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SLEEP-DISORDERED BREATHING

Sleep Apnea and Obstructive Airway Disease in Older Men: Outcomes of 
Sleep Disorders in Older Men Study
Ying Y. Zhao, MD, MPH1; Terri Blackwell, MA2; Kristine E. Ensrud, MD, MPH3; Katie L. Stone, PhD2; Theodore A. Omachi, MD4; Susan Redline, MD, MPH1; 
for the Osteoporotic Fractures in Men (MrOS) Study Group
1Division of Sleep and Circadian Disorders, Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, MA; 2California Pacific Medical Center 
Research Institute, San Francisco, CA; 3Department of Medicine and Division of Epidemiology & Community Health, University of Minnesota, Center for Chronic Disease 
Outcomes Research, Veterans Affairs Medical Center, Minneapolis, MN; 4San Francisco Sleep Disorders Center, Division of Pulmonary, Critical Care, & Sleep Medicine, 
University of California, San Francisco, CA

Study Objectives: To evaluate the association between obstructive airway disease (OAD) and sleep apnea in older men.
Methods: A community-based cross-sectional study of 853 community-dwelling older men (mean age 80.7 ± 4.1 years [range 73 to 90]) across 6 centers 
in the United States from the Outcomes of Sleep Disorders in Older Men Study.Sleep was objectively measured using full in-home polysomnography and 
lung function was objectively measured using spirometry. The association of OAD (pre-bronchodilator FEV1/FVC ratio < 0.7 and FEV1 < 80% predicted) 
and sleep apnea (apnea-hypopnea index [AHI] ≥ 15 events/hour) was assessed using logistic regression.
Results: OAD and sleep apnea were identified in 111 (13.0%) and 247 (29.0%) men, respectively. In univariate analysis, participants with OAD had 
a lower AHI (mean ± SD; 8.7 ± 11.7 vs. 12.7 ± 13.8, P = 0.0009) and a lower prevalence of sleep apnea (14.4 vs. 31.1%, P = 0.0003) compared to 
participants without OAD. OAD remained independently associated with a lower odds of sleep apnea (odds ratio 0.30, 95% CI 0.16 to 0.55, P = 0.0001) 
after adjustment for demographics, body composition, smoking, and potential mediators (arousal index, time spent in rapid eye movement sleep). 
Individuals with OAD and sleep apnea (n = 16) had an increased arousal index and lower oxygen saturation level as compared to individuals with OAD 
alone (P values < 0.05).
Conclusions: Obstructive airway disease was associated with a lower prevalence of sleep apnea in a cohort of community-dwelling elderly men, and 
unexplained by differences in adiposity or sleep architecture. Although uncommon in this cohort, coexisting sleep apnea and OAD was associated with 
increased sleep fragmentation and nocturnal oxygen desaturation compared to OAD alone.
Keywords: obstructive sleep apnea, obstructive airway disease, aging, sleep quality, overlap syndrome
Citation: Zhao YY, Blackwell T, Ensrud KE, Stone KL, Omachi TA, Redline S, Osteoporotic Fractures in Men (MrOS) Study Group. Sleep apnea and 
obstructive airway disease in older men: outcomes of sleep disorders in older men study. SLEEP 2016;39(7):1343–1351.

INTRODUCTION
Sleep apnea and obstructive airway disease (OAD) are both 
highly prevalent conditions. Recent literature estimates that 
sleep apnea affects approximately 27% of men and 9% of women, 
while OAD (both asthma and chronic obstructive pulmonary 
disease [COPD]) affects approximately 20% of the general pop-
ulation, with increased prevalence of airflow obstruction seen in 
the elderly and in males.1–5

Several studies have shown a high prevalence of sleep apnea 
among patients with COPD.6,7 Similarly, an increased preva-
lence of sleep apnea has been reported among individuals with 
asthma, with the prevalence of sleep apnea increasing with 
greater asthma severity.8 In addition, sleep apnea has also been 
associated with poorly controlled asthma and frequent asthma 
exacerbations.9 However, these studies were limited by rela-
tively small sample size and were subject to potential selection 
bias. In contrast, authors from the Sleep Heart Health Study 
(SHHS) found that the median apnea-hypopnea index (AHI) 
was lower in participants with OAD, and that these associations 
were present across all categories of body mass index (BMI).10

