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Objective: The aim of this study was to investigate the role of obstructive sleep apnea (OSA) 

on all-cause mortality in patients with COPD.

Methods: Data for this cross-sectional study were obtained from the National Health and 

Nutrition Examination Survey (NHANES) data (year 2005–2008). Eligible subjects were $20 

years who had no COPD or OSA (n=9,237), had only OSA (n=366), had only COPD (n=695), 

and had OSA/COPD overlap syndrome (n=90). Univariate and multivariate analyses were used 

to evaluate factors associated with overall mortality.

Results: Multivariate analysis found that the COPD and OSA/COPD overlap syndrome groups 

had significantly higher chance of all-cause mortality than the group of subjects who did not 

have OSA or COPD (adjusted hazard ratio [HR] =1.5 for the COPD group and 2.4 for the 

overlap syndrome group) (P#0.007). Although not significant, having OSA/COPD overlap 

syndrome was associated with higher likelihood of death than COPD alone (HR =1.5; P=0.160). 

Other factors associated with higher overall mortality were aging, poorer family status, current 

smoker, serum vitamin D deficiency, cardiovascular disease, history of cancer, diabetes, and 

impaired renal function.

Conclusion: The present study found that COPD and OSA/COPD overlap syndrome were 

associated with higher all-cause mortality compared with patients without either disease and 

that OSA did not significantly increase mortality in patients with COPD.
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Plain language summary
The presence of obstructive sleep apnea (OSA) is a known common comorbidity of COPD. 

The relationship of the combination of OSA and COPD on mortality is not known. This study 

investigated the association of OSA, COPD, and OSA/COPD overlap syndrome with all-cause 

mortality. The study found that COPD and COPD with OSA overlap syndrome groups had 

significantly higher likelihood of death due to any cause than the group of subjects without 

either disease. Although not significant, having OSA/COPD overlap syndrome was associated 

with higher likelihood of all-cause mortality compared to COPD alone.

Introduction
Obstructive sleep apnea (OSA) and COPD are among the most common pulmonary dis-

eases.1 OSA is estimated to affect 4% of men and 2% of women in the USA, suggesting 

that ~10 million people in the USA have the disease.2 OSA is characterized by recurring 
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episodes of hypoxemia and apnea during sleep.3–5 COPD is 

typified by persistent airflow obstruction, irreversible pulmo-

nary damage, and chronic pulmonary inflammation. COPD 

is also a systemic disease with nonpulmonary manifestations 

including depression, osteoporosis, anemia, and skeletal-

muscle myopathy.6–8 COPD is a major cause of mortality 

and chronic disability and is predicted to become the third 

leading cause of death worldwide by 2020.9

COPD and OSA have common pathophysiology, for 

example, smoking.1 The two diseases are known to coexist, 

which was termed by Flenley10 as the “overlap syndrome”. 

Flenley found that patients who had COPD with OSA had 

greater amount of nocturnal hypoxemia and hypercapnia 

than patients with COPD or OSA alone. Other studies have 

demonstrated that OSA/COPD overlap syndrome is associ-

ated with daytime oxygen desaturation, hypercapnia, and 

lower quality of life.11–13 Overlap syndrome is considered as 

a common disease, which may be different than the simple 

sum of OSA and COPD.1 The prevalence of COPD with OSA 

overlap syndrome is difficult to estimate as sleep disorders 

occur secondarily to COPD.14 A European-based study found 

that ~1% of the total population and 9.2% of those with OSA 

had COPD as determined by spirometery.14

Mortality associated with OSA/COPD overlap syndrome 

has not been well studied.1,15,16 The aim of this cross-sectional 

study was to investigate the impact of OSA on the overall 

mortality in patients with COPD.

Methods
Data source
Data for this cross-sectional study were obtained from 

the National Health and Nutrition Examination Survey 

(NHANES) data (year 2005–2008) (Centers for Disease 

Control and Prevention [CDC], National Center for Health 

Statistics [NCHS], Hyattsville, MD, USA: US Department 

of Health and Human Services) (http://www.cdc.gov/nchs/

nhanes/). The survey is designed to evaluate the health and 

nutritional status of adults and children in the USA. It uses 

a complex, multistage design to collect and analyze data 

representative of the national, noninstitutionalized popula-

tion of the USA (for further information about background, 

design, and operation of the survey, refer http://wwwn.cdc.

gov/nchs/nhanes). The NCHS Research Ethics Review Board 

reviewed and approved data obtained from NHANES. All 

data obtained from NHANES data are de-identified, and 

consequently, analysis of the data does not require approval 

from the NCHS Research Ethics Review Board or written 

informed consent from subjects.

