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ABSTRACT
Aim: Obstructive sleep apnea syndrome (OSAS) and chronic obstructive pulmonary disease (COPD) have common 
pathophysiological mechanisms affecting the prognosis of each other. This study aims to investigate the relationship between 
the presence of OSA risk and the severity of COPD and to determine the possible clinical features for OSA risk for COPD 
patients.
Material and Method: The patients (n=181) who applied to the outpatient clinics of pulmonology between September 
- November 2019 with the diagnosis of COPD, were analyzed cross-sectionally. Demographic features, anthropometric 
measurements, comorbidities, smoking status, and severity of dyspnea, respiratory functions, and exacerbation frequency 
in the last year were evaluated. All patients were questioned with the Epworth sleepiness scale (ESS) for detecting excessive 
daytime sleepiness (EDS), and the STOP-Bang for determining the risk of OSA. 
Results: The rate of diabetes, waist and hip circumference measurements, median ESS score, and EDS ratio were found to be 
higher in patients with moderate/high OSA risk when compared to patients with low OSA risk. In the multivariate regression 
model; lower oxygen saturation (OR: 0.83; p=0.007) and higher ESS score (OR=1.28; p<0.001) were determined as independent 
risk factors affecting the OSA risk to be moderate/high. 
Conclusion: Low oxygen saturation, accompanying diabetes, high ESS score and, high waist-hip circumference stand out 
as useful factors in determining OSA risk in the COPD population. However, OSA risk was found to be the same among all 
COPD stages. We suggest that all COPD patients should be questioned for OSA risk regardless of the stage.
Keywords: Obstructive sleep apnea syndrome (OSAS), chronic obstructive pulmonary disease (COPD), Epworth sleepiness 
scale (ESS), STOP-Bang survey
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INTRODUCTION
It is known that chronic obstructive pulmonary disease 
(COPD) has many comorbidities affecting prognosis. 
Obstructive sleep apnea syndrome (OSAS) which is one of 
the common comorbidities, is affected by various clinical 
and pathophysiological factors associated with COPD.  
According to epidemiologic studies, OSA can be present in 
about 10 to 15% of patients with COPD (1,2). Hypoxemia 
and inflammation are the main factors affecting the 
pathology and prognosis of both diseases. The overlap 
of OSA and COPD results in more profound nocturnal 
hypoxemia especially during rapid eye movement (REM) 
sleep and cardiovascular comorbidities (3,4).

Peripheral fluid retention shifting rostral during sleep, 
corticosteroid therapy which may weaken pharyngeal 
muscles and cigarette smoking causing inflammation in 

the upper airway, facilitate the collapsibility of the upper 
airway in COPD (3). A phenotypic tendency for the 
coexistence of OSA was observed for the patients with 
chronic bronchitis while hyperinflation associated with 
COPD was found to be protective against upper airway 
collapse in the predominant emphysema phenotype (5-
7). Besides, cachexia which is seen during the end stages 
of COPD might decrease the likelihood of coexisting OSA 
in this population. The alterations in pathophysiological 
changes in the stages and phenotypes of COPD can affect 
the prevalence of OSA. Furthermore, OSA has a significant 
effect on the survival of COPD patients. It may increase 
the lower airway inflammation and worsen respiratory 
failure in COPD (1). In some studies, it is associated with 
daytime oxygen desaturation, hypercapnia, and poor 
quality of life in patients with COPD (2,8,9).
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Screening for OSA risk is an important part of the 
clinical evaluation of patients with COPD. This study was 
conducted to find the relationship between the presence 
of obstructive sleep apnea (OSA) risk and the severity 
of COPD and to reveal the clinical findings which can 
determine the intermediate/high OSA risk in COPD 
patients.

MATERIAL AND METHOD
The study was approved by the Keçiören Training and 
Research Hospital Clinical Research Ethics Committee 
(Date: 11.09.2019, Decision No:2012-KAEK-15/1938). 
All procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki. 

