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Purpose: Obstructive sleep apnea (OSA) and chronic obstructive pulmonary disease (COPD) are pre- https://youtu.be/20GhCV8RigA

valent respiratory disorders with significant health implications. This study investigates the relationship

between OSA risk and the incidence and progression of COPD.

Patients and Methods: We analyzed data from the Health and Retirement Study (HRS) cohort. Participants’ OSA risk was assessed
using the STOP-Bang questionnaire. Changes in OSA risk were evaluated by comparing baseline and follow-up assessments. COPD
incidence and progression were determined through self-reported physician diagnoses and the use of oxygen therapy. After adjusting
for covariates, hazard ratios (HR) and 95% confidence intervals (95% CI) were calculated using Cox proportional hazards models.
Results: The analysis included 14398 participants for baseline OSA risk and 11177 for OSA risk changes. Participants with high
baseline OSA risk had a significantly higher risk of developing COPD (adjusted HR: 1.255, 95% CI: 1.054—-1.496) compared to those
with low risk, although no significant relationship was found with progression to oxygen therapy. Participants whose OSA risk
decreased showed a lower risk of developing COPD (Baseline low-risk group: adjusted HR: 0.603, 95% CI: 0.418-0.871; Baseline
high-risk group: adjusted HR: 0.586, 95% CI: 0.396—0.869). This relationship was significant in women but not in men. Changes in
OSA risk were not significantly related to COPD progression to oxygen therapy.

Conclusion: OSA risk and its changes are associated with varying risks of COPD. Progression in OSA risk increases the risk of
COPD, while improvement in OSA risk reduces it.
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Introduction

Obstructive sleep apnea (OSA) is a prevalent sleep disorder, affecting over 900 million adults aged 30 to 69 worldwide.'
It is characterized by recurrent upper airway obstructions during sleep, leading to serious health issues such as
hypertension, atrial fibrillation, diabetes, and stroke, all of which contribute to its significant socioeconomic impact.*
Chronic obstructive pulmonary disease (COPD), a leading cause of global morbidity and mortality, causes persistent and
progressive airflow obstruction, leading to symptoms like dyspnea, cough, and sputum production.*> COPD imposes
a significant economic and social burden as well. COPD has an estimated prevalence of 11.8% in men and 8.5% in
women over the age of 40, leading to approximately 3 million deaths annually.®’ Severe cases of COPD, especially those
with hypoxemia, may require home oxygen therapy for support.® The comprehensive management of COPD is crucial for
global health. According to the global initiative for chronic obstructive lung disease (GOLD) 2024 guidelines, OSA is
a significant comorbidity in patients with COPD.® The coexistence of these two diseases, known as overlap syndrome
(OS), has been acknowledged for decades.” The prevalence of OS is estimated to range from 1% to 3.6%.'° Among
patients with COPD, 56.45% to 78% also have OSA, whereas COPD is present in 11.9% to 23.2% of individuals with
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OSA."" This variability likely reflects differences in study populations. Research suggests that OS is associated with
poorer clinical outcomes.'?

The relationship between COPD and OSA is complex. For instance, hyperinflation in COPD may provide some
protection against OSA, while fluid retention can worsen the condition. This complex interaction underscores the
heterogeneity between these two diseases.'> Most studies have focused on how OSA affects COPD outcomes, showing
that COPD patients with a high risk of OSA or those diagnosed via polysomnography (PSG) experience increased
mortality and more frequent exacerbations.'*'> However, research on whether OSA influences the onset of COPD,
particularly in the general population, remains limited.

To further investigate the clinical impact of OSA on the development and progression of COPD, large-scale prospective
cohort studies that simultaneously evaluate both conditions are essential. We utilized data from the Health and Retirement
Study (HRS), a nationally representative longitudinal survey of over 37000 United States residents. Since 1992, the HRS has
conducted biennial surveys to track health changes at individual level.'® Starting in 2016, the HRS introduced sleep-related
questions, enabling researchers to assess OSA risk using the validated STOP-Bang questionnaire.'” The STOP-Bang
questionnaire is a validated screening tool comprising eight questions that evaluate factors known to increase the risk of
OSA. The acronym “STOP-Bang” represents snoring, tiredness, observed apnea, high blood pressure, body mass index
(BMI), age, neck circumference, and sex.'®!? Its effectiveness has been widely confirmed across large populations.'® ' In
addition, the biennial follow-up surveys in the HRS allow us to track changes in OSA risk over time.

In this study, we used the HRS cohort to prospectively analyze the impact of baseline OSA risk and changes in OSA
risk on the incidence of COPD and its progression defined by the need for oxygen therapy. Our aim was to deepen the
understanding of the relationship between OSA and COPD and to provide new evidence to inform comprehensive
management strategies aimed at preventing COPD and controlling its progression.

Materials and Methods

Study Design and Population
The HRS is a large, nationwide prospective cohort study conducted in the United States.'® The study received approval from
the Ethics Review Committees of the University of Michigan, and informed consent was obtained from all participants.
Starting with the core dataset from the 2016 wave, the HRS included detailed questions related to sleep and OSA.'” For our
research, we used the 2016 wave as the baseline survey and the 2020 wave as the second survey to assess OSA risk and its
changes using the STOP-Bang questionnaire. The 2020 wave was selected due to minimal missing data and the availability of
subsequent health outcomes. Follow-up continued until the 2022 wave.

Our study focused on participants aged 50 years and older at baseline. We excluded individuals with missing STOP-Bang
questionnaire data or missing COPD diagnosis information at baseline. The specific selection process is detailed in Figure 1.

Assessment of OSA Risk

Since the 2016 wave, the HRS has included questions that allow for the calculation of STOP-Bang scores, with the
methodology detailed in previously published studies, which have demonstrated its reliability.'”2%** The survey covers 7
of the 8 items in the STOP-Bang questionnaire, excluding neck circumference (as shown in Table 1). In our study, participants
were categorized into high or low OSA risk groups based on their STOP-Bang scores. High OSA risk was defined by the
following criteria: (1) a STOP-Bang score of >3, with at least two positive responses from the “STOP” section, accompanied
by either male sex or a BMI > 35 kg/m?; or (2) a total STOP-Bang score of >4, regardless of the combination of responses.'”
Participants who did not meet these criteria were categorized as low OSA risk. The changes of OSA risk were assessed by

comparing the results from the 2020 survey with those from the baseline survey in 2016.

