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Background and objectives: COPD and obstructive sleep apnea (OSA) share similar 

pathological processes and cardiovascular sequelae. Coexisting OSA in COPD – “overlap syn-

drome” – has worse prognosis than either condition alone, and appropriate treatment improves 

survival. Our objectives were to ascertain the frequency at which COPD coexists with the risk 

of OSA in Taiwan and to compare the risk factors, COPD symptoms, and life quality metrics 

between COPD subgroups with versus without risk of OSA.

Methods: We conducted a random cross-sectional national telephone survey of adults .40 years 

old in Taiwan. Participants fulfilling an epidemiological case definition of COPD completed a ques-

tionnaire to assess COPD symptoms and OSA risk, comorbidities, and performance of daily activi-

ties. Data from COPD cohorts with and without risk of OSA were analyzed and compared.

Results: Of 6,600 interviews completed, 404 subjects fit the epidemiological case definition of 

COPD – an overall prevalence of 6.1% in this national sample. Data on OSA risk were avail-

able for 292 of this COPD cohort, of whom 29.5% were at risk of OSA. Compared to those 

without risk of OSA, those with risk of OSA were significantly more likely to have hypertension 

or cardiovascular disease and diabetes, had significantly higher body mass index and COPD 

Assessment Test scores, and reported impaired work performance and leisure activities.

Conclusion: Among adults in Taiwan who fulfill epidemiologic criteria for COPD, 29.5% 

have coexisting risk of OSA. Comorbid hypertension or cardiovascular disease and diabetes 

are common and significantly more prevalent among the COPD population at risk of OSA than 

those who are not. OSA screening is warranted in patients with COPD with those risk factors 

that are more prevalent in COPD with risk of OSA than without, to target early interventions 

to reduce adverse cardiovascular sequelae from overlap syndrome.

Keywords: cardiovascular risk, COPD, coexistent, obstructive sleep apnea, OSA, overlap 

syndrome

Introduction
COPD is a lung disease characterized by persistently poor airflow consequent to irreparable 

disintegration of lung tissue and small airways dysfunction. The cardinal symptoms 

include shortness of breath, cough, and excess sputum production, which typically dete-

riorate over time.1 A substantial proportion of patients with COPD have comorbidities 

that significantly worsen prognosis,2 in particular due to morbidity and mortality from 

associated hypertensive and heart diseases.3,4 COPD is the third-ranking cause of death 

worldwide.5 Reported estimates of COPD prevalence among adults older than 40 years 

range from 4.0% to 20.0%, with considerable variation due to differing methodologies, 

diagnostic definitions, and demographic characteristics.6,7 COPD is a leading and 
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increasingly important cause of death in Taiwan;8 the average 

annual prevalence of chronic airway obstruction among adults 

aged 40 years and older was 2.48% from 1996 to 2002.9

Obstructive sleep apnea (OSA) is a common sleep disor-

der characterized by repetitive closure of the upper airway. 

OSA shares pathogenic processes of airway inflammation 

and obstruction and cardiovascular sequelae in common 

with COPD, and is similarly associated with cardiovascular 

morbidity and mortality.10,11 Reported estimates of OSA 

prevalence vary, but a commonly accepted figure is ~5.0% 

among adults in developed countries.12,13 The prevalence of 

witnessed sleep apnea among Taiwanese adults ($15 years) 

was 2.6% in 2005.14

Coexistence of OSA in COPD as a distinct clinical syn-

drome was first propounded by Flenley,15 who coined the 

term “overlap syndrome” by which this is commonly known. 

