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Abstract

Purpose Obstructive sleep apnea (OSA) is highly prevalent and causes serious cardiovascular complications. Several screening
questionnaires for OSA have been introduced, but only few validation studies have been conducted in general population. The
aim of the present study was to assess the diagnostic value of three OSA screening questionnaires (Berlin Questionnaire, BQ;
STOP-Bang Questionnaire, STOP-B; Four-Variable Screening Tool, Four-V) in a Korean community sample.

Methods A total of 1148 community-dwelling participants completed the BQ, STOP-B, and Four-V. An overnight in-laboratory
polysomnography (PSG) was conducted in randomly selected 116 participants. Sensitivity, specificity, positive predictive value,
negative predictive value, positive likelihood ratio, negative likelihood ratio, and area under the curve (AUC) were calculated.
Results The Four-V with cutoff>8 showed high sensitivity for overall OSA (69.4%), and the Four-V with cutoff>9 showed
high specificity for both overall OSA (81.5%) and moderate to severe OSA (69.0%). On the other hand, the STOP-B showed
acceptable sensitivity and specificity for both overall OSA (61.3 and 79.6%, respectively) and moderate to severe OSA (72.4 and
67.8%, respectively). The STOP-Bang also showed the largest area under the receiver-operator characteristic curve for both
overall OSA (0.752) and moderate to severe OSA (0.750). The BQ showed the lowest performance in predicting OSA.
Conclusions Among the three questionnaires, the STOP-B was revealed as the most useful screening tool for OSA in terms of
sensitivity, specificity, and area under the receiver-operator characteristic curve in the population of South Korea.

Keywords Berlin questionnaire - Four-variable screening tool - Obstructive sleep apnea - Screening - STOP-Bang questionnaire

Introduction

Untreated OSA is associated with serious medical complica-
tions, including hypertension, glucose intolerance, myocardial
infarction, and cerebrovascular diseases [1-6], but only a
small portion of moderate to severe OSA patients are diag-
nosed and receive treatment [7]. In-laboratory overnight
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polysomnography (PSG) has been regarded as a gold standard
diagnostic tool [8], but it is expensive, time-consuming, and
burdensome. Therefore, a screening tool for OSA is necessary
in order to screen individuals at high risks of OSA in general
population. Screening the subjects who are in urgent need for
PSG and providing them treatment in time would prevent
further complications and decrease social costs. The screening
tool should be easy to perform, inexpensive, and reliable to
have adequate predictive performance.

Several screening questionnaires for OSA have been intro-
duced in the last two decades, and the reported screening
methods have mostly been validated in clinical samples
[9—14]; therefore, it is possible that sensitivity of the studied
screening tools has been overestimated because of the high
prevalence of OSA. There exist only a few reports on
community-dwelling populations; hence, only limited results
are available for interpretation since in-home PSG has been used
or only middle-aged or older subjects were included in the study
[15, 16]. Besides, validation studies for OSA screening ques-
tionnaires have been reported mostly in Western countries.
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In the present study, we aimed to compare the validity of
three widely used screening questionnaires for OSA, namely,
the Berlin Questionnaire (BQ), STOP-Bang (STOP-B), and
Four-Variable Screening Tool (Four-V), in community-
dwelling Korean adults.

Material and methods
Subjects

This study is a prospective study and carried out at Seoul
National University Bundang Hospital. Community-
dwelling adults aged above 20 years were enrolled as the
representative sample via advertisements from May 2015 to
July 2015 in the southern area of Gyeonggi province in South
Korea. The sampling was conducted by a stratified random
sampling method taking into account age and sex groups
based on the 2014 Korean census. Exclusion criteria were as
follows: (1) acute or unstable medical or neurological condi-
tions; (2) major psychiatric disorders; (3) substance abuse; (4)
pregnancy; and (5) severe cognitive impairment. The subjects
who did not meet the exclusion criteria completed the follow-
ing three screening questionnaires for OSA: the BQ, STOP-B,
and Four-V. The three questionnaires were clipped together in
a randomized order to avoid bias that comes from the order of
questionnaires. Six types of questionnaire formations were
made through this process and distributed to subjects by the
block randomization method. A total of 1148 subjects com-
pleted the three questionnaires. To test the validity of the three
screening questionnaires, subjects who agreed to undergo
PSG were randomly selected by considering age, sex, and risk
group classification of each screening questionnaire. Finally,
an overnight in-laboratory PSG was performed on 116 sub-
jects. The process of the subject enrollment is summarized in
Fig. 1. This study was approved by the Institutional Review
Board of the Seoul National University Bundang Hospital,
and written informed consent was obtained from all the
participants.