The mortality data of NHANES respondents were linked 

to National Death Index mortality data through December 

31, 2011 (detail of this data linkage can be found at: https://

www.cdc.gov/nchs/data-linkage/mortality-public.htm).

Study population
We selected subjects between the age of $20 years with 

known status of COPD and OSA within the selected year 

cycles. Participants with missing demographic data, COPD, 

sleep apnea status, or survival status were excluded. Subjects 

who had no COPD or OSA, had only OSA, had only COPD, 

and had OSA/COPD overlap syndrome were finally catego-

rized. The presence of the disease was determined through 

answers to the following questions:

COPD: subjects who answered yes either to the question 

“Has a doctor or other health professional ever told you 

that you had chronic bronchitis?” or to the question “Has a 

doctor or other health professional ever told you that you had 

emphysema?” were defined as having COPD.

OSA: subjects who answered yes to the question “Have 

you ever been told by a doctor or other health profes-

sional that you have a sleep disorder?” and reported sleep 

apnea to “What was the sleep disorder?” were defined as 

having OSA.

OSA/COPD overlap syndrome: subjects who self-reported 

having both COPD and OSA were regarded as overlap.

Study variables
Independent variables included subjects with OSA, COPD, 

and OSA/COPD overlap syndrome. The remaining subjects 

were grouped into no COPD and no OSA and were consid-

ered the reference/control groups.

Subject-specific variables included demographics (age, 

gender, and race/ethnicity), socioeconomic status (family 

poverty income ratio and education level), lifestyles and 

behaviors (smoking history, alcohol consumption, physical 

activity [metabolic equivalent of task {MET} score]), self-

reported medical condition (obesity, cardiovascular disease, 

diabetes, hypertension, dyslipidemia, renal insufficiency, and 

cancer), and serum vitamin D status.

Mortality was also assessed using linked mortality files,17 

which allowed us to determine the major cause of death. The 

linked mortality files listed nine causes of death, with the 

remaining classified into “all other causes”.

Demographic data
Age, gender, and race/ethnicity were recorded using 

interviewer-administered questionnaires (Demographic 
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Variables and Sample Weights) from NHANES database. 

All participants were categorized into the following age 

groups: 20–39, 40–59, and 60–79  years. Race/ethnicity 

was self-reported as Mexican American, other Hispanic, 

non-Hispanic White, non-Hispanic Black, and other race, 

including multiracial. We further grouped the different 

race/ethnicity groups into the following four groups: non-

Hispanic White, Hispanic, non-Hispanic Black, and others 

(including Mexican American and other race).

Socioeconomic status and education level
Socioeconomic status was captured via the Family and 

Sample Person Demographics questionnaire, which was 

administered at the subject’s home, by trained interviewers 

using the Computer-Assisted Personal Interviewing (CAPI) 

system. The ratio of family income to poverty refers to the 

ratio of family income to poverty threshold. The range of 

values includes 0–5. We further classified them as ,1, 1–2, 

and .2.

Education level and the ratio of family income to poverty 

were recorded using interviewer-administered question-

naires (Demographic Variables and Sample Weights) from 

NHANES database.

Lifestyles and behavioral variables
Smoking status was recorded using interviewer-administered 

questionnaires (Smoking – Cigarettes Use) from NHANES 

database. Smoking was classified as never, former, and 

current smokers. Subjects who had ,100 cigarettes in their 

life were defined as nonsmoker. Those who had at least 

100 cigarettes but did not currently smoke were classified 

as former smoker. Those who response “yes” to the ques-

tion “Do you smoke now?” were defined as current smoker. 