There have been no large epidemiological studies of overlap 

syndrome, and reported prevalence estimates vary widely, 

from 1.0% up to nearly 30.0%,16–18 in part reflecting differences 

between studies in the health status of the study cohorts and 

definitions of COPD and OSA. Several estimates cluster mid-

way in this range,16,17 but the actual figure remains uncertain, as 

does whether the association between COPD and OSA reflects a 

genuine pathophysiological link, or is just coincidental.12,17–19

Notwithstanding the epidemiological uncertainties, it is 

evident that patients with coexisting COPD and OSA have 

higher morbidity and mortality compared with either condi-

tion in isolation.20,21 Early diagnosis of patients with overlap 

syndrome is important because effective treatment is associ-

ated with reduced cardiovascular mortality.21,22 Therefore, 

diagnostic sleep studies, specifically polysomnography, are 

recommended to confirm suspected OSA in those patients 

with COPD with indicative symptoms such as heavy snoring, 

disturbed sleep, and/or daytime sleepiness; however, avail-

able evidence does not support polysomnography for other 

patients with COPD.23–26

To clarify uncertainties about the epidemiology of over-

lap syndrome and study potential indications for sleep apnea 

screening in COPD, we conducted a national survey with the 

primary objective of determining the frequency at which COPD 

coexists with risk of OSA symptoms in Taiwan. We further 

compared the risk factors, COPD symptoms, and life quality 

metrics of COPD subgroups with or without risk of OSA.

Methods
study design and sample selection
We used a computer-assisted telephone interviewing system 

to conduct a random, population-based, cross-sectional sur-

vey of adults .40 years old residing in cities/counties/regions 

throughout Taiwan. The systematic sampling technique 

used national telephone number records. To constitute a 

representative national sample, the latest population statistics 

published by the Taiwan (Republic of China) Ministry of the 

Interior27 were used to restrict demographic data to quotas for 

age group, sex, and area/county/city of residence. Trained 

interviewers made calls from January 19 to May 8, 2013, to 

establish potential household contacts.

Participation was voluntary, and contacted individu-

als gave verbal informed consent before the interview and 

were free to withdraw at any stage. To protect participants’ 

anonymity and confidentiality, all identifying data were 

delinked before analysis. This study was exempted from 

Institutional Review Board approval as per the Taiwan Food 

& Drug Administration announcement, No. 1010265075, as 

the participants did not meet specified criteria for subjects 

mandating such review, were subjected to no medical interac-

tions or interventions as a result of the study, and cannot be 

recognized individually from the data published.

Successful initial contacts were filtered against exclusion 

criteria: age ,40 years; exceed demographic quota(s); prior 

interview/meeting relating to health care, market research, or 

advertising; and occupation of any domicile resident in adver-

tising/market research/news media/public relations, or produc-

tion/distribution/retail of medical or health care products.

respiratory health questionnaire
Eligible contacts were asked five screening questions about 

COPD and respiratory symptoms to identify those with 

either diagnosed COPD or related respiratory symptoms 

(breathlessness, ongoing cough, cough with sputum, wheez-

ing, and chest tightness) of .3 months duration that also 

fulfill an epidemiological case definition of COPD. These 

COPD cohorts were invited to complete the full 22-question 

survey. In addition to eliciting basic information about 

age, marital status, education level, specific occupations 

potentially hazardous to respiratory health, leisure activities, 

and smoking behavior, the survey form included a modi-

fied Medical Research Council (mMRC) Breathlessness 

Scale,28 COPD Assessment Test (CAT) including sleep 

quality,29 questions on height, weight, comorbid diseases 

(hypertension or cardiovascular disease, diabetes, stroke, 

cancer, tuberculosis), and performance of daily-living and 

occupational activities. The survey also incorporated a modi-

fied version of the Berlin Questionnaire,30 which is used to 

screen patients for likely OSA and includes questions on 

frequency and severity of snoring and severity of daytime 

fatigue and drowsiness. Body mass index (BMI) was calcu-

lated from subjects’ reported weight and height. We defined 
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the risk of OSA symptoms according to the modified Berlin 

criteria, as satisfying two from three possible qualifications: 

snoring $3–4 times/wk and/or daytime sleepiness $3–4 

times/wk, with or without BMI $30 kg/m2 or hypertensive 

cardiovascular disease.

statistical analysis
Standard statistical approaches were used to derive the fre-

quencies, percentages, mean, median, and standard deviations 

of descriptive demographic variables (age, sex, smoking, 

occupation, comorbidities, etc). Between-group proportions 

for dichotomous discrete outcomes, such as comorbidities, 

were compared using a two-sample difference of proportions 

test. Two-sample t-test was applied for continuous outcomes. 

