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ORIGINAL RESEARCH

Purpose: The co-existence of chronic obstructive pulmonary disease (COPD) and obstructive sleep apnea (OSA) has been described as the overlap syndrome. The objective of the
study is to investigate the performance of Berlin Questionnaire (BQ), modiﬁed Berlin
Questionnaire (MBQ), and STOP-Bang score in screening overlap syndrome from COPD
subjects and investigate how pulmonary function interferes with questionnaire scoring.
Subjects and Methods: Among 116 COPD subjects included in this study, 62 were overlap
syndrome subjects and 54 were COPD subjects without OSA. Subjects included were asked to
ﬁll out the questionnaires to collect demographic characteristics of subjects and questionnaire
scores of BQ, MBQ, and STOP-Bang; perform pulmonary function test to conﬁrm their COPD
diagnosis; and perform polysomnography.
Results: AUC (area under the curve) of BQ, MBQ, and STOP-Bang score in screening OSA
among patients with COPD was 0.71 (0.64–0.79), 0.75 (0.67–0.83), and 0.72 (0.64–0.80). In
COPD subjects without OSA, FEV1%pred was statistically associated with the misdiagnosis of
BQ (P= 0.0091), MBQ (P= 0.0143), and STOP-Bang (P= 0.0453). In patients with overlap
syndrome, FVC%pred affected the risk of misdiagnosis of the three questionnaires (BQ: P=
0.0413; MBQ: P= 0.0150; STOP-Bang: P= 0.0241). BMI and neck circumferences (NC) were
negatively correlated with FEV1%pred (BMI: P= 0.0454; NC: P= 0.0230) and FVC%pred
(BMI: P= 0.0042; NC: P= 0.0367) in overlap subjects. In contrast, BMI was positively correlated
with FEV1/FVC (P= 0.0141) and FEV1%pred (P= 0.0391) in COPD subjects without OSA.
Conclusion: BQ, MBQ, and STOP-Bang score performed well in COPD subjects for
screening OSA. The diagnosis of the three questionnaires was more accurate in subjects
with lower FEV1%pred or FVC%pred value. Pulmonary function might exert inﬂuence on
the diagnosis efﬁcacy of the three questionnaires through BMI and neck circumference.
Keywords: pulmonary disease, chronic obstructive, sleep apnea, obstructive, surveys and
questionnaires, pulmonary ventilation

Introduction
Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable
disease that is characterized by persistent respiratory symptoms and largely irreversible
airﬂow obstruction,1,2 which affects over 10% of adult population worldwide.3
Obstructive sleep apnea (OSA) is characterized by periods of partial or total intermittent
International Journal of Chronic Obstructive Pulmonary Disease 2020:15 1207–1216
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collapse of the upper airway, resulting in nocturnal hypoxemia
and arousals from sleep,4 with the prevalence of 9% to 38% in
general population,5 and 10% to 66% among COPD subjects.6
The co-existence of both disorders has been described as the
overlap syndrome (OVS).7
Studies have demonstrated, both daytime and nocturnal, PaO2 was signiﬁcantly lower, while PaCO2 was signiﬁcantly higher in OVS subjects than those of COPD
subjects without OSA, and the pulmonary artery pressure
(PAP) was higher in overlap patients both at rest and
during steady-state exercise.8 The OVS is associated with
an increased risk of comorbid cardiovascular disease and
diabetes, death, and hospitalization.9,10 Furthermore, if
OSA was treated by continuous positive airway pressure
in time, the mortality and morbidity were signiﬁcantly
decreased in OVS patients.11 Therefore, it is very essential
to screen out OSA from COPD patients.
Diagnosis of OSA requires overnight recordings with portable limited-channel recorders (respiratory polygraph) or full
polysomnography (PSG), either at home or in a sleep
laboratory,12 which are expensive, time-consuming, and not
suitable for routine screening. Therefore, different questionnaires have been widely used as screening tools for OSA in
clinical practice, such as Berlin,13 modiﬁed Berlin
questionnaire,14 and STOP-Bang score.15 Berlin and modiﬁed
Berlin Questionnaire combine information about snoring,
apnea, daytime sleepiness or fatigue, obesity, and hypertension, while STOP-Bang questionnaire collects information
about snoring, tiredness, observed apnea, hypertension, age,
sex, body mass index (BMI), and neck circumference.
However, few studies have reported the diagnostic
performance of these questionnaires in screening OVS
among COPD subjects.16,17 Moreover, no study has investigated whether COPD-related paraments would exert
effects on the performance of these diagnostic questionnaires. Therefore, this study was conducted to evaluate the
value of Berlin Questionnaire (BQ), modiﬁed Berlin
Questionnaires (MBQ), and STOP-Bang score in screening OVS from COPD subjects, and investigate whether the
pulmonary function parameters affect the diagnostic accuracy of these questionnaires in COPD population.