Alcohol consumption was classified as heavy drinker, 

moderate drinker, and lifetime abstainer. An average of .14 

drinks per week for men, or .7 drinks per week for women, 

or $5 drinks in a single day once or more, during the past 

year was defined as heavy drinker. An average of #14 drinks 

per week for men, or #7 drinks per week for women, or 

never $5 drinks on a single day, during the past year was 

defined as moderate drinker. Subjects who reported ,12 

drinks ever were defined as lifetime abstainers.18

To estimate physical activity, we summed the product 

of weekly time spent in each activity reported by the par-

ticipant multiplied by MET value for that activity yielding 

a metabolic equivalent-hour index. One MET is the energy 

expenditure of 1 kcal/kg body weight per hour.19 Those with 

$600 MET min/week were referred to as physically active, 

while those with ,600 MET min/week were referred to as 

less than active based on the World Health Organization 

recommendation.20–22

Diseases association
Different medical conditions were self-reported using 

interviewer-administered questionnaires (Medical Condi-

tions) from NHANES database.22 In this study, disease 

variables included obesity, cardiovascular disease, diabetes, 

hypertension, renal insufficiency, and dyslipidemia.

From examination and laboratory data, we assessed 

body mass index and defined obesity using the stan-

dard body mass index (BMI) category. Those who had 

BMI $30 kg/m2 were referred to as obese, those who had 

BMI $25 to  ,30  kg/m2 were referred to as overweight, 

and those who had BMI ,25  kg/m2 were referred to as 

underweight/normal weight group.

Cardiovascular disease (including coronary heart disease, 

angina, congestive heart failure, myocardial infarction, and 

stroke) and cancer history were defined by the question “Has 

a doctor or other health professional ever told you that you 

have (disease)”. Diabetes mellitus was defined as a self-report 

or having been told by a doctor or health professional that 

a subject had diabetes or sugar diabetes, or the person was 

currently taking diabetic pills or insulin. Hypertension was 

defined by those who responded yes to the questions “Were 

you told on $2 different visits that you had hypertension, also 

called high blood pressure?” or “Because of your (high blood 

pressure/hypertension), have you ever been told to take pre-

scribed medicine?” Dyslipidemia was defined by self-report 

of having been told to take prescription for lowering blood 

lipid, or the subjects had one of the following: serum total 

cholesterol .200 mg/dL, serum triglyceride .200 mg/dL, 

and serum HDL ,40 mg/dL (information from laboratory 

measurement data files).

Renal insufficiency was interpreted with the use of esti-

mated glomerular filtration rate (eGFR) using the following 

equation:23

	

e

serum creatinine 

GFR 175 Standardized

age

1.1

0.20

= × ( )
× ( )

−

−

54

33 0.742 if  female

1.210 if  

 × ( )
× ( ) non-Hispanic Black

�

We categorized the findings into eGFR ,60 and $60 mL/

min/1.73 m2. We used 60 mL/min/1.73 m2 as the cutoff for 

eGFR; $60 mL/min/1.73 m2 was classified as stages 1 and 2 

and, in general, was not associated with signs and symptoms 

of insufficient kidney function.
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Serum vitamin D level
Serum 25-hydroxyvitamin D data were extracted based on 

“Vitamin D” from NHANES Laboratory Data Protocol 

(detailed description of laboratory procedure manual can 

be found at NHANES web page: https://wwwn.cdc.gov/

Nchs/Nhanes/2005-2006/VID_D.htm#LBDVIDMS). 

Normal vitamin D serum levels were defined as .75 nmol/L 

(30  ng/mL), vitamin D insufficiency was defined as 

50–75 nmol/L (20–30 ng/mL), and vitamin D deficiency was 

defined as ,50 nmol/L (20 ng/mL).24

Statistical analysis
The primary endpoint was all-cause mortality.

All categorical variables were shown as unweighted 

counts (weighted %). Chi-square test was conducted to 

determine differences in categorical variables. Univariate 

complex samples Cox regression analysis was performed to 

determine the risk factors for overall mortality. Multivariate 

Cox regression analysis was simultaneously adjusted for 

different disease entities, age, race, poverty income ratio, 

education, smoking, alcohol consuming, physical activity, 

serum vitamin D level, cancer history, cardiovascular 

disease, diabetes mellitus, hypertension, and eGFR.

All analyses included special sample weights, stratum, 

and primary sampling units (PSU) as per recommendations 

from the NCHS and complex sample analysis to address 

oversampling, nonresponse, and noncoverage and to provide 

nationally representative estimates. All statistical assess-

ments were two sided and evaluated at the 0.05 level of 

significance. Statistical analyses were performed using the 

IBM SPSS statistical software Version 22 for Windows (IBM 

Corporation, Armonk, NY, USA).

