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Study Objectives: Evaluate consequences of intermediate to high risk of undiagnosed obstructive sleep apnea (OSA) among individuals with chronic 
obstructive pulmonary disease (COPD).
Methods: Using data from the Long Term Oxygen Treatment Trial (LOTT), we assessed OSA risk at study entry among patients with COPD. We compared 
outcomes among those at intermediate to high risk (modified STOP-BANG score ≥ 3) relative to low risk (score < 3) for OSA. We compared risk of mortality 
or first hospitalization with proportional hazard models, and incidence of COPD exacerbations using negative binomial regression. We adjusted analyses 
for demographics, body mass index, and comorbidities. Last, we compared St. George Respiratory Questionnaire and Quality of Well-Being Scale results 
between OSA risk groups.
Results: Of the 222 participants studied, 164 (74%) were at intermediate to high risk for OSA based on the modified STOP-BANG score. Relative to the 58 
low-risk individuals, the adjusted hazard ratio of mortality or first hospitalization was 1.61 (95% confidence interval 1.01–2.58) for those at intermediate to high 
risk of OSA. Risk for OSA was also associated with increased frequency of COPD exacerbations (adjusted incidence rate ratio: 1.78, 95% confidence interval 
1.10–2.89). Respiratory symptoms by St. George Respiratory Questionnaire were 5.5 points greater (P = .05), and Quality of Well-Being Scale scores were 
.05 points lower (P < .01) among those at intermediate to high risk for OSA, indicating more severe respiratory symptoms and lower quality of life.
Conclusions: Among individuals with COPD, greater risk for undiagnosed OSA is associated with poor outcomes. Increased recognition and management of 
OSA in this group could improve outcomes.
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INTRODUCTION

As both are relatively common, a convergence of obstructive 
sleep apnea (OSA) and chronic obstructive pulmonary disease 
(COPD) is often present, and individuals in whom both condi-
tions have been diagnosed have greater morbidity and mortal-
ity than with either condition alone.1 These poor outcomes may 
relate to augmentation of poor oxygenation and fragmented 
sleep, as both COPD and untreated OSA have been associ-
ated with sleep-related hypoxemia and resultant increase in 
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pulmonary artery pressures.2–5 Moreover, observational stud-
ies suggest worse quality of life,6,7 increased all-cause mor-
tality, and more frequent exacerbations among patients with 
COPD and OSA overlap when compared to those with COPD 
alone.6–9 Although the prevalence of diagnosed OSA among 
patients with COPD enrolled in the recent Long Term Oxy-
gen Treatment Trial (LOTT) was 22%,10 the true prevalence 
of OSA is likely to be significantly higher. Among a recent 
sample of patients with COPD enrolled in pulmonary reha-
bilitation, 65.9% had at least mild OSA by polysomnography.11 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Among those with chronic obstructive pulmonary disease (COPD) and diagnosed obstructive sleep 
apnea (OSA), a lack of treatment for OSA is associated with poor outcomes. However, the consequences of unrecognized OSA among those with 
COPD is unclear.
Study Impact: The current study finds that most of those sampled with COPD (74%) were at intermediate to high risk of undiagnosed OSA based on 
modified STOP-BANG criteria, and these individuals were also found to have a greater risk of poor outcomes. The results indicate a potentially high 
burden of undiagnosed OSA among those with COPD, and further research will be needed to evaluate the effect of identification and treatment of OSA 
in this population.
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These findings, combined with prior research demonstrating 
that approximately 84% to 93% of patients with moderate to 
severe OSA remain undiagnosed in the general population, 
suggest that many patients with COPD are likely to have undi-
agnosed, and therefore untreated OSA, which may predispose 
these individuals to poor outcomes.11–13 Among these undiag-
nosed individuals, OSA risk can be assessed using risk assess-
ment questionnaires. The STOP-BANG questionnaire is one 
example and consists of eight yes or no questions that can be 
completed quickly.14 A STOP-BANG score of ≥ 3 has a sensi-
tivity of 88% to 93% and specificity of 23% to 43% for moder-
ate to severe OSA in perioperative and general populations,14–17 
and among patients with moderate to severe COPD, had a sen-
sitivity of 80% and specificity of 50%.13