Patients
In this study; 181 patients aged between 40-75 years, who 
were admitted to the outpatient clinics of pulmonology 
between September 1st, and November 31st, 2019 with 
the diagnosis of COPD, were analyzed cross-sectionally. 
Only the patients who signed informed consent were 
enrolled in the study. Patients with congestive heart 
failure, chronic renal disease, psychiatric or neurological 
diseases, shift work, and patients on positive airway 
pressure treatment due to respiratory failure were 
excluded.

The diagnosis of COPD and the evaluation of disease 
severity was based on the global initiative for chronic 
obstructive lung disease (GOLD) 2019 criteria (10). 
Combined COPD assessment including symptom 
severity and exacerbation history was used. 

Measurements
Demographic features [age, gender], anthropometric 
measurements, comorbidities, smoking status, and 
severity of dyspnea according to the modified medical 
research council (mMRC) scale (11), respiratory 
functions, and exacerbation frequency in the last year 
were evaluated.

For anthropometric evaluation height [m], weight [kg], 
neck, waist, and hip circumferences (cm) were measured 
with a tape measure. Weight was measured with light 
clothing and without shoes. The height was measured 
on bare feet with the thin rod parallel to the floor that 
touched the head during deep inspiration while standing 
upright. The body-mass index (BMI) was calculated as 
weight [kg] divided by the square of height [m2]. Neck 
circumference (NC) was measured at the level of the 
cricothyroid membrane in a standing position. Waist 
circumference (WC) was measured midway between 
the lower rib and the iliac crest, and hip circumference 
at the level of the widest circumference over the great 

trochanters during upright position at the end of a gentle 
expiration. Pulse oximetry was used for measuring 
oxygen saturation (SpO2) on room air at rest.

Spirometry was performed under the American Thoracic 
Society (ATS)/European Respiratory Society (ERS) 
standards (12). Forced expiratory volume in one second 
(FEV1), forced vital capacity (FVC) and FEV1/FVC 
values   were obtained with the forced expiration curve. 
The severity of airway obstruction was based on the 
level of post-bronchodilator FEV1% of the predicted 
value (10). The airway obstruction was classified as mild, 
intermediate, severe, and very severe according to cut-
off values of FEV1 80%, 50%, and 30% respectively. All 
patients were questioned with the Epworth sleepiness scale 
(ESS) for detecting excessive daytime sleepiness (EDS), 
and the STOP-Bang for determining the risk of OSA. Both 
questionnaires were validated in Turkish (13,14). EDS was 
defined when the total score was 10 or more on ESS. If 
the score was ≤2 on the STOP-Bang questionnaire the risk 
for OSA was assumed as low. The patients with a score >2 
were grouped as intermediate/high OSA risk.

Statistical Analysis
For the statistical evaluation, the Statistical Package for 
Social Sciences (SPSS) (IBM SPSS Inc., Chicago, IL) 
for Windows 23 was used. The distribution of data was 
evaluated by the Kolmogorov-Smirnov test. For random 
distribution, the median [25th percentile (P25) and 75th 
percentile (P75)] was displayed whereas mean±standart 
deviation was used for normal distribution. The results 
from qualitative data were shown as numbers and 
percentages. The Chi-Square test or Fisher Exact test was 
used to compare qualitative data. The Mann-Whitney U 
test (for random distribution) or independent sample 
T-test (for normal distribution) were executed for the 
comparisons between the groups of numerical variables. 
Correlations between numerical data were evaluated 
by Spearman correlation analysis, and the correlation 
between categorical variables was determined by the 
point biserial correlation. Multivariate regression 
analysis was used to determine the independent risk 
factors of the STOP-Bang survey risk score and Epworth 
Sleepiness Scale Score. Data with random distribution 
was emulated to a normal distribution with logarithmic 
transformation. Multivariate logistic regression analysis 
was used to determine the independent risk factors of 
OSA risk and daytime sleepiness. In statistical analysis, 
the p-value <0.05 was considered significant.