Results
Subject characteristics
A total of 20,739 participants were included in the NHANES 

2005–2008 cycle. Of these participants, 10,914 NHANES 

adult participants ($20  years) who were examined at a 

mobile examination center (MEC) were further evaluated 

for inclusion into the study. After excluding 48 subjects 

with the unknown status of OSA, 39 subjects with the 

unknown COPD status, 11 subjects who did not have mor-

tality follow-up, and 428 subjects who missed NHANES 

sample weight, 10,388 participants were included in the 

present analysis.

Using NHANES sample weight, the analytic sample 

size of 10,388 subjects was equivalent to a population-based 

sample size of 210,916,313 participants (Table 1). Of the 

10,388 individuals, 9,237 (88.9%) subjects had neither COPD 

nor OSA, 366 (3.8%) subjects had OSA alone, 695 (6.5%) 

Table 1 Subject characteristics (unweighted n=10,388, weighted n=210,916,313)

Characteristics Total 
(n=10,388)

Neither COPD 
nor OSA (n=9,237)

OSA alone 
(n=366)

COPD alone 
(n=695)

OSA/COPD 
overlap (n=90)

P-value

Demographic and socioeconomic status
Age (year) 46.6±0.4 45.8±0.4 52.7±0.8 53.9±0.7 55.8±1.5 ,0.001*

20–39 3,664 (37.8) 3,474 (40.3) 119 (20.3) 63 (16.1) 8 (9.9)
40–59 3,235 (38.9) 2,827 (38.1) 225 (41.0) 149 (53.2) 34 (46.4)
60–79 2,755 (18.9) 2,305 (17.4) 271 (31.6) 136 (27.6) 43 (40.6)
80+ 734 (4.4) 631 (4.3) 80 (7.0) 18 (3.0) 5 (3.1)

Gender ,0.001*
Female 5,354 (51.9) 4,788 (51.9) 121 (31.4) 405 (63.1) 40 (50.6)
Male 5,034 (48.1) 4,449 (48.1) 245 (68.6) 290 (36.9) 50 (49.4)

Race ,0.001*
Non-Hispanic White 5,007 (70.6) 4,278 (69.5) 224 (80.9) 455 (80.6) 50 (71.2)
Non-Hispanic Black 2,247 (11.3) 2,029 (11.6) 80 (9.4) 112 (7.9) 26 (15.5)
Mexican American 1,936 (8.2) 1,841 (8.8) 35 (3.9) 54 (2.9) 6 (2.5)
Other Hispanic 777 (4.1) 707 (4.3) 18 (3.3) 48 (3.0) 4 (1.5)
Other race 421 (5.7) 382 (5.8) 9 (2.6) 26 (5.5) 4 (9.3)

Poverty income ratio ,0.001*
.2 5,228 (63.0) 4,688 (63.5) 217 (70.6) 280 (52.2) 43 (55.9)
1–2 2,579 (19.5) 2,261 (19.2) 78 (15.4) 220 (25.9) 20 (20.1)
,1 1,843 (11.8) 1,624 (11.6) 47 (8.6) 150 (15.6) 22 (18.1)

Education ,0.001*
Ever attend college 4,780 (55.6) 4,246 (55.8) 200 (61.4) 287 (48.5) 47 (61.7)
Never attend college 5,595 (44.3) 4,980 (44.1) 166 (38.6) 406 (51.3) 43 (38.3)

(Continued)

www.dovepress.com
www.dovepress.com
www.dovepress.com
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/VID_D.htm#LBDVIDMS
https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/VID_D.htm#LBDVIDMS


International Journal of COPD 2018:13 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

669

Mortality in patients with COPD or overlap syndrome

Table 1 (Continued)

Characteristics Total 
(n=10,388)

Neither COPD 
nor OSA (n=9,237)

OSA alone 
(n=366)

COPD alone 
(n=695)

OSA/COPD 
overlap (n=90)

