuals were more likely to be former cigarette users
but had a higher pack-year smoking history. Participants
with a high risk of OSA were more likely to have airflow
obstruction and had a lower FEV1 %pred, despite having
lower percentage emphysema on a CT scan. Those with high-
risk OSA scores had thicker airways with greater tracheal
wall and airway wall areas when compared to those with
lower-risk scores.

Of those with high-risk DIS scores, 87% were high-
risk on the BSQ. Conversely, only 52% of those with high-
risk BSQ scores had high-risk DIS scores. This discordance
between the DIS compared to the BSQ (Kappa 0.36 [95%
CIL: 0.32, 0.40]) was primarily due to the inclusion of male
sex and history of stroke or hypertension (see Table Al in
the online supplement). Since male sex accounted for high-
risk DIS scores, we report participant characteristics by sex
in the overall cohort in Table A2 in the online supplement.
Men were older than women, less likely to be currently
smoking, and had a higher pack-year smoking history. Men
also reported fewer symptoms based on the CAT score, fewer
exacerbations, better SGRQ scores, greater air trapping,
emphysema, and functional small airways disease compared
to women while women had thicker tracheal walls (Table
A2 in the online supplement).

As expected, based on prior literature, having a high-
risk OSA score was adversely associated with FEVi %
pred, mean CAT, SGRQ scores, and exacerbation rates in
unadjusted and adjusted models (Figure 1). Those with
high risk of OSA scores based on the DIS showed increased
air trapping (estimate 0.25, 95% CI: 0.03, 0.47), tracheal
wall area (estimate 0.51, 95% confidence interval [CI]:
0.16, 0.86), airway wall arca (estimate 0.40, 95% CIL: 0.08,
0.71), PRMISAD (estimate 0.23, 95% CI: 0.04, 0.41), and
decreased dysanapsis (estimate -0.1195, 95% CI: -0.2222,
-0.0168) compared to those with a low risk. There was no
association between a DIS high risk of OSA and emphysema.
Those with a high-risk OSA BSQ score had an increased
average %tracheal wall area (estimate 0.46, 95% CI: 0.14,
0.79), however, they had no significant association with air
trapping, emphysema, airway wall area, or PRMfSAD, There
were no associations with a high risk of OSA using either
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score when stratified by GOLD grades (data not shown).15
Because of the known strong association between lung
structure measures on CT and lung function,® we added
FEV1 %pred to the models. We found that the association
between a high-risk OSA score, based on both the DIS
(estimate 0.43, 95% CIL: 0.08, 0.78) and the BSQ (estimate
0.41, 95% CI: 0.09, 0.73), and %tracheal wall area was the
only lung structural association to remain significant after
adjustment for lung function.

Because we found that FEV1 strongly attenuated the
association between OSA and CT measures, further analysis
targeted the association between FEV1 %pred and having
a high risk for OSA. There was a 9% increased odds of a
high-risk DIS score (OR 1.09, 95% CI: 1.03, 1.14) and a
nominally increased odds of a high-risk BSQ score for every
10% decrease in FEV1 %pred (OR 1.04, 95% CI: 0.998,
1.09).

To understand how CT-based measures of lung
structure may change the association between high risk
for OSA and FEV1 %pred these covariates were added to
the regression model. Lung function-OSA risk associations
persisted and were strengthened after additionally adjusting
for lung structure measurements when determined using
both the DIS (OR 1.12, 95% CI: 1.03, 1.22) and the BSQ
(OR 1.09, 95% CI: 1.01, 1.18) (Figure 2).

Discussion

Our integrative study of OSA risk scores, comprehensive
COPD outcomes, and CT lung structure in the SPIROMICS
cohort provides confirmatory evidence of the deleterious
associations between OSA risk and multiple clinical and
physiologic measures of COPD severity while providing
novel insights into the interplay between lung structure
measures and OSA risk that related to measures of COPD.
We found that individuals with high-risk OSA scores had
lower lung function, and thicker upper and lower airways.
However, we found that lung function strongly attenuated
the effects of most lung structure measures on OSA risk
with the exception of %tracheal wall area.

The incidence of OSA in those with COPD has been
reported to be between 14%-66% based on severity of
obstructive ventilatory defect.6:2425 Individuals with both
COPD and OSA have more respiratory symptoms and
exacerbations as well as poorer quality of life.#> While
having lung disecase measured by a decrease in lung function
(FEV1) is a known risk factor for having OSA,® what had
remained largely unknown was the contributions of lung
structure on risk of OSA and its deleterious impact on COPD
severity, independent of lung function impairment.