RESULTS
The patients enrolled in the study (n=181) consist of 140 
(77.3%) males and 41 (22.7%) females, aged between 40-
75 years. The mean age of the patients was 62.1±8.8 years, 
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the average BMI level was 26.8±5.4 kg/m2, and the average 
neck circumference was 40.6±3.5 cm. It was determined 
that 32% (n=58) of the patients were active smokers and 
49.2% (n=89) had quited smoking. The median smoking 
time was 40 packs/year. The median disease duration 
of the patients who applied to the outpatient clinic for 
COPD was 4 years. According to the combined COPD 
assessment, stated on GOLD 2019, 37% (n=67) of the 
patients were classified in the high-risk group (GOLD C 
and GOLD D) for exacerbation and symptom burden. As 
to spirometric grade, approximately half of the patients 
(n=93, 51.4%) had GOLD 3-4 grade of airflow limitation 
(FEV1<50%). The presence of hypertension was declared 
by 30.4% (n=55) of patients and diabetes mellitus was 
declared by 11% (n=20) of the patients.

In our study, the ratio of patients with intermediate/high 
OSA risk was 69.6% (n=126). The median ESS score was 
4 and the rate of EDS was found to be 30.4% (n=55).

As shown in Table 1, waist circumference and hip 
circumference measurements in this COPD population 
were also found to be significantly higher in the group 
with intermediate /high OSA risk (p<0.001). The rate 
of diabetes (14.3% and 3.6%; p=0.040), median ESS 
score (7.5 and 2, respectively; p<0.001), and EDS ratio 
(42.1% and 3.6%, respectively; p<0.001) were found to 
be higher in patients with intermediate/high OSA risk 
when compared to patients with low OSA risk. Besides, 
SpO2 (92.3±4.3 and 94.2±2.3; p<0.001) and FVC 
(2,3±0.8 and 2.6±0.8; p=0.050) were significantly low in 
patients with intermediate/high OSA risk. However, the 
other clinical parameters including the mMRC scale, 
GOLD stages and exacerbation/hospitalization history 
did not differ significantly between OSA risk groups 
(Table 1).

The previous analysis indicated that waist circumference, 
hip circumference, FVC, SpO2, ESS score, and EDS could 
be possible risk factors associated with intermediate/
high OSA risk. In the multivariate logistic regression 
model in which these possible risk factors are included, 
SpO2 (OR: 0.83; p=0.007) and ESS score (OR=1.28; 
p<0.001) were determined as independent clinical 
factors affecting the intermediate// high level of OSA 
risk (Table 2). 

Table 1. Demographic and clinic parameters according to the OSA 
risk group

Parameters
OSA Risk

pLow
 (n=55)

Intermediate/
High (n=126)

Age (years) 61.8±9.4 62.3±8.6 0.714
Gender, n (%)

 Male 42 (76.4) 98 (77.8)
0.848

 Female 13 (23.6) 28 (22.2)
BMI (kg/m2) 24.8±3.8 27.7±5.8 <0.001
Neck circumference (cm) 39.0±2,6 41.2±3,6 <0.001
Waist circumference (cm) 93.0±9.7 99.2±13.8 0.001
Hip circumference (cm) 97.6±10 104.6±12.9 <0.001
Cigarette smoking 
(pack/years) 40 (15-50) 40 (16-60) 0.208

 Never-smoked, n (%) 10 (18.2) 24 (19.0)
0.976 Quitted, n (%) 28 (50.9) 61 (48.4)

 Active-smoker, n (%) 17 (30.9) 41 (32.5)
Comorbidities n (%) 6 (10.9) 62 (49.2) <0.001