P-value

Lifestyles and behaviors
Smoking ,0.001*

Nonsmoker 5,488 (52.2) 5,078 (53.9) 182 (51.7) 205 (31.9) 23 (30.1)
Former 2,605 (24.4) 2,195 (23.5) 121 (30.1) 242 (30.9) 47 (48.6)
Current 2,286 (23.3) 1,955 (22.5) 63 (18.1) 248 (37.3) 20 (21.4)

Alcohol consuming ,0.001*
Lifetime abstainer 1,381 (10.6) 1,252 (10.7) 39 (9.9) 80 (9.8) 10 (12.2)
Moderate drinker 5,715 (54.0) 4,956 (52.6) 235 (62.8) 460 (65.9) 64 (69.6)
Heavy drinker 2,399 (27.4) 2,201 (28.3) 70 (21.2) 119 (19.6) 9 (14.2)

Physical activity (MET min/week) ,0.001*
$600 4,987 (53.4) 4,513 (54.5) 167 (49.9) 279 (42.9) 28 (33.5)
,600 3,522 (30.2) 3,071 (29.6) 129 (30.7) 280 (35.9) 42 (37.6)

Serum vitamin D 0.105
Normal 1,833 (22.6) 1,624 (22.9) 55 (18.3) 143 (22.5) 11 (10.3)
Insufficiency 3,638 (38.3) 3,237 (38.2) 140 (42.8) 233 (36.0) 28 (42.8)
Deficiency 3,542 (26.9) 3,126 (26.2) 140 (33.1) 241 (31.0) 35 (33.9)

Comorbidities
Obesity ,0.001*

Underweight/normal 3,029 (32.0) 2,788 (33.5) 27 (8.6) 210 (29.4) 4 (3.8)
Overweight 3,509 (33.1) 3,210 (33.8) 72 (22.4) 207 (31.1) 20 (22.8)
Obese 3,664 (33.4) 3,086 (31.4) 253 (66.5) 263 (38.0) 62 (69.7)

Cancer history ,0.001*
No 9,441 (91.3) 8,471 (92.2) 318 (85.8) 584 (83.9) 68 (74.0)
Yes 934 (8.6) 753 (7.6) 48 (14.2) 111 (16.1) 22 (26.0)

Cardiovascular disease ,0.001*
No 9,200 (91.4) 8,378 (93.2) 272 (80.9) 507 (78.2) 43 (53.5)
Yes 1,188 (8.6) 859 (6.8) 94 (19.1) 188 (21.8) 47 (46.5)

Diabetes mellitus ,0.001*
No/borderline 9,187 (91.8) 8,275 (92.7) 277 (79.5) 583 (89.7) 52 (65.7)
Yes 1,193 (8.1) 954 (7.2) 89 (20.5) 112 (10.3) 38 (34.3)

Hypertension ,0.001*
No 6,859 (69.8) 6,313 (71.9) 150 (46.6) 370 (58.8) 26 (38.3)
Yes 3,513 (30.0) 2,911 (28.0) 215 (53.2) 324 (41.1) 63 (60.6)

Dyslipidemia 0.001*
No 5,345 (53.9) 4,830 (54.7) 163 (46.5) 314 (47.7) 38 (42.0)
Yes 4,800 (44.0) 4,172 (42.9) 201 (53.3) 375 (51.6) 52 (58.0)

eGFR (mL/min/1.73 m2) ,0.001*
$60 8,600 (85.3) 7,705 (85.7) 299 (86.4) 531 (80.1) 65 (73.7)
,60 1,089 (8.8) 894 (8.1) 51 (10.9) 128 (15.7) 16 (18.0)

Overall mortality ,0.001*
Assumed alive 9,698 (95.5) 8,704 (96.1) 340 (94.6) 585 (88.7) 69 (79.7)
Assumed deceased 690 (4.5) 533 (3.9) 26 (5.4) 110 (11.3) 21 (20.3)

Notes: Categorical variables were shown unweighted counts (weighted %). Chi-square test was conducted to determine differences in categorical variables. *Significant 
difference between groups, P-value ,0.05.
Abbreviations: eGFR, estimated glomerular filtration rate; MET, metabolic equivalent of task; OSA, obstructive sleep apnea.

subjects had COPD alone, and 90 (0.8%) subjects had OSA/

COPD overlap syndrome.