Among individuals with COPD participating in LOTT, we 
sought to estimate the prevalence of OSA in patients at inter-
mediate to high risk, and compare clinical outcomes to those 
at low risk. OSA risk was ascertained using LOTT entry ques-
tionnaire information mapped to components of the STOP-
BANG questionnaire. Our primary outcome was a composite 
of mortality or first hospitalization, which was also the pri-
mary outcome in LOTT.10 We also sought to assess the associa-
tion between OSA risk and frequency of COPD exacerbations 
and quality of life. We hypothesized that intermediate to high 
risk of OSA, as detected by a composite of question responses 
at trial enrollment, would be associated with a combined end-
point of mortality or first hospitalization among patients with 
COPD. We also hypothesized that individuals with a higher 
risk of undiagnosed OSA would have a greater COPD exacer-
bation frequency, and reduced quality of life.

METHODS

This is a secondary analysis of the data collected prospec-
tively from participants in LOTT, a longitudinal random-
ized parallel group trial of supplemental oxygen versus no 
supplemental oxygen among patients with COPD and moder-
ate resting- or exertion-related oxygen desaturation. Greater 
details regarding LOTT are described elsewhere.10 Patients 
were recruited from 47 centers nationwide and were included 
if they had a resting room air oxygen saturation of 89% to 

93% or moderate desaturation with exercise as measured by 
the 6-minute walk test (< 90% for ≥ 10 seconds and ≥ 80% 
for ≥ 5 minutes).

Our exposure of interest was risk of OSA as estimated by 
a risk profile using certain questions that parallel those in the 
STOP-BANG questionnaire.14 Because neck circumference 
was not measured in the LOTT trial, we used the remaining 
seven of the eight STOP-BANG items. However, we still incor-
porated a cutoff of ≥ 3, which would be expected to decrease 
sensitivity relative to the complete instrument. The items used 
in this modified STOP-BANG score and their source in the 
LOTT questionnaire are included in Table 1. The primary out-
come of interest was a composite of death or first hospitaliza-
tion, as was used in the primary analysis of LOTT. Secondary 
outcomes included the individual risk of death or first hospital-
ization, and overall incidence of COPD exacerbations. Finally, 
we sought to assess disease-specific and overall quality of life 
in those at intermediate to high versus low risk of OSA us-
ing the St. George Respiratory Questionnaire and Quality of 
Well-Being Scale at baseline, 1, 2, and 3 years of follow-up. 
Minimum important differences for the St. George Respiratory 
Questionnaire and the Quality of Well-Being Scale are 4 and 
0.03 points, respectively.18–20

Comorbidities were assessed from baseline screening in 
LOTT by patients’ report of diagnoses made by their physi-
cians. For the purposes of our investigation, we included co-
morbidities hypothesized to confound the relationship between 
OSA and death or health care utilization. We included hyper-
tension, coronary artery disease, heart failure, diabetes, and 
stroke.21–24 We defined smoking status as current versus not 
current smoking of tobacco cigarettes. We also accounted for 
use of supplemental oxygen as defined by patient’s random-
ized assignment, no oxygen, 24-hour oxygen use, or oxygen 
use only with exercise and sleep.

Statistical Analyses
The exposure of interest in all analyses was intermediate to 
high risk of OSA as assessed by a score on our modified ver-
sion of the STOP-BANG questionnaire of ≥ 3. We used Cox 
proportional hazard models to assess the association between 
increased risk of OSA and time to first hospital admission or 
death. The proportional hazards assumption was met.25 As a 
secondary analysis, we compared the overall incidence of 
COPD exacerbations, including inpatient and outpatient exac-
erbations between OSA risk groups by negative binomial re-
gression. Overdispersion of counts precluded use of Poisson 
distribution. In all models, to account for confounding by char-
acteristics associated with the exposure of OSA risk and our 
outcomes, we adjusted for age, sex, body mass index (BMI), 
race, oxygen assignment, postbronchodilator forced expiratory 
volume in 1 second (FEV1), and smoking status and the co-
morbidities of hypertension, coronary artery disease, diabetes 
mellitus, heart failure, and stroke. We also assessed interac-
tions between each covariate and the primary exposure. We 
assessed differences between OSA risk groups in Quality of 
Well-Being Scale and St. George Respiratory Questionnaire at 
baseline and 1, 2, and 3 years of follow-up with unpaired t tests 
assuming unequal variances. All analyses were performed 

