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ABSTRACT

The aim of this study was to develop a simplified screening questionnaire to detect the existence
of severe obstructive sleep apnea (OSA) in chronic obstructive pulmonary disease (COPD) patients
to reduce mortality and hospitalization rates. Seventy-seven stable Asian COPD patients aged
69.2 + 11.5 years were retrospectively analyzed into the development group. The simplified screen-
ing questionnaire was developed from factors identified from sleep surveys and demographic data
to predict severe OSA. Receiver operating characteristic (ROC) curve analysis was used to validate
the simplified screening questionnaire. Data from another 78 stable COPD patients were used for
validation. The apnea-hypopnea index was similar between the development and validation
groups (26.3+21.9 and 27.6+21.1, respectively). After logistic regression analysis in the develop-
ment group, snoring, body mass index >27.5kg/m? witnessed apnea and coronary artery disease
were incorporated into the screening questionnaire to predict OSA. When this questionnaire was
applied to the validation group, the results were similar. The simplified screening questionnaire
developed is useful in identifying severe OSA in COPD patients.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a serious
health burden worldwide, and the mortality of COPD is
increasing [1, 2]. However, only a few factors influencing
this mortality are known. While COPD patients coexist with
obstructive sleep apnea (OSA), the use of continuous posi-
tive airway pressure (CPAP) therapy improves the overall
survival in these patients [3], particularly in those with
severe OSA [4]. In addition, CPAP therapy can improve the
exercise capacity in COPD patients with OSA [5]. Moreover,
the prevalence of COPD patients with OSA is 1%~3.6% and
this value increases to 39% in those with moderate-to-severe
COPD and increases even further to 65% in those with
severe COPD [6-8]. Therefore, detecting the presence of
severe OSA in COPD patients is an important issue [9].
Despite increasing awareness, the underdiagnosis of OSA in
patients with COPD remains a problem [10, 11]. A possible
reason for this is the lack of a reliable and simplified screen-
ing questionnaire to detect the possible existence of severe
OSA in COPD patients. Based on this need, we aimed to
develop a simplified screening questionnaire.

An ideal screening questionnaire should only contain a
few items (less than five) and be easy to interpret without
specialized techniques or equipment [12-16]. Simplified
screening questionnaires (OSA50) have been designed to

detect OSA in the general population based on self-reported
waist circumference, snoring witnessed apneas and age.
However, the clinical characteristics of patients with COPD
and OSA may be different to those with OSA alone, and the
existing screening questionnaires may not be suitable for
COPD patients [12, 13, 15]. Therefore, this study aimed to
develop and validate a simplified screening questionnaire to
identify the existence of severe OSA in COPD patients.

Materials and methods
Study population

This is a retrospective study was performed at one sleep
center of Chang Gung Memorial Hospital from January
2009 to December 2017. Patients with COPD were retro-
spectively recruited from the sleep center. Those COPD
patients were referred to the sleep center with complaints or
symptoms prompting sleep testing. Patients were excluded if
history of witnessed apnea and snoring were not available.
None of the patients had a history of renal insufficiency,
heart failure Functional class>1IV, mood disorder, malig-
nancy, chronic respiratory failure, or sleep disorders other
than OSA. Those COPD patients were randomly divided
into two groups as development and validation respectively.
The Ethics Committee of Chang Gung Memorial Hospital
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Table 1. Subjects demonstration.

Characteristics Development group n=77 Validation group n=78 p-value
Age, years 69.2+11.5 69.4+10.4 0.90
Male, n (%) 68 (88) 69 (88) 0.98
BMI, Kg/m2 247 £44 24.1+£45 0.40
Cardiovascular disease, n (%) 38 (49) 42 (54) 0.58
Hypertension, n (%) 28 (36) 34 (44) 0.36
Coronary artery disease, n (%) 11 (14) 8 (10) 0.44
Atrial fibrillation, n (%) 3(4) 6 (8) 0.30
Congestive heart failure, n (%) 5(7) 7 (9) 0.56
Peripheral vascular disease, n (%) 1(1) 1(1) 0.99
Pulmonary function test

FEV,/FVC 60.2+11.9 60.8+£11.2 0.99
FEV, (L) 1.18£0.59 1.18£0.56 0.93
FEV; (% predicted) 51.4+23.8 51.7+£20.8 0.94
FVC (L) 1.96 £0.73 1.94+0.68 0.87
FVC (% predicted) 61.6+20.4 63.5+20 0.53
AHI

Total AHI, /h 263+219 27.6+£21.1 0.68
AHI > 30/h, n (%) 24 (32) 27 (35) 0.65

Data are presented as mean + SD.