OAD and sleep apnea each has been associated with al-
tered sleep architecture, poor sleep quality, and nocturnal 
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Significance
Although both sleep apnea and obstructive airway disease are common in community-dwelling elderly men, coexisting sleep apnea and obstructive 
airway disease is uncommon, and thus this study does not support use of obstructive airway disease as a trigger for initiating specific screening for 
sleep apnea. Obstructive airway disease is associated with a lower odds of sleep apnea, independent of antropometric characteristics. Future research 
is needed to identify the mechanisms for a protective association between obstructive airway disease and sleep apnea, which may include lung 
hyperinflation and altered respiratory arousability.

hypoxemia.11,12 Thus, patients with both conditions may have 
more disturbed sleep and more severe nocturnal hypoxemia, 
and may be at an increased risk for the development of adverse 
cardiovascular disease such as pulmonary hypertension, heart 
failure, cardiac arrhythmias, and even death compared to pa-
tients with either condition alone.13

Given the high prevalence of both OAD and sleep apnea in 
the elderly population, and the potential for increased adverse 
outcomes in individuals with both conditions, further research 
is needed to help understand the association between OAD and 
sleep apnea. The objectives of our study are (1) to characterize 
and quantify the association between OAD and sleep apnea in a 
large cohort of community-dwelling older men, (2) to determine 
the prevalence of concomitant sleep apnea and OAD in this pop-
ulation, (3) to characterize and compare sleep architecture and 
quality in participants with and without OAD, and (4) to explore 
whether sleep quality mediates the association between OAD 
and sleep apnea.

METHODS
A detailed description of the methodology is provided in the 
supplemental material.
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Participants and Study Design
The study sample was derived from the Outcomes of Sleep 
Disorders in Older Men (MrOS Sleep) Study, an ancillary 
study of the prospective, multicenter Osteoporotic Fractures 
in Men Study (MrOS).14,15 Between November 2009 and 
March 2012, 853 participants from 6 U.S. centers underwent 
spirometry and polysomnography (PSG) and were included 
in the current analysis (Figure 1). The mean number of days 
between spirometry and PSG was 5.5 ± 9.8 days, with 77% 
of participants completing their spirometry within 1 week of 
the PSG. Study protocols were approved by the institutional 
review board at each site, and all participants provided written 
informed consent.

Polysomnography and Spirometry
Details regarding MrOS PSG methodology have been pub-
lished.16,17 Briefly, in-home 13-channel portable PSG (Safiro; 
Compumedics, Inc., Melbourne, Australia) were completed 
and centrally scored at the Sleep Reading Center (Boston, 
MA) by trained research polysomnologists. Spirometry was 
performed using a SensorMedics model 1022 dry-rolling seal 
volume spirometer (SensorMedics; Yorba Linda, CA) and cen-
trally reviewed at the Reading Center (Boston, MA). Testing 
and interpretation were performed according to American 
Thoracic Society recommendations.18 The largest forced expi-
ratory volume in one second (FEV1) and forced vital capacity 
(FVC) values were selected from an acceptable curve.

OAD Predictor
OAD was defined using the National Clinical Guidance Centre 
(NICE) criteria (pre-bronchodilator FEV1/FVC ratio < 0.70 
and FEV1 < 80% predicted) using National Health and Nutri-
tion Examination Survey (NHANES) reference equations.19,20 
Additional analyses were conducted using the “fixed ratio” cri-
teria of FEV1/FVC < 0.70 and the Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) criteria (FEV1/FVC < 0.70: 
mild if FEV1 ≥ 80% predicted, moderate to very severe if 
FEV1 < 80% predicted).21 Sensitivity analysis was performed 
using a ratio of FEV1/FVC < 0.65 given potential misclassifica-
tion in the elderly when a higher threshold is used.22

Outcome Measures
Sleep apnea was defined by an AHI ≥ 15 events/h, which is 
the number of all apneas (episodes of absent or nearly absent 
airflow for ≥ 10 s) and hypopneas (≥ 30% reduction in ampli-
tude of either respiratory effort or airflow with ≥ 4% oxygen 
desaturation) that occurred per hour of sleep. An AHI cutoff of 
15 was chosen as older individuals present an increase in the 
number of age-related respiratory events during sleep.23 Respi-
ratory events and arousals were scored according to published 
criteria.24 Baseline demographics including smoking status 
and clinical history were extracted from self-administered 
questionnaires. A score > 10 on the Epworth Sleepiness Scale 
indicated excessive daytime sleepiness,25 and a score > 5 on 
the Pittsburgh Sleep Quality Index indicated poor sleep.26 BMI 
was calculated as kg/m2.