Subjects and Methods
Study Design
It is a cross-section study approved by the ethics committees of Zhongshan Hospital afﬁliated to Fudan University,
Shanghai, China.
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When patients were recruited, written informed consent
was obtained, and data were collected by questionnaire
survey. Demographic information (age, sex, state of smoking, and drinking), comorbidities, and acute exacerbation of
COPD were obtained by questionnaire. BMI (a person’s
weight in kilograms divided by the square of your height
in meter) and neck circumference was measured and calculated by two nurses before patients ﬁlled out questionnaires.
Modiﬁed Medical Research Council (mMRC) scale was
used to assess dyspnea,18 and health status impairment was
assessed by the COPD assessment test (CAT).19 The prior
probability of OSA was investigated using the Berlin,13
modiﬁed Berlin,14 and STOP-Bang questionnaire.15
When questionnaires were completed, we performed
pulmonary function test and polysomnography (PSG) test
to conﬁrm their diagnosis.
Based on Berlin, modiﬁed Berlin, and STOP-Bang
questionnaire diagnosis, we compared lung function parameters of patients correctly diagnosed and misdiagnosed
by questionnaires, and analyzed the correlation between
lung function parameters and diagnostic questionnaire
scores in COPD subjects without OSA and OVS subjects.
Univariate logistic regression analysis was used to assess
whether pulmonary function parameters affected the accuracy of questionnaires’ diagnosis.
Thereafter, to explore the mechanism by which lung function affected diagnostic questionnaire scores, we analyzed the
correlation between lung function parameters and BMI or
neck circumference separately, for BMI is an important scoring element in all three questionnaires, while neck circumference is a scoring element in STOP-Bang questionnaire. Based
on the analyses above, we draw the conclusions that pulmonary functions of COPD subjects do exert effect on the diagnosis of Berlin, modiﬁed Berlin, and STOP-Bang
questionnaire by their correlation with BMI and neck
circumference.

Subjects
Patients from the Pneumology Department of Zhongshan
hospital were invited, screened, and enrolled into this
study from September 2015 to October 2019.
The inclusion criteria were (1) Age ≥40 years, ≤80; (2)
Diagnosis of COPD by GOLD guidelines.1,2
The exclusion criteria were (1) Sleep less than 4 hours
tested by PSG; (2)Patients on home oxygen therapy or
mechanical ventilation; (3) Acute exacerbation of COPD in
the preceding month; (4) Other lung diseases; (5) Sleep
disorders other than OSA; (6) Active or unstable
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cardiovascular diseases; (7) Non-controlled arterial hypertension; (8) Severe dementia; (9) Severe untreated psychiatric conditions; (10) Neuromuscular disease; (11) Unwilling
or undisciplined patient.

OSA-Related Questionnaires
Berlin questionnaire (BQ) comprises three categories
including 10 questions. Part (category) 1 of BQ includes
information on snoring and apnea, part 2 reﬂects daytime
sleepiness or fatigue, and part 3 combines information
about obesity and hypertension. BMI cut-off point was
adjusted from 30.0 to 25.0 in MBQ compare to BQ.
High risk of OSA is deﬁned as ≥2 positive results of the
three categories of BQ or MBQ. STOP-BANG questionnaire is a tool involving 3 subjective items (snoring, tiredness, and observed apnea) and 5 objective items
(hypertension, age, sex, body mass index (BMI), and
neck circumference), a score ≥ 3 is regarded as having
a moderate to severe risk of OSA.

Pulmonary Function Examination
Spirometry was performed by Jaeger machine (Master
Screen PFT, Hochberg, Germany) in Pulmonary Function
Laboratory of Zhongshan Hospital according to the guidelines of the American Thoracic Society.20 COPD was
diagnosed if forced expiratory volume in 1 second and
forced vital capacity ratio (FEV1/FVC) below 70%, after
inhalation of bronchodilators.1