The subject groups differed across demographic char-

acteristics (Table 1). The patients with OSA/COPD overlap 

syndrome had higher mean age than those with COPD alone, 

OSA alone, or neither disease. A higher proportion of males 

had OSA alone (68.6%) and most women had COPD alone 

(63.1%) (P,0.001). Non-Hispanic Blacks had a significantly 

higher proportion of OSA/COPD overlap syndrome than 

neither disease, OSA alone, or COPD alone (P,0.001), as 

also did poorer families (poverty income ratio ,1) (P,0.001). 

OSA/COPD overlap syndrome was observed in a higher 

percentage of subjects who formerly smoked, were moder-

ate drinkers, and had ,600 MET min/week physical activity 

(P,0.001). In addition, a higher percentage of subjects with 

OSA/COPD overlap syndrome were obese and had cancer 
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history, cardiovascular disease, diabetes mellitus, hypertension, 

or dyslipidemia compared with the other groups (P#0.001).

The majority of the subjects in the present study were 

assumed to be alive at the end of the survey period ($79.7%); 

however, a higher mortality of subjects with OSA/COPD 

overlap syndrome was observed compared with the other 

groups (P,0.001).

Overall mortality
The results from univariate and multivariate Cox regres-

sion analyses of overall mortality are shown in Table 2. 

Multivariate analysis found that the overall risk of death 

was significantly higher in patients with COPD alone and 

OSA/COPD overlap syndrome compared with patients who 

did not have either disease (adjusted hazard ratio [HR] =1.5 for 

Table 2 Cox regression analyses to determine the factors associated with overall mortality

 Variable Univariate Multivariate

HR (95% CI) P-value aHR (95% CI) P-value

Disease entity 
OSA alone vs neither COPD nor OSA 1.5 (0.9–2.3) 0.113 1.1 (0.7–1.8) 0.566 
COPD alone vs neither COPD nor OSA 3.1 (2.4–4.0) ,0.001* 1.5 (1.2–2.0) 0.001*

OSA/COPD overlap vs neither COPD nor OSA 5.8 (3.2–10.8) ,0.001* 2.4 (1.3–4.3) 0.007*

OSA/COPD overlap vs COPD alone 1.9 (1.1–3.2) 0.018* 1.5 (0.8–2.8) 0.160
Demographic and socioeconomic status
Age (years)

20–39 Reference Reference
40–59 3.6 (2.1–6.3) ,0.001* 2.9 (1.7–5.1) ,0.001*

60–79 16.6 (10.3–26.9) ,0.001* 9.1 (5.5–14.9) ,0.001*

80+ 74.4 (47.2–117.3) ,0.001* 32.0 (18.8–54.3) ,0.001*

Gender
Female Reference
Male 1.1 (0.9–1.3) 0.407 

Race
Non-Hispanic White Reference Reference
Non-Hispanic Black 1.0 (0.8–1.2) 0.935 1.0 (0.8–1.3) 0.708 
Mexican American 0.5 (0.3–0.6) ,0.001* 0.8 (0.6–1.1) 0.246 

Other Hispanic 0.4 (0.2–0.8) 0.016* 0.6 (0.3–1.3) 0.214 
Other race 0.4 (0.2–0.9) 0.038* 0.7 (0.3–1.5) 0.338 

Poverty income ratio
.2 Reference Reference

1–2 2.4 (1.9–3.1) ,0.001* 1.3 (1.0–1.7) 0.040*

,1 1.8 (1.3–2.5) 0.002* 1.3 (0.9–1.9) 0.120 

Education
Ever attend college Reference Reference
Never attend college 2.2 (1.7–2.8) ,0.001* 1.2 (0.9–1.5) 0.172 

Lifestyles and behaviors
Smoking

Nonsmoker Reference Reference
Former 2.0 (1.6–2.5) ,0.001* 1.3 (1.0–1.8) 0.052 

Current 1.2 (0.9–1.7) 0.177 2.0 (1.4–3.0) 0.001*
Alcohol consuming 

Lifetime abstainer Reference Reference
Moderate drinker 0.7 (0.5–1.0) 0.103 0.9 (0.7–1.3) 0.673 
Heavy drinker 0.3 (0.2–0.4) ,0.001* 0.8 (0.6–1.2) 0.291 

Physical activity (MET min/week)