Stepwise logistic regression using the forward selection method 

(dependent variables: 0= patients with COPD without risk of 

OSA symptoms; 1= patients with COPD with risk of OSA 

symptoms) was performed to assess the likelihood of the 

risk of OSA versus no risk of OSA in subjects with COPD 

in the presence of exposure variables that included age, BMI, 

hypertension or cardiovascular disease, and CAT score. Data 

were collected, entered, and managed using IBM SPSS Data 

Collection Version 6.0. Statistical analyses were performed 

using IBM SPSS Statistics Version 19. All tests were two-

sided. P-value ,0.05 was considered statistically significant.

Results
Frequencies of COPD and risk of Osa 
symptoms in the screening population
The computer-assisted telephone interviewing system gener-

ated 195,212 telephone numbers that yielded 32,381 successful 

contacts (Figure 1). Of these, 6,600 from 17,949 that fulfilled 

Figure 1 Subject flow for the pooled COPD population with risk of obstructive sleep apnea symptoms.
Abbreviation: Osa, obstructive sleep apnea.
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the eligibility criteria were adjudged to have satisfactorily 

completed the interview – a response rate of 36.8%. Among 

this national population sample, 404 (6.1%) subjects either had 

clinically diagnosed COPD or fitted the epidemiological case 

definition. Data to assess the risk of OSA were available for 

292 of this COPD cohort, of whom 86 (29.5%) fulfilled the 

modified Berlin criteria for risk of OSA and 206 (70.5%) did 

not have risk of OSA; the remaining 112 did not answer the 

questions used to assess OSA risk. Accordingly, COPD and 

risk of OSA symptoms, as defined in this study, coexisted at 

a frequency of at least 1.3% in the population screened.

Demographic characteristics and 
differences between COPD cohorts with 
or without risk of Osa symptoms
Subjects in the COPD cohort were predominantly male 

(80.1%) and ever-smokers (86.0%); these proportions 

were similar irrespective of OSA risk status, as were their 

median ages, age strata, and specified occupations poten-

tially hazardous to respiratory health (Table 1). The COPD 

group at risk of OSA symptoms had significantly higher BMI 

than those without risk of OSA symptoms (26.1±5.82 kg/

m2 vs 23.5±2.99 kg/m2; P,0.001) and were significantly 

more likely to have hypertension or cardiovascular dis-

ease (74.4% vs 26.7%; P,0.001) and/or diabetes mellitus 

(23.3% vs 8.3%; P,0.001). Correspondingly, those without 

risk of OSA symptoms were comparatively less likely to 

have any of the specified comorbidities (65.5% vs 22.1%; 

P,0.001).

symptomatic differences between COPD 
cohorts with or without risk of Osa 
symptoms
mMRC Breathlessness scores did not differ significantly 

between the groups with or without risk of OSA symptoms 

(Table 2). However, the COPD cohort with risk of OSA 

Table 1 Demographics of COPD cohort and comparison by risk of Osa symptoms status

Categories Subject data values and proportions (%) P-value  
(with risk of OSA 
symptoms vs without)

COPD cohorta OSA symptoms risk status

With Without

292 (100) 86 (29.5) 206 (70.5)

Median age (years) 52.9 53.0 52.9 0.976b

1st–3rd quartile (IQr) 44.9–66.2 (17.3) 44.8–62.0 (17.2) 45.0–62.3 (17.3)
age group (years) 0.842c

40–45 79 (27.1) 27 (31.4) 52 (25.2)
46–50 50 (17.1) 12 (14.0) 38 (18.4)
51–55 37 (12.7) 10 (11.6) 27 (13.1)
56–60 45 (15.4) 13 (15.1) 32 (15.5)
61–65 19 (6.5) 7 (8.1) 12 (5.8)
66–70 18 (6.2) 6 (7.0) 12 (5.8)