Polysomnography
PSG was tested in Sleep Center of Zhongshan Hospital by
a PSG recorder (Respironics, Alice-5 Respironics,
Pittsburgh, Pennsylvania, USA) within 1 week after pulmonary function examination, including electromyogram,
electrocardiogram, electrooculogram, oronasal ﬂow, thoracoabdominal movements, arterial oxygen saturation,
body position, and snoring sounds. Breathing was
recorded with nasal pressure transducer. PSG reports
were analyzed by two skilled specialists followed by
guideline.21 Apnea was deﬁned as a decrease of at least
90% of airﬂow from baseline, lasting 10 s or longer, and
hypopnea was deﬁned as ≥30% decrease of airﬂow lasting
at least 10 s, associated with either an arousal or a ≥3% O2
saturation according to American Academy of Sleep
Medicine criteria.22 The mean number of apneas and
hypopneas per hour of sleep (Apnea–Hypopnea Index
[AHI]) was calculated, and OSA was diagnosed if the
Apnea–Hypopnea Index (AHI) was ≥5 events per hour.12
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Statistical Analysis
Consecutive data are presented as the mean ± SD (standard
deviation) or median (interquartile range [IQR]) depending
on whether they were normally distributed.
Categorical data were shown as number (percentage).
The differences of continuous variables between groups
were compared by Student’s t-tests or Mann–Whitney ranksum tests, and Chi-square tests or Fisher’s exact test were
used for analyzing categorical variables. Spearman test or
Pearson test was used to determine correlations between
variables. Multivariate regression model was established to
investigate relationships between AHI (dependent variable)
and possible determinants with OSA. Pulmonary function
parameters were analyzed by univariate logistical analysis to
show whether they were associated with an increased risk of
misdiagnosis with questionnaires. The sensitivities, speciﬁcities, positive predictive value (PPV), negative predictive
value (NPV), and area under the curve (AUC) values were
calculated to compare the diagnosed efﬁcacy of a STOPBang score (≥3), BQ, and MBQ (high-risk) classiﬁcation
with PSG results (AHI ≥5) in predicting OSA. The accepted
signiﬁcance level for all tests was set as 5%, and statistical
analyses were performed using Stata software (version 13.0,
stataCorp LP, Texas, USA).

Results
Demographic Characteristics
Flow diagram for participants included in this study is
displayed in Figure 1.
Table 1 presents the descriptive information on demographics, disease characteristics, and the scores of questionnaires for all subjects (n = 116), and for those with
COPD alone (n = 54) and concomitant OSA (n = 62).
OVS was more common in men and obese subjects.
Minimum and mean nocturnal SaO2 are signiﬁcantly lower
in the subjects with OVS compared with the subjects with
COPD alone. Individuals with OVS also had higher (worse)
scores of STOP-Bang (P<0.0001), Berlin Questionnaire
(P<0.0001),
and
modiﬁed
Berlin
Questionnaire
(P< 0.0001). However, OVS subjects are less likely to suffer
from dyspnea since their mMRC scores (P= 0.015) are lower
(better) than COPD subjects.

Parameters Associated with Apnea–
Hypopnea Index in COPD Subjects
Table 2 shows the correlation between AHI and potentialrelated parameters. Later, a multivariate regression model
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Patients refused to participate (n = 45)
Informed consent and neck circumference measurement
and assessment different questionnaire (n = 283)
Exclusion of patients who refused lung
function test (n = 53)
Pulmonary function examination (n = 230)
FEV1/FVC≥ 70% (n = 87)
Exclusion of patients who refused
polysomnography (n = 27)
Polysomnography examination (n = 116)

AHI<5/h
COPD subjects without OSA (n = 54)

AHI≥5/h
Overlap syndrome subjects (n = 62)

Figure 1 Flow diagram for participants in this study.

was established to investigate independent relationships
between AHI (dependent variable) and possible determinants with OSA (Table 3).
These analyses showed that BMI was positively correlated with AHI in the subjects with OVS (P= 0.0002), and
it was an independent risk factor of OSA in COPD
patients. These analyses also indicated that pulmonary
function parameters were not correlated with AHI in
COPD subjects.

Performance of Berlin, Modiﬁed Berlin
Questionnaire, and STOP-Bang Score
The diagnostic performance of three questionnaires in
identifying OSA from COPD patients are summarized in
Table 4. All three questionnaires showed a good performance in COPD subjects for screening OSA. Compared to
STOP-Bang, BQ and MBQ had higher speciﬁcity and
PPV, but lower sensitivity and NPV. The accuracy of
MBQ was slightly higher than other two, but the difference was not signiﬁcant (BQ vs MBQ: P= 0.1148, MBQ
vs SB: P= 0.4452). Therefore, BQ, MBQ, and STOP-Bang
are all suitable for screening OSA patients from COPD
subjects in clinical application, among which MBQ has the
best diagnostic efﬁcacy.

