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Objective: To compare the performance of Epworth sleepiness scale (ESS), sleep apnea
clinical score (SACS), Berlin questionnaire (BQ), and STOP-BANG questionnaire (SBQ) in
screening for obstructive sleep apnea (OSA) in patients with chronic obstructive pulmonary
disease (COPD).

Methods: A total of 431 patients were analyzed. All subjects completed lung function test,
ESS, SACS, BQ, and SBQ survey and overnight polysomnography (PSG). According to lung
function and PSG results, participants were divided into COPD with OSA group (OVS, AHI
>5) and without OSA group (AHI <5). The value of ESS, SACS, BQ, and SBQ was
compared in predicting OSA in patients with COPD by receiver-operating characteristic
(ROC) curve statistics.

Results: Of the 431 subjects, there were 96 cases in COPD without OSA group, and 335
cases in OVS group including 183, 96, and 56 cases of COPD combined with mild,
moderate or severe OSA. In predicting different degrees of severity of OSA in patients
with COPD, the value of ESS was poor with all the values of area under the curve
(AUC) < 0.7. SACS and BQ had moderate predictive value in screening for severe OSA
with the value of AUC of 0.750, 0.735 respectively. However, the SBQ performed best in
predicting various degrees of OSA. For screening mild OSA (AHI >5), the ROC statistics
recommended the cut-off score of SBQ >2 was considered high risk of OSA; the
sensitivity, specificity, and AUC were 92.8%, 40.6%, and 0.723 respectively, the odds
ratio (OR) was 2.161. When AHI >15, AUC for SBQ was 0.737. In predicting severe
OSA (AHI >30), the ROC curve showed cut-off point, sensitivity, specificity, and AUC
for SBQ was >4, 66.1%, 82.1%, and 0.824 respectively; the positive and negative
likelihood ratio was 3.70, 0.41 separately, the OR was 2.977.

Conclusion: SBQ performed better than ESS, SACS, and BQ in predicting OSA in patients
with COPD.

Keywords: Berlin questionnaire, STOP-BANG questionnaire

Introduction

Chronic obstructive pulmonary disease (COPD) is a common lung disease and an
important cause of impaired health-related quality of life, disability, and death
worldwide." Similarly, the effects of obstructive sleep apnea (OSA) on health are
increasingly being recognized.” OSA has been listed as one of the major comorbid-
ities of COPD' and the term overlap syndrome (OVS) is used to describe the
coexistence of the two conditions.”> Overlapping of the two conditions makes the
pathophysiological changes more complex and causes more serious hypoxia and
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hypercapnia, which may promote cardio-cerebrovascular
events, even pulmonary hypertension.*> Ignoring treat-
ment for OSA in patients with OVS may contribute to
increasing number of acute exacerbations, hospitalization,
and mortality rate, as well as the financial burden of
COPD patients.'>® Therefore, identification of co-existing
OSA in patients with COPD is of great significance.’
Diagnosing COPD is relatively simple and cheap,’
however, as the gold standard for diagnosis of OSA, in-
laboratory polysomnography (PSG) is high-cost and time-
consuming,3’7 more often than not, it is difficult for some
patients with moderate to severe COPD to perform a full
night PSG. Given that, some simple and efficient clinical
screening tools were developed to prioritize the suitable
high-risk cases for further overnight PSG study. Although
several clinical questionnaires have demonstrated clinical

813 there

utility for OSA evaluation in various populations,
are limited data regarding these tests in patients with
COPD. In this study, we aimed to compare the perfor-
mance of the Epworth sleepiness scale (ESS), sleep apnea
clinical score (SACS), Berlin questionnaire (BQ), and
STOP- BANG questionnaire (SBQ) in predicting OSA in
patients with COPD (Supplementary materials show ESS,

SACS, BQ, and SBQ questionnaires).

Methods
Design

This was one part of a prospective, observational project
entitled “Study on the diagnosis and treatment of obstruc-
tive sleep apnea in patients with chronic obstructive pul-
monary disease”, which was supported by the National
Key Research and Development Program of China (pro-
ject number: 2016YFC1304403). Primary and secondary
study endpoints were the number of acute exacerbations
and all-cause mortality in COPD patients with or without
OSA respectively. The present study analyzed baseline
data for eligible consecutive participants in order to com-
pare the value of the ESS, SACS, BQ, and SBQ in screen-
ing OSA in patients with COPD.