Assessment of Outcomes and Follow-up Duration

The primary outcomes of this study include the incidence of COPD and its progression, defined by the need for oxygen
therapy. COPD was identified through the question, “Has a doctor ever told you that you have chronic lung disease, such as
chronic bronchitis or emphysema?” Progression was determined by the question, “Are you receiving oxygen for your lung
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Figure | Selection flowchart of the study population.

Abbreviation: COPD, chronic obstructive pu

Imonary disease.

condition?” Only participants who confirmed having COPD were asked about oxygen therapy. Follow-up for baseline OSA

risk began in 2016, and for changes in OSA risk, it started in 2020. The two endpoints for follow-up in this study were: for
COPD incidence, the first diagnosis of COPD, death, or the end of the survey period, whichever occurred first; and for COPD

Table | Correspondence Between HRS Survey Questions and the STOP-Bang Items

STOP-Bang Items

Corresponding Information from HRS

Standards for Interpreting HRS
Questions as a Positive Results

(S): Do you snore loudly?

“In the past 12 months, how often did you snore while you were sleeping?”

Responses equivalent to “23 nights/week”

(T): Do you often feel tired, fatigued, or
sleepy during the daytime?

“Have you had any of the following persistent or troublesome problems?

Severe fatigue or exhaustion”.

“Yes”

(O): Has anyone observed you stop
breathing during sleep?

“In the past 12 months, how often did you snort, gasp, or stop breathing
while you were sleeping?”

I

arely”, “occasionally”, or “frequently”
“Rarel lly” “fi tly’

(P): Do you have (or are you being
treated for) high blood pressure?

“Has a doctor ever told you that you have high blood pressure or
hypertension?” or “Prev wave has high blood pressure?”

Responses equivalent to “yes”

(B): BMI Calculated based on the “About how much do you weigh (Ibs)?” and “How | > 35 kg/m?
tall are you (feet, inches)?”

(a): Age Calculated based on the “year born” >50 years old

(n): Neck circumference NA NA

(g): Sex Sex Male

Note: We acknowledge Dr. Frances Chung and the University Health Network (UHN) as the owners of the STOP-Bang tool, which was used in this study. Detailed
information about the tool is available at www.stopbang.ca.
Abbreviations: BMI, body mass index; HRS, Health and Retirement Study; NA, not applicable.
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progression, the initial report of needing oxygen therapy, death, or the end of the survey period, whichever came first. The end
date of the survey was defined as the last participation date for each individual.

Covariates

The covariates in this study included age, sex, race, education level, marital status, alcohol consumption, smoking status,
physical activity score, BMI, sleep quality score, and comorbidities such as hypertension, diabetes, cancer, heart disease,
stroke, and nervous and psychiatric problems. Race was categorized as white/Caucasian, black/African American, or other,
while education was classified into below high school, high school graduate, and college or above. Marital status was grouped
into married/partnered or other, and smoking status was categorized into never, ever, or current smokers. The physical activity
score was calculated based on the frequency of light, moderate, and vigorous physical activities. Responses to the “How often
mild activity” question were scored as follows: “Hardly ever or never” =0, “One to three times a month” = 1, “Once a week” =
2, and “More than once a week” = 3. The responses to “How often moderate activity” were scored as 0, 2, 4, and 6,
respectively. The responses to “How often vigorous activity” were scored as 0, 3, 6, and 9, respectively. The sum of these three
scores constituted the physical activity score.”® Sleep quality was measured using a modified Jenkins Sleep Scale,”* which
included four questions: (1) “Trouble falling asleep”; (2) “Trouble waking up during the night”; (3) “Trouble waking up too
early”; and (4) “Feeling rested in the morning”. Responses were scored as “Most of the time” = 2, “Sometimes” = 1, and
“Rarely or never” = 0, with the fourth question reverse-coded. The total score from these four questions represented the sleep
quality score, where a higher score indicated poorer sleep quality.>

Statistical Analyses

For descriptive statistics, continuous variables were assessed for normality and, since they were not normally distributed,
were summarized as medians with interquartile ranges (IQR). Categorical variables were presented as counts and
percentages. Group comparisons were conducted using the Mann—Whitney U-test for continuous variables and the Chi-
square test for categorical variables. To explore the relationship between baseline OSA risk and COPD incidence and
progression, we used Cox proportional hazards regression to calculate hazard ratios (HRs) with 95% confidence intervals
(CIs). We developed three models: an unadjusted model, model 1 adjusted for demographic factors (age, race, education,
marital status, smoking status, drinking status, physical activity score, and BMI), and model 2, which further adjusted for
comorbidities (hypertension, diabetes, cancer, heart disease, stroke, nervous and psychiatric conditions, and sleep
quality). Participants with missing covariate data were excluded from the regression analyses. Sex and hypertension
were not included as covariates since they are binary components of the STOP-Bang questionnaire.'” We performed
subgroup analyses based on sex. Besides, we evaluated potential interactions between each covariate and OSA risk, but
no significant interactions were found. Using the methods described above, we also analyzed the impact of changes in
OSA risk status. Given that baseline OSA risk influenced COPD, we conducted stratified analyses based on baseline
OSA risk. The proportional hazards assumption was tested and confirmed via time-interaction terms. Cumulative risk
curves were used to visualize COPD incidence and progression. To address missing data, we employed multiple
imputation by chained equations (MICE) and reran the Cox regressions for sensitivity analysis. The imputation model
included the following variables, namely age, sex, race, education, physical activity score, alcohol consumption, smoking
status, BMI, sleep quality score, marital status, hypertension, diabetes, cancer, heart disease, stroke, and psychiatric
conditions. We generated five imputed datasets and combined the effect estimates following Rubin’s rules.® Multiple
imputation was conducted using the “mice” package in R. The statistical analyses were performed using R software
(version 4.3.3), with two-sided p-values of less than 0.05 considered statistically significant.

Results

Baseline Characteristics of the Study Population

Figure 1 illustrates the selection process for this study. Of the 20912 individuals surveyed in the 2016 hRS cohort, 18505
were aged 50 years or older and had complete data on COPD and the STOP-Bang questionnaire. The baseline cohort had
a median age of 64.0 years (IQR: 57.0-75.0), with 43.0% being male. Among these participants, 16571 had no prior
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COPD diagnosis, while 1934 had been diagnosed with COPD. Patients with COPD exhibited higher STOP-Bang scores
and a greater proportion at high risk for OSA. Additionally, among the 1807 patients with COPD who provided
information on oxygen therapy, 346 were receiving home oxygen therapy. These patients also had higher STOP-Bang
scores and a greater risk for OSA compared to those not on oxygen therapy (Supplementary Table S1).