In line with previous reports,526 we demonstrate
that individuals at high risk for OSA who previously used or
are currently smoking tobacco with more than a 20 pack-year
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Table 1. Descriptive Statistics of Analysis Population

Variable? Overall Study Population  DOISNORES0 Score>6 = DOISNORE50 Score <6 p-value®
(n=1767) (n=642) (n=1125)

Age (years) 1767 62.9(8.9) 642 64.3(7.9) 1125 62.0(9.2) <.001
Gender [Male] (%) 1767 973 (55.1%) 642 477 (74.3%) 1125 496 (44.1%) <.001
Race 0.014

White (%) 1767 1370 (77.5%) 642 516 (80.4%) 1125 854 (75.9%)

Black (%) 1767 314 (17.8%) 642 92 (14.3%) 1125 222 (19.7%)

Other (%) 1767 83 (4.7%) 642 34 (5.3%) 1125 49 (4.4%)
Ethnicity [Hispanic] (%) 1766 81 (4.6%) 642 35 (5.5%) 1124 46 (4.1%) 0.189
BMI 1767 28.1(5.2) 642 31.1(4.9) 1125 26.5 (4.6) <.001
Height (cm) 1767 170.2 (9.6) 642 1729 (9.1) 1125 168.7 (9.5) <.001
Neck Circumference (cm)

Male 973 40.3 (3.8) 477 42.0 (3.8) 496 38.6 (3.0) <.001

Female 794 34.9 (4.0) 165 37.7 (3.6) 629 34.1(3.7) <.001
Current Smoking (%) 1767 730 (41.3%) 642 226 (35.2%) 1125 504 (44.8%) <.001
Pack Years Smoking 1767 48.5(27.1) 642 51.7 (28.6) 1125 46.8 (26.1) <.001
History of Stroke (%) 1766 81 (4.6%) 641 46 (7.2%) 1125 35 (3.1%) <.001
History of Hypertension (%) 1767 811 (45.9%) 642 482 (75.1%) 1125 329 (29.2%) <.001
History of Palpitations, irregular heartbeat (%) 1766 200 (11.3%) 641 98 (15.3%) 1125 102 (9.1%) <.001
BSQ Apnea Risk [High Risk] (%) 1767 1070 (60.6%) 642 557 (86.8%) 1125 513 (45.6%) <.001
DOISNORES50 Score 1767 5.0 (1.6) 642 6.6 (0.8) 1125 4.0 (1.0) --
% Predicted Prebronchodilator FEV, 1767 68.1(26.8) 642 65.7 (25.1) 1125 69.4 (27.6) 0.004
% Predicted Postbronchodilator FEV4 1767 74.8 (26.3) 642 72.3 (24.6) 1125 76.2 (27.2) 0.002
% Predicted Prebronchodilator FVC 1767 86.0 (19.6) 642 83.3(18.8) 1125 87.6 (20.0) <.001
% Predicted Postbronchodilator FVC 1767 91.9 (18.1) 642 89.2 (17.3) 1125 93.4 (18.4) <.001
Prebronchodilator FEV4/FVC 1767 0.6(0.2) 642 0.6(0.2) 1125 0.6 (0.2) 0.246
Postbronchodilator FEV4/FVC 1767 0.6(0.2) 642 0.6(0.2) 1125 0.6 (0.2) 0.138
GOLD Stage COPD Severity 0.002

No airflow limitation 1767 648 (36.7%) 642 203 (31.6%) 1125 445 (39.6%)

GOLD 1: Mild 1767 256 (14.5%) 642 95 (14.8%) 1125 161 (14.3%)

GOLD 2: Moderate 1767 504 (28.5%) 642 215(33.5%) 1125 289 (25.7%)

GOLD 3: Severe 1767 261 (14.8%) 642 98 (15.3%) 1125 163 (14.5%)

GOLD 4: Very Severe 1767 98 (5.5%) 642 31 (4.8%) 1125 67 (6.0%)
CAT Score 1687 13.9(8.2) 620 16.1(8.1) 1067 12.7 (8.0) <.001
SGRQ Score 1624 32.8 (20.4) 595 38.3(20.2) 1029 29.5(19.8) <.001
Annualized Rate of HCU/Drug Exacerbations 1716 0.4(0.7) 628 0.4 (0.8) 1088 0.3(0.7) 0.054
Annualized Rate of Severe Exacerbations 1716 0.1(0.4) 628 0.2 (0.5) 1088 0.1(0.4) 0.065
Low Attenuation Areas on Full-Lung CT