Pulmonary Function Parameters Affected
the Risk of Questionnaire Misdiagnosis
Patients with the overlap syndrome, who are correctly
identiﬁed by BQ, MBQ, and STOP-Bang among all the
COPD subjects, had signiﬁcantly lower spirometric parameters than those of the misdiagnosed (S-Table 1). In
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COPD patients without OSA, the scores of BQ, MBQ,
and STOP-Bang were positively correlated with FEV1%
pred, while questionnaire scores were negatively correlated with FVC%pred in patients with OVS (S-Table 2).
Therefore, univariate logistic regression analysis was
used to assess the impact of spirometric parameters on the
risk of questionnaires misdiagnosis (Table 5). FEV1%pred
and FVC%pred of all COPD patients were statistically
associated with the risk of misdiagnosis of BQ (FEV1%
pred: OR= 1.028, P= 0.0194; FVC%pred: OR= 1.036,
P= 0.0130), MBQ (FEV1%pred: OR= 1.034, P= 0.0084;
FVC%pred: OR= 1.044, P= 0.0052), and STOP-Bang
(FEV1%pred: OR= 1.031, P= 0.0120; FVC%pred:
OR= 1.040, P= 0.0080).
In COPD patients without OSA, FEV1/FVC and
FEV1%pred were statistically associated with the risk of
misdiagnosis of BQ (FEV1/FVC: OR= 4.016, P= 0.0330;
FEV1%pred: OR= 1.112, P= 0.0091) and MBQ (FEV1/
FVC: OR= 1.617, P= 0.0472; FEV1%pred: OR= 1.075,
P= 0.0143), while FEV1%pred and FVC%pred were statistically associated with the risk of STOP-Bang misdiagnosis (FEV1%pred: OR= 1.035; P= 0.0453; FVC%pred:
OR= 1.048, P= 0.0450).
In addition, FVC%pred was statistically associated
with the risk of misdiagnosis by BQ (OR= 1.032
P= 0.0413), MBQ (OR= 1.041, P= 0.0150), and STOPBang (OR= 1.053, P= 0.0241) in patients with the overlap
syndrome.
These evidence suggested that COPD patients with
higher pulmonary function parameters had more chances
to get a misdiagnosis by BQ, MBQ, and STOP-Bang
questionnaire.

Pulmonary Function Parameters Were
Correlated with BMI and Neck
Circumference
Correlation analyses were conducted to explore the relationship between spirometric parameters and BMI or neck
circumference.
For COPD subjects without OSA, BMI was positively
correlated with FEV1/FVC (P= 0.0141) and FEV1%pred
(P= 0.0391), while in OVS group BMI was negatively
correlated with FEV1%pred (P= 0.0454) and FVC%pred
(P= 0.0018) (Table 6). The analyses also showed, in subjects whose BMI<25kg/m2, FEV1/FVC (P= 0.0027) and
FEV1%pred (P= 0.0215) were positively correlated with
BMI, while in BMI≥25, FEV1%pred (P= 0.0280) and
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Characteristics

Whole Group

COPD Without OSA

Overlap Syndrome

(n= 116)

(n= 54)

(n= 62)

Age (years)

63 (57, 68)

64 (59, 69)

62 (56, 68)

0.5331

Male, n (%)

101, (87.07%)

43, (79.63%)

58, (93.55%)

0.0260a

BMI (kg/m )
BMI≥25kg/m2, n (%)

25.04±4.36
55, (47.41%)

23.11±3.43
17, (31.48%)

26.72±4.41
38, (61.25%)

<0.0001a
0.0020a

Neck circumference (cm)

38.59±2.43

38.28±1.93

38.85±2.79

0.1477

Current smoker, n (%)
Pack×year of smoking

89, (76.72%)
800 (600, 1000)

41, (88.89%)
775 (600, 850)

48, (77.42%)
800 (500,1400)

0.8490
0.4060

Use alcohol, n (%)
Arousal index

75, (64.66%)
5.4 (0.9, 18.5)

35, (64.81%)
0.3 (0.1, 0.6)

40, (64.52%)
19.2 (7.9, 30.5)

0.9730
<0.0001

AHI

6.5 (1.6, 21.8)

1.2 (0.4, 2.5)

20.3 (9.3, 33.9)

<0.0001a

REMS (%)
Minimum nocturnal SaO2

16.52±15.56
86.5 (80.5, 90)

11.00±3.55
89 (87, 91)

20.20±20.78
82.5 (76, 87)

0.5536
<0.0001a

Mean nocturnal SaO2

95.35 (94, 96.55)