Table 1—Definitions used in assessment of OSA risk.
STOP-BANG Item Data Source
S. Snoring PSQI questionnaire
T. Tired ESS score ≥ 10
O. Observed apneas PSQI questionnaire
P. Hypertension Baseline medical history
B. BMI > 35 kg/m2 Baseline biometrics
A. Age greater than 50 Baseline demographics
N. Neck size Not assessed
G. Male sex Baseline demographics

BMI = body mass index, ESS = Epworth Sleepiness Scale, 
OSA = obstructive sleep apnea, PSQI = Pittsburgh Sleep Quality Index.
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with the STATA statistical package (version 14.0; StataCorp 
LLC, College Station, Texas, United States).

RESULTS

Of the 738 patients included in LOTT, 305 had bed partners 
available to answer questions from the Pittsburgh Sleep Quality 
Index pertaining to snoring and witnessed apneas, and there-
fore ascertainment of the modified STOP-BANG score was 
limited to these individuals. Of the 305 participants, 83 had pre-
viously diagnosed OSA at baseline, and therefore 222 patients 
were included in our analytic dataset. Of these 222 patients, 164 
(74%) had an intermediate to high risk of OSA (modified STOP-
BANG ≥ 3). As expected based on the elements of the modified 
STOP-BANG instrument, those at intermediate to high risk for 
OSA were more likely to be men (89.6% versus 55.2%), have 
a higher BMI (28.2 kg/m2 versus 26.2 kg/m2), have hyperten-
sion (69.5% versus 19.0%), report excessive daytime sleepiness 
(18.9% versus 3.5%), bed partner acknowledgement of disrup-
tive snoring (64.0% versus 5.2%), and observed apneas (39.6% 
versus 0%). More details regarding baseline characteristics and 
comorbidities are included in Table 2.

Overall, there was a statistically significant difference in the 
composite outcome of death or first hospitalization between 
groups with 73% (n = 119) of the intermediate to high-risk and 
62% (n = 36) of low-risk individuals experiencing the composite 

outcome (adjusted hazard ratio [HR] 1.61, 95% confidence inter-
val [CI] 1.01–2.58, P = .044). An unadjusted Kaplan-Meier curve 
is presented in Figure 1. However, intermediate to high risk of 
OSA was not significantly associated with the outcomes sepa-
rately (death, HR 1.21, 95% CI 0.47–3.10; hospital admission, 
HR 1.49, 95% CI 0.93–2.41, Table 3). With regard to secondary 
outcomes, individuals at intermediate to high risk of OSA had a 
greater frequency of exacerbations with an incidence rate ratio 

Figure 1—Kaplan-Meier curve of hospitalization-free 
survival by OSA risk level.

P value from log-rank test. OSA = obstructive sleep apnea.

Table 2—Baseline characteristics of cohort.
Low Risk of OSA (n = 58) Intermediate to High Risk of OSA (n = 164) P

Age (years) 69.6 (7.8) 68.8 (7.0) .51
Male sex (%) 32 (55.2) 147 (89.6)  < .01
BMI (kg/m2) 26.2 (4.5) 28.2 (5.5) .01
Non-Caucasian (%) 3 (5.2) 14 (8.5) .41
Currently smoking (%) 12 (20.7) 34 (20.7) 1.00
Comorbidities (%)

Coronary disease 12 (20.7) 51 (31.1) .13
Heart failure 1 (1.7) 13 (7.9) .10
Stroke 2 (3.5) 14 (8.5) .20
Hypertension 11 (19.0) 114 (69.5)  < .01

Resting room air saturation (%) 93.4 (2.2) 93.3 (1.8) .56
Oxygen randomization .31

No oxygen 26 (44.8) 80 (48.8)
Oxygen 24 hours 16 (27.6) 54 (32.9)
Oxygen with sleep and exercise 16 (27.6) 30 (18.3)

% snoring 3 (5.2) 105 (64.0)  < .01
% witnessed apneas 0 (0) 65 (39.6)  < .01
% excessive daytime sleepiness 2 (3.5) 31 (18.9)  < .01
Severity of airflow obstruction .51

≥ 80% predicted 2 (3.5) 4 (2.4)
50% to 79.9% predicted 22 (37.9) 46 (28.1)
30% to 49.9% predicted 26 (44.8) 88 (53.7)
< 30% predicted 8 (13.8) 26 (15.9)

BMI = body mass index, OSA = obstructive sleep apnea.
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(IRR) of 1.78 (95% CI 1.10–2.89) relative to those at low risk 
for OSA. Broken down further, this increased risk for COPD 
exacerbations was statistically significant for outpatient exac-
erbations (IRR 1.80, 95% CI 1.07–3.02), but not for exacerba-
tions requiring hospital admission (IRR 1.90, 95% CI 0.94–3.83; 
Figure 2). No evidence of effect modification was observed be-
tween OSA risk and any of the covariates in either model.

