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Background: Chronic obstructive pulmonary disease (COPD) and obstructive sleep apnea (OSA) are common diseases affecting
millions worldwide. These two diseases have a complex relationship that is not well understood. Previous small studies suggest an
inverse relationship of disease severity of OSA with COPD airflow obstruction.

Objective: The aim of this study was to determine if a relationship exists between severity of airflow obstruction in COPD and
severity of OSA via apnea hypopnea index obtained during an in-lab baseline polysomnogram using a large quaternary care center
cohort.

Methods: From November 2015 through December 2018, 273 patients with confirmed COPD via spirometry and OSA via in-lab
baseline polysomnogram were included.

Conclusion: No associations were noted between severity of airflow obstruction in COPD and disease severity of OSA. Given the
heterogeneity of these diseases, further exploration of a relationship within disease subtypes is warranted.
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Introduction

Chronic obstructive pulmonary disease (COPD) and obstructive sleep apnea (OSA) are among the most common
respiratory disorders worldwide, affecting over 16 million and 28 million US adults, respectively.' * The presence of
COPD and OSA in the same patient is coined COPD/OSA Overlap Syndrome. The basic understanding of an interaction
between these two diseases results from the Sleep Heart Health Study. This study demonstrated persons with both
disorders have greater nocturnal oxygen desaturations than those with either disorder alone when utilizing a cohort of
patients with mild COPD, as defined by spirometry.” Patients with both COPD and OSA are at higher risk for hospital
admissions and readmissions, and have higher mortality than patients with COPD or OSA alone.®’ Longitudinal studies
of patients with COPD/OSA overlap demonstrate a higher likelihood of recurrent exacerbations and hospitalizations in
those patients non-compliant with continuous positive airway pressure therapy.®’ Characterizing the overall association
between COPD and OSA is challenging and studies provide conflicting results.'

In a small sample of the general population, frequency of COPD in patient with OSA was equal to that in the general
population, with comorbid COPD and OSA demonstrating a more severe course.® A large community study utilizing home
sleep apnea testing (HSAT) data noted an incremental influence of lung function (by spirometry) on all-cause mortality was
less with increasing sleep disordered breathing severity.” Findings have also varied based on the COPD airflow obstruction
severity, by spirometry. In an analysis of the Sleep Heart Health Study patients, those with mild COPD, defined by spirometry
of forced expiratory volume in 1 second over forced vital capacity less than 70% (FEV/FVC <70%) had minimally altered
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sleep and no association with OSA.> Sleep disordered breathing was noted to be highly prevalent (65.9% of study participants)
in patients with moderate to severe COPD in another small sample.'® A small sample of only veterans with COPD considered
present by spirometry and OSA by polysomnography (PSG), no direct relation between COPD and OSA was noted."'

The impact these two diseases have on patients can be profound. Patients with COPD/OSA overlap syndrome are at
risk for nocturnal desaturations and complications (pulmonary hypertension, right-sided heart failure, heart rhythm
abnormalities, carbon dioxide retention, and death).'*'* Patients with COPD have twice the odds of screening positive
for OSA."> Co-existing cardiovascular conditions are commonly present in overlap syndrome, and are the leading cause
of death in these patients.'? Previous research suggests the prevalence of OSA increases with COPD airflow obstruction
severity.™'" All previous studies of the relationship of COPD and OSA have utilized homogenous populations, eg, mild
COPD, veterans, or HSAT. A large heterogenous population has yet to be utilized to explore this relationship. The aim of
this study was to evaluate the relationship between airflow obstruction severity of COPD based on Global Initiative for
Obstructive Lung Disease (GOLD) classification for COPD of FEV,/FVC <70% and forced expiratory volume in
1 second (FEV1) and disease severity of OSA based on apnea hypopnea index (AHI) in a heterogenous population at
a quaternary-level academic medical center.

Methods
Study Design and Data Collection

An observational retrospective chart analysis of adult patients receiving baseline PSG from December 2015 through
November 2018 was performed. Patients were identified to have both COPD and OSA with International classification of
disease (ICD) 10 codes. Asthma patients were not included in this study unless they had a concurrent diagnosis of COPD, nor
inhaler regimen of COPD. We considered COPD to be present with spirometry demonstrating an FEV/FVC <70%, and
severity of COPD based on FEV1% predicted. We did not utilize post-bronchodilator data, only pre-bronchodilator data, as
recommended for gold standard diagnosis of COPD. Patients were included in the study if they had a baseline in-lab PSG
with apnea-hypopnea index (AHI) >5 and spirometry performed within the same calendar year, confirmed by chart review.
Only in-lab polysomnography was utilized in this study given it is the gold standard for diagnosis of OSA and is
recommended for diagnosis of OSA in patients with COPD. If multiple spirometry tests existed within the calendar year
of the baseline PSG used in our study, the spirometry performed closest in date to the baseline PSG was utilized for this study.