Percentage below and including -856 Hounsfield units at RV 1755 23.7(21.4) 639 22.3(19.8) 1116 24.4(22.2) 0.042

Percentage below and including -950 Hounsfield units at TLC 1756 7.7(10.2) 640 6.6 (8.8) 116 8.3(10.9) <.001
Airway Dimensions

Trachea Lumen Area (mm?) 1756 275.1(75.4) 641 284.8(75.2) 115 269.5 (74.9) <.001

Trachea Wall Area (mm?) 1756 181.7 (35.5) 641 192.9 (35.4) 115 175.2 (34.0) <.001

Trachea Percentage Wall Area 1756 40.2 (3.3) 641 40.8 (3.3) 1115 39.9(3.3) <.001

Mean Segmental Lumen Area (mm?) 1756 24.5(74) 640 249 (6.7) 116 24.3(1.7) 0.088

Mean Segmental Wall Area (mm?) 1758 34.4(6.2) 641 36.0 (6.0) 117 33.4(6.1) <.001

Mean Segmental Percentage Wall Area 1758 60.3 (2.9) 641 60.9 (2.8) 117 59.9 (2.9) <.001
PRMSAD (ratio of voxels fSAD to the total voxels in the lung) 1588 19.7 (15.2) 579 19.6 (14.9) 1009 19.8 (15.4) 0.757
Dysanapsis (airway to lung ratio) 1755 0.031(0.004) 640 0.031(0.004) 1115 0.031(0.004) 0993

8\/alues are mean (SD) except as stated;
bP-value for 2 sample t-test assuming unequal variances when mean (standard deviation) is presented or for Pearson chi-square test for categorical variables.

BMI=body mass index; BSQ=Berlin Sleep Questionnaire; FEV1=forced expiratory volume in 1 second; FVC=forced vital capacity; GOLD=Global initiative for chronic Obstructive Lung Disease; COPD=chronic
obstructive pulmonary disease; CAT=COPD Assessment Test; SGRQ=St George’s Respiratory Questionnaire; HCU=health care utilization; CT=computed tomography; RV=residual volume; TLC=total lung capacity;
PRMSAD=parametric response mapping for functional small airways disease; SD=standard deviation
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Figure 1. Forest Plot of COPD Outcomes by Obstructive Sleep Apnea High Risk Versus Low
Risk Unadjusted and Adjusted for Percentage Predicted Postbronchodilator Forced Expiratory
Volume in 1 Second

Unadjusted Adjusted
Est (95% CI) Est (95% CI)
CAT Score 4.70 (3.90, 5.50) o 4.38 (3.66, 5.10) o
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Severe Exacerbations 1.26 (0.99, 1.60) } * i 1.36 (1.07, 1.74) I * i
1.37 (1.08, 1.74) } . | 1.55(1.22,1.97) } . |
T T T T T T T
1 1.2 1.4 1.6 1 12 1.4 1.6 1.8
Rate Ratios (95% Confidence Interval) Rate Ratios (95% Confidence Interval)

—@—— DOISNORES50 High Risk - --@-- BSQ Apnea High Risk

COPD=chronic obstructive pulmonary disease; Cl=confidence interval; CAT=COPD Assessment Test; SGRQ=St George’s Respiratory Questionnaire; BSQ=Berlin Sleep Questionnaire

Figure 2. Forest Plot for Effect of a 10-Unit Decrease in Percentage Predicted
Postbronchodilator Forced Expiratory Volume in 1 Second on Odds of Obstructive Sleep
Apnea High Risk
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history experienced increased symptoms, impaired respiratory
quality of life, and an increased frequency of exacerbations.
Hence, while we were unable to confirm a diagnosis of
OSA using PSG in these participants, we were indeed able
to recapitulate the adverse effects of being at risk for OSA
on COPD outcomes using 2 different OSA risk measures.
It has been reported that those with severe emphysema
have a less severe AHI?10 which may be why OSA is largely
unrecognized in this population. Consistent with prior
reports, we found that those at high risk for OSA had lower
measures of quantitative emphysema on CT scan, however,
severity of OSA based on the AHI was lacking. Further, it is
hypothesized that individuals with increased air trapping
and hyperinflation may experience a protective effect on the
AHI due to pull on the upper airway allowing maintained
patency. Contrary to this hypothesis, we showed that those
with increased air trapping were at high risk for OSA. This
may, in part, be due to the low overall median %air trapping
in this cohort which may not translate to hyperinflation and
the theoretic protective effect.