 HT n (%) 3 (5.5) 52 (41.3) <0.001
 DM n (%) 2 (3.6) 18 (14.3) 0.040

Duration of COPD 4 (0.5-9) 4 (1-10) 0.365
 PFT

 FVC (L) 2.6±0,8 2.3±0,8 0.050
 FEV 1 (L) 1.6±0.7 1.4±0.6 0.088
 FVC, % 68.6±22.6 62±16.2 0.057
 FEV 1, % 54.6±21.2 49±15.6 0.085
 FEV1/FVC 61.0±6.8 60.8±8.3 0.837

SpO2, % 94.2±2.3 92.3±4.3 <0.001
Airflow limitation, n (%)

 GOLD1 (FEV1≥80%) 6 (10.9) 7 (5.6)

0.430

 GOLD2 
(50%≤FEV1<79%) 25 (45.5) 50 (39.7)

 GOLD3 
(30%≤FEV1<%50%) 20 (36.4) 58 (46.0)

 GOLD4 (FEV1<30%) 4 (7.3) 11 (8.7)
mMRC scale, n (%)

 mMRC<2 20 (36.4) 34 (27.0)
0.220

 mMRC≥2 35 (63.6) 92 (73.0)
GOLD 2019

 A 17 (30.9) 26 (20.6) 0.338
 B 22 (40) 49 (38.9)
 C 3 (5.5) 7 (5.6)
 D 13 (23.6) 44 (34.9)

Exacerbations ≥2/past year, 
n (%) 14 (25.5) 46 (36.5) 0.171

Hospitalizations ≥1/past 
year, n (%) 5 (9.1) 19 (15.1) 0.345

ICU admissions ≥1/past 
year, n (%) 0 4 (3.2) 0.432

ESS score 2 (0-4) 7.5 (3-11) <0.001
EDS, n (%) 2 (3.6) 53 (42.1) <0.001
The results were shown as n (%), mean ± standard deviation or median (25th-75th 
percentile) BMI: body-mass index, COPD: chronic obstructive pulmonary disease 
DM: diabetes mellitus, EDS: excessive daytime sleepiness, ESS: Epworth sleepiness 
scale, FEV1: Forced expiratory volume in one second, FVC: forced vital capacity, 
GOLD: global initiative for chronic obstructive lung disease HT: hypertension, 
ICU: intensive care unit, mMRC: modified medical research council, SpO2:oxygen 
saturation by pulse oximetry

Table 2. Multivariate regression analysis for OSA risk

Variables OR
95% CI

pLower 
limit

Upper 
limit

OSA risk (intermediate/high vs low)
SpO2 (%) 0.83 0.72 0.95 0.007
ESS 1.28 1.16 1.41 <0.001

Nagelkerke R2:0.331; p<0.001
CI: Confidence interval, ESS: Epworth sleepiness scale OR: Odds ratio, SpO2:oxygen 
saturation by pulse oximetry
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Our results revealed that STOP-Bang score had 
an intermediate positive correlation with waist 
circumference (r=0.429; p<0,001), hip circumference 
(r=0.409; p<0.001) and ESS score (r=0.457; p<0.001). 
The presence of DM, COPD duration, FVC(L), FEV1(L), 
FVC%, SpO2, GOLD 2019 ABCD staging, airway 
obstruction, and mMRC dyspnea scale showed a weak 
correlation with STOP-Bang score (Table 3). These 
factors associated with the STOP-Bang score were 
included in the multivariate linear regression model in 
which SpO2(β±SH: -0.09±0.03; p=0.007) and log (ESS) 
(β±SH: 0.14±0.02; p<0.001) outshined as independent 
factors affecting the risk score (Table 4).