BMI: body mass index; FEV;: forced expiratory volume in one second; FVC: forced volume capacity; AHI: Apnea-hypopnea index.

approved the study (IRB 201701665B0C601) and waived the
requirement for informed consent due to the retrospective
nature of this study. The patient data accessed was de-iden-
tified. Each patient’s medical records were reviewed to col-
lect the clinical characteristics and laboratory results.
Information, including results of age, sex, BMI, pulmonary
function and polysomnography were analyzed.

Definition

COPD was defined as patients had chronic and progressive
dyspnea, cough and sputum production. In addition, FEV/
FVC ratio was less than lower limit of normality (LLN)
[17]. For those patients with FEV,/FVC ratio above LLN,
airflow obstruction was confirmed according to dynamic
hyperinflation on 6MWT, increased RV in total lung cap-
acity or emphysema on HRCT. The methods to perform
polysomnography were described in previous publication
[18]. According to the polysomnography results, the defin-
ition of OSA was an apnea/hypopnea index (AHI) > 5/h,
of which >50% were obstructive type. Patients were
defined as severe OSA if the apnea/hypopnea index (AHI)
was >30 per hour, of which >50% were obstructive.
AASM criteria was used to score sleep stages and arousals
[19]. Respiratory events such as hypopnea, obstructive
apnea, central apnea, mixed type apnea, and Cheyne-Stokes
respiration were scored based on the established criteria
[20]. The definition of apnea was oronasal flow cessation
for more than 10s. Also, the definition of hypopnea was
50% reduction of baseline oronasal flow for more than 10s
or a 30% reduction followed by more than 3% decrease in
Sa02 or arousal.

Study design

For the design of the simple questionnaire, we retrospect-
ively analyzed the data from the development group to iden-
tify the factors that were associated with the severity of
OSA. According to Chai-Coetzer’s study [13], age, body
mass index (BMI), snoring and witnessed apneas were

chosen to examine the associations. In addition, a recent
study revealed that cardiovascular diseases (hypertension,
coronary artery disease, atrial fibrillation, congestive heart
failure and peripheral artery disease) are also significantly
associated with OSA [21]. Therefore, cardiovascular disease
is also chosen into the examination. A simplified screening
questionnaire was then developed based on the associated
factors, which were weighted according to odds ratios (OR).
For the validation of the simplified screening questionnaire,
we retrospectively analyzed the data from validation group
to exam the sensitivity and specificity of the simplified
screening questionnaire.

Statistical analysis

Data were expressed as mean+ SD. The Student’s t test was
chosen to compare continuous variables between those with
and without OSA. For data with uneven distribution, the
Mann-Whitney test was used to analyze. For categorical var-
iables, we used Chi-square or Fisher’s exact tests. Univariate
logistic regression was used to examine the correlations
between variables and severe OSA (AHI > 30). Multivariate
logistic regression analysis was used to determine the inde-
pendent factors associated with severe OSA (AHI > 30).
Receiver operating characteristic (ROC) curve analysis was
used to assess the accuracy of the simple questionnaire
against AHI > 30. All analyses were performed using SPSS
software v13.0 (SPSS Inc., Chicago, IL, USA).

Results
Patients’ characteristics

There were 77 COPD patients were analyzed in the develop-
ment group and 78 COPD patients in the validation group.
The baseline characteristics of the development and valid-
ation groups are shown in Table 1. The mean ages of the
development and validation groups were 69.2 and 69.4 years,
respectively, indicating that that the patients represented an
elderly population. Pulmonary function between the two



Table 2. Univariate severe obstructive sleep apnea predictors: (using an AHI
cutoff value of 30h™).

Factors Beta estimate SE P value OR

BMI > 27.5 Kg/m2 1.12 0.54 0.04 3.07
Age 0.05 0.03 0.06 1.05
Witnessed apnea 3.06 0.63 0.00 21.38
Snoring 1.68 0.68 0.01 5.37
Cardiovascular disease 0.78 0.51 0.12 2.17
Hypertension 0.58 0.5 0.25 1.79
Coronary artery disease 1.62 0.69 0.02 5.04
Atrial fibrillation 1.55 1.25 0.21 473
Congestive heart failure 1.29 0.95 0.17 3.64
Peripheral vascular disease —20.0 40192 0.99 0.01

groups was not significantly difference. The mean AHI val-
ues in the development and validation groups were 26.3 and
27.6, respectively, suggesting that the severity of OSA in
both groups was mainly moderate to severe.