Of the 16571 participants without COPD at baseline, 14398 were followed up. For those diagnosed with COPD but not
receiving oxygen therapy at baseline, 1191 patients were followed up. These groups formed the baseline cohorts for our

prospective study assessing the impact of OSA risk on COPD incidence and progression, with their baseline characteristics
shown in Table 2.

The median follow-up for COPD incidence was 5.7 years (IQR: 4.0-6.1 years), during which 612 participants were
diagnosed with COPD. Those diagnosed were more likely to have a high OSA risk, were older, had a higher smoking
rate, more comorbidities, and poorer sleep quality, although there were no significant differences in sex, BMI, or alcohol
use compared to those without COPD.

In the study on COPD progression to oxygen therapy, 162 patients with COPD progressed to requiring oxygen. Compared
to those who did not, these patients were older, had a higher proportion of males, a higher prevalence of smoking, and were less
physically active. There were no significant differences in comorbidities, except for heart disease. Although their sleep quality
was slightly worse, there were no significant differences in STOP-Bang scores or high OSA risk between the two groups.

Association of Baseline OSA Risk with COPD Incidence and Progression
The cumulative risk of COPD incidence is illustrated in Figure 2A and Table 2 shows the relationship between OSA risk
and COPD incidence. Cox regression analysis indicated that individuals with a high OSA risk had a significantly
increased risk of developing COPD compared to those with a low OSA risk (HR: 1.396, 95% CI: 1.190-1.637, p<0.001).
This association remained robust even after adjusting for baseline demographic factors and comorbidities (HR: 1.390,
95% CI: 1.171-1.651, p<0.001; HR: 1.255, 95% CI: 1.054-1.496, p=0.011). When STOP-Bang scores were treated as
continuous variables, higher scores were also associated with an increased COPD risk (HR: 1.177, 95% CI: 1.107-1.251,
p<0.001), with the relationship remaining significant after adjustment for covariates. Additionally, interaction analysis
showed no significant interaction between OSA risk and the confounding variables (data not shown with all p > 0.05).

We conducted a stratified analysis by sex (Table 3). Among male participants, the association between high OSA risk
and increased COPD risk remained strong and statistically significant both before and after adjusting for covariates. In
female participants, this relationship persisted after adjusting for baseline demographic factors, but after further adjusting
for baseline comorbidities, the association between high OSA risk and COPD risk, whether categorized or treated as
a continuous variable, was no longer statistically significant.

The impact of OSA risk on COPD progression to oxygen therapy is detailed in Supplementary Table S2. The

cumulative risk of COPD progression to oxygen therapy is shown in Figure 2B. The results indicate that OSA risk level
did not significantly affect COPD progression, neither in the overall population nor when stratified by sex.

Association of Changes in OSA Risk with COPD Incidence and Progression
To evaluate whether changes in OSA risk affect COPD incidence, we analyzed participants who had a second STOP-Bang
assessment in the prospective cohort study. A total of 11177 participants met the criteria. Of the 7005 participants with low
baseline OSA risk, 1167 (16.7%) progressed to high OSA risk, while 5838 (83.3%) remained stable Among the 4172 participants
with high baseline OSA risk, 2866 (68.7%) remained at high risk, while 1306 (31.3%) shifted to low risk at the second survey.
Figure 3A illustrates the cumulative COPD risk across different OSA risk change groups. Given the impact of
baseline OSA risk on COPD incidence, we conducted a Cox regression analysis stratified by baseline OSA risk (Table 4).
In the low baseline OSA risk group, participants with stable OSA risk had a significantly lower incidence of COPD
compared to those whose OSA risk increased (HR: 0.542, 95% CI: 0.382-0.769, p=0.001). After adjusting for covariates,
this reduction in COPD risk remained significant (HR: 0.558, 95% CI: 0.388-0.802, p=0.002; HR: 0.603, 95% CI:
0.418-0.871, p=0.007). In the high baseline OSA risk group, those whose OSA risk decreased had a significantly lower
risk of developing COPD compared to those whose OSA risk remained high (HR: 0.624, 95% CI: 0.428-0.909,
p=0.014), and this relationship remained significant after adjusting for covariates.
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Table 2 Baseline Characteristics of Participants for Prospective Cohort Analyses

Impact on COPD Development

Impact on the COPD Progression

Total Percentage of Non COPD COPD p value Total Percentage of Non oxygen Oxygen Therapy p Value
(n=14398) Missing (n=13786) (n=612) (n=1191) Missing Therapy (n=1029) (n=162)
Age, years 63.0 (57.0, 74.0) 63.0 (57.0, 73.0) 66.0 (58.0, 76.0) <0.001 67.0 (45.5, 73.0) 64.0 (57.0, 75.0) 67.0 (58.0, 78.0) 0.039
Male, n (%) 6201 (43.1%) 5953 (43.2%) 248 (40.5%) 0.194 439 (36.9%) 368 (35.8%) 71 (43.8%) 0.048
Race, n (%) 0.4% 0.009 0.1% 0.303
White/Caucasian 9482 (66.1%) 9079 (66.1%) 403 (66.1%) 806 (67.7%) 701 (68.2%) 105 (64.8%)
Black/African American 3182 (22.2%) 3026 (22.0%) 156 (25.6%) 277 (23.3%) 232 (22.6%) 45 (27.8%)
Other 1682 (11.7%) 1631 (11.9%) 51 (8.4%) 107 (9.0%) 95 (9.2%) 12 (7.4%)
Education, n (%) 0.0% <0.001 0.654
Below High school 2886 (20.0%) 2695 (19.6%) 191 (31.3%) 397 (33.3%) 340 (33.0%) 57 (35.2%)
High school graduate 3827 (26.6%) 3680 (26.7%) 147 (24.1%) 321 (27.0%) 275 (26.7%) 46 (28.4%)
College or above 7682 (53.4%) 7409 (53.8%) 273 (44.7%) 473 (39.7%) 414 (40.2%) 59 (36.4%)
Marital status, n (%) 0.1% <0.001 0.3% |
Married or partnered 9196 (63.9%) 8887 (64.5%) 309 (50.6%) 616 (51.9%) 532 (51.9%) 84 (51.9%)
Other status 5187 (36.1%) 4885 (35.5%) 302 (49.4%) 572 (48.1%) 494 (48.1%) 78 (48.1%)
Ever drinkers, n (%) 8788 (61.1%) 0.0% 8426 (61.1%) 362 (59.2%) 0.346 604 (50.7%) 528 (51.3%) 76 (46.9%) 0.298
Smoking Status, n (%) 0.4% <0.001 0.2% 0.002