$71 44 (15.1) 11 (12.8) 33 (16.0)

sex 0.728c

Male 234 (80.1) 70 (81.1) 164 (79.6)
Female 58 (19.9) 16 (18.6) 42 (20.4)

ever-smoker 251 (86.0) 76 (88.4) 175 (85.0) 0.443c

Specified occupationsd 106 (36.3) 32 (37.2) 74 (35.9) 0.835c

Body mass index (kg/m2)e 24.3±4.19 26.1±5.82 23.5±2.99 ,0.001c

Comorbid diseases
hypertensive or 
cardiovascular

119 (40.8) 64 (74.4) 55 (26.7) ,0.001c

stroke 3 (1.0) 2 (2.3) 1 (0.5) 0.208c

Diabetes mellitus 37 (12.7) 20 (23.3) 17 (8.3) ,0.001c

Cancer 10 (3.4) 4 (4.7) 6 (2.9) 0.457c

Tuberculosis 10 (3.4) 1 (1.2) 9 (4.4) 0.290c

none of the above 154 (52.7) 19 (22.1) 135 (65.5) ,0.001c

Notes: aexcluding 112 for whom data to assess risk of Osa symptoms were unavailable. bWilcoxon rank-sum test. cChi-square test. dSpecified occupations/workplaces: brick 
or ceramic factory, gravel pit, mine; textiles; building and decorating; chemical raw plant or dye factory; truck driver; baker; fire-fighter; cook with wood, coal, or briquettes. 
eCalculated from self-reported weight and height.
Abbreviations: Osa, obstructive sleep apnea; IQr, interquartile range.
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symptoms had significantly higher total CAT scores 

than those without (16.8±7.74 vs 12.7±7.10; P,0.001). 

Significantly higher scores on individual CAT items indicated 

that, compared to those without risk of OSA symptoms, the 

COPD cohort with risk of OSA symptoms reported worse 

cough, experienced more difficulty breathing when climbing 

stairs, were more restricted in their domestic activities and 

less confident to go out, did not sleep as well, and felt less 

energetic (Table 2).

Difference in life quality metrics between 
COPD cohorts with or without risk of 
Osa symptoms
Questions relating to quality of life included the extent to 

which respiratory symptoms affected work performance 

and absence, leisure activities, and social interactions. 

Although the COPD cohort with risk of OSA symptoms  

took no more days-off sick than those without (Table 3), 

they reported that their respiratory symptoms significantly 

impaired work performance (1.5±1.52 vs 0.8±1.34, P=0.002) 

and their leisure activities (1.3±1.60 vs 0.5±1.08; P,0.001) 

and social interactions (1.0±1.52 vs 0.5±1.12; P=0.004).

Multivariate analyses (Table S1 and S2) showed 

significant correlations between CAT score (P=0.007) 

and having more than two comorbidities (P=0.039), with 

impaired work performance; two or more comorbidities 

(P=0.001), emergency room (ER) admission (P=0.022), 

and hospitalization (P=0.015), with work day absence 

due to respiratory symptoms; CAT (P,0.001) and ER 

admission (P=0.035), with impaired leisure activities; 

and CAT (P=0.017), with impaired social interaction. 

Other factors, such as BMI, mMRC Breathlessness score, 

or intensive care unit admission did not correlate with life 

quality metrics. One Berlin Questionnaire item, fatigue 

upon waking, significantly correlated with impaired work 

performance (P=0.014) and impaired social interaction 

(P=0.012), whereas there was no significant correlation 

between daytime sleepiness and any of the life quality 

metrics (P.0.1); however, falling asleep while driving 

did correlate with impaired leisure activities (P=0.006) 

and impaired social interaction (P=0.01).

Independent predictors for the risk of 
Osa symptoms in COPD
Hypertension and/or cardiovascular disease were the 

strongest predictors of the risk of OSA in COPD (Table 4), 

being 13.70 times more likely in COPD subjects with 

risk of OSA than without (95% confidence interval [CI]  

5.47–34.336; P,0.001). BMI (odds ratio 1.17; 95% CI 

1.06–1.30; P=0.003) and CAT score (odds ratio 1.13; 95% 

CI 1.07–1.20; P,0.001) were also positively associated with 

the risk of OSA. The association between age and OSA risk 

in this COPD cohort was negative. Although there was no 

statistical difference in age between the subjects who did or 

did not answer Berlin Questionnaire items (Table S4), there 

Table 2 symptomatic differences between COPD cohorts with 
or without risk of Osa symptoms