DISCUSSION
The overlap of OSA and COPD has some common factors 
affecting the pathophysiology and prognosis of each 
other. It is important to reveal the factors determining 
OSAS risk in COPD. The common factors such as age, 
gender, and smoking, may not provide clinical benefit in 

determining the probability of OSA. It may be speculated 
that especially advanced COPD with altered upper airway 
dynamics, respiratory pattern, and comorbidities may 
have different predictors from the general population 
(15). Approximately half of our study group consisted of 
COPD patients with mild/moderate airway obstruction 
and two-thirds of the population was with GOLD A-B 
representing the low-risk group for exacerbations. In this 
cohort of COPD patients, it was found that nearly 70% 
of the patients had moderate/high risk for OSA. OSA 
prevalence in COPD was reported between 2.9-66% in 
different studies (2,16,17). Sharma et al. (18) reported the 
prevalence of high risk for OSA according to the Berlin 
Questionnaire as 55.2% in obstructive airway diseases. 
Oppositely, polysomnographic data of The Sleep Heart 
Health Study and Bednarek et al. (19) claimed no risk for 
mild obstruction (2). However, neither the degree of the 
airflow limitation nor the stage of COPD seemed to affect 
the OSA risk in our study group.

A recent study underlined that hypertension which is a 
component of the STOP-Bang questionnaire, could not 
be shown as an indicator of OSA in moderate to severe 
COPD. The authors recommended the interrogation 
of cardiovascular events, including stroke, myocardial 
infarction, or peripheral vascular disease for OSA risk 
(15). According to our results, the presence of diabetes 
may be a clue for the OSA-COPD overlap. Similarly, 
in the study of Steveling et al. (17) in which nocturnal 
polygraphy was used, the frequency of diabetes was 
higher in patients with the overlap syndrome.

The BMI threshold for the STOP-BANG is >35 kg/
m2 which is more than the average BMI (26.8 kg/m2) 
of our study group. Although the average BMI of the 
intermediate/high-risk group was also found to be below 
the threshold, it is statistically higher than the low-risk 
group. On the other hand, the age threshold of 50 years 
might have increased the likelihood of high OSA risk in 
this elderly population with a mean age of 62.1 with male 
predominancy. But the gender distribution and mean age 
of the low-risk group were found to be statistically the 
same as the intermediate/high-risk group.

We showed that the ESS score correlates well with the OSA 
risk. However, it is known that the poor sleep quality in 
moderate/severe COPD obstacles the prediction of OSA 
with ESS (15,16,20). The tiredness and daytime sleepiness 
may be attributed to either the poor sleep quality in 
COPD or the accompanying OSA. Eventually, the 
polysomnographic evaluation is needed for the differential 
diagnosis. We used the STOP-Bang questionnaire in this 
study because STOP-Bang was found to be associated with 
OSA in COPD (15). But our results must be confirmed 
with the polysomnographic data, the lack of which is 
the major limitation of this study. Schreiber et al. (21) 

Table 3. The results of correlation analysis between STOP-Bang 
score and the demographical-clinical parameters

Parameters
STOP-Bang score
r p

Age (years) 0.083 0.268
Gender 0.001 0.986
Waist circumference (cm) 0.429 <0.001
Hip circumference (cm) 0.409 <0.001
Cigarette smoking (pack/years) 0.075 0.366
DM 0.286 <0.001
Duration of COPD 0.178 0.017
FVC (L) -0.184 0.014
FEV1(L) -0.159 0.034
FVC(%) -0.173 0.020
FEV1(%) -0.138 0.065
FEV1/FVC 0.049 0.517
SpO2(%) -0.228 0.002
GOLD 2019 (ABCD stages) 0.281 <0.001
The severity of airflow limitation 0.149 0.045
mMRC scale 0.255 0.001
ESS score 0.457 <0.001
COPD: chronic obstructive pulmonary disease DM: diabetes mellitus, EDS: excessive 
daytime sleepiness, ESS: Epworth sleepiness scale FEV1: Forced expiratory volume in 
one second, FVC: forced vital capacity, GOLD: global initiative for chronic obstructive 
lung disease, ICU: intensive care unit, mMRC: modified medical research council 
SpO2: oxygen saturation by pulse oximetry