Never smokers

6963 (48.5%)

6796 (49.5%)

167 (27.3%)

268 (22.5%)

247 (24.1%)

21 (13.0%)

Ever smokers

5538 (38.6%)

5288 (38.5%)

250 (40.9%)

543 (45.7%)

451 (43.9%)

92 (56.8%)

Current smokers

1841 (12.8%)

1647 (12.0%)

194 (31.8%)

378 (31.8%)

329 (32.0%)

49 (30.2%)
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Physical activity score 9.0 (5.0, 15.0) 9.0 (5.0, 15.0) 7.0 (3.0, 12.0) <0.001 7.0 (3.0, 11.0) 7.0 (3.0, 12.0) 5.5 (2.0, 9.0 <0.001
BMI, kg/m? 28.1 (25.0, 32.3) 28.1 (25.0, 32.2) 28.3 (24.2, 32.8) 0.737 28.6 (24.4, 33.6) 28.7 (24.6, 33.7) 28.3 (23.6, 33.0) 0.288
HTN, n (%) 8376 (58.2%) 7992 (58.0%) 384 (62.7%) 0.019 831 (69.8%) 716 (69.6%) 115 (71.0%) 0.717
DM, n (%) 3597 (25.0%) 3428 (24.9%) 169 (27.6%) 0.124 378 (31.7%) 323 (31.4%) 55 (34.0%) 0515
Cancer, n (%) 1848 (12.8%) 1747 (12.7%) 101 (16.5%) 0.006 221 (18.6%) 186 (18.1%) 35 (21.6%) 0.283
Heart diseases, n (%) 2811 (19.5%) 2634 (19.1%) 177 (28.9%) <0.001 447 (37.5%) 365 (35.5%) 82 (50.6%) <0.001
Stroke, n (%) 995 (6.9%) 929 (6.7%) 66 (10.8%) <0.001 177 (14.9%) 145 (14.1%) 32 (19.8%) 0.06
Nervous and psychiatric 2587 (18.0%) 2403 (17.4%) 184 (30.1%) <0.001 473 (39.7%) 413 (40.1%) 60 (37.0%) 0.454
problems, n (%)

Sleep quality score 2.0 (1.0, 4.0) 0.8% 2.0 (1.0, 4.0) 3.0 (2.0, 5.0) <0.001 4.0 (2.0, 5.0) I.1% 4.0 (2.0, 5.0) 4.0 (2.0, 6.0) 0.046
STOP-Bang score 3.0 (2.0, 4.0 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) <0.001 3.0 (3.0, 5.0 3.0 (3.0, 5.0 4.0 (3.0, 5.0) 0.576
High OSA risk, n (%) 5364 (37.3%) 5089 (36.9%) 275 (44.9%) <0.001 572 (48.0%) 490 (47.6%) 82 (50.6%) 0.478

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; HTN: hypertension; OSA, obstructive sleep apnea.
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Figure 2 Cumulative hazard event curves for baseline OSA risk and COPD incidence (A) and progression to oxygen therapy (B).
Abbreviations: COPD, chronic obstructive pulmonary disease; HR, hazard ratio; OSA, obstructive sleep apnea.

The results of the sex-stratified analysis are presented in Table 4, indicating different effects of changes in OSA risk
across different sexes. In the female group, the relationship between changes in OSA risk and COPD incidence remained
significant. However, in the male group, changes in OSA risk did not significantly influence COPD incidence, regardless
of baseline OSA risk.

Table 3 Association of OSA Risk with the Risks of Incident COPD

STOP-Bang Indicators Unadjusted Adjusted 1? Adjusted 2°
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
All (n=14398) High OSA risk vs low OSA risk® | 1.396 (1.190, 1.637) <0.001 1.390 (1.171, 1.651) | <0.001 1.255 (1.054, 1.496) 0.011
STOP-Bang score 1.177 (1.107, 1.251) <0.001 1.176 (1.098, 1.260) | <0.001 1.110 (1.034, 1.191) 0.004
Male (n=6201) High OSA risk vs low OSA risk® | 1.431 (1.106, 1.851) 0.006 1.478 (1.126, 1.940) 0.005 1.328 (1.004, 1.757) 0.047
STOP-Bang score 1.241 (1.116, 1.382) <0.001 1.282 (1.136, 1.446) | <0.001 1.199 (1.058, 1.359) 0.005
(Continued)
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Table 3 (Continued).

STOP-Bang Indicators Unadjusted Adjusted 1* Adjusted 2°
HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Female (n=8197) | High OSA risk vs low OSA risk® | 1.515 (1.217, 1.886) <0.001 1.456 (1.140, 1.860) 0.003 1.274 (0.993, 1.635) 0.057
STOP-Bang score 1211 (1.116, 1.313) <0.001 1.189 (1.079, 1.310) | <0.001 1.101 (0.99, 1.217) 0.059

Notes: *Adjusted for age, race, education, marital status, smoking status, drinking status, physical activity score and BMI; "Adjusted for age, race, education, marital status, smoking
status, drinking status, physical activity score, BMI, HTN, DM, cancer, heart diseases, stroke, nervous and psychiatric problems, and sleep quality score; “Reference group.
Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; OSA, obstructive sleep apnea.