96 (94, 97)

95 (93, 96)

0.0048a

FEV1/FVC (%)
FEV1%pred

60.62 (55.09, 67.57)
62.40±19.05

64.62 (50.69, 67.80)
61.7±18.83

64.70 (57.7, 67.28)
63.18±19.55

0.8076
0.6282

FVC%pred

78.14±15.76

77.86±13.71

78.39±17.49

0.9864

CAT score
mMRC score

12 (9, 16)
1.33±0.86

12 (9, 14)
1.54±0.72

12 (9, 17)
1.15±0.94

0.2546
0.0150a

BQ score

1 (0, 2)

0 (0, 1)

2 (1, 2)

<0.0001a

MBQ score
BQ part1 score

1.22±0.93
2 (0, 3)

0.70±0.72
0 (0, 2)

1.68±0.86
3 (2, 4)

<0.0001a
<0.0001a

BQ part2 score

0 (0, 0)

0 (0, 0)

0 (0, 1)

<0.0001a

BQ part3 score
MBQ part3 score

0.30±0.46
0.51±0.50

0.15±0.36
0.35±0.48

0.44±0.50
0.65±0.48

0.0008a
0.0014a

STOP-Bang score

3.15±1.34

2.43±1.07

3.77±1.23

<0.0001a

Hypertension, n (%)
Diabetes, n (%)

25, (21.55%)
5, (4.31%)

8, (14.81%)
1, (1.85%)

17, (27.42%)
4, (6.45%)

0.1000
0.3700

Cardiovascular disease, n (%)

9, (7.76%)

3, (55.56%)

6, (9.68%)

0.5000

Renal insufﬁciency, n (%)
Dyslipidemia, n (%)

3, (2.59%)
3, (2.59%)

0, (0%)
2, (3.70%)

3, (4.84%)
1, (1.61%)

0.2470
0.5970

AECOPD, n (%)

10, (8.62%)

3, (55.56%)

7, (11.29%)

0.3340

2

P value

Notes: Data are presented as mean±SD, median (IQR), or n (%); aSigniﬁcant statistical difference between COPD without OSA group and overlap syndrome group.
Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea syndrome; BMI, body mass index; AHI, Apnea–Hypopnea Index; REMS, rapid
eye movement sleep; SaO2, oxygen saturation; mMRC, Modiﬁed Medical Research Council; CAT, COPD assessment test; BQ, Berlin Questionnaire; MBQ, modiﬁed Berlin
Questionnaire; AECOPD, acute exacerbations of chronic obstructive pulmonary disease; FEV1/FVC, forced expiratory volume in 1 second and forced vital capacity ratio;
FEV1%pred, percentage of predicted forced expiratory volume in 1 second; FVC%pred, percentage of predicted forced vital capacity ratio.

Table 2 Correlation Between Potentially Risk Factors and Apnea–Hypopnea Index
Variable

Whole Group

COPD Without OSA

Overlap Syndrome

(n = 116)

(n = 54)

(n = 62)

r

P value

r

P value

r

P value

Age (years)
Neck circumference (cm)

−0.0016
0.1095

0.9868
0.2419

0.1352
0.0658

0.3298
0.6363

0.0691
−0.0422

0.5935
0.7448

BMI (kg/m2)

0.4814

≤0.0001a

0.0321

0.8179

0.4524

0.0002a

FEV1/FVC (%)
FEV1%pred

0.1089
0.0986

0.2446
0.2926

0.0638
0.1767

0.6465
0.2011

0.2333
0.0415

0.0704
0.7507

FVC%pred

−0.0236

0.8026

0.1843

0.1822

−0.1683

0.1948

a

Note: Signiﬁcant correlation with Apnea–Hypopnea Index.
Abbreviations: r, correlation coefﬁcient; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea syndrome; BMI, body mass index; FEV1/FVC, forced
expiratory volume in 1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory volume in 1 second; FVC%pred, percentage of
predicted forced vital capacity ratio.
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Table 3 Multivariate Regression for Parameters Associated with Apnea–Hypopnea Index
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Variable

Whole Group

COPD Without OSA

Overlap Syndrome

(n = 116)

(n = 54)

(n = 62)

B

P value

B

P value

B

P value

Age (years)
Neck circumference (cm)

−0.2057
−2.416

0.2620
0.0010a

0.0119
−0.0105

0.6400
0.9020

−0.6981
−2.301

0.0270a
0.0150a

BMI (kg/m2)