Statistical Analysis
Between-group comparisons were made using χ2 tests for cat-
egorical variables, and t-tests or Wilcoxon rank-sum tests for 
continuous variables depending on distribution. Logistic re-
gression models were used to assess the association between 
OAD and the outcome of sleep apnea, adjusting for age, race, 
study site, BMI and neck circumference, smoking status, 
and potential mediators (arousal index and percent of sleep 
time spent in REM) in successive models. Linear regression 
models using the same covariates were used to examine the 
association of OAD and a number of sleep-related outcomes 
including AHI, REM AHI, and percent of sleep times with 
SpO2 < 90%. Sensitivity analysis was performed excluding 
participants with self-reported asthma. Exploratory analyses 
were also performed to evaluate the association between 

Figure 1—Flow diagram of patient recruitment from the initial 
Osteoporotic Fractures in Men (MrOS) Study, to the ancillary Outcomes 
of Sleep Disorders in Older Men (MrOS Sleep) Study, to the current 
study cohort. FEV1, forced expiratory volume in one second.
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categories of self-reported OAD and sleep apnea. Odds ratios 
(ORs) or adjusted means with 95% confidence intervals (CI) 
are presented. Two-tailed P values < 0.05 were considered 
significant. Analyses were performed using SAS version 9.4 
(SAS Institute, Inc., Cary, NC).

RESULTS

Population Characteristics
Approximately 13% of the entire cohort had OAD as de-
fined by criteria from the NICE guideline, 29% of the co-
hort had sleep apnea as defined by an AHI ≥ 15, and 1.9% of 
participants had coexisting OAD and sleep apnea (Table 1). 
Baseline characteristics by GOLD OAD stage is shown in 
Table S1 (supplemental material). Individuals with and without 
OAD did not differ by age, race, or BMI. However, those with 
OAD had larger waist and neck circumferences than those 
without OAD. Participants with self-reported chronic bron-
chitis, emphysema, or COPD (but not asthma) were more likely 
to be past or current smokers.

Compared to participants without OAD, those with OAD 
spent slightly less time in REM sleep. Time spent in other 
stages of sleep and measures of sleep quality were similar 
between the two groups (Table 1). A similar proportion of 
participants in both groups reported poor sleep quality and ex-
cessive daytime sleepiness, as assessed by the Pittsburgh Sleep 
Quality Index and the Epworth Sleepiness Scale, respectively.

Compared to participants with AHI < 15, those with 
AHI ≥ 15 had greater adiposity and had generally worse 
sleep quality with reduced total sleep time, sleep efficiency, 
slow wave and REM sleep, and increased arousal index (see 
Table S2, supplemental material). Participants with sleep apnea 
also had a lower prevalence of never smoking, lower preva-
lence of self-reported asthma, and a higher FEV1/FVC ratio.

Sleep architecture and nocturnal oxygen saturation (SpO2) 
were similar between participants with coexisting sleep apnea 
and OAD and those with only sleep apnea (Table 2). However, 
compared to participants without sleep apnea (either with or 
without OAD), participants with both sleep apnea and OAD 
had significantly higher arousal index, spent more time in 
stage 1 sleep and less time in REM sleep, and spent a greater 
proportion of the night with SpO2 less than 90% (Table 2). 
Similarly, participants with both OAD and sleep apnea (n = 16) 
had higher arousal index (mean ± SD 32.7 ± 15 vs. 23.4 ± 12.7, 
P = 0.0038), spent more time in stage 1 sleep (median [IQR] 
13.5 [9.4, 28.6] vs. 9.9 [6.4, 15.6], P = 0.0230) and less time in 
REM sleep (mean ± SD 14.3 ± 8.3 vs. 19.5 ± 7.1, P = 0.004), and 
spent a greater proportion of the night with SpO2 less than 90% 
(median [IQR] 8.5 [3.7, 24.6] vs. 0.75 [0.0, 4.2], P < 0.0001) 
compared to the rest of the participants.

Using the “fixed-ratio” criterion of FEV1/FVC < 0.7, the 
prevalence of OAD in our study cohort was 42.2%, with 249 
(29.2%), 97 (11.4%), and 14 (1.6%) having mild, moderate, and 
severe obstructive disease by GOLD criteria, respectively.26,32

Association between OAD and Sleep Apnea
In univariate analysis, mean AHI was significantly lower in par-
ticipants with OAD than without OAD (Table 1). Participants 

with self-reported asthma also had a lower mean AHI than 
those without self-reported asthma (8 vs. 13, P = 0.0026). 
OAD was associated with a lower unadjusted odds of sleep 
apnea compared to non-OAD (OR 0.37, 95% CI 0.22 to 0.65) 
with only 16 (14.4%) participants in the OAD group having 
an AHI ≥ 15 compared to 231 (31.1%) in the non-OAD group 
(P = 0.0003). No significant differences in mean REM AHI, 
percent of sleep time with SpO2 less than 90%, mean SpO2 in 
REM and NREM sleep were noted between OAD and non-
OAD groups. Participants in the OAD group also had shorter 
mean apnea and hypopnea lengths than those without OAD.