Concurrent with the aforementioned findings, disease-spe-
cific limitations were associated with overall lower quality of 
life among those at intermediate to high risk of OSA. St. George 
Respiratory Questionnaire scores were 5.5 points higher 
among those intermediate to high risk for OSA (P = .046), 

and scores for the Quality of Well-Being Scale were .05 points 
lower (P = .009). These differences relative to scores of patients 
at low risk for OSA were meaningful and significantly different 
at baseline, and this significant difference persisted for both 
measures at 12 months. However, differences between groups 
were no longer significantly different by 36 months (Figure 3).

DISCUSSION

Among patients with COPD and a moderate degree of oxygen 
desaturation at rest or with exertion, we found intermediate 

Table 3—Primary endpoint of death or first hospitalization by OSA risk group category.
Low Risk of OSA (n = 58) Intermediate to High Risk of OSA (n = 164)

Primary Outcome
Person-years at risk 123.9 319.7
Number of events 36.0 119.0

Unadjusted HR 1.32 (0.91–1.91)
Adjusted HR 1.61 (1.01–2.58)

Component Outcomes
Death
Person-years at risk 208.6 587.2
Number of deaths 9.0 35.0

Unadjusted HR 1.37 (0.66–2.85)
Adjusted HR 1.21 (0.47–3.10)

First Hospitalizations
Person-years at risk 123.9 319.7
Number of first hospitalizations 35.0 109.0

Unadjusted HR 1.24 (0.84–1.81)
Adjusted HR 1.49 (0.93–2.41)

HR obtained from Cox proportional hazard models. HR adjusted for age, sex, body mass index, race, oxygen treatment, post-bronchodilator FEV1, smoking 
status, hypertension, heart failure, coronary artery disease, diabetes mellitus, and stroke. HR with P < .05 in bold. FEV1 = forced expiratory volume in 1 
second, HR = hazard ratio, OSA = obstructive sleep apnea.

Figure 2—Incidence rate of exacerbations for those at intermediate to high risk for OSA relative to low-risk individuals.

Incidence rate ratios and 95% confidence intervals from negative binomial regression of exacerbation counts. HR adjusted for age, sex, body mass index, 
race, oxygen treatment, post-bronchodilator FEV1, smoking status, hypertension, heart failure, coronary artery disease, diabetes mellitus, and stroke. 
FEV1 = forced expiratory volume in 1 second, HR = hazard ratio, OSA = obstructive sleep apnea.
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to high risk of OSA to be associated with greater risk of the 
composite outcome of death or hospitalization. These partici-
pants also experienced a higher incidence of COPD exacer-
bations and had lower condition- specific and general quality 
of life. Collectively, our results suggest those with COPD at 
higher risk for unrecognized OSA are also more likely to have 
poor outcomes.

Our findings also indicate that clinical indicators for OSA 
are common among those with COPD but without a diagnosis 
of OSA. Using the specificity of STOP-BANG among patients 
with COPD found by Soler et al. (50%), 82 of 164 patients at 
intermediate to high risk in our sample would be expected to 
have OSA.13 Even using the most conservative estimate of the 
full STOP-BANG’s specificity for OSA in the more general 
population, 23%,17 38 of the 164 patients at intermediate to 
high risk would be expected to have OSA. This conservative 
estimate would increase the estimated minimum prevalence of 
diagnosed OSA from 83 of 305 (27.2%) to 121 of 305 (39.7%). 
Given the paucity of patients in the community who are asked 
at all about sleep-related symptoms,26 this degree of underdi-
agnosis is not surprising. Furthermore, it is worth noting that 
our findings regarding OSA risk among patients with COPD 
may be underestimated, as an exclusion for entry into LOTT 
was severe excessive daytime sleepiness (Epworth Sleepiness 
Scale score > 15).