2.669

<0.0001a

0.0343

0.6710

1.889

0.0010a

FEV1/FVC (%)
FEV1%pred

0.3142
−0.1223

0.1970
0.3840

−0.0812
0.0489

0.0680
0.1920

0.6955
0.0483

0.0540
0.6490

FVC%pred

0.0248

0.8360

0.0121

0.4730

−0.4349

0.3060

a

Notes: Signiﬁcant correlation with Apnea–Hypopnea Index; Age, neck circumference, BMI, FEV1/FVC, FEV1%pred, and FVC%pred were entered into the
multivariable model.
Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea syndrome; BMI, body mass index; FEV1/FVC, percentage of
forced expiratory volume in 1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory volume in 1 second; FVC%
pred, predicted forced vital capacity ratio.

Table 4 Performance of Berlin Questionnaire, Modiﬁed Berlin Questionnaire, and STOP-Bang in Identifying OSA
Among COPD Subjects
Questionnaire

Prevalence of OSA (n/N [%]) =62/116 (53.45%)
Sensitivity

Speciﬁcity

PPV

NPV

AUC

BQ
MBQ

0.53
0.65

0.89
0.85

0.85
0.83

0.62
0.68

0.71 (0.64–0.79)
0.75 (0.67–0.83)

STOP-Bang

0.84

0.59

0.70

0.76

0.72 (0.64–0.80)

Note: Data in parentheses are 95% CIs or n/N (%).
Abbreviations: AUC, area under the curve; OSA, obstructive sleep apnea syndrome; PPV, positive predictive value; NPV, negative predictive
value; BQ, Berlin Questionnaire; MBQ, modiﬁed Berlin Questionnaire.

Table 5 Univariate Logistic Regression Analysis of Pulmonary Function Parameters Affecting the Risk of Misdiagnosis with Questionnaires

BQ score
FEV1/FVC (%)

Whole Group

COPD Without OSA

Overlap Syndrome

n= 116

n= 54

n= 62

OR (95% CI)

P value

OR (95% CI)

P value

OR (95% CI)

P value

1.025 (0.9799,1.072)

0.2851

4.016 (1.122, 14.37)

0.0330a

0.9749 (0.9190, 1.034)

0.4002

a

FEV1%pred

1.028 (1.004,1.051)

0.0194

1.112 (1.027, 1.205)

0.0091a

1.014 (0.9873, 1.040)

0.3150

FVC%pred

1.036 (1.007,1.065)

0.0130a

1.090 (0.9988, 1.191)

0.0530

1.032 (1.001, 1.063)

0.0413a

MBQ score
FEV1/FVC (%)

1.028 (0.9796,1.078)

0.2644

1.617 (1.006, 2.599)

0.0472b

0.9691 (0.9130, 1.029)

0.3029

b

FEV1%pred

1.034 (1.009,1.060)

0.0084

1.075 (1.015, 1.139)

0.0143b

1.021 (0.9923, 1.050)

0.1551

FVC%pred

1.044 (1.013,1.076)

0.0052b

1.047 (0.9819, 1.117)

0.1593

1.041 (1.008, 1.076)

0.0150b

FEV1/FVC (%)
FEV1%pred

1.024 (0.978,1.073)
1.031 (1.007,1.056)

0.3082
0.0120c

1.048 (0.9892, 1.111)
1.035 (1.001, 1.070)

0.1110
0.0453c

0.9964 (0.9218, 1.077)
1.039 (0.9978, 1.083)

0.9290
0.0644c

FVC%pred

1.040 (1.011, 1.071)

0.0080c

1.048 (1.001, 1.097)

0.0450c

1.053 (1.007, 1.101)

0.0241c

STOP-Bang score

Notes: The data are presented as the odds ratio (OR) (95% CI); we performed univariate logistic regression. Pulmonary function parameters signiﬁcantly associated with
the risk of aBQ, bMBQ, and c STOP-Bang misdiagnosis.
Abbreviations: CI, conﬁdence interval; OR, odds ratio; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea syndrome; BQ, Berlin Questionnaire;
MBQ, modiﬁed Berlin Questionnaire; FEV1/FVC, forced expiratory volume in 1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory
volume in 1 second; FVC%pred, percentage of predicted forced vital capacity ratio.
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Table 6 Pulmonary Function Parameters Were Correlated with Body Mass Index and Neck Circumference
Whole Group