Symptoms/disability 
quantification indices

OSA symptoms 
risk status

P-valuea

With Without

mMrC Breathlessness score 0.9±1.03 0.7±0.94 0.261
CaT score 16.8±7.74 12.7±7.10 ,0.001

severity of cough 2.5±1.46 2.0±1.33 0.022
amount of chest sputum 2.1±1.48 1.9±1.40 0.266
Degree of chest tightness 1.8±1.38 1.5±1.45 0.186
Breathing difficulty climbing stairs 2.9±1.39 2.3±1.38 ,0.001
restriction of domestic activities 1.3±1.55 0.8±1.38 0.006
Confidence to go out 1.3±1.66 0.8±1.34 0.013
Quality of sleep 2.3±1.80 1.6±1.70 0.002
Daily vitality 2.6±1.39 1.9±1.39 ,0.001

Note: aIndependent-sample t-test.
Abbreviations: OSA, obstructive sleep apnea; mMRC, modified Medical Research 
Council; CaT, COPD assessment Test.

Table 3 life quality differences between COPD cohorts with or 
without risk of Osa symptoms

Life quality metrics OSA symptoms risk 
status

P-valuea

With Without

Impaired work performance 1.5±1.52 0.8±1.34 0.002
Work days absent due to 
respiratory symptoms

1.2±4.45 1.1±8.66 0.955

Impaired leisure activities 1.3±1.60 0.5±1.08 ,0.001
Impaired social interaction 1.0±1.52 0.5±1.12 0.004

Note: aIndependent-sample t-test.
Abbreviation: Osa, obstructive sleep apnea.

Table 4 Independent predictors for risk of Osa symptomsa in 
COPD

Risk predictor Odds ratio P-value

(95% confidence interval)

age 0.944 (0.905–0.983) 0.006
Body mass index 1.173 (1.057–1.302) 0.003
hypertension or 
cardiovascular disease

13.704 (5.466–34.359) ,0.001

CaT score 1.134 (1.068–1.204) ,0.001

Notes: astepwise logistic regression using the forward selection method (dependent 
variables: 0= patients with COPD without risk of Osa symptoms; 1= patients with 
COPD with risk of Osa symptoms).
Abbreviations: Osa, obstructive sleep apnea; CaT, COPD assessment Test.
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was a trend toward a higher incompletion rate in those older 

versus younger than 60 years (34.1% vs 24.9%; P=0.054).

Discussion
This national survey reveals interesting new insights into the 

epidemiology of obstructive respiratory illnesses in Taiwan. 

A substantial proportion of subjects with COPD have coexist-

ing risk of OSA and associated comorbidities. These findings 

have important implications for clinical practice in screening 

and treating patients with COPD.

study limitations and strengths
While we took measures to ensure a representative sample, 

a major limitation of our study was that the response rate 

was lower than that generally regarded as desirable to negate 

the effect of sample bias.31 In particular, screening questions 

about respiratory health might possibly lead a dispropor-

tionate number of eligible contacts without such symptoms 

to withdraw prematurely, resulting in overrepresentation 

of respiratory symptoms among the screening population. 

Basing definitions of COPD and OSA risk on respondent-

reported symptoms rather than clinical diagnoses may also 

inflate prevalence compared with epidemiologic studies 

based on National Insurance records, since cases of asthma 

or cardio vascular disease may have been included; but on the 

other hand, this may reveal genuinely undiagnosed COPD. 

A major limitation was that OSA symptoms were neither 

clinically diagnosed nor confirmed by polysomnography. The 

Berlin Questionnaire only screens for OSA risk, is validated 

only for patients in primary care,30 and has moderate sensitiv-

ity and specificity in Chinese patients, with limited screening 

value.32 Another limitation of this telephone survey was that 

quality of life was not assessed using a validated question-

naire, in interests of avoiding an overly lengthy interview. 