Participants

From Dec 2016 to Dec 2018, a total of 476 consecutive
patients with suspected COPD were enrolled as the study
candidates, those who met the inclusion criteria and exclu-
sion criteria were enrolled as study participants. The inclu-
sion criteria were: subjects aged at least 40 years old with a
diagnosis of COPD conforming to GOLD guideline."*

Candidates were excluded based on the following: 1) those
were less than 40 years old or pregnant; 2) patients with
evidence of bronchial asthma, bronchiectasis, pulmonary
fibrosis, intratracheal neoplasms, destructive sequelac of
tuberculosis, etc; 3) patients with combined other diseases
affecting survival, such as neoplastic diseases, renal insuffi-
ciency, or acute myocardial infarction; 4) those with history
of stroke, heart failure, neuromuscular, cognitive impairment
or other mental and psychological diseases that would pre-
vent completion of pulmonary function test, questionnaire or
PSG; and 5) those who had other sleep disorders such as
obesity hypoventilation syndrome.

The study flow diagram was shown in Figure 1. 45 cases
dropped out of the study, of which 22 were unable to per-
form lung function test because of severe condition, 19 did
not tolerate or refused to perform PSG (6 did not complete
lung function test also), and 4 for had incomplete PSG data.
Finally, a total of 431 stable subjects were included. The
study procedure was approved by the Medical Ethics
Committee of Renmin Hospital of Wuhan University and
was registered in ClinicalTrials.gov (Clinical Trials ID:
NCT 03182309). This trial was conducted in accordance
with the Declaration of Helsinki and written informed con-
sent was obtained from all the study participants.

Study Protocol
Patients were initially eligible to take part in the study if
they had suspected COPD (having history of exposure to

Individuals with suspect COPD for lung
function test n=476

Exclusion of individuals who did not
perform lung function test n=22

Individuals completed four
questionnaires n=454

Individuals for PSG
n=454

Exclusion of individuals who refused
n=19

the polysomnography

Exclusion due to incomplete data
n=4

Individuals in final analysis

N =431

Figure | Study flow diagram.
Abbreviation: COPD, chronic obstructive pulmonary disease.
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risk factors and characteristic symptoms of COPD). At the
first interview, each potential subject underwent a spiro-
metry measurement and completed a comprehensive ques-
tionnaire involving demographic and anthropometric data.
If the patients met the diagnostic criteria for lung function,
a survey of four questionnaires (ESS, SACS, BQ, SBQ)
was conducted and an overnight PSG examination was
scheduled for each patient. Subjects with obstructive
events and apnea-hypopnea index (AHI) >5 were consid-
ered to have OSA.

Lung Function Test

The completion of lung function test was guided by profes-
sional technicians by using a spirometer (MasterScreenBody,
Jaeger, Germany). The diagnosis and severity of COPD were
in accordance with GOLD guideline.'* Those with a ratio of
FEV,/FVC of post-bronchodilator <70% was diagnosed as
having COPD. The stratification of airflow limitation was
based on post-bronchodilator FEV;%.

Questionnaires

Epworth sleepiness scale (ESS) is used to measure drow-
siness of subjects in different situations during the day.'’
In China, a subject with a score of >9 is considered at
high risk of excessive daytime sleepiness.'® Sleep apnea
clinical score (SACS) is used to assess sleep apnea,'’
those with a score >15 are assumed to be at high risk of
OSA. Berlin questionnaire (BQ) comprises three cate-
gories including 10 questions, high risk of OSA is
defined as > two positive results of the three categories.'®
STOP-BANG questionnaire (SBQ) is a tool involving 4
dichotomous items and 4 clinical parameter items, a
score> 3 is regarded as having a moderate to severe risk
of OSA."

PSG And OSA Diagnostic Criteria

All subjects with confirmed COPD underwent assessment
of sleep events with a multichannel sleep diagnostic sys-
tem (SOMNOscreen Plus Tele PSG, SOMNOmedics
GmbH, Germany) in the sleep laboratory for no less than
7 hrs monitoring at night. All tracings were manually
scored according to the American Academy of Sleep
Medicine criteria.”® Subjects who experienced AHI >5
events/hour during sleep were considered to have OSA.
Depending on the AHI, OSA severity is divided into mild
(5-14.9), moderate (15-29.9), or severe (>30).>°