After adjusting for multiple potential confounders including 
adiposity and sleep architecture, OAD remained indepen-
dently associated with a lower odds of sleep apnea (OR 0.30, 
95% CI, 0.16–0.55, P = 0.0001) (Table 3). Inclusion of the 
baseline SpO2 as a covariate did not change our results (data 
not shown). Using two alternative definitions of OAD (FEV1/
FVC ratio < 0.7 and GOLD), we found that those with mod-
erate to severe obstructive disease by GOLD criteria had the 
lowest odds for sleep apnea (Figure 2). Similar association 
between OAD and sleep apnea was found using a FEV1/FVC 
ratio < 0.65 as cutoff for OAD. The association between OAD 
and sleep apnea was also consistent across all categories of 
self-reported OAD (see Table S3, supplemental material). Sen-
sitivity analyses conducted using extrapolated values of FEV1 
% predicted for those 90 years of age or older (n = 32) did 
not change results (data not shown). Exclusion of participants 
with self-reported asthma (n = 61) also did not change our main 
findings (data not shown).

Table 4 shows the association between OAD and several 
sleep variables. In adjusted models, compared to participants 
in the non-OAD group, those in the OAD group had a signifi-
cantly lower mean AHI and REM AHI after adjusting for po-
tential confounders. Participants in the OAD group also had 
shorter mean apnea and hypopnea lengths, and lower arousal 
index compared to participants in the non-OAD group. After 
excluding subjects with self-reported asthma, the adjusted dif-
ference in REM AHI between participants with and without 
OAD was no longer significant (data not shown).

DISCUSSION
In this large community-based study of elderly men evaluated 
with standardized PSG and spirometry, we found that OAD and 
sleep apnea were both prevalent conditions, but were uncom-
monly observed together. Approximately 13% had OAD (FEV1/
FVC < 0.7 and FEV1 < 80% predicted) and 29% had moderate 
to severe sleep apnea (AHI ≥ 15). Sleep apnea was observed 
in 14.4% of participants with OAD, and coexisting sleep apnea 
and OAD was found in only 1.9% of the entire cohort. OAD 
was associated with a lower prevalence of sleep apnea in mul-
tivariable analysis, and this relationship was consistent using 
different definitions of OAD and across different types of OAD. 
Sleep architecture and quality were similar between OAD and 
non-OAD groups, as were self-reported sleep quality and day-
time sleepiness. However, although uncommon in this cohort, 
participants with both sleep apnea and OAD had worse sleep 
quality and greater nocturnal oxygen desaturation compared 
to participants with only OAD or those with neither condition. 
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Our data do not support OAD as a significant risk factor for 
sleep apnea, but rather indicate that among elderly men, OAD 
is associated with a reduced prevalence of sleep apnea.

There have been conflicting data in the literature regarding 
the prevalence of sleep apnea in patients with OAD. Several 

earlier reports of increased prevalence of sleep apnea in OAD 
patients may be limited by the small size of the studies, selec-
tion bias, and use of self-reported diagnosis in the estimation 
of prevalence.6–8 Our study found that overlapping OAD and 
sleep apnea was present in 1.9% of the study population. It is 

Table 1—Baseline characteristics of the study population by presence of obstructive airway disease.

No OAD (n = 742) OAD (n = 111) P value
Demographics

Age, years
Mean ± SD
Range

80.6 ± 4.2
73–90

80.9 ± 3.9
74–89

0.5901

Race, n (%)
Caucasian
African American
Asian
Hispanic/Other

646 (87.1)
25 (3.4)
38 (5.1)
33 (4.5)

94 (84.7)
8 (7.2)
3 (2.7)
6 (5.4)

0.1641

BMI, kg/m2 26.8 ± 3.7 27.2 ± 4.5 0.4387
Waist circumference, cm 99.9 ± 10.4 102.5 ± 11.5 0.0179
Neck circumference, cm 38.7 ± 2.7 39.6 ± 3.2 0.007
Smoking status, n (%)

Never 374 (50.5) 32 (28.8)  < 0.0001
Past 359 (48.5) 75 (67.6)
Current 8 (1.1) 4 (3.6)