Baseline demographics, health status, comorbid health conditions, and health-care system utilization were also
collected. COPD severity was classified using GOLD classification: very severe COPD defined as FEV<30%, severe
COPD 50%> FEV > 30%, moderate COPD 80%> FEV,> 50%, and mild COPD FEV > 80%. Patients with (FEV/FVC)
ratio of less than <70%, yet FEV;>100 were defined as variant. Sleep medicine clinic notes written during the study dates
of interest and documented in the electronic medical record were reviewed to determine continuous positive airway
pressure (CPAP) compliance. Patients were noted to meet CPAP compliance if CPAP was worn for greater than 70% of
nights and greater than 4 hours each night, as noted on CPAP download documented in the electronic medical record
patient chart. Severity of OSA was determined based on American Academy of Sleep Medicine guidelines with severe
OSA corresponding with an apnea-hypopnea index (AHI) > 30, Moderate OSA demonstrated by 15< AHI <30, and Mild
OSA determined by 5 < AHI < 15. The number of hospitalizations, emergency department visits, and clinic visits with
pulmonology or sleep medicine within the same calendar year were collected.

Charts were reviewed by three reviewers (M.B., M.E., and N.S.) and adjudicated (by N.S). Informed consent for
research from study participants was obtained through health-care system interaction. Guidelines outlined through
Declaration of Helsinki were followed. This study was reviewed and approved by the University of Nebraska Medical
Center Institutional Review Board, Omaha, Nebraska, USA.

Data Analysis

Descriptive statistics were used to describe patient-level characteristics. Due to positive skew of the data, AHI was log
transformed. Due logs transform of AHI, Pearson correlation was used to assess for an association between FEV,
severity and log AHI. Linear regression was used to assess the association between FEV, and log AHI, while adjusting
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for relevant variables: sex, age, race, BMI, coronary artery disease (CAD), congestive heart failure (CHF), and atrial
fibrillation (A fib). Separate logistic regressions were used to assess associations between FEV, or log AHI and the
outcomes of at least one readmission within one year of sleep study (versus none), at least one emergency department
visit (versus none), and PAP compliance as documented in the electronic medical record (yes versus no), while adjusting
for sex, age, race, and BMI. All analyses were performed using SAS software version 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results
Between December 2015 and November 2018, 316 patients underwent PSG and were identified with ICD codes to have
concomitant COPD with FEV1/FVC <70%. Of the patients identified with concomitant COPD and OSA, 273 patients
had FEV/FVC compatible with COPD. Many patients were female (n = 157, 58%), Caucasian (n = 215, 79.0%), with
a mean age of 65.2 years (SD: 10.7) (Table 1). Within a year after their sleep study, over a third of patients had at least
one hospitalization (n = 105, 38.5%), and over half had at least one emergency department visit (n = 139, 50.9%).
Over half had moderate COPD (n = 138, 50.6%), while one-fifth had mild or severe COPD (n = 55, 20.2%; n = 47,
17.2%, respectively (Table 2)). Few had either very severe COPD (n = 7, 2.6%) or an FEV, - 100 (n = 26, 9.5%). OSA
severity was nearly represented equally across all three severity groups: mild (n = 96, 35.2%), moderate (n = 74, 27.1%),
and severe (n = 103, 37.7%) (Table 2).
No significant correlation between severities of COPD (ie, FEV ) and OSA (ie, log of AHI) (r =—-0.04, p = 0.51) was
noted; this corresponds to a non-significant decrease of 0.002 (95% CI: —0.006, 0.003) in log AHI for every one unit

Table | Sample Demographics and Clinical Characteristics

Demographics and Clinical N (%)
Characteristics

Sample Total 273
Age (M+SD) 65.2 £ 10.7
Sex

Male 116 (42.5)

Female 157 (57.5)
Ethnicity

Non-Hispanic White 215 (79.0)

Other 57 (21.0)
Body Mass Index (BMI)

Underweight/normal <24.9 28 (10.4)

Overweight 25-29.9 60 (22.2)

Obese 30-39.9 63 (23.3)

Morbid obese > 40 119 (44.1)
Smoking Status

Current Smoker 65 (23.8)

Former Smoker 165 (60.4)

Never Smoker 43 (15.8)
PAP Compliance

No 128 (46.9)

Yes 145 (53.1)
Coronary Artery Disease

No 184 (67.4)

Yes 89 (32.6)
Congestive Heart Failure

No 186 (68.1)

Yes 87 (31.9)

(Continued)
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Table | (Continued).