Lastly, data on the risk of OSA symptoms were unavailable 

for 112 of 404 (27.7%) survey respondents in the COPD 

cohort who did not complete the Berlin Questionnaire items 

– they included some who declined to answer and others for 

undocumented reasons. Despite these limitations associated 

with a telephone survey, it also had the advantages of avoid-

ing potential biases inherent in studying patient cohorts and 

providing real-life information on 6,600 members of the 

general adult population. Reported epidemiological data on 

COPD, OSA, and overlap syndrome derive from predomi-

nantly Caucasian populations. Ours are the first large-scale 

data from Asia specifically focused on these respiratory 

illnesses and as such constitute a valuable resource for refer-

ence and comparison.

epidemiology of COPD and Osa
The prevalence of COPD in adults .40 years in Taiwan was 

6.1%, which lies toward the lower end of the range reported 

in international studies.6,7 In a population cohort based on 

National Health Insurance claims from 1996 to 2002, the 

prevalence of chronic airway obstruction in adults older than 

40 was 2.48%,9 which is substantially less than most interna-

tional estimates. While our figure might be an overestimate 

if respiratory patients were overrepresented in our sampling 

population, it may truly indicate a substantial hidden burden 

of undiagnosed COPD in Taiwan. Indeed, another recent 

survey of COPD in Asia–Pacific estimated the prevalence 

among 207 Taiwanese subjects to be 9.5%.33

Studies to date have produced conflicting findings on 

the coexistence of OSA in COPD and the nature of the 

association between them, with comparisons confounded by 

sampling processes and definitions.19 Swedish investigators 

have reported OSA to be twice as common in subjects with 

chronic bronchitis as in those without pulmonary disease 

or symptoms.34 In contrast, the Sleep Heart Health Study, 

which has been the largest investigation to date, found OSA 

to be no more common in obstructive airway disease than 

in the general population; at respiratory disturbance index 

thresholds of 10 and 15, respective prevalence of OSA was 

22.3% and 14.0% in subjects with obstructive airway disease 

and 28.9% and 18.6% in those without.18 Due to limitations 

of these and other reported studies, in particular, underrep-

resentation of severe COPD, the true prevalence of overlap 

syndrome remains controversial.12

In our survey, 29.5% of subjects fitting the epidemiologi-

cal case description for COPD had coexisting risk of OSA 

symptoms. Although this lies at the upper end of the range 

of most reported estimates of overlap syndrome,16,17 that may 

be expected given our relatively broad definitions of each 

condition compared with stricter clinical diagnostic criteria. 

In particular, the Berlin Questionnaire is only a screen-

ing tool to identify patients with OSA symptoms; besides 

genuine cases of OSA, this population might also include 

upper airway resistance syndrome, nocturnal desaturated 

patients without OSA, and asthma-related conditions, which 

would lead to an overestimate of the prevalence of OSA in 

COPD. It may also reflect the predominance of males and 

ever-smokers in our COPD cohort. Both COPD and OSA 

occur more commonly in males than females,7,13 and tobacco 

smoking is known to predispose to COPD35 and may also be 

a risk factor for OSA.36

Despite previous reports that older age is an important 

risk factor for OSA,37,38 our analysis showed that advanced 
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age among members of the COPD cohort was associated 

with reduced risk of OSA symptoms. This observation may 

be an artifact of the study methodology as older respondents 

were more likely to decline to answer further questions after 

completing the main part of the survey (Table S4).

Based on the Sleep Heart Health Study, several com-

mentators concur that since both COPD and OSA are rela-

tively common, their coexistence is likely coincidental and 

would be expected by chance at a frequency of 0.5%–1.0% 

in adults .40 years (based on respective prevalence of 

~10% and ~5%–10%).16,17,19 COPD and risk of OSA symp-

toms, as defined in our study, coexisted at a frequency of 

1.3% in the general population, which does not appear to 

be a very dissimilar proportion, especially if subjects with 

either condition were overrepresented. While the limita-

tions and uncertainties of our study and others preclude 

firm conclusion about the prevalence of COPD, OSA, and 

overlap syndrome, there is no indication from our results 

that overlap syndrome is any less of a problem in Taiwan 

than elsewhere.

Poorer health and life quality when 
COPD coexists with Osa
Compared with COPD subjects without coexisting risk of 

OSA in our survey, those with the risk of OSA had more 

symptomatic COPD, more comorbid illness, slept worse, 

and reported greater interference of respiratory symptoms 

in their social and working lives.