Questionnaire in development group

The univariate analyses are summarized in Table 2.
Witnessed apnea, snoring, BMI > 27.5kg/m” and coronary
artery disease were significantly correlated with an AHI >
30 (OR 214, 5.37, 3.07 and 5.04, respectively). Age was
not correlated with AHI > 30. Therefore, witnessed
apneas, snoring, BMI > 27.5kg/m”> and coronary artery
disease were included into multivariate logistic regression
(Table 3). According to the OR in multivariate logistic
regression, the existence of coronary artery disease, BMI >
27.5kg/m” as we well as snoring were each given 1 point,
while witnessed apnea received 2 points (Table 4). The
questionnaire had a total score of 5 points. This design
indicated that severe OSA would be predicted in the
COPD patients if they had witnessed apneas alone or any
two of snoring, BMI > 27.5kg/m”> and coronary artery
disease. Table 5 reveals the diagnostic performance of the
questionnaire relating to a variety of AHI diagnostic val-
ues. Using a cutoff score of > 2/5 for AHI > 30, the
questionnaire had a sensitivity of 87.5%, a specificity of
69.8%, a positive predictive value (PPV) of 56.8% and a
negative predictive value of 92.5%. When applied to AHI
> 5, the specificity and PPV was good (90.1% and 97.1%,
respectively).

Validation group

The diagnostic performance of the questionnaire for a var-
iety of AHI diagnostic values for the validation group is
shown in Table 6. Using a cutoff score of > 2/5 for AHI >
30, the questionnaire had a sensitivity of 85.2%, specificity
of 80.4%, positive predictive value of 69.7% and negative
predictive value of 91.1%. When applied to AHI > 5, the
specificity and PPV was also good (100% and 100%, respect-
ively). The performance of the questionnaire in the valid-
ation group was similar to that in the validation group, with
an area under the ROC curve (AUC) of 0.83(95% CI: 0.73-
0.93, p < 0.001) (Figure 1).

COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE . 193

Table 3. Logistic regression analysis: factors associated with an apnea-hypo-
pnea index >30/h as determined by X* automatic interaction detec-
tion analysis.

Factors Regression coefficiency SE P value  OR (95% Cl)
BMI > 27.5 Kg/m2 0.57 070 042 1.76 (0.45-6.93)
Witnessed apnea 2.70 0.69 0.00 14.9 (3.87-56.98)
Snoring 0.73 0.82 037 2.08 (0.42-10.35)
Coronary artery disease 0.37 0.85 0.66 1.45(0.27-7.73)

BMI: body mass index.

Diagnostic performance for AHI > 30 of the
questionnaire at a variety of COPD severity

The questionnaire’s diagnostic performance for AHI > 30 at
a variety of COPD severity was listed on Table 7. Using a
cutoff score of > 2/5 for AHI > 30, the questionnaire had a
good NPV for all COPD GOLD stage, especially at stage IV
(NPV 95.8%). The specificity and PPV were both 100% in
stage IV, while using a cutoff score of > 2/5 or a cutoff
score of > 3/5.

Discussion

The present study demonstrates that a simplified question-
naire can be used to identify the existence of severe OSA in
COPD patients with a sensitivity of approximately
85%—87%. Since the existence of severe OSA in COPD
patients has a significant impact on exercise capacity, mor-
tality and exacerbations [3-5], the simplified screening ques-
tionnaire could be useful for clinical physicians. To the best
of our knowledge, this is the first study to design a simpli-
fied screening questionnaire to detect the existence of severe
OSA in COPD patients.