To evaluate whether changes in OSA risk also impact COPD progression, we further analyzed 824 participants.
Among the 443 participants initially at low OSA risk, 94 (21.2%) progressed to high risk, while 349 (78.8%) remained
stable Of the 381 participants with high baseline OSA risk, 285 (74.8%) remained at high risk, and 96 (25.2%) shifted to
low risk. The cumulative risk of COPD progression to oxygen therapy across different OSA risk change groups is shown
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Figure 3 Cumulative hazard event curves for changes of OSA risk and COPD incidence (A) and progression to oxygen therapy (B).
Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea.
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Table 4 Association of the Change of OSA Risk with the Risks of Incident COPD

Subgroups of Reference Groups Unadjusted Adjusted 1? Adjusted 2°

Baseline OSA

risk HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value
Al (n=11177) Low OSA risk Stable vs increased OSA risk® 0.542 (0.382, 0.769) 0.001 0.558 (0.388, 0.802) 0.002 0.603 (0.418, 0.871) 0.007

High OSA risk Decreased vs Stable OSA risk® | 0.624 (0.428, 0.909) 0.014 0.569 (0.385, 0.843) 0.005 0.586 (0.396, 0.869) 0.008

Male (n=4851) Low OSA risk Stable vs increased OSA risk® 0.627 (0.353, I.115) 0.112 0.580 (0.322, 1.043) 0.069 0.619 (0.341, 1.123) 0.114

High OSA risk Decreased vs Stable OSA risk® | 0.843 (0.514, 1.384) 0.499 0.815 (0.486, 1.366) 0.437 0.820 (0.487, 1.381) 0.456

Female (n=6326) | Low OSA risk Stable vs increased OSA risk® 0.463 (0.294, 0.729) 0.001 0.529 (0.326, 0.856) 0.01 0.589 (0.360, 0.963) 0.035

High OSA risk Decreased vs Stable OSA risk | 0.401 (0.225, 0.715) 0.002 0.360 (0.195, 0.666) 0.001 0.357 (0.191, 0.667) 0.001

Notes: *Adjusted for age, race, education, marital status, smoking status, drinking status, physical activity score and BMI; bAdjus':ed for age, race, education, marital status,
smoking status, drinking status, physical activity score, BMI, HTN, DM, cancer, heart diseases, stroke, nervous and psychiatric problems, and sleep quality score; “Reference
group.

Abbreviations: C |, confidence interval; COPD, chronic obstructive pulmonary disease; HR, hazard ratio; OSA, obstructive sleep apnea.

in Figure 3B. Similar to the effects of baseline OSA risk, changes in OSA risk did not significantly influence COPD
progression (Supplementary Table S3).

Sensitivity Analyses

We used multiple imputation to address missing data and conducted Cox regression analyses using the imputed datasets
to validate the robustness of our findings. The results of the Cox regression analysis remained consistent and robust in the
imputed cohorts, as shown in Supplementary Tables S4-S7.

Discussion

In this prospective cohort study, we analyzed the relationship between baseline OSA risk and changes in OSA risk with
the incidence and progression of COPD. After adjusting for confounding factors, individuals with high baseline OSA risk
were found to have a higher future risk of developing COPD compared to those with low OSA risk, although no
significant association was found between high OSA risk and progression to oxygen therapy. This relationship was more
influenced by baseline comorbidities in women. Additionally, a reduction in OSA risk was associated with a lower future
risk of COPD, particularly in women, while the effect was not significant in men. Changes in OSA risk did not
significantly impact the progression of COPD to oxygen therapy.

Our study identified a strong association between high OSA risk, changes in OSA risk, and an increased risk of
developing COPD. While previous research has mainly focused on the OS, there has been limited exploration of OSA’s
impact on the incidence of COPD. Most previous studies have examined how OSA influences acute exacerbations of
COPD. For example, Donovan et al found that patients with COPD who had a modified STOP-Bang score of >3 had
worse long-term outcomes, including a higher adjusted risk of death or first hospitalization (HR: 1.61, 95% CI:
1.01-2.58) and more frequent COPD exacerbations (adjusted incidence rate ratio: 1.78, 95% CI 1.10-2.89)."
Additionally, a 9-year longitudinal study reported that 61.4% of patients with OS had at least one hospitalization due
to acute exacerbation of COPD, compared to 39.5% in the COPD group.'> Beyond cohort studies, Wang et al used
Mendelian randomization to explore the relationship between COPD and various comorbidities, finding that increased
genetic risk for sleep apnea was associated with a higher genetic risk for COPD (odd ratio: 1.209, 95% CI = 1.087—-1.345,
p <0.001).?” This is consistent with our findings. Moreover, genetic predispositions to conditions like heart failure, sleep
apnea symptoms, depression, and obesity may also heighten susceptibility to COPD.?” Our analysis accounted for these
confounding factors, further supporting the robustness of our results.

Moreover, our study revealed that the impact of OSA on COPD risk varies by sex. For baseline OSA risk, the
association with COPD incidence was less influenced by comorbidities in men. Whereas in women, comorbidities had
a more significant confounding effect. However, when focusing on changes in OSA risk, this association was significant
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only in women, with men showing minimal response to such changes. Both diseases exhibit distinct sex characteristics.
COPD was traditionally viewed as a disease predominantly affecting older men, but in the past 20 years, the prevalence
and hospitalization rates in women have increased.”® Studies have also shown that women are more adversely affected by
the smoke exposure.”® Women tend to develop COPD earlier and experience more severe respiratory symptoms.”’ In
adults with OSA, men generally have a higher prevalence and greater severity of the condition, potentially due to
anatomical differences in the upper airway and the influence of sex hormones on airway muscle tone and physiological
responses to hypoxia and hypercapnia.’® While the observed sex differences cannot yet be fully explained, these findings
highlight the distinct ways in which diseases manifest in men and women, emphasizing the importance of sex-specific
management and customized treatment strategies.

Mechanistically, the relationship between OSA and COPD is inherently complex.'® From the perspective of COPD’s
impact on OSA, different clinical phenotypes of COPD can influence OSA in various ways. For example, Biselli et al
found that patients with an emphysema phenotype and low BMI had a negative critical closing pressure of the upper
airway during sleep, making OSA less likely.’! In contrast, patients with chronic bronchitis and higher BMI are more
prone to fluid retention, which can lead to upper airway obstruction during supine sleep, increasing the risk of OSA.>*?
Additionally, smoking, a risk factor for COPD, can cause upper airway inflammation, further contributing to OSA.**
From the perspective of OSA’s impact on COPD, chronic intermittent hypoxia can trigger inflammation and oxidative
stress, leading to ventilation-perfusion mismatches and increased respiratory effort.*> Animal studies have confirmed that
intermittent hypoxia can induce lung injury.® Lu et al also found that changes in the lung microbiome in patients with
OSA increase their susceptibility to airway infections,?’ a factor closely linked to COPD and its acute exacerbations.
From a shared risk factor perspective, OSA and COPD are strongly interconnected. Both conditions are influenced by
common factors such as aging, smoking, obesity, oxidative stress, and inflammation.*® *

Our study has significant clinical and public health implications. The findings highlight the importance of incorpor-
ating OSA risk assessment into routine COPD management, particularly in older adults. Furthermore, these results
suggest the need for greater awareness among clinicians regarding the interplay between OSA and COPD, which could
enhance patient outcomes through integrated management strategies. From a health management perspective, assessing
OSA risk in healthy middle-aged and older adults is beneficial for early identification of high-risk individuals. By
implementing preventive measures and reducing OSA risk, the risk of COPD can be lowered. Since OSA risk is
reversible, adopting comprehensive health strategies to improve sleep quality and reduce high OSA risk is of significant
public health importance. These proactive steps can contribute to better long-term respiratory health outcomes and reduce
the overall effect of COPD.