Demographics and Clinical N (%)
Characteristics
Diabetes Mellitus
No 163 (59.7)
Yes 110 (40.3)
Hypertension
No 72 (26.4)
Yes 201 (73.6)
Chronic Kidney Disease
No 208 (76.5)
Yes 64 (23.5)
Atrial Fibrillation
No 212 (77.7)
Yes 61 (22.3)
Oxygen Dependent
No 200 (73.3)
Yes 73 (26.7)

Table 2 COPD Degree of Airflow Obstruction (Severity) and OSA

Severity

Disease Severity N (%)

COPD FEVI (% predicted)
Very Severe: FEV1<30% 7 (2.6)
Severe: 50%> FEVI> 30% 47 (17.2)
Moderate: 80%> FEVI> 138 (50.6)
50%
Mild: FEVI> 80% 55 (20.2)
Variant FEV1>100 26 (9.5)

OSA apnea hypopnea index (AHI)
Severe: AHI > 30 103 (37.7)
Moderate: 15< AHI <30 74 (27.1)
Mild: 5 < AHI < |5 96 (35.2)

Abbreviations: FEVI, forced expiratory volume in | second; AHI, apnea hypopnea index.

increase in FEV, (unadjusted model). This is lack of relationship between FEV| and log AHI in the unadjusted model is
seen in Figure 1. Even after adjusting for potential confounders age, sex, race, BMI, CAD, CHF, and atrial fibrillation,
the association between FEV, and log AHI remained not statistically significant (model adjusted coefficient for FEV1
where log AHI is the outcome: 0.000, 95% CI: —0.004, 0.005, p = 0.84), which indicates an estimated change of 0.000 in
log AHI for every one unit increase in FEV, see Table 3. CPAP compliance with compliance as a binary variable was
assessed. Fewer than half of patients were on continuous oxygen, while oxygen burden via oxygen disturbance index was
not reported.

Discussion

In this study, we sought to evaluate the relationship of airflow obstruction seen in COPD and severity of OSA using via
AHI in patients who have both documented COPD airflow obstruction on PFTs and documented OSA on in-lab
polysomnography in the largest heterogenous cohort published to date. In addition, we utilized a heterogenous cohort
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Figure | Unadjusted model with log AHI as outcome.

of patients from a quaternary care academic medical center who had both documented OSA via baseline in-lab
polysomnography and COPD with airflow obstruction via spirometry. Although our sample was heterogenous across
airflow obstruction severities, over two-thirds of patients had mild or moderate obstruction, which is unusual in most
large samples of patients with COPD, which trend towards moderate to severe. The prevalence of COPD and OSA was
higher in women than in men in our cohort, which could be due to regional gender differences. We did not find
a significant relationship between severity of airflow obstruction in COPD and severity of obstructive sleep apnea. Since
fewer than half of patients were on continuous oxygen, it is challenging to make associations regarding oxygen burden.
In addition, oxygen disturbance index was not available nor reported. Moreover, our cohort had an increased prevalence
of HTN, however fewer than half had diabetes, coronary heart disease, congestive heart failure, or chronic kidney
disease, all of which are unusual in a cohort of patients with comorbid COPD/OSA.
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Table 3 Regression Model

Log AHI Linear Model Estimate | 95% Confidence Interval | P-value
for Estimate

FEVI 0.000 —0.004 0.005 0.84

Age 0.005 —0.005 0.015 0.35

Sex Female —0.360 —0.564 —0.157 0.001
Male Reference

BMI 0.031 0.021 0.042 | <0.0001

Race Other —0.036 —-0.279 0.208 0.77
Non-Hispanic White Reference

CAD Yes —0.288 —0.505 —0.071 0.01
No Reference

CHF Yes 0.047 —-0.170 0.265 0.67
No Reference

A Fib Yes 0.255 0.006 0.504 0.04
No Reference

Abbreviations: AHI, apnea hypopnea index; BMI, body mass index; CAD, coronary artery disease; CHF, congestive heart failure;
A fib, atrial fibrillation.