$600 Reference Reference

,600 2.5 (1.9–3.4) ,0.001* 1.3 (1.0–1.8) 0.097 

Serum vitamin D
Normal Reference Reference
Insufficiency 1.2 (0.9–1.5) 0.238 1.1 (0.8–1.4) 0.595 
Deficiency 1.8 (1.3–2.6) 0.001* 1.5 (1.1–2.1) 0.011*

(Continued)
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Table 2 (Continued)

 Variable Univariate Multivariate

HR (95% CI) P-value aHR (95% CI) P-value

Comorbidities 
Obesity

Underweight/normal Reference
Overweight 0.9 (0.7–1.1) 0.276 
Obese 0.8 (0.5–1.1) 0.120 

Cancer history
No Reference Reference
Yes 4.2 (3.4–5.1) ,0.001* 1.6 (1.3–1.9) ,0.001*

Cardiovascular disease
No Reference Reference
Yes 7.9 (6.3–9.9) ,0.001* 1.9 (1.5–2.4) ,0.001*

Diabetes mellitus
No/borderline Reference Reference
Yes 3.9 (3.1–4.8) ,0.001* 1.6 (1.2–2.1) 0.002*

Hypertension
No Reference Reference
Yes 3.1 (2.4–4.0) ,0.001* 1.0 (0.8–1.3) 0.744 

Dyslipidemia
No Reference
Yes 1.1 (0.9–1.3) 0.451 

eGFR (mL/min/1.73 m2)
$60 Reference Reference
,60 6.6 (5.5–8.0) ,0.001* 1.4 (1.1–1.9) 0.006*

Note: *Statistically significant, P-value ,0.05.
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; MET, metabolic equivalent of task; 
OSA, obstructive sleep apnea.

Figure 1 The cumulative survival distribution of disease entity.

adjusted HR =9.1; 80 years and older, adjusted HR =32.0; 

all P,0.001), poorer family status (#2 poverty income 

ratio) (adjusted HR =1.3 for the poverty income ratio of 1–2; 

P#0.040), current smoker (adjusted HR =2.0; P=0.001), 

serum vitamin D deficiency (adjusted HR =1.5, P=0.011), 

cancer history (adjusted HR =1.6; P,0.001), cardiovascular 

disease (adjusted HR  =1.9; P,0.001), diabetes mellitus 

(adjusted HR =1.6; P=0.002), and impaired renal function, 

defined as eGFR ,60 mL/min/1.73 m2 (adjusted HR =1.4, 

P=0.006).

Discussion
The presence of sleep apnea is acknowledged as a common 

comorbidity of COPD.1 The relationship of the combina-

tion of OSA and COPD on overall mortality is not well 

understood. The current study investigated the role of OSA 

on all-cause mortality in patients with COPD. Multivariate 

analysis found that subjects with COPD or OSA/COPD 

overlap syndrome had significantly higher likelihood of death 

than the group of subjects without either disease. Although 

not significant, having OSA/COPD overlap syndrome was 

associated with higher mortality than COPD. Aging, poorer 

family status, current smoker, serum vitamin D deficiency, 

COPD alone and HR =2.4 for OSA/COPD overlap syndrome; 

P-values #0.007) (Figure 1). In addition, the likelihood of 

death was higher in the OSA/COPD overlap syndrome group 

compared with the COPD alone group; although this did not 

reach statistical significance (adjusted HR =1.5, P=0.160).

Other factors associated with higher overall mortality 

were aging (40–59 years, adjusted HR =2.9; 60–79 years, 
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cardiovascular disease, history of cancer, diabetes, and 

impaired renal function were found to be associated with 

overall mortality, independent of COPD or OSA status.