This study has several strengths. To our knowledge, it is the first to explore the relationship between changes in OSA
risk and the incidence and progression of COPD. The research benefits from a large, nationally representative prospective
cohort, ensuring a robust and well-structured design with a substantial sample size. Additionally, sensitivity analyses
were performed to confirm the reliability of the findings. These factors together emphasize the study’s robustness and the
reliability of its findings.

This study has some limitations. First, similar to other cohort studies, COPD was identified based on self-reported physician
diagnoses, which could introduce bias. However, a study by Graham Barr et al in 2002 demonstrated that COPD can be
effectively studied in large populations through questionnaires.** Additionally, we used oxygen therapy as an indicator of COPD
progression. Although this may not fully capture the complexity of the disease, it has been used in previous studies.** Future
research could explore whether OSA impacts the need for oxygen therapy in other populations, should relevant data become
available. Second, OSA risk was assessed using the STOP-BANG questionnaire without confirmatory polysomnography, which
may have affected diagnostic accuracy. Moreover, COPD itself may influence the risk of OSA, potentially confounding the
relationship between these two conditions and warranting further consideration.*>*® Third, the study examined OSA risk changes
between 2016 and 2020. The suitability of this time interval for assessing OSA risk requires further validation. The 2020 survey
was chosen due to its minimal missing data, but as follow-up continues, different time points might be explored in future
sensitivity analyses. Fourth, the current follow-up period may be relatively short for chronic diseases like OSA and COPD.
Ongoing research with longer follow-up periods is necessary. Lastly, although this study is based on a prospective cohort and
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accounts for relevant confounding factors, residual confounding is unavoidable. The follow-up period may be insufficient to
establish causality between OSA and COPD. Future basic research is needed to address this limitation.

Conclusion

A high baseline OSA risk is associated with a greater risk of developing COPD. Additionally, changes in OSA risk are
also correlated with COPD development. Individuals with increasing OSA risk are more prone to developing COPD,
while those whose risk decreases have a lower chance. These associations show sex-specific variations. However, neither
baseline OSA risk nor its changes in OSA risk appear to significantly influence the progression of COPD to the stage
requiring oxygen therapy. This highlights the potential of managing OSA as a strategy to reduce COPD incidence. Future
research should aim to uncover the mechanisms linking OSA and COPD and explore interventions targeting OSA to
mitigate the risk of COPD.

Data Sharing Statement
The data used in this study were obtained from the the Health and Retirement Study, which is a publicly available dataset.
The specific dataset can be accessed through the following link: https://hrs.isr.umich.edu/.

Ethics Approval and Informed Consent

The Health and Retirement Study was approved by the Ethics Review Committee of the University of Michigan.
Informed consent was obtained from each subject in the cohort. This study was confirmed to be exempt from ethical
approval by the Ethics Committee of Peking Union Medical College Hospital. The exemption is in accordance with Item
1 and Item 2 of Article 32 of the Measures for Ethical Review of Life Science and Medical Research Involving Human
Subjects, issued on February 18, 2023, China, as this study is based on publicly available and de-identified data.

Acknowledgments

The HRS is sponsored by the National Institute on Aging (grant number NIA U01AG009740) and is conducted by the
University of Michigan. We acknowledge Dr. Frances Chung and the University Health Network (UHN) as the owners of
the STOP-Bang tool, which was used in this study. Detailed information about the tool is available at www.stopbang.ca.

Author Contributions

All authors made a significant contribution to the work reported, whether that is in the conception, study design,
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This work was supported by the National Natural Science Foundation of China [grant number: 82370052].

Disclosure
The authors report no conflicts of interest in this work.

References

1. Benjafield AV, Ayas NT, Eastwood PR, et al. Estimation of the global prevalence and burden of obstructive sleep apnoea: a literature-based analysis.
Lancet Respir Med. 2019;7(8):687-698. doi:10.1016/S2213-2600(19)30198-5

2. Lyons MM, Bhatt NY, Pack Al, Magalang UJ. Global burden of sleep-disordered breathing and its implications. Respirology. 2020;25(7):690-702.
doi:10.1111/resp.13838

3. Gottlieb DJ, Punjabi NM. Diagnosis and management of obstructive sleep apnea: a review. JAMA. 2020;323(14):1389-1400. doi:10.1001/
jama.2020.3514

4. Zou J, Sun T, Song X, et al. Distributions and trends of the global burden of COPD attributable to risk factors by SDI, age, and sex from 1990 to
2019: a systematic analysis of GBD 2019 data. Respir Res. 2022;23(1):90. doi:10.1186/s12931-022-02011-y

764 https: International Journal of Chronic Obstructive Pulmonary Disease 2025:20


https://hrs.isr.umich.edu/
http://www.stopbang.ca
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1111/resp.13838
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1001/jama.2020.3514
https://doi.org/10.1186/s12931-022-02011-y

Wang et al

wn

o0

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

34.

35.

36.