Self-reported asthma, n (%) 35 (4.7) 26 (23.4)  < 0.0001
Self-reported obstructive lung disease (COPD, bronchitis, or emphysema), n (%) 52 (7.5) 27 (28.1)  < 0.0001
Pittsburgh Sleep Quality Index > 5, n (%) 303 (40.9) 54 (49.1) 0.1039
Epworth Sleepiness Scale > 10, n (%) 131 (17.7) 24 (21.6) 0.3121

Spirometry Measures
FEV1/FVC, % 72.5 ± 7.0 57.9 ± 9.3  < 0.0001
FEV1, L 2.7 ± 0.5 1.7 ± 0.4  < 0.0001
FEV1 % predicted, % 104 ± 18 65 ± 12  < 0.0001
FVC, L 3.7 ± 0.8 3.0 ± 0.6  < 0.0001
FVC % predicted, % 102 ± 18 81 ± 14  < 0.0001

Polysomnography Sleep Measures
Sleep latency, min 19 (11, 35) 19 (10, 34) 0.2903
Total sleep time, min 342.8 ± 76.7 348.5 ± 83.4 0.4753
Sleep efficiency, % 74.2 ± 13.0 75.2 ± 13.2 0.4452
Arousal index, events/h 23.8 ± 12.7 21.7 ± 13.0 0.0991
Sleep time in stage 3 and 4 sleep, % 5.5 (1.4, 10.5) 4.5 (1.2, 11) 0.1693
Sleep time spent in REM, % 19.5 ± 7.0 18.1 ± 7.8 0.0480
AHI, events/h

Mean ± SD 12.7 ± 13.8 8.7 ± 11.7 0.0009
Median (IQR) 10.8 (3.1, 23.1) 5.3 (1.2, 11) 0.0009

REM AHI, events/h 3.0 (0.7, 7.8) 14.4 (7.5, 21.8) 0.1168
Sleep time with SpO2 < 90%, % 0.0 (0, 0.37) 1.3 (0.2, 4.5) 0.9636
Average SpO2 in REM, % 93.4 ± 2.1 92.8 ± 2.7 0.0557
Average SpO2 in NREM, % 93.8 ± 1.7 93.6 ± 2.1 0.3589
Average hypopnea length, sec 23.0 ± 5.4 21.0 ± 4.7 0.0004
Average apnea length, sec 14.6 (0, 23.2) 26.1 (19.7, 32.0) 0.0002

Categorical variables are presented as number (%). Continuous variables are presented as mean ± SD for normally distributed data or median (interquartile 
range) for non-normally distributed data. P values for continuous data are from a t-test for normally distributed data, Wilcoxon rank sum test for non-
normally distributed data. P values for categorical data are from a χ2 test. OAD defined using National Clinical Guidance Centre (NICE) definition (FEV1/
FVC < 0.70 and FEV1 < 80% predicted). AHI, apnea-hypopnea index; BMI, body mass index (kg/m2); COPD, chronic obstructive pulmonary disease; FEV1, 
forced expiratory volume in one second (L); FVC, forced vital capacity (L); NREM, non-rapid eye movement sleep; OAD, obstructive airway disease; REM, 
rapid eye movement sleep; SpO2, average oxygen saturation.
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possible that our results were subject to a survivorship bias, in 
that individuals with coexisting OAD and sleep apnea did not 
survive to an older age to be included in the study. It is also 
possible that selection bias influenced participation in the sleep 
study. However, the observed prevalence rate of both condi-
tions is similar to the 1% reported by Bednarek and colleagues 
in a younger cohort (mean age 56.6).27 The SHHS reported a 
19% prevalence of OAD and an 18% prevalence of sleep apnea 
(AHI ≥ 15).10 The higher prevalence of sleep apnea in our study 

is likely due to the older age of our cohort (mean age in OAD 
group 80.9 vs. 64.5 in the SHHS) and our inclusion of only 
men. The lower prevalence of OAD seen in our study is likely 
due to the more specific definition of OAD in the present study 
(FEV1/FVC < 0.70 and FEV1 < 80% predicted) compared to the 
SHHS definition (FEV1/FVC < 0.70). In fact, using the “fixed-
ratio” criteria of FEV1/FVC < 0.7 identified 42.2% of our co-
hort with OAD. The prevalence and severity of OAD observed 
in our cohort is comparable to those observed for males and 

Figure 2—Association of sleep apnea and obstructive airway disease using three different definitions: National Clinical Guidance Centre (NICE) (FEV1/
FVC < 0.7 and FEV1 < 80% predicted), “fixed-ratio” FEV1/FVC < 0.7, Global Initiative for Chronic Obstructive Lung Disease (GOLD) (FEV1/FVC < 0.7: mild 
if FEV1 ≥ 80% predicted, moderate to severe if FEV1 < 80% predicted). Sensitivity analysis was conducted using a ratio of FEV1/FVC < 0.65. Sleep apnea 
was defined as an apnea-hypopnea index ≥ 15. Models were adjusted for age, race, study site, body mass index, neck circumference, and smoking status. 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity.