The novelty of this study is that we were able to identify
those at high risk for OSA using 2 scores which were then
applied to integrative approaches focused on determining
the contribution of lung function and lung structure on
determining OSA risk. For the DIS, every 10% decrease in
FEV1 was associated with a 9% increased odds of having a
high-risk OSA score, and that association was even stronger
when lung structural measures were applied to the model
with a 12% increased odds of high-risk DIS. Hence, having
incremental impairments in lung function is independently
associated with being at high risk for OSA in these current
and former heavy users of cigarettes. This effect persisted by
degree of dysanapsis, emphysema, air trapping, functional
small airways disease, and tracheal wall area despite their
individual structural effects on OSA risk. Of these, only
tracheal wall area remained associated with being at high
risk for OSA when lung function was considered in our
models. Increased trachea wall area may be due to smooth
muscle hypertrophy or tissue fibrosis and remodeling in
the setting of chronic inflammation due to smoking, COPD,
and potentially intermittent hypoxia. The tracheal changes
seen here may be a correlate to a similar phenomenon of
remodeling and thickening of the upper airway which is
known to be associated with obstructive sleep apnea.2?

The associations differed between the OSA risk score
estimates, as evident by the stronger lung function and
structural associations found for the DIS compared to the
BSQ. It is important to note that although designed to identify
OSA, sleep questionnaires also identify other breathing-
related sleep disorders, some unique to those with COPD.
Hence, the notable difference here could be related to the
presence of multiple nocturnal arousals and comorbidities.
The addition of sex to the score was a likely driver in the
differences of OSA risk estimated between the 2 scores
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as men have a higher risk for OSA28 and often greater
smoking histories compared to women.2? In this study,
those at high risk for OSA based on the DIS had a higher
pack-year smoking history which may have contributed to
the extent of lung structural abnormalities. The inclusion
of age, sex, neck circumference, and comorbidities in the
DIS score also led to fewer participants being considered
at high risk for OSA compared to the BSQ. We included
sex and pack-year smoking histories into our models to
address their individual impacts on OSA and COPD risk and
severity. Atrial fibrillation and stroke are comorbidities that
were considered on the DIS but not the BSQ; however, both
questionnaires included hypertension, but compared to the
self-reported data in the BSQ, the DIS used data extracted
from the SPIROMICS database.

The more stringent criteria for being at high risk for
OSA using the DIS might have allowed the identification
of stronger lung function and structural associations with
OSA risk compared to the broader and more inclusive
BSQ. This highlights the need to develop OSA predictive
tools specific to individuals with heavy smoking histories,
those with COPD, or at risk for developing COPD. This is of
particular importance as those with respiratory symptoms
and frequent exacerbations related to COPD may receive
focused care based on cough and dyspnea rather than
sleep habits, leading to the underrecognition of OSA in this
important at-risk group.

Limitations of this study include the lack of PSG to
confirm the diagnosis and provide the type and severity
of sleep apnea, lack of adjustment for the use of sedating
medications, and the post hoc calculation of the DIS score.
This cohort has known cardiac comorbidities that may have
a component of central sleep apnea. Lack of PSG does not
allow for an understanding of how central versus obstructive
sleep apnea, as well as severity of disease, may alter the
associations identified in this study. However, regardless
of PSG-confirmed OSA, it is important to properly identify
those at risk for OSA so that providers are not under or
over-ordering a test that is cumbersome, time-consuming,
and expensive to perform. Strengths of this study are the
comprehensively characterized cohort of individuals with
a prior or current history of heavy smoking with available
spirometry and CT scans assessed for 2 different OSA risk
scores.

We were able to demonstrate the strong association
between lung function impairment and being at high
risk for OSA, independent of lung structure while also
demonstrating for the first time the contribution of lung
structure measures, of which tracheal wall area impacts
risk, independent of lung function. Our findings suggest
that both lung function and structure contribute to the risk
of OSA in those with heavy smoking histories and COPD
and that the early recognition and treatment of OSA could
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have a beneficial impact on COPD-related symptoms,
exacerbations, quality of life, and mortality.
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