COPD Without OSA

Overlap Syndrome

n= 116

n=54

n=62

r

P value

r

P value

r

P value

0.1582

0.0899

0.3323

0.0141a

−0.0023

0.9859

FEV1%pred

−0.0227

0.8087

0.2817

0.0391a

−0.2550

0.0454a

FVC%pred

−0.2269

0.0143

0.0140

0.9199

−0.3616

0.0042a

FEV1/FVC
FEV1%pred

0.0538
−0.1364

0.5666
0.1443

0.1910
0.4386

0.1666
0.1076

−0.0867
−0.2885

0.5030
0.0230b

FVC%pred

−0.1715

0.0657b

0.0263

0.8500

−0.2660

0.0367b

2

BMI (kg/m )
FEV1/FVC

a

Neck circumference (cm)

Notes: aSigniﬁcant correlation between pulmonary function parameters and BMI; bsigniﬁcant correlation between pulmonary function parameters and neck
circumference.
Abbreviations: r, correlation coefﬁcient; COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea syndrome; BMI, body mass index;
FEV1/FVC, forced expiratory volume in 1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory volume in 1 second;
FVC%pred, percentage of predicted forced vital capacity ratio.

Table 7 Correlation Between Body Mass Index and Pulmonary
Function Parameters
BMI

BMI<25kg/m2

BMI≥25kg/m2

n=61

n=55

r

P value

r

P value

FEV1/FVC

0.3773

0.0027a

0.0329

0.8116

FEV1%pred
FVC%pred

0.2939
0.1636

0.0215a
0.2076

−0.2963
−0.3046

0.0280a
0.0251a

Notes: aSigniﬁcant correlation between pulmonary function parameters and BMI.
Abbreviations: r, correlation coefﬁcient; BMI, body mass index; FEV1/FVC, forced
expiratory volume in 1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory volume in 1 second; FVC%pred, percentage of
predicted forced vital capacity ratio.

FVC%pred (P= 0.0251) was negatively correlated with
BMI (Table 7).
Neck circumferences of OVS subjects are negatively
correlated with FEV1%pred (P= 0.0230) and FVC%pred
(P= 0.0367) (Table 6).

Discussion
This study evaluated the performance of BQ, MBQ, and
STOP-Bang in identifying OSA patients from COPD in
the study and investigated how pulmonary function affects
the accuracy of questionnaire diagnosis. We found all the
three questionnaires were suitable for screening OSA
patients from COPD subjects in clinical application,
among which MBQ has the best diagnostic efﬁcacy. The
diagnosis of the three questionnaires was more accurate in
subjects with lower FEV1%pred or FVC%pred value, and
pulmonary function exert inﬂuence on the diagnosis

International Journal of Chronic Obstructive Pulmonary Disease 2020:15

Powered by TCPDF (www.tcpdf.org)