Statistical Analysis

Descriptive analysis was performed to compare COPD
without OSA and OVS groups. Measurement data were
presented as mean =+ standard deviation (SD), and enu-
meration data were expressed by frequencies or percen-
tages. For continuous variables, comparisons between
OVS group and no OSA group were made using indepen-
dent t-tests for normal distribution variables and the
Mann—Whitney U-test for non-normal variables. The chi-
squared test or Fisher’s exact test was used for categorical
variables. All statistical analyses were performed using
IBM SPSS Statistics software package (version 23).
Receiver-operating characteristic (ROC) curves were con-
structed to assess the performance of ESS, SACS, BQ, and
SBQ regarding their value in predicting OSA in patients
with COPD. The optimal cut-off values of the four ques-
tionnaires in each OSA severity group were determined.
Sensitivities, specificities, positive and negative likelihood
ratios, and odds ratios were calculated for the optimal cut-
off scores at various levels of severity of OSA. The
response was dichotomized using all OSA (AHI >5), mod-
erate to severe OSA (AHI >15), and severe OSA (AHI
>30) as the thresholds. Differences in area under the curve
(AUC) were calculated using the method of DeLong. The
analyses were performed using MedCalc software (version
11.4.2.0). All tests were two sided. Statistical significance
was considered when P-value was less than 0.05.

Results

Demographic And Anthropometric Data
Of the 431 patients with confirmed COPD, 388 (90.0%)
were male and 43 (10.0%) were female, with an average
age of 67.4 (£8.9) years. There were 96 (22.3%) cases of
COPD alone and 335 (77.7%) cases complicated with
OSA. Compared with COPD alone group, the patients
with OVS had higher age, body mass index (BMI), neck
circumference, smoking index, FEV,, FEV,%, AHI, and
percentage of total sleep time with pulse oxygen saturation
of <90% (TS90%); however, the lowest pulse oxygen
saturation (LSa0,) was lower (Table 1).

Predictive Value Of ESS, SACS, BQ, And

SBQ In Detecting OSA

In the OVS group, there were 183 (54.6%), 96 (28.7%),
and 56 (16.7%) cases combined with mild, moderate or
severe OSA, respectively. Comparisons of the related
parameters and scores of the four questionnaires were
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Table | Characteristics Of COPD Cohort And Comparison With OVS

Characteristics COPD Cohort COPD Without OSA Group (n = 96) OVS Group X?Itlz P
(n=431) (n = 335)

Gender (male/female) 388/43 86/10 302/33 0.027 0.870
Age (yrs) 67.4+8.9 65.8+8.5 67.9%9.0 —2.226 0.026
BMI (kg/m?) 22.3+3.7 21.0+3.2 22.6+3.8 —-3.874 <0.001
NC (cm) 37.8+2.9 37.0£2.7 38.1+2.9 —3.366 0.001
Hypertensive (n, %) 154(35.7%) 27(28.1%) 127(37.9%) 3.1 0.078
SI (pack/yr) 39.6x27.1 36.1£27.3 40.6£27.0 -2.172 0.030
FEV (L) 1.8+7.4 1.2+0.6 2.2+84 -2.176 0.030
FEV % 53.0+21.7 47.8+19.5 51.5+22.1 —2.600 0.009
AHI (events/h) 14.8+13.9 2.5+1.4 18.3%£13.9 —14.945 <0.001
TS90% 13.4+24.2 9.8+21.6 14.4+24.8 -3.089 0.002
LSaO, (%) 78.0£12.5 81.7x10.9 76.9+12.7 —4.570 <0.001
MSaO, (%) 91.8+8.4 91.0+13.4 92.0+6.4 —-1.737 0.082

Abbreviations: OSA, Obstructive sleep apnea; COPD, Chronic obstructive pulmonary disease; OVS, overlap syndrome; BMI, body mass index; NC, neck circumference;
Sl, smoking index; FEV|, forced expiratory volume in | second; TS90%, percentage of total sleep time spent with pulse oxygen saturation of <90%; LSaO,, lowest pulse
oxygen saturation; MSaO,, mean pulse oxygen saturation.

shown in Table 2. In the eight questions of SBQ, the rate
of habitual snoring was > 60% and the proportion of
patients > 50 years or male gender was more than 90%,
and there was no significant difference among the three
groups (P>0.05). However, significant differences were

Table 2 Descriptive Characteristics Of The Study Population For ESS, SACS, BQ And SBQ

found in the ratio of daytime fatigue, witnessed apnea,
hypertension, and neck circumference > 40cm (P<0.05).
In COPD with severe OSA group, the rates of witnessed
apnea and hypertension were 66.1% and 50% respec-
tively; moreover, no subjects had BMI of > 35kg/m?.