Our results showing worse outcomes among those at in-
creased risk for undiagnosed OSA are consistent with prior 
reports of patients with overlapping OSA and COPD that 
demonstrated reduced mortality, exacerbations, and hospital-
izations among patients adherent to OSA therapy.9,27 Further-
more, a recent large study involving administrative claims 
data showed a substantial reduction in hospitalization rates 
in patients following initiation of positive airway pressure 
therapy (PAP).28 A major strength of our study is avoidance of 
the healthy user effect.29 Prior work assessing risk of untreated 
OSA in COPD has relied on assessments of PAP use versus 
non-use, for which the healthy user effect is a major concern; 
the patients capable of using continuous PAP are likely health-
ier than nonusers.9 The mechanism of poor outcomes associ-
ated with overlapping OSA and COPD is unclear, but potential 
explanations may include greater nocturnal hypoxemia, right 
heart strain, and increased airway inflammation related to su-
perimposed OSA.2,30–32

Our study has several limitations. First, although the fo-
cus on those at higher risk of undiagnosed OSA allows us to 
avoid the healthy user bias in assessing the risk of untreated 
OSA, only a portion of the intermediate to high risk group 
actually has OSA.14,15,17 This misclassification would tend to 
underestimate the true effect of OSA in this setting and bias 
toward null findings. Furthermore, at the standard cutoff score 
of ≥ 3,15,33 our modified version of the STOP-BANG would be 
expected to be less sensitive than the standard instrument. For 
instance, our definition of “tired” uses an Epworth Sleepiness 
Scale score ≥ 10, which would be expected to be less sensitive 
than the standard item, a single yes-no item assessing patient’s 
perspective of feeling tired or sleepy.14 Similarly, missing neck 
circumference would limit the ability of some truly high-risk 
individuals to be classified as likely to have intermediate to 

high risk of OSA. For instance, a man with hypertension and a 
large neck circumference but no other STOP-BANG risk fac-
tors would be classified as intermediate to high risk on the for-
mal STOP-BANG but would be low-risk on our version. This 
misclassification of intermediate to high risk individuals as low 
risk would also bias our results toward the null. It is also worth 
mentioning that given our small cohort size of 222, we may 
have been underpowered to detect differences in the separate 
endpoints of mortality and hospitalization, and due to attrition 
of patients completing questionnaires by 36 months (n = 123), 
we may also have been underpowered to detect longer-term 
differences in quality of life. Furthermore, it is possible that 
OSA risk status shifted for individuals over time due to weight 
changes; this potential crossover would also be expected to bias 
our results toward the null. Finally, although we attempted to 

Figure 3—Quality of life and disease-specific impairment 
at baseline and over time in groups at low and intermediate 
to high risk of OSA.

* = P < .05 according to unpaired t test assuming unequal variances. 
The number of respondents for low risk individuals was 58 at baseline, 
53 at 12 months, 44 at 24 months, and 34 at 36 months, whereas the 
number of respondents for intermediate to high risk individuals was 164 
at baseline, 139 at 12 months, 109 at 24 months, and 89 at 36 months. 
Error bars refer to the standard error of each measure. OSA = obstructive 
sleep apnea.
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account for confounding between OSA risk and our outcomes 
of interest, patients with elevated risk for OSA may have had 
adverse health behaviors such as unreported smoking or medi-
cation non-adherence that contributed to residual confounding. 
Balancing these potential limitations are this study’s strengths, 
which include rigorous data collection in LOTT, strong quality 
assurance procedures, and a diverse population spread across 
multiple centers.

The current study shows that many individuals with COPD 
and a moderate degree of hypoxemia are at increased risk for 
OSA, and demonstrates poor outcomes and a trend toward 
long-term reduced quality of life among these individuals. 
This study underscores the importance of OSA recognition 
and management among patients with COPD. Although ran-
domized trials are necessary to fully elucidate the benefits of 
OSA identification and management in COPD, we suggest that 
providers evaluate for OSA symptoms and risk in patients with 
COPD to facilitate OSA therapy among affected patients.

ABBRE VI ATIONS

BMI, body mass index
COPD, chronic obstructive pulmonary disease
FEV1, forced expiratory volume in 1 second
LOTT, Long Term Oxygen Treatment Trial
OSA, obstructive sleep apnea
PAP, positive airway pressure
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