efﬁcacy of the three questionnaires through BMI and
neck circumference.
The co-existence of COPD and OSA was deﬁned by
OVS and is associated with an increased risk of comorbid
cardiovascular disease and diabetes, mortality and hospitalization if OSA was left untreated.7,9-11 Therefore, it is
very essential to have OVS screened out from COPD
patients in time. Since the standard diagnosis of OSA is
expensive and time-consuming,12 different questionnaires
have been used as screening tools for OSA.
An ideal sleep-disordered breathing screening score
should have a high sensitivity to avoid false-negative
results, but also be speciﬁc enough to avoid referral of
low-risk patients for costly and time-consuming sleep
monitoring.23 Analyses of this study showed the speciﬁcity of BQ was higher than STOP-Bang, while the
sensitivity was lower in BQ, which was in accordance
with the previous study reported the performance of
questionnaires in subjects without COPD.23–25 The performance of MBQ is slightly better than BQ, for they
both displayed a high speciﬁcity moderate, but BQ
showed a relatively poor sensitivity. According to the
Asia-Paciﬁc obesity deﬁnition, the cut-off point of BMI
was adjusted to 25.0 in MBQ compare to BQ, which
might be the reason for the superiority of MBQ in our
study population.
In order to investigate how pulmonary function affected
the accuracy of questionnaire diagnosis, analyses were conducted to discover the relationship between pulmonary function parameters and BMI or neck circumference.
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In COPD subjects without OSA, we assume the positive correlation between BMI and pulmonary could be
explained by the disease characteristic of COPD itself.
COPD is a chronic wasting disease associated with signiﬁcant loss of weight, body water compartments, and
muscle mass.28,29 Studies have reported body weight is
negatively correlated with FEV1.30–32 According to
a series of articles on the obesity paradox in COPD,33
compared with normal BMI, low BMI is a risk factor for
accelerated lung function decline, whilst high BMI has
a protective effect.34 These research results were in accordance with our ﬁnding in COPD subjects without OSA.
Therefore, we assumed the mechanism behind the association between the accuracy of the three questionnaires and
FEV1%pred was related to the correlation between BMI
and the severity of COPD. Patients with severe COPD had
more severe weight loss, and low BMI accelerated the
decline in lung function. As a result, subjects with severe
COPD were inclined to receive lower questionnaire scores.
Therefore, in COPD without OSA group, subjects were
more likely to get a correct diagnosis by BQ, MBQ, and
STOP-Bang score.
Our study demonstrated an interesting result that the
correlation between BMI and pulmonary function was
reversed in COPD subjects with and without OSA. The
correlation between pulmonary function and BMI in
COPD patients without OSA was consistent with that in
non-obese patients, while the correlation in patients with
overlap syndrome was consistent with that in obese
patients. Therefore, we assumed the reversed correlation
was led by the difference in the proportion of obesity in
patients with COPD alone and patients with OVS. Our
analyses indicated BMI was an independent risk factor for
the prevalence of OSA in COPD subjects, and the proportion of obese subjects in overlap group was signiﬁcantly
higher than COPD subject without OSA, which is in
accordance with the results from other studies.26,27
Many studies have demonstrated an association
between excess weight or weight gain and pulmonary
dysfunction.35–38 Boriek AM has reported the reduced
curvature of the diaphragm muscle ﬁbers in obese subjects
suggesting that obesity leads to respiratory muscle dysfunction in patients with COPD and reduces the value of
FEV1%pred and FVC%pred.39 This ﬁnding was consistent
with the overlap group of our study. Therefore, we
assumed in OVS subjects FVC%pred exerted interference
impact on diagnosis of the questionnaires through its
negative interaction with BMI and neck circumference.
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Since high BMI raised the score of all three questionnaires
and neck circumference upregulated STOP-Bang score,
the higher BMI and neck circumference were, the subjects
were more likely to get a correct diagnosis by BQ, MBQ,
and STOP-Bang score in OVS subjects.
Our study also demonstrated the severity of OSA and
COPD were not correlated. However, mMRC-assessed
dyspnea18 was more severe in COPD subjects without
OSA than the overlap subjects, and the reason behind it
remains to be investigated.
To our knowledge, this is the ﬁrst article to compare
the performance of BQ, MBQ, and STOP-Bang score for
screening OSA in subjects with COPD and investigate
how pulmonary function affects the accuracy of questionnaire diagnosis. However, our study was limited by the
sample size and all the included subjects were Asian. Also,
because of the open invitation for participation in the
study, patients with more frequent symptoms and greater
concern about having OSA may have accepted the invitation. Therefore, our sample failed to represent the actual
prevalence of overlap syndrome in patients with COPD.

Conclusion
In conclusion, our study demonstrated that BQ, MBQ, and
STOP-Bang score showed a good performance in COPD
subjects for screening OSA, and the accuracy of MBQ was
slightly higher than the other two. In COPD subjects without OSA, patients with low FEV1%pred were associated
with increased diagnosis accuracy of BQ, MBQ, and STOPBang score, while OVS patients with low FVC%pred had
more chances to get a correct diagnosis by the three questionnaires. Pulmonary function could exert inﬂuence on the
diagnostic efﬁcacy of the three questionnaires through its
association with BMI and neck circumference. BMI was
positively correlated with FEV1/FVC and FEV1%pred in
COPD subjects without OSA, while negatively correlated
with FEV1%pred and FVC%pred in OVS subjects.
However, more studies are needed to investigate the effects
of lung function on BQ, MBQ, and STOP-Bang score in the
whole population or other speciﬁc populations.

Abbreviations
COPD, chronic obstructive pulmonary disease; OSA,
obstructive sleep apnea syndrome; BMI, body mass index;
AHI, Apnea–Hypopnea Index; REMS, rapid eye movement
sleep; SaO2, oxygen saturation; mMRC, Modiﬁed Medical
Research Council; CAT, COPD assessment test; BQ, Berlin
Questionnaire; MBQ, modiﬁed Berlin Questionnaire;
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AECOPD, acute exacerbations of chronic obstructive pulmonary disease; FEV1/FVC, forced expiratory volume in
1 second and forced vital capacity ratio; FEV1%pred, percentage of predicted forced expiratory volume in 1 second;
FVC%pred, percentage of predicted forced vital capacity
ratio; SD, standard deviation; IQR, interquartile range;
PPV, positive predictive value; NPV, negative predictive
value; CI, conﬁdence interval; OR, odds ratio.
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