Table 2—Sleep architecture and oxygen saturation among participants with and without obstructive airway disease.

AHI ≥ 15 and OAD
(n = 16)

AHI ≥ 15 without OAD 
(n = 231)

AHI < 15 and OAD
(n = 95)

AHI < 15 without OAD 
(n = 511)

Sleep latency, min 24.0 (9.0, 38.0) 21.0 (11.0, 34.0) 23.0 (11.0, 41.5) 18.0 (11.0, 34.0)
Total sleep time, min 325.6 ± 130.8 326.3 ± 82.1 352.3 ± 72.8 350.3 ± 73.0
Sleep efficiency, % 68.4 ± 19.8 71.1 ± 13.4 76.3 ± 11.4 75.6 ± 12.5
Arousal index 32.7 ± 15 29.5 ± 13.2 19.8 ± 11.7 † 21.3 ± 11.7 †

Sleep time spent in REM, % 14.3 ± 8.3 17.9 ± 7.6 18.8 ± 7.6 † 20.3 ± 6.6 †

Sleep time in stage 3 and 4 sleep, % 1.5 (0, 10.0) 3.8 (0.8, 9.1) 3.9 (1.0, 7.3) 5.4 (1.4, 10.8)
Sleep time in stage 1 sleep, % 13.6 (9.4, 28.6) 13.0 (8.7, 20.7) 8.8 (5.2, 14.0) † 9.2 (5.7, 13.8) †

Sleep time with SpO2 < 90%, % 8.5 (3.7, 24.6) 4.8 (1.6, 10.9) 0.3 (0.0, 3.0) 0.2 (0, 1.8) †

Minimum SpO2 in REM, % 80.9 ± 5.3 81.9 ± 5.9 87.0 ± 5.1 † 87.8 ± 4.1 †

Minimum SpO2 in NREM, % 82.9 ± 4.2 82.9 ± 4.8 87.9 ± 4.1 † 87.9 ± 3.7 †

Categorical variables are presented as number (%). Continuous variables are presented as mean ± SD for normally distributed data or median (interquartile 
range) for non-normally distributed data. P values for group wise comparisons from a t-test for normally distributed data and a Wilcoxon rank-sum test 
for non-normally distributed data. OAD defined using National Clinical Guidance Centre (NICE) definition (FEV1/FVC < 0.70 and FEV1 < 80% predicted). 
† P < 0.05 versus AHI ≥ 15 and OAD group. AHI, apnea-hypopnea index; NREM, non-rapid eye movement sleep; OAD, obstructive airway disease; REM, 
rapid eye movement sleep; SpO2, average oxygen saturation.
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for older adults from recently published NHANES data.4,5,28 In 
SHHS, subjects with OAD had lower mean AHI values than 
those without OAD, and the AHI tended to be lower as the 
FEV1/FVC ratio decreased.10 The significance of those findings 
was not clear and concerns about residual confounding by obe-
sity were noted. The results suggested by the SHHS are now 
confirmed in the present study, whereby OAD was shown to 
be associated with a lower odds of sleep apnea in multivariable 
analyses. Providing further strength to our finding, we demon-
strated similar results using different definitions of OAD and 
across different self-reported categories of OAD.

Our analyses also provide some support for an inverse “dose-
response” relationship between severity of OAD and prevalence 
of sleep apnea. Individuals with moderate to severe airflow ob-
struction by GOLD criteria had the lowest odds for sleep apnea 
compared to a referent group without OAD, while those with only 
mild OAD did not have a decreased odds of sleep apnea. Resta et 
al. also noted patients with overlap syndrome showed less severe 
obstructive impairment than patients with COPD alone.29

Prior research from the Wisconsin Sleep Cohort Study has 
shown that a self-reported diagnosis of asthma was associated 

with an increased risk of new-onset obstructive sleep apnea,30 
Although we did not have specific information to accurately 
characterize asthma in this elderly population, we found that 
the association between self-reported asthma and sleep apnea 
to be similar to our main finding. Compared to those without 
self-reported asthma, those with self-reported asthma in 
our study (n = 61) had a lower mean AHI (13. vs. 8 events/h, 
P = 0.0026) and fewer participants had an AHI > 15 (30% vs. 
13%). Participants with self-reported asthma also had a lower 
odds of sleep apnea compared to participants without self-re-
ported asthma (OR 0.34, 95% CI, 0.15–0.74). These findings 
may reflect differences in asthma phenotypes in older versus 
younger people, or due to differences in asthma-COPD overlap 
in the elderly. Study participants from the Wisconsin study 
were younger (mean age 50.4 vs. 80.7 years in our cohort) and 
52% were female. Additionally, participants with OAD in our 
study had significantly worse lung function compared to the 
subset of participants with asthma and spirometry data (n = 33) 
in the Wisconsin study (mean FEV1/FVC ratio 0.58 vs. 0.77 
and FEV1 % predicted 65% vs. 92%).