. Boers E, Barrett M, Su JG, et al. Global burden of chronic obstructive pulmonary disease through 2050. JAMA Network Open. 2023;6(12):

€2346598. doi:10.1001/jamanetworkopen.2023.46598

Burney P, Patel J, Minelli C, et al. Prevalence and population-attributable risk for chronic airflow obstruction in a large multinational study. 4m
J Respir Crit Care Med. 2021;203(11):1353-1365. doi:10.1164/rccm.202005-19900C

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex specific all-cause and cause-specific mortality for
240 causes of death, 1990-2013: a systematic analysis for the global burden of disease study 2013. Lancet. 2015;385:117-171. doi:10.1016/S0140-
6736(14)61682-2

. Global strategy for prevention, diagnosis and management of COPD: 2024 report. Available from: https://goldcopd.org/2024-gold-report/. Accessed

July 29, 2024.
Flenley DC. Sleep in chronic obstructive lung disease. Clin Chest Med. 1985;6(4):651-661. doi:10.1016/S0272-5231(21)00402-0

. Papaioannou Al, Fouka E, Nena E, Bakakos P, Steiropoulos P. Patient-reported outcome measurements in patients with COPD-obstructive sleep

apnea overlap syndrome: time for action? J Pers Med. 2022;12(12):1951. doi:10.3390/jpm12121951

. Czerwaty K, Dzaman K, Sobczyk KM, Sikorska KI. The overlap syndrome of obstructive sleep apnea and chronic obstructive pulmonary disease:

a systematic review. Biomedicines. 2022;11(1):16. doi:10.3390/biomedicines11010016

. Sunwoo BY, Raphelson JR, Malhotra A. Chronic obstructive pulmonary disease and obstructive sleep apnea overlap: who to treat and how? Expert

Rev Respir Med. 2024;18(7):527-537. doi:10.1080/17476348.2024.2384036

McNicholas WT. COPD-OSA overlap syndrome: evolving evidence regarding epidemiology, clinical consequences, and management. Chest.
2017;152(6):1318-1326. doi:10.1016/j.chest.2017.04.160

Donovan LM, Feemster LC, Udris EM, et al. Poor outcomes among patients with chronic obstructive pulmonary disease with higher risk for
undiagnosed obstructive sleep apnea in the LOTT cohort. J Clin Sleep Med. 2019;15(1):71-77. doi:10.5664/jcsm.7574

Marin JM, Soriano JB, Carrizo SJ, Boldova A, Celli BR. Outcomes in patients with chronic obstructive pulmonary disease and obstructive sleep
apnea: the overlap syndrome. Am J Respir Crit Care Med. 2010;182(3):325-331. doi:10.1164/rccm.200912-18690C

Sonnega A, Faul JD, Ofstedal MB, Langa KM, Phillips JW, Weir DR. Cohort profile: the health and retirement study (HRS). Int J Epidemiol.
2014;43(2):576-585. doi:10.1093/ije/dyu067

Shieu MM, Dunietz GL, Paulson HL, Chervin RD, Braley TJ. The association between obstructive sleep apnea risk and cognitive disorders: a
population-based study. J Clin Sleep Med. 2022;18(4):1177-1185. doi:10.5664/jcsm.9832

Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen patients for obstructive sleep apnea. Anesthesiology. 2008;108
(5):812—-821. doi:10.1097/ALN.0b013e31816d83e4

Chung F, Yang Y, Brown R, Liao P. Alternative scoring models of STOP-bang questionnaire improve specificity to detect undiagnosed obstructive
sleep apnea. J Clin Sleep Med. 2014;10(9):951-958. doi:10.5664/jcsm.4022

Braley TJ, Dunietz GL, Chervin RD, Lisabeth LD, Skolarus LE, Burke JF. Recognition and diagnosis of obstructive sleep apnea in older
Americans. J Am Geriatr Soc. 2018;66(7):1296—1302. doi:10.1111/jgs.15372

. Nagappa M, Patra J, Wong J, et al. Association of STOP-bang questionnaire as a screening tool for sleep apnea and postoperative complications:

a systematic review and bayesian meta-analysis of prospective and retrospective cohort studies. Anesth Analg. 2017;125(4):1301-1308.
doi:10.1213/ANE.0000000000002344

Boynton G, Vahabzadeh A, Hammoud S, Ruzicka DL, Chervin RD. Validation of the STOP-BANG questionnaire among patients referred for
suspected obstructive sleep apnea. J Sleep Disord Treat Care. 2013;2(4):10.4172/2325-9639.1000121. doi:10.4172/2325-9639.1000121

He XZ, Baker DW. Differences in leisure-time, household, and work-related physical activity by race, ethnicity, and education. J Gen Intern Med.
2005;20(3):259-266. doi:10.1111/j.1525-1497.2005.40198.x

Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for the estimation of sleep problems in clinical research. J Clin Epidemiol. 1988;41
(4):313-321. doi:10.1016/0895-4356(88)90138-2

Qi X, Pei Y, Malone SK, Wu B. Social isolation, sleep disturbance, and cognitive functioning (HRS): a longitudinal mediation study. J Gerontol
a Biol Sci Med Sci. 2023;78(10):1826—1833. doi:10.1093/gerona/glad004

White IR, Royston P, Wood AM. Multiple imputation using chained equations: issues and guidance for practice. Stat Med. 2011;30(4):377-399.
doi:10.1002/5im.4067

Wang Z, Sun Y. Unraveling the causality between chronic obstructive pulmonary disease and its common comorbidities using bidirectional
Mendelian randomization. Eur J Med Res. 2024;29(1):143. doi:10.1186/s40001-024-01686-x

Aryal S, Diaz-Guzman E, Mannino DM. Influence of sex on chronic obstructive pulmonary disease risk and treatment outcomes. Int J Chron
Obstruct Pulmon Dis. 2014;9:1145-1154. doi:10.2147/COPD.S54476

Perez TA, Castillo EG, Ancochea J, et al. Sex differences between women and men with COPD: a new analysis of the 3CIA study. Respir Med.
2020;171:106105. doi:10.1016/j.rmed.2020.106105

Silveyra P, Fuentes N, Rodriguez BD. Sex and gender differences in lung disease. Adv Exp Med Biol. 2021;1304:227-258. doi:10.1007/978-3-030-
68748-9_14

. Biselli P, Grossman PR, Kirkness JP, et al. The effect of increased lung volume in chronic obstructive pulmonary disease on upper airway

obstruction during sleep. J Appl Physiol. 2015;119(3):266-271. doi:10.1152/japplphysiol.00455.2014

White LH, Bradley TD. Role of nocturnal rostral fluid shift in the pathogenesis of obstructive and central sleep apnoea. J Physiol. 2013;591
(5):1179-1193. doi:10.1113/jphysiol.2012.245159

Kim V, Han MK, Vance GB, et al. The chronic bronchitic phenotype of COPD: an analysis of the COPDGene Study. Chest. 2011;140(3):626—633.
doi:10.1378/chest.10-2948

Renner B, Mueller CA, Shephard A. Environmental and non-infectious factors in the aetiology of pharyngitis (sore throat). Inflamm Res. 2012;61
(10):1041-1052. doi:10.1007/s00011-012-0540-9