Several studies have reported clinical prediction formulae
to detect the existence of OSA in the general population or
in sleep clinic-based patients, with the most common pre-
dictive factors being obesity (BMI, neck and waist circum-
ference), snoring, witnessed apneas, age, gasping, choking
and sex [12, 15, 22]. In the multivariable apnea risk (MAP)
index [12], BMI, snoring, gasping and witnessed apneas are
used to calculate the probability of OSA with an AUC of
0.79 for AHI > 10. The sensitivity and specificity of the
MAP index are 88% and 55%, respectively. However, the
formulae are too complicated for clinical physicians to apply
in practice. The clinical sleep apnea score (SACS) [15],
another useful screening tool for OSA, uses hypertension,
neck circumference, snoring and gasping or choking as
reported by the patient’s bed-partner. The results of the
SACS show a likelihood ratio of 5.17 (95% CI: 2.54-10.51)
and post-test probability of 81% when SACS > 15. Another
study chose age, snoring, witnessed apnea and neck circum-
ference to design a simplified screening questionnaire to
detect moderate to severe OSA with an AUC of 0.84 (13). A
recent study demonstrates that cardiovascular diseases
(hypertension, coronary artery disease, atrial fibrillation,
congestive heart failure and peripheral artery disease) are
also significantly associated with OSA [21]. Therefore, age,
BMI, snoring and witnessed apneas and cardiovascular dis-
eases were chosen as possible predictive factors for the ques-
tionnaire in this study.
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Table 4. OSA screening questionnaire.

If yes, SCORE
BMI: BMI > 27.5 1
Witnessed Apnea: Has anyone noticed that you stop 2
breathing during your sleep?
Snoring: Has your snoring ever bothered 1
other people?
Coronary artery disease: Do you have coronary 1

artery disease
TOTAL SCORE /5 points

OSA: obstructive sleep apnea; BMI: body mass index.

Table 5. Diagnostic performance of OSA sleep questionnaire at a variety of
AHI diagnostic criterion values in development group.

OSA sleep questionnaire, score > 2

N(%) Sensitivity ~ Specificity PPV NPV LR+ LR-

AHI > 5 66 (85.7) 54.5% 90.1% 97.1% 250% 55 05
AHI > 15 45(58.4) 64.0% 75.0% 782% 59.7% 26 05
AHI > 30  24(31.2) 87.5% 69.8% 56.8% 925% 29 0.2

OSA sleep questionnaire, score > 3

Sensitivity ~ Specificity PPV NPV LR+ LR-

AHI > 5 66(85.7) 37.9% 90.1% 958% 195% 3.8 0.7
AHI > 15 45(58.4) 48.9% 87.5% 84.6% 550% 39 06
AHI > 30  24(31.2) 75.0% 85.0% 69.3% 882% 50 03

OSA: obstructive sleep apnea; AHI: apnea-hypopnea index; PPV: positive pre-
dictive value; NPV: negative predictive value.

Table 6. Diagnostic performance of OSA sleep questionnaire at a variety of
AHI diagnostic criterion values in validation group.

OSA sleep questionnaire, score > 2

Age was not correlated with the severity of OSA in this
study; possibly due to the age range of the patients is nar-
row. This is similar to a recent study [21]. Therefore, age
was not included in the questionnaire. With regards to BMI,
the cutoff point value was set at 27.5kg/m* due to the high
risk in Asian population [23] and no large population stud-
ies have focused on the cutoff point in Asian COPD patients
to date. STOP-BANG questionnaire contains symptoms of
snoring, witnessed apnea and tiredness. Both snoring and
witnessed apnea revealed significantly association with OSA
in current study. In addition, STOP-BANG questionnaire
uses hypertension alone as a cardiovascular risk factor for
OSA. In contrast, a new COPD-OSA questionnaire uses five
cardiovascular diseases (hypertension, coronary artery dis-
ease, atrial fibrillation, congestive heart failure and periph-
eral artery disease) as risk factors for OSA. The present
study analyzed all these factors and found that only coron-
ary artery disease was associated with OSA. Therefore, cor-
onary artery disease as a cardiovascular risk factor was
chosen as a predictor for OSA.

Pulmonary function is not a good predictor for OSA
[21]. The mainly population of present study was moderate
to severe COPD and moderate to severe OSA. The inter-
action between COPD and OSA was quite complicated.

Table 7. Diagnostic performance of OSA sleep questionnaire at a variety of
COPD severity, AHI > 30.