Although the exact mechanism underlying the association 
between OAD and sleep apnea is unknown, we propose a 
number of pathophysiological mechanisms that may explain 
these findings. One such mechanism is that lung hyperinfla-
tion secondary to OAD is associated with decreased upper 
airway resistance and collapsibility and increased upper 
airway lumen dimensions.31–33 Additionally, it is plausible that 
reduced diaphragmatic efficiency, resulting from respiratory 
muscle dysfunction, altered respiratory muscle interactions, 
and metabolic derangements seen in OAD, may reduce the 
negative pressures exerted in the upper airways, protecting 
against upper airway collapse during sleep.34 Studies in sub-
jects with both OAD and sleep apnea are needed to further 
explore this possible mechanistic link. Alternatively, OAD 
subjects may have altered body mass and body fat distribution, 
and that the effects of obesity on sleep apnea in these patients 
differ than in control subjects. Although we noted significant 
differences in anthropometric characteristics between OAD 
and non-OAD groups, the higher waist and neck circumfer-
ences in the OAD group would be expected to increase rather 

Table 3—Association of obstructive airway disease and sleep apnea.

Adjusted for: Odds Ratio (95% Confidence Interval)
Model 1 0.35 (0.20, 0.62)
Model 2 0.31 (0.17, 0.55)
Model 3 0.29 (0.16, 0.52)
Model 4 0.32 (0.17, 0.59)
Model 5 0.30 (0.16, 0.55)

Obstructive airway disease defined using National Clinical Guidance 
Centre (NICE) definition (FEV1/FVC < 0.7 and FEV1 < 80% predicted) 
and sleep apnea defined by an apnea-hypopnea index ≥ 15. 
Model 1: adjusted for demographic factors (age, race, study site). Model 
2: additionally adjusted for body composition (body mass index and neck 
circumference). Model 3: additionally adjusted for smoking status (past 
or current vs. never). Model 4: additionally adjusted for arousal index. 
Model 5: additionally adjusted for percent of time spent in rapid eye 
movement sleep.

Table 4—Association of obstructive airway disease with sleep apnea and potential mediators.

Adjusted Means (95% CI)*
P valueNo OAD (n = 742) OAD (n = 111)

AHI, events/h 7.3 (6.7, 7.9) 4.5 (3.6, 5.6) 0.0001
REM AHI, events/h 8.6 (7.8, 9.4) 6.1 (4.7, 7.8) 0.0129
Sleep time with SpO2 < 90%, % 1.7 (1.5, 1.9) 1.8 (1.3, 2.3) 0.7176
Average apnea length, sec 21.4 (20.4, 22.3) 15.9 (13.4, 18.4) 0.0001
Average hypopnea length, sec 23.0 (22.6, 23.4) 21.0 (19.9, 22.0) 0.0002
Arousal index † 23.9 (23.0, 24.9) 21.0 (18.6, 23.5) 0.0303
Percent of sleep time spent in REM † 19.5 (19.0, 20.0) 18.3 (17.0, 19.7) 0.1059

OAD defined using National Clinical Guidance Centre (NICE) definition (FEV1/FVC < 0.7 and FEV1 < 80% predicted). *Adjusted for age, race, smoking 
status, study site, body mass index, neck circumference, arousal index, and percent of time spent in REM sleep. † Adjusted for age, race, smoking status, 
study site, body mass index, and neck circumference. AHI, apnea-hypopnea index; OAD, obstructive airway disease; REM, rapid eye movement sleep; 
SpO2, average oxygen saturation.
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than decrease risk of sleep apnea. One study found that BMI 
was a stronger predictor of sleep apnea severity in control 
subjects compared to COPD subjects, and that REM-related 
events during sleep were not dependent on overall AHI or 
obesity in COPD subjects.35 Another possibility is that OAD 
may be associated with lighter sleep and greater arousability, 
resulting in a greater propensity for apneas to be terminated in 
response to pharyngeal obstruction, facilitating resumption of 
airflow. Although we did not observe significant differences 
in sleep architecture between participants with and without 
OAD, the finding of shorter apnea and hypopnea lengths in the 
OAD group supports such a mechanism. In addition, OAD has 
been associated with reduced REM sleep, a period of the night 
particularly vulnerable to upper airway collapse and obstruc-
tive sleep apnea. In our study, participants with OAD spent 
less time in REM sleep than those without OAD, although 
percent of sleep time spent in REM was not an important pre-
dictor in multivariable analysis. Lastly, nicotine may also play 
a role in modulating the interaction between OAD and sleep 
apnea. Nicotine has been shown in animal models to increase 
ventilation, stimulate upper airway muscles, and reduce upper 
airway resistance.36 Gothe et al. reported a reduction in ap-
neas in eight male patients with sleep apnea syndrome treated 
with nicotine gum.37 In our cohort, only four individuals with 
OAD were current smokers, making it unlikely that current 
nicotine exposure explained the observed findings.