Prior studies have evaluated factors associated with mor-

tality in patients with COPD, OSA, or OSA/COPD overlap 

syndrome.25–31 OSA has been associated with increased chance 

of a number of serious adverse cardiovascular events that can 

result in death, such as pulmonary and systemic hypertension, 

arrhythmia, myocardial ischemia/infarction, stroke, and heart 

failure.28–30 In addition, chronic kidney disease has been found 

to be significantly associated with OSA in a large population 

study of men.32 Important risk factors for death in patients 

with COPD include cancer and cardiovascular disease.25 In 

addition, COPD exacerbations increase mortality.26,33 Other 

comorbidities associated with COPD that can impact health 

status and prognosis include metabolic disorder, osteoporosis, 

anxiety, depression, skeletal muscle dysfunction, cachexia, 

gastrointestinal disease, and other respiratory conditions.34

Mortality data for patients who had OSA/COPD overlap 

syndrome are limited. Several studies have investigated the 

clinical effects of OSA/COPD on clinical outcomes. OSA/

COPD overlap syndrome is with excess mortality, com-

monly from cardiovascular causes, which is greater than 

that attributable to the individual disease.1,15,35 Marin et al15 

showed that patients with OSA/COPD overlap syndrome 

had increased mortality and also significantly worse quality 

of life when compared with COPD controls. Interestingly, 

many COPD patients, particularly the “blue-bloaters”, die 

disproportionately at night.25 It is possible the blue-bloaters 

may have overlap syndrome.1 Prior studies indicate that 

OSA increases the likelihood of mortality in patients with 

COPD. Marin et al15 in a longitudinal study observed that 

over 9 years, all cause-mortality was greater in patients with 

OSA/COPD overlap syndrome not treated with continuous 

positive airway pressure (CPAP) (42.2%) compared with 

those that received CPAP therapy (24.2%). The cause of 

the increased mortality with the lack of CPAP treatment 

may result from cardiovascular disease due to pulmonary 

hypertension and cardiac arrhythmia resulting from pro-

longed hypoxemia.1,11,15 A systematic review by Shawon 

et al (2016),36 which included 27 studies, found that OSA/

COPD overlap syndrome was prevalent in ~2.9%–65.9% 

of patients with COPD. They found that overlap syndrome 

patients had greater nocturnal oxygen desaturation (oxygen 

saturation level #90%) and worse sleep quality compared 

with patients with only OSA. In addition, overlap syndrome 

was associated with more frequent cardiovascular morbidity, 

poorer quality of life, more frequency COPD exacerbations, 

and higher hospital costs.

The underlying mechanism by which OSA/COPD over-

lap syndrome increases morbidity and mortality is not clear.1 

Prolonged hypoxia and nighttime hypercapnia may increase 

the risk of death.1 In addition, both diseases have systemic 

impacts; both cause inflammation and oxidative stress.1 

It is possible that both inflammatory and oxidative stress 

pathways together are critical to the increased morbidity 

and mortality seen in patients with OSA/COPD overlap 

syndrome.37

The current study has several strengths. NHANES is 

a benchmark national health survey and is one of the few 

population-based surveys that include validated examina-

tion measures, biological specimen collection, and limited 

measures of health status. Rigorous training in recruitment 

and data collection ensures high response rates, national 

representativeness, and high-quality data collection. The 

sample size was sufficiently large to allow accurate evalua-

tion of prevalence measures at the national level. The fact that 

the database includes a large multiethnic population sample 

allows the exploration of racial/ethnic differences in identify-

ing factors associated with mortality in COPD patients and 

COPD patients with OSA overlap syndrome.

The study also has some limitations. The study was 

cross-sectional in design, and consequently, it is not possible 

to infer any causal relationships. The sample of subjects 

included is not representative of the USA. The sample 

selected was to be demographically representative, but 

because the two teams only visit a total of 16 places a year, 

it is impossible to achieve good geographic coverage. There-

fore, the survey is best used for national data or maybe for 

very large states or groups of states. The survey data are 

also not good for looking at changes over time because one 

does not know if observed changes result from geographic 

irregularities of the survey. Interview (questionnaire) data 

are based on self-reports, as the classifications of OSA, 

COPD, and overlap syndrome, and are therefore subjective 

to recall problems, misunderstanding of the question, and a 

variety of other factors. To overcome these biases, we chose 

objective laboratory data or body measures to replace those 

variables highly subjective to personal recall. NHANES is 

US data (including representative proportions of people of 

different ethnicity), and the findings should be validated in 

other countries.

Conclusion
The present study found that patients with COPD and OSA/

COPD overlap syndrome had significantly higher likelihood 

of death due to any cause compared to patients without either 

disease. In addition, the likelihood of all-cause mortality was 
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higher in the OSA/COPD overlap syndrome compared to 

COPD alone group; however, this did not reach statistical 

significance.
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