OSA sleep questionnaire, score > 2

N(%) Sensitivity Specificity =~ PPV NPV LR+ LR- N(%) Sensitivity Specificity PPV NPV LR+ LR-
AHI =5 75(9.2)  440%  1000% 1000% 6.6% 999 06  Fpy1>80% 26(16.8) 828%  742%  393% 955% 3.2 0.2
AHI > 15 52(667)  577%  88.5%  91.1% 51.1% 50 05 gooo>FEV1>50% 60(38.7) 80.0%  68.6%  61.7% 84.5% 25 03
AHI >30  27(34.6) _85.2% 804% 69.7% 91.1% 43 02  500>FEV1>30% 51(329) 72.0%  80.0%  63.8% 854% 3.6 04
OSA sleep questionnaire, score > 3 30%>FEV1 18(11.6) 66.7% 100.0% 100.0% 95.8% 99.9 0.3
Sensitivity  Specificity PPV NPV LR+ LR- OSA sleep questionnaire, score > 3
AHI >5  75(96.2) 320%  100.0% 100.0% 55% 99.9 0.68 Sensitivity Specificity PPV~ NPV LR+ LR-
AHI > 15 52 (66.7)  442%  96.2%  959% 45.9% 116 06  fpyy > 80% 26(16.8) 62.1%  87.1%  389% 945% 48 04
AHI =30 27(346)  70.8%  902%  793% 854% 72 03  goo>FEV1>50% 60(387) 60.0%  857%  69.4% 79.8% 4.2 05
OSA: obstructive sleep apnea; AHI: apnea-hypopnea index; PPV: positive pre-  50%>FEV1>30% 51(32.9) 68.0% 88.6% 742% 852% 59 04
dictive value; NPV: negative predictive value. 30%>FEV1 18(11.6) 41.7% 100.0% 100.0% 86.7% 99.9 0.6
serence ine e .
2 V2 2 V2
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Figure 1. Receiver operating characteristic curve showing the performance of the OSA screening questionnaire, using a cutoff value of > 2/5 (blue line) or > 3/5
(pink line) in discriminating patients with severe OSA (AHI > 30/h) in the development group (n=77) and validation group (n=78). AUC, area under the

ROC curve.



Increases in lung volume have been documented to dilate
the pharynx and decrease its collapsibility, which suggests
that increases in lung volume will ameliorate the severity of
OSA [24]. If severe COPD patients have larger lung volume,
the severity of OSA may be reduced. However, some severe
COPD patients had osteoporosis, which caused the decrease
of lung volume. Decreases in lung volume in COPD patients
with osteoporosis will deteriorate the severity of OSA [18].
Therefore, the actual lung volume in severe COPD patients
is individualized.

STOP-BANG questionnaire (cut-point > 3) was reported
to be associated with OSA in moderate to severe COPD
patients [21]. The sensitivity and specificity of STOP-BANG
questionnaire (cut-point > 3) were 80% and 50% respect-
ively. A new COPD-OSA questionnaire (cut-point > 1) was
reported to be associated with OSA with sensitivity (92%)
and specificity (33%). However, the definition of OSA was
AHI > 5 in both questionnaires. Because the existence of
severe OSA in patients with COPD has a significant impact
on mortality and exacerbations, it is urgent to screen, to
diagnose and to treat those patients. The current question-
naire provides a good sensitivity 85%—87% to screen the
existence of severe OSA in COPD patients, who will be
benefit from the further CPAP treatment [3].

The major limitations of the present study are its retro-
spective nature, which may have led to bias in patient selec-
tion. Second, those COPD patients referred to the sleep center
with complaints or symptoms prompting sleep testing. This is
therefore cautious for screening an unselected pool of patient
with COPD, such as those being seen in a Chest Clinic or pri-
mary care office. Third, the population in this study was rela-
tively small and was enrolled from only one tertiary medical
center. Therefore, a large-scale multi-center-based study is
warranted to validate the results of this study. Another pos-
sible limitation is the ethnic population. All of the patients in
this study were Asian, and thus the definition of obesity was
different from a Caucasian population. Another potential issue
is the male predominance, which means this questionnaire
should be applied with caution in a female population.

Conclusions

In conclusion, the existence of severe OSA in patients with
COPD has a significant impact on mortality and exacerba-
tions. Therefore, it is crucial to have a simplified screening
questionnaire with good sensitivity to detect the existence of
severe OSA in COPD patients, as with the current question-
naire. As the proposed questionnaire does not require com-
plex mathematical calculations or complicated physical
examinations, we propose that it may be useful for clinical
physicians in the future. Further studies are warranted to
confirm these findings.
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