OVS Group | COPD With Mild COPD With Moderate COPD With Severe X2IF P
(n =335) OSA (n=183) OSA (n=96) OSA (n=56)

SQB 40+ 1.2 3610 41 +12 51+ 1.1 65.897 | <0.001
Snore loudly 213 (63.6%) 113 (61.7%) 59 (61.5%) 41 (73.2%) 2.688 | 0.261
Daytime tiredness | 186 (55.5%) 87 (47.5%) 60 (62.5%) 39 (69.6%) 11.102 | 0.004
Witnessed to stop | 107 (31.9%) 40 (21.9%) 30 (31.3%) 37 (66.1%) 38.473 | <0.001
breathing
Hypertensive 127 (37.9%) 59 (32.2%) 40 (41.7%) 28 (50.0%) 6.533 | 0.038
BMI>35 kg/m? 0 0 0 0 0 0
Age > 50 years 326 (97.3%) 179 (97.8%) 94 (97.9%) 53 (94.6%) 1.831 0.400
NC> 40cm 59 (17.6%) 18 (9.8%) 21 (21.9%) 20 (35.7%) 21.411 | <0.001
Gender Male 302 (90.1%) 160 (87.4%) 88 (91.7%) 54 (96.4%) 4245 | 0.120
SBQ=3 311 (92.8%) 164 (89.6%) 91 (94.8%) 56 (100.0%) 7.701 0.021

BQ 1.2 +08 1.1 £07 1.2 +09 1.8 £038 27.096 | <0.001
Category | 214 (63.9%) 111 (60.7%) 60 (62.5%) 43 (76.8%) 4.931 0.085
Category 2 63 (18.8%) 22 (12.0%) 13 (13.5%) 28 (50.0) 42.817 | <0.001
Category 3 132 (39.4%) 60 (32.8%) 44 (45.8%) 28 (50.0) 7.628 | 0.022
BQ=2 120 (35.7%) 48 (26.2%) 36 (37.5%) 36 (64.3%) 27.783 | <0.001

ESS 7.1 £36 6.6 +34 7.1 £33 89+ 4.1 15.595 [ <0.001
ESS>9 121 (36.1%) 54 (29.5%) 35 (36.5%) 32 (57.1%) 14.156 | 0.001

SACS 8.2+78 6.3 6.1 89 + 8.1 13.0 £ 9.6 37.115 | <0.001
SACS=15 48 (14.3%) 16 (8.7%) 16 (16.7%) 16 (28.6%) 14.290 | 0.001

Abbreviations: OSA, obstructive sleep apnea; COPD, chronic obstructive pulmonary disease; BMI, body mass index; NC, neck circumference; ESS, Epworth sleepiness
scale; SACS, sleep apnea clinical score; BQ, Berlin Questionnaire; SBQ, STOP-BANG questionnaire.
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As for BQ, the rate of positive response to question of
category 1 or category 2 was 63.9% and 18.8% respec-
tively in OVS group. For COPD with severe OSA group,
the proportion of positive response to question of cate-
gory 3 was 50%.

On the basis of recommendations,'¢™'°

the cutoff value
of four questionnaires for predicting high risk of OSA was
used to calculate the cases of COPD complicated with
OSA. The proportion of SACS score > 15 was less than
30% in COPD patients with different degrees of OSA. The
percentage of ESS score > 9 points and BQ > 2 points in
COPD complicated with OSA were similar but both were
low (36.1% and 35.7%, respectively), and slightly higher
in severe OSA group (57.1% and 64.3%, respectively). As
to SBQ, the ratio of score > 3 in COPD combined with
mild, moderate or severe OSA was 89.6%, 94.8%, and
100%, respectively.