Table 4. Multivariate regression analysis for STOP-Bang score

Variables OR
%95 CI

pLower 
limit

Upper 
limit

Log (STOP-Bang score) β±SH
SpO2 (%) -0.09±0.03 -0.16 -0.03 0.007
log (ESS) 0.14±0.02 0.10 0.18 <0.001

  R2: 0.285; p<0.001
CI: Confidence interval, ESS: Epworth sleepiness scale OR: Odds ratio, SpO2: oxygen 
saturation by pulse oximetry, β±SH: regression coefficient ± standard error
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published polysomnographic data from a pulmonary 
rehabilitation clinic comprising 190 COPD patients of 
whom 45% were diagnosed as moderate/severe OSAS. 
They also claimed that BMI and ESS may not be as reliable 
as in the general population for OSA risk assessment in a 
subgroup of patients with COPD.

In a Swiss cohort (17), BMI and smoking history were 
claimed as the only clinical predictors for OSA but 
other anthropometric parameters like the circumference 
of the neck, waist, or hip were not mentioned in this 
study. Contrary to the correlation between large neck 
circumference and OSA in the general population (22,23), 
it is reported that advanced COPD patients with neck 
circumference <42cm are also prone to have OSA (15). The 
severity of OSA is particularly associated with abdominal 
obesity, and an increase of 13-15 cm around the waist or 
hip increases the risk of OSA 4 times (24). These findings 
are also compatible with the COPD cohort in the study of 
Turcani et al. (25). In our study, waist and hip circumference 
were found to be higher in the medium/high-risk OSA 
group compared to the low-risk OSA group. 

The overlap of COPD-OSA may cause more profound 
nocturnal hypoxemia than those with OSA alone (4). 
According to the multivariate regression model; a lower 
percentage of oxygen saturation (OR: 0.83; p=0.007) and 
higher ESS score (OR=1.28; p<0.001) were determined 
as independent risk factors affecting the OSA risk and 
STOP-BANG questionnaire score. Our study pointed 
out that daytime SpO2 may be a possible Candidate for 
OSA risk assessment. In a study by Little et al. (26), it 
is stated that stable COPD patients with daytime arterial 
oxygen saturation of hemoglobin (SaO2) ≤93% are more 
likely to have nocturnal oxygen desaturation. In contrast 
to our results, STOP-BANG was not associated with ESS 
in a study involving advanced COPD patients. Milder 
COPD patients are likely to have fewer EDS related to 
respiratory insufficiency. It can be expected that a stage-
dependent relationship between ESS and OSA risk exists.

As to the limitations of the study, first, we could 
not perform polysomnography/polygraphy for the 
patients due to economic issues. However, the current 
recommendations that concern just the number 
of respiratory events for scoring PSG can also be 
insufficient to determine the real burden of breathing 
disorders during sleep for obstructive lung disease. The 
parameters including the duration of the respiratory 
events and the severity of the hypoxemia during sleep 
must be investigated for a better perception of OSA-
COPD overlap. Second, the data about the comorbidities 
were based on patients' declarations and previous 
prescriptions. Therefore, we could have some missing 
data due to memory factor and lack of objective tests for 
comorbidities.

CONCLUSION
In this study, it was revealed which clinical findings 
other than commonly used factors such as body-mass 
index can determine the intermediate/high OSA risk 
in COPD patients. Our results showed that low oxygen 
saturation, accompanying diabetes, high ESS score, and 
the high waist-hip circumference can be useful factors in 
differentiating patients with intermediate/high OSA risk 
in the COPD population. Furthermore, no difference in 
OSA risk was detected among all COPD stages according 
to GOLD. We suggest that all COPD patients should be 
questioned regardless of the stage in terms of OSA risk 
and the patients with the aforementioned characteristics 
should be directed to sleep clinics for polysomnography.
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