These findings increase the questions surrounding the comorbid relationship between COPD and OSA. Although
previous work evaluating whether a relationship exists between the severity of airflow obstruction in COPD and apnea
hypopnea index has suggested an inverse relationship, our study is in opposition to this, warranting further research in
this area. Given the heterogeneity of COPD across subtypes as well as the heterogeneity across obstructive sleep apnea
subtypes, it may prove challenging to collectively address this question utilizing small homogenous cohorts. Within small
homogenous cohorts’ conclusions such as an inverse relationship with disease severity may be plausible. For instance,
within COPD there are several different subtypes (eg, emphysematous, bronchitic, combined pulmonary fibrosis and
emphysema), with varying management options and these phenotypes may ultimately behave differently when it comes
to airflow obstruction seen in patients with OSA. In addition, Krachman et al demonstrated amongst 51 smokers with
moderately severe COPD (average FEV1 58% predicted) that an increase in emphysema by chest tomography correlated
with a decrease in AHI on polysomnography.'®

This lack of association found between severity of OSA and severity of airflow obstruction in COPD stands in
opposition to the previously proposed positive association of these disease severities.” ' Small studies evaluating airway
collapsibility during sleep in patients with COPD suggest these patients have a less collapsible airway and increased
expiratory time, increasing the risk of dynamic hyperinflation,'” however in this study, severity of airflow obstruction is
averaged across participants. The large cohort utilized in this study also varies from typical cohort studies in COPD
which generally are male prevalence predominate.

The question of the directionality and degree of relationship between severity of airflow obstruction in COPD and
severity of obstructive sleep apnea remains. This uncertainty regarding directionality of the relationship of severity does
not change current practice, however, should influence future research in this area, and whether certain phenotypes of
COPD and OSA patients could have a directional relationship. Clinically, hospitalized patients with COPD are at twice
the risk of screening positive for OSA.'® Early detection and treatment of OSA in hospitalized COPD patients can
decrease hospital readmissions.'® Furthermore, increased severity of COPD with undiagnosed OSA has demonstrated
increased odds for hospital readmission.'® The implications of our findings of a lack of association with disease severity
warrant further exploration due to the potential impact this would have on overlap syndrome disease screening,
treatment, and health system management.

While it is known that comorbid COPD/OSA overlap disease leads to increased morbidity, mortality, and health-care
use, we did not directly evaluate co-morbid COPD/OSA since the aim of our study was to evaluate the severity of airflow

obstruction and severity of OSA on each other. Many of the patients in this study had mild or moderate COPD, which
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may have influenced the lack of association with OSA severity. In addition, the use of ICD codes to screen for eligibility
is imperfect as administrative data commonly under and over-diagnose,?*' however we utilized ICD for screening only,
and confirmed with spirometry and polysomnogram. We used broad definitions of COPD without delineating subtypes
(eg, emphysematous versus chronic bronchitic).?*** Subtypes of OSA also exist, such as the “excessively sleepy”
subtype, and those with co-morbid insomnia, however these subtypes were outside the scope of this study. Fewer than
half of patients were on continuous oxygen, while oxygen burden via oxygen disturbance index was not reported, nor
was oxygen burden assessed otherwise. In addition, slightly more than half of patients in our population were compliant
with CPAP, which could potentially impact the results.***> A significant number of patients in this cohort had heart
failure (32%), atrial fibrillation (22%), or coronary artery disease (33%), which are strongly associated with sleep
disordered breathing, and could be viewed as limiting generalizability, however, adds to the understanding of the
association of heart disease and sleep apnea.

While this is the largest study to date exploring the association of airflow obstruction in COPD and severity of OSA
in a heterogenous population, the heterogeneity across these two disease spectrums may make associations difficult.

It is possible amongst subtypes of COPD and severity of COPD there is an association with OSA. Likewise, there is
no disputing patients with COPD/OSA overlap are at an increased risk for morbidity and mortality, however the
underlying causal mechanism and subtype analyses are lacking in this area. Heterogeneity of OSA management can
depend on apnea-hypopnea severity, increased sleep fragmentation, or presence of comorbid insomnia, and management
of each can vary.

Future evaluation of the degree of heterogeneity within COPD as it relates to OSA is recommended, as the significance of
a COPD subtype in relation to OSA severity is unknown. COPD exacerbations and the role they play in hospital admissions
were not explored in this cohort, however, would be an important next step to consider. COPD and OSA are common
conditions with a complex relationship that is not well understood. Treatment of each should include reciprocal screening for
the other. Further exploration of the relationship severity is warranted which may guide targeted therapeutics.

Conclusions

There is significant heterogeneity amongst patients with COPD as well as within OSA. We performed the largest to date
evaluation of the association between COPD airflow obstruction and OSA severity in patients with comorbid disease and
no significant association was found, even after adjusting for demographic and clinical characteristics. Further evaluation
should delve into these associations within each disease subtype.

Abbreviations

COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; PSG, polysomnography; FEV1/FVC,
forced expiratory volume in one second/ forced vital capacity; AHI, apnea hypopnea index; GOLD, Global Initiative for
Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in one second; CPAP, continuous positive airway
pressure; BMI, body mass index; ED, emergency department; PAP, positive airway pressure; A fib, atrial fibrillation.
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