Figures 2—4 showed the ROC curves of the four ques-
tionnaires in screening different degrees of severity of
OSA. The optimal cut-off points, sensitivities, specifici-
ties, positive or negative likelihood ratios, and AUCs were
compared in Table 3. In screening all OSA (AHI > 5
events/h), ESS, SACS or BQ were poor with AUC < 0.7,
while SBQ had a delightful effect. The optimal cut-off
point for SBQ was > 2, with sensitivity of 92.8% and
specificity of 40.6%, and the AUC and odds ratio were
0.723, 2.163 respectively. At threshold of AHI > 15
events/h, the AUC of SBQ was 0.737, whereas that for

100

Sensitivity

20 40 60 80
100-Specificity

Figure 2 ROC curves for ESS, SACS, BQ, and SBQ in predicting mild-moderate-
severe OSA (AHI 25 events/h) in patients with COPD.

Sensitivity

0 20 40 60 80
100-Specificity

Figure 3 ROC curves for ESS, SACS, BQ, and SBQ in predicting moderate-to-
severe OSA (AHI 215 events/h) in patients with COPD.

100

80

60
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40

20

1 1 1 1 1 1 1

40 60 80
100-Specificity

Figure 4 ROC curves for ESS, SACS, BQ, and SBQ in detecting severe OSA (AHI
230 events/h) in patients with COPD.

ESS, SACS or BQ were all less than 0.7. To detect severe
OSA (AHI > 30 events/h), the ROC curve recommended
optimal cut-off point of SBQ was > 4, with good sensitiv-
ity, specificity, and AUC of 66.1%, 82.1%, 0.824 respec-
tively, and kept the highest positive and lowest negative
likelihood ratio (3.70, 0.41) and high odds ratio of 2.977.
SACS and BQ had decent predictive value with AUC of
0.750 and 0.735, respectively.
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Table 3 Predictive Parameters Of ESS, SACS, BQ, And SBQ

Cut Off | Sensitivity (%,95% CI) | Specificity +LR | LR Odds Ratio AUC P
(%, 95% CI) (95% CI) (95% CI)
AHI>5
ESS >4 72.2 (67.1-77.0) 46.9 (36.6-57.3) | 1.36 | 0.59 | 1.107 (1.032—-1.186) | 0.609 (0.561-0.655) | 0.001
SACS >3 71.0 (65.9-75.8) 52.1 (41.6-62.4) | 1.48 | 0.56 | 1.096 (1.043-1.151) [ 0.640 (0.592-0.685) | <0.00I
BQ >0 81.2 (76.6-85.2) 39.6 (29.7-50.1) | 1.34 | 0.48 | 1.895 (1.402-2.562) [ 0.634 (0.587-0.680) | <0.00I
SBQ >2 92.8 (89.5-95.4) 40.6 (30.7-51.1) | 1.56 | 0.18 [ 2.161 (1.704-2.742) | 0.723 (0.678-0.764) | <0.001
AHI>I5
ESS >6 62.5 (54.3-70.2) 59.5 (53.5-65.3) | 1.54 | 0.63 | I.115(1.054-1.179) | 0.611 (0.563-0.657) | <0.001
SACS >6 56.6 (48.3—-64.6) 73.1 (67.5-78.2) | 2.10 | 0.59 | 1.095 (1.061-1.130) | 0.681 (0.635-0.725) | <0.00I
BQ >| 47.4 (39.2-55.6) 76.0 (70.5-80.9) | 1.97 | 0.69 | 1.995 (1.547-2.573) [ 0.645 (0.597-0.690) | <0.00I
SBQ >3 77.6 (70.2-84.0) 55.6 (49.5-61.5) | 1.75 | 0.40 | 2.215 (1.809-2.711) | 0.737 (0.693-0.778) | <0.001
AHI>30
ESS >8 57.1 (43.2-70.3) 70.7 (65.8-75.2) | 1.95 | 0.6l 1.191 (1.103-1.286) | 0.676 (0.630-0.720) | <0.001
SACS >7 69.6 (55.9-81.2) 71.7 (66.9-76.2) | 246 | 042 | 1.093 (1.058-1.129) [ 0.750 (0.706-0.790) | <0.00I
BQ >| 64.3 (50.4-76.6) 72.5 (67.7-77.0) | 2.34 | 049 | 3.132 (2.145-4.573) [ 0.735 (0.691-0.776) | <0.001
SBQ >4 66.1 (52.2-78.2) 82.1 (77.9-85.9) | 3.70 | 0.41 | 2.977 (2.232-3.970) | 0.824 (0.785-0.859) | <0.00I

Abbreviations: ESS; Epworth sleepiness scale; OSA, obstructive sleep apnea; SACS, sleep apnea clinical score; BQ, Berlin Questionnaire; SBQ, STOP-BANG questionnaire;
Cl, confidence interval; + LR, positive likelihood ratio; - LR, negative likelihood ratio; AUC, area under curve.