Both COPD and OSA are associated with increased risk 

of cardiovascular morbidity and mortality;4,11,39 however, 

these relationships and the underlying mechanisms are not 

entirely understood.40 In the ECLIPSE study, patients with 

more symptomatic COPD and cardiac comorbidities but 

fewer risk factors, had similarly poor clinical outcomes 

and mortality as those with fewer symptoms but more risk 

factors.41 In a multivariate analysis of 10,981 patients with 

sleep apnea, all-cause mortality was most strongly associated 

with COPD, and mortality associated with OSA was signifi-

cantly increased in the presence of COPD.42 The significant 

associations we observed between comorbid hypertension/

cardiovascular disease and diabetes mellitus with the risk 

of OSA symptoms may reflect common inflammatory and 

cardiovascular sequelae of airway obstruction in COPD 

and OSA.39,40,43,44 There is an evidence for a positive cor-

relation between systemic inflammation and impaired lung 

function,45 and patients with OSA also have elevated levels 

of inflammatory mediators, particularly those associated 

with cardiovascular risk, such as nuclear factor kappa B,46 

tumor necrosis factor, interleukin-6, C-reactive protein,47 

and homocysteine.48

In general, our findings are consistent with the proposition 

that coexisting OSA may contribute to worsening COPD and 

be associated with increased risk of hypertensive cardio-

vascular disease. However, it remains unclear whether the 

inflammatory consequences of COPD and OSA in overlap 

syndrome are additive or synergistic; further studies are, 

therefore, needed to investigate whether their relationship 

is causative or correlative.

Our findings also accord with the few published reports 

on sleep and quality of life in patients with COPD and/or 

OSA. Disrupted sleep is a hallmark of OSA, particularly in 

more symptomatic individuals, and many patients conse-

quently suffer from insomnia.49 Insomnia is also more com-

mon in subjects with respiratory symptoms of cough and/

or wheezing than those without.50 Sleep Heart Health Study 

patients with overlap syndrome had less efficient and more 

perturbed sleep than those with either OSA or obstructive 

airway disease alone.18 In a single study, patients with overlap 

syndrome had significantly higher scores than those with 

COPD alone on scales of symptoms, activity, and impacts, 

indicating markedly impaired quality of life.51 Although we 

observed no direct effect of snoring or disrupted breathing 

during sleep on life quality metrics, fatigue upon waking and 

drowsiness while driving did correlate with some aspects, 

which may account for differences in life quality between the 

COPD cohorts with versus without risk of OSA symptoms. 

Likewise, our findings support the contention that symptoms 

that contribute to the risk of OSA, such as snoring, day-

time sleeping, and poor sleep quality, may also explain the 

elevated scores we observed on individual CAT items.

rationale for early diagnosis and treatment 
to reduce adverse cardiovascular sequelae 
from overlap syndrome
Worsened prognosis in overlap syndrome than for either 

COPD or OSA alone may be principally attributed to increased 

frequency and overall duration of hypoxemic episodes, which 

result in repeated transient elevations of pulmonary arterial 

pressure that foment the development of pulmonary hyper-

tension and right heart failure.21,23 Accordingly, effective 

OSA treatment with continuous positive airway pressure 

has been shown to improve survival, largely due to reduced 

cardiovascular mortality, and decrease hospitalizations for 

exacerbations of COPD.20–22 Therefore, although routine 

polysomnography is unlikely to detect clinically important 

unsuspected OSA among patients with COPD at higher rates 
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than in the general population,23 clinical sleep studies should 

be performed to screen patients with COPD with suspected 

OSA, which is indicated by characteristics such as snoring, 

disturbed sleep, and/or daytime sleepiness.23–26

Conclusion
A substantial proportion of adults in Taiwan who fulfill the 

epidemiologic criteria for COPD also have symptoms asso-

ciated with OSA. These findings suggest that COPD with 

coexisting OSA may be as common in Taiwan as elsewhere, 

and affirm that it is associated with worse symptoms than 

COPD alone, higher likelihood of comorbid diseases, and 

poorer quality of life. It is important to diagnose patients with 

overlap syndrome early because they are at especially high 

risk of cardiovascular mortality, and effective pre-emptive 

treatment improves survival. Hypertensive or cardiovascular 

disease, obesity, and high CAT scores predict the risk of OSA 

symptoms in COPD. OSA screening is therefore warranted 

in patients with COPD with these risk factors, especially 

hypertensive or cardiovascular comorbidities, in order to tar-

get early interventions to reduce the risk of adverse sequelae 

from overlap syndrome.
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