We did not observe significant differences in sleep quality 
between participants with and without OAD, which may be 
due to the relatively mild degree of airflow obstruction seen in 
OAD participants. Reflecting this, no significant differences 
in mean or minimum SpO2 were noted between the OAD and 
non-OAD groups during REM and NREM sleep. However, 
we did observe increased nocturnal oxygen desaturation and 
worse sleep quality among participants with both OAD and 
sleep apnea, including increased arousal index and stage 1 
sleep, and reduced REM sleep, compared to participants with 
only OAD and no sleep apnea. These findings suggest that co-
existing sleep apnea may be of clinical significance in patients 
with OAD.

Our study directly evaluated the association between OAD 
and sleep apnea in a relatively healthy sample of community-
based older men. The use of standardized spirometry and PSG 
allowed for accurate and objective assessment of OAD and 
sleep. In addition, comprehensive and detailed collection of 
covariate data with standardized scoring approaches allowed 
alternative definitions of OAD to be evaluated. Limitations of 
our study include the availability of only a single night of PSG 
data. However, the night-to-night variability for the AHI de-
termined using home polysomnography is low.38 We also did 
not have data on airway responsiveness or imaging data, pre-
cluding further characterization of OAD phenotypes. By con-
vention, we used a FEV1/FVC ratio < 0.70 and reduced FEV1 
to define OAD. Recognizing that this definition may overesti-
mate OAD in this elderly cohort, we performed a sensitivity 
analysis using FEV1/FVC ratio < 0.65 and noted a similar as-
sociation between OAD and sleep apnea. The cross-sectional 
design of our study precludes inferring causality. In addition, 
the study results may not be generalizable to groups other than 

predominantly white, community-dwelling older men. Given 
the inconsistencies in the literature, further work, including 
longitudinal research and potentially interventional studies, is 
required to understand the causal relationships, including po-
tential effect modification by age, gender, and OAD phenotype 
(asthma vs. COPD). We note, however, that the observed cross-
sectional relationship between sleep apnea and OAD appears 
less likely to be due to a protective effect of sleep apnea against 
OAD, given the lack of biologic mechanisms to support such 
causality. Finally, the low prevalence of severe OAD limits 
evaluation of sleep in this subset of participants.

CONCLUSIONS
OAD is associated with a lower odds of sleep apnea in a large 
cohort of community-dwelling elderly men. Future studies are 
needed to investigate the mechanisms underlying this asso-
ciation, including the roles of OAD phenotype, lung volume, 
and arousability in patients with both OAD and sleep apnea. 
We also observed a low prevalence of coexisting sleep apnea 
and OAD, which may be clinically significant as it leads to 
increased sleep fragmentation and nocturnal oxygen desatura-
tion compared to OAD alone.

ABBREVIATIONS
AHI, apnea-hypopnea index
BMI, body mass index
CI, confidence interval
COPD, chronic obstructive pulmonary disease
FEV1, forced expiratory volume in one second
FVC, forced vital capacity
FEV1/FVC, forced expiratory volume in one second to forced 

vital capacity ratio
GOLD, Global Initiative for Chronic Obstructive Lung Disease
MrOS, Osteoporotic Fractures in Men Study
MrOS Sleep, Outcomes of Sleep Disorders in Older Men 

Study
NICE, National Clinical Guidance Centre
NHANES, National Health and Nutrition Examination Survey
NREM, non-rapid eye movement sleep
OAD, obstructive airway disease
OR, odds ratio
PSG, polysomnography
REM, rapid eye movement sleep
REM AHI, apnea-hypopnea index in rapid eye movement sleep
SHHS, Sleep Heart Health Study
SpO2, average oxygen saturation
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