Pairwise Comparison Of ROC Curves Of
ESS, SACS, BQ, And SBQ

The results of AUC pairwise comparison among the ques-
tionnaires were shown in Table 4. SBQ held bigger AUC
than SACS, BQ, and ESS in predicting various degrees of
severity of OSA in patients with COPD (P<0.05). The
AUC of SACS was relatively larger than that of BQ
(P =0.067) and larger than ESS (P = 0.049) in predicting

moderate - severe OSA. In screening different degrees of
severity of OSA, the AUC of BQ was bigger than ESS but
there was no significant difference (P>0.05).

Discussion
Diagnosing OSA in COPD is clinically relevant because
untreated OSA has been associated with poor health

outcomes,” however, it remains underdiagnosed and

Table 4 Pairwise Comparison Of ROC Curves Of ESS, SACS, BQ, And SBQ

ESS-SACS ESS-BQ ESS-SBQ SACS-BQ SACS-SBQ BQ-SBQ

AHI>5

Difference of AUC 0.031 0.026 0.114 0.005 0.083 0.088

95% Cl —0.056-0.118 —0.053-0.105 0.047-0.181 —0.042-0.053 0.038-0.128 0.047-0.130

z 0.699 0.638 3.335 0.219 3.637 4.198

P 0.485 0.523 0.001 0.826 <0.001 <0.001
AHIZI5

Difference of AUC 0.070 0.039 0.126 0.037 0.056 0.092

95% CI 0.001-0.140 —0.029-0.097 0.070-0.182 —-0.003-0.076 0.019-0.093 0.055-0.129

z 1.973 1.049 4410 1.834 2.929 4.882

P 0.049 0.294 <0.001 0.067 0.003 <0.001
AHI=30

Difference of AUC 0.074 0.059 0.148 0.015 0.074 0.089

95% ClI —0.012—-0.160 —0.023-0.141 0.078-0.218 —0.034-0.064 0.030-0.118 0.045-0.134

z 1.689 1.404 4.144 0.606 3.294 3911

P 0.091 0.160 <0.001 0.544 0.001 <0.001

Abbreviations: ESS, Epworth sleepiness scale; SACS, sleep apnea clinical score; BQ, Berlin Questionnaire; SBQ, STOP-BANG questionnaire; AUC, area under curve; Cl,

confidence interval.
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undertreated. Easy diagnosis of OSA in COPD patients is
a challenge for clinicians. Although screening tools have
been widely used to detect OSA, the findings about their
diagnostic accuracy were controversial.®* "> A meta-
analysis'' of 26 studies suggested that the BQ had the
highest diagnostic odds ratio among different screening
tools. Another bivariate meta-analysis of 108 studies
including a total of 47,989 subjects recommended the
SBQ as a screening tool for OSA because the SBQ is a
more accurate tool for detecting mild, moderate, and
severe OSA when compared with the BQ, STOP, and
ESS.*' In a study on comparing nine screening question-
naires in prediction of OSA,* the SACS and the SBQ
were found to have the best positive and negative like-
lihood ratios, respectively. However, predictors of OSA
among patients with different degrees of severity of
COPD may be distinct from OSA in the general popula-
tion. It is less clear whether the screening tools have
applicability in COPD patients with OSA.
Although a study suggested that SACS had more screening
value than BQ and ESS for OSA in patients with COPD,
its shortcomings lied in small sample size and no SBQ was
included; furthermore, only 24 out of 91 COPD patients
underwent PSG.> In the present study, we evaluated the
performance characteristics of ESS, SACS, BQ, and SBQ
as screening tools for the likelihood of OSA in patients
with COPD. We found that SBQ performed better than
ESS, SACS, and BQ in predicting various degrees of
severity of OSA.