McNicholas WT. Does obstructive sleep apnea lead to progression of chronic obstructive pulmonary disease. Sleep Med Clin. 2024;19(2):253-260.
doi:10.1016/j.jsmc.2024.02.005

Tuleta I, Stockigt F, Juergens UR, et al. Intermittent hypoxia contributes to the lung damage by increased oxidative stress, inflammation, and
disbalance in protease/antiprotease system. Lung. 2016;194(6):1015-1020. doi:10.1007/s00408-016-9946-4

International Journal of Chronic Obstructive Pulmonary Disease 2025:20 https: 765


https://doi.org/10.1001/jamanetworkopen.2023.46598
https://doi.org/10.1164/rccm.202005-1990OC
https://doi.org/10.1016/S0140-6736(14)61682-2
https://doi.org/10.1016/S0140-6736(14)61682-2
https://goldcopd.org/2024-gold-report/
https://doi.org/10.1016/S0272-5231(21)00402-0
https://doi.org/10.3390/jpm12121951
https://doi.org/10.3390/biomedicines11010016
https://doi.org/10.1080/17476348.2024.2384036
https://doi.org/10.1016/j.chest.2017.04.160
https://doi.org/10.5664/jcsm.7574
https://doi.org/10.1164/rccm.200912-1869OC
https://doi.org/10.1093/ije/dyu067
https://doi.org/10.5664/jcsm.9832
https://doi.org/10.1097/ALN.0b013e31816d83e4
https://doi.org/10.5664/jcsm.4022
https://doi.org/10.1111/jgs.15372
https://doi.org/10.1213/ANE.0000000000002344
https://doi.org/10.4172/2325-9639.1000121
https://doi.org/10.1111/j.1525-1497.2005.40198.x
https://doi.org/10.1016/0895-4356(88)90138-2
https://doi.org/10.1093/gerona/glad004
https://doi.org/10.1002/sim.4067
https://doi.org/10.1186/s40001-024-01686-x
https://doi.org/10.2147/COPD.S54476
https://doi.org/10.1016/j.rmed.2020.106105
https://doi.org/10.1007/978-3-030-68748-9_14
https://doi.org/10.1007/978-3-030-68748-9_14
https://doi.org/10.1152/japplphysiol.00455.2014
https://doi.org/10.1113/jphysiol.2012.245159
https://doi.org/10.1378/chest.10-2948
https://doi.org/10.1007/s00011-012-0540-9
https://doi.org/10.1016/j.jsmc.2024.02.005
https://doi.org/10.1007/s00408-016-9946-4

Wang et al

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Lu D, Yao X, Abulimiti A, et al. Profiling of lung microbiota in the patients with obstructive sleep apnea. Medicine. 2018;97(26):e11175.
doi:10.1097/MD.0000000000011175

Gaspar LS, Alvaro AR, Moita J, Cavadas C. Obstructive sleep apnea and hallmarks of aging. Trends Mol Med. 2017;23(8):675-692. doi:10.1016/;.
molmed.2017.06.006

Bielicki P, Trojnar A, Sobieraj P, Wasik M. Smoking status in relation to obstructive sleep apnea severity (OSA) and cardiovascular comorbidity in
patients with newly diagnosed OSA. Adv Respir Med. 2019;87(2):103-109. doi:10.5603/ARM.a2019.0011

Lainscak M, von Haehling S, Doehner W, et al. Body mass index and prognosis in patients hospitalized with acute exacerbation of chronic
obstructive pulmonary disease. J Cachexia Sarcopenia Muscle. 2011;2(2):81-86. doi:10.1007/s13539-011-0023-9

Framnes SN, Arble DM. The bidirectional relationship between obstructive sleep apnea and metabolic disease. Front Endocrinol. 2018;9:440.
doi:10.3389/fendo.2018.00440

Wang Y, Hu K, Liu K, et al. Obstructive sleep apnea exacerbates airway inflammation in patients with chronic obstructive pulmonary disease. Sleep
Med. 2015;16(9):1123—-1130. doi:10.1016/j.sleep.2015.04.019

Barr RG, Herbstman J, Speizer FE, Camargo CJ. Validation of self-reported chronic obstructive pulmonary disease in a cohort study of nurses. Am
J Epidemiol. 2002;155(10):965-971. doi:10.1093/aje/155.10.965

Suen AO, Iyer AS, Cenzer I, et al. National prevalence of social isolation and loneliness in adults with chronic obstructive pulmonary disease. Ann
Am Thorac Soc. 2023;20(12):1709-1717. doi:10.1513/AnnalsATS.202304-2880C

Krachman SL, Tiwari R, Vega ME, et al. Effect of emphysema severity on the apnea-hypopnea index in smokers with obstructive sleep apnea. Ann
Am Thorac Soc. 2016;13(7):1129-1135. doi:10.1513/AnnalsATS.201511-7650C

Koch AL, Shing TL, Namen A, et al. Lung structure and risk of sleep apnea in SPIROMICS. Chronic Obstr Pulm Dis. 2024;11(1):26-36.
doi:10.15326/jcopdf.2023.0411

International Journal of Chronic Obstructive Pulmonary Disease Dovepress
Taylor & Francis Group

Publish your work in this journal

The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs,
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

. International Journal of Chronic Obstructive Pulmonary Disease 2025:20
766 E X in O


https://doi.org/10.1097/MD.0000000000011175
https://doi.org/10.1016/j.molmed.2017.06.006
https://doi.org/10.1016/j.molmed.2017.06.006
https://doi.org/10.5603/ARM.a2019.0011
https://doi.org/10.1007/s13539-011-0023-9
https://doi.org/10.3389/fendo.2018.00440
https://doi.org/10.1016/j.sleep.2015.04.019
https://doi.org/10.1093/aje/155.10.965
https://doi.org/10.1513/AnnalsATS.202304-288OC
https://doi.org/10.1513/AnnalsATS.201511-765OC
https://doi.org/10.15326/jcopdf.2023.0411
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Design and Population
	Assessment of OSA Risk
	Assessment of Outcomes and Follow-up Duration
	Covariates
	Statistical Analyses

	Results
	Baseline Characteristics of the Study Population
	Association of Baseline OSA Risk with COPD Incidence and Progression
	Association of Changes in OSA Risk with COPD Incidence and Progression
	Sensitivity Analyses

	Discussion
	Conclusion
	Data Sharing Statement
	Ethics Approval and Informed Consent
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