Our results showed that the value of ESS in predicting

parallel

OSA in patients with COPD was unsatisfactory, which is
in line with results of other studies.’’** In screening
severe OSA, the value of AUC was only 0.676 and the
proportion of ESS > 9 points was only 57.1%. Relatively,
the effect of SACS was decent. In predicting the likelihood
of severe OSA in COPD patients, the ROC curve indicated
that the sensitivity, specificity, AUC, and positive likeli-
hood ratio of SACS was 69.6%, 71.7%, 0.750, and 2.46,
respectively, similar to the results of Grover et al's study
about primary care populations.”> Flemons et al suggested
that a score of SACS > 15 had a likelihood ratio of 5.17 in
moderate and severe sleep apnea (AHI>10) in the general
population;'” while Faria et al proposed that SACS had
more screening value than BQ and ESS for OSA in
patients with COPD.? However, in this study, the percen-
tage of SACS score > 15 in COPD patients combined with
severe OSA group was only 28.6% and the optimal cut-off
point of SACS was small (>7). Therefore, the practical

application of SACS in COPD patients was limited, the
low SACS scale may be attributed to the small neck
circumference and relatively low incidence of hyperten-
sion. In this OVS group, the ratio of neck circumference >
40 cm was only 17.6% and the incidence of hypertension
was 37.9%. Soler et al found that traditional OSA predic-
tors (age, gender, neck circumference, and ESS) did not
perform well in patients with more advanced COPD.>* Our
results also showed that the value of BQ in screening for
OSA in patients with COPD was similar to that of SACS.
For severe OSA, its optimal cut-off point, sensitivity,
specificity, and AUC was >1, 64.3%, 72.5%, and 0.735,
respectively.

The application of SBQ to screen for OSA has been
recommended for its better predictive effect in different
degrees of severity of OSA and clinical application com-
pared to other questionnaires,”* >’ however, there has been
no comparison of SBQ with other tools in COPD patients.
We found that the effect of SBQ was better than that of
SACS, BQ, and ESS in screening for mild, moderate, and
severe OSA. For predicting all mild-moderate-severe
OSA, the sensitivity, AUC of SBQ was 92.8%, 0.723
respectively. At the threshold of AHI > 15, SBQ had the
AUC of 0.737. In predicting severe OSA (AHI >30), the
ROC curve of SBQ indicated that the specificity and AUC
was 82.1%, 0.824 respectively, along with the positive
likelihood ratio of 3.70, negative likelihood ratio of 0.41,
and OR of 2.977, which suggested that SBQ had good
performance in screening different grades of OSA in
COPD patients.

In this cohort of COPD patients, the optimal cut-off
point of SBQ for predicting mild OSA (AHI >5) was >2
with a sensitivity of 92.8%; for moderate OSA (AHI >15),
it was >3; for severe OSA (AHI >30), it was >4 with a
specificity of 82.1%, and the proportion of patients with
SBQ score > 3 was 100%. It was reported that SBQ score
> 3 had a sensitivity of 92.9% and 100% for detecting
moderate to severe OSA and severe OSA respectively in
preoperative patients.'” In obese and morbidly obese sur-
gical patients, SBQ score of 4 had the sensitivity of 88%
for identifying severe OSA.** A review by Chung et al
summarized the application of SBQ in various populations
and concluded that patients with SBQ score of 5-8 can be
stratified as high risk for moderate to severe OSA.%¢
Because of the heterogeneity of populations and methods,
SBQ showed various effects. The high sensitivity in
screening all OSA may be helpful to avoid missing cases
that may lead to advanced health consequence, which may
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be more useful for detecting OSA in patients with COPD.
We might conclude that in this study of COPD patients, a
score of SBQ >3 could detect OSA and a score of >4 could
identify high risk for severe OSA. This study proposed
SBQ as a preferable epidemiological tool and clinical
screening test in patients with COPD.

The advantage of this study lies in the fact that the
accuracy of the four questionnaires was validated by an
overnight PSG — the gold standard for diagnosing OSA.
Also, some limitations should be acknowledged. First, the
prevalence of OVS was 77.7%, which was higher than some

1
reports3’3

and might be associated with the different popula-
tion and different diagnostic methods.*? Second, the enrolled
subjects were from hospitals rather than the community
population and therefore, there was likely a population selec-
tive bias. Finally, symptoms of patients affected by COPD
itself, for example, patients with severe COPD would suffer
from depression or anxiety, insomnia, poor sleep quality or
daytime sleepiness.>*** Therefore, more research is needed
to validate the utility of SBQ in various COPD patients.

In conclusion, the present study showed that SBQ
performed better in detecting different grades of OSA in
patients with COPD when compared with ESS, SACS or
BQ. A score of SBQ >3 could detect OSA and a score of
>4 could identify high risk for severe OSA, which indi-
cated that SBQ may be used as a preferential tool by
clinicians to screen for OSA in patients with COPD.
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