Instruments
Berlin questionnaire

The Berlin questionnaire (BQ) is one of the most widely used
screening tools for OSA. It consists of 11 items organized into
three categories. The first category includes five questions on
snoring and witnessed apnea, the second category includes
three questions on daytime fatigue and sleepiness, and the
third category includes one item on the history of hyperten-
sion. The first and second categories require the total score > 2
to be positive. The third category requires a history of hyper-
tension or a body mass index (BMI) > 30 kg/m? to be positive.
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Total participants who completed
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Fig. 1 Flow chart showing the subject enrollment. OSA, obstructive
sleep apnea

Subjects who had two or more positive categories were clas-
sified into the high-risk group. A validated Korean version of
the BQ was used in this study [17], with a modified BMI
cutoff value of 25 kg/m* compared to the cutoff value of
30 kg/m? in the original version according to the proposal of
WHO Western Pacific Regional Office defining moderate
obesity in Asian [18].

STOP-Bang questionnaire

The STOP questionnaire was developed as a screening tool
for OSA in preoperative surgical patients. It consists of four
items on snoring, tiredness, observed apnea, and blood pres-
sure. A total score of two or more positive responses is con-
sidered as a high risk for OSA. The STOP-Bang (STOP-B)
includes the STOP questions and incorporates the following
four more questions: BMI > 35 kg/m?, age > 50, neck circum-
ference >40 cm, and male gender. The STOP-B has been
validated both in clinical and non-clinical populations [19].
A total score of three or more positive responses is considered
as a high risk. In this study, a BMI cutoff value of 30 kg/m*
was used instead of 35 kg/m? based on the definition of severe
obesity in Asian [18].

Four-variable screening tool

The Four-variable screening tool (Four-V) was developed to
identify moderate to severe OSA [20]. It includes four ques-
tions, and each question assesses gender, blood pressure,
BMI, and snoring. Males were scored with 4 and females with
0. Snoring almost every day or often was assigned 4, and
snoring sometimes, almost never, or unknown was assigned
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0. BMI was scored from 1 to 6 based on the following cate-
gorization: <21.0, 21.0-22.9, 23.0-24.9, 25.0-26.9, 27-29.9,
>30. Blood pressure (BP) was categorized as systolic BP
(SBP) < 140 or diastolic BP (DBP) <90, SBP 140-159 or
DBP 90-99, SBP 160-179 or DBP 100-109, SBP > 180 or
DBP>110 and scored from 1 to 4. Originally, cutoff values
from 9 to 14 were recommended by Takegami et al. However,
we used values of § and 9 as indicating a high risk for OSA in
the present study.

Polysomnography

An overnight in-laboratory overnight polysomnography
(PSG) (Embla™ N7000, Embla, Reykjavik, Iceland) with
standard electrodes and sensors was performed in 116 sub-
jects. Electroencephalography electrodes were applied at O1/
A2,02/A1, C4/A1, and C3/A2. Two electrooculography elec-
trodes were applied at the sides of both the eyes for recording
vertical and horizontal eye movements. Electromyography
electrodes were applied to the submentalis muscles and both
anterior tibialis muscles. Strain gauges were applied to the
chest and abdomen to record respiratory movements. Nasal
pressure transducers were used to record airflow, and pulse
oximeters were applied on the index finger to measure the
arterial oxygen saturation. The recordings were scored accord-
ing to the American Academy of Sleep Medicine guidelines
[21]. Apnea was defined as an episode of complete air flow
cessation for at least 10 s. Hypopnea was defined as 50% or
more reduction of airflow for at least 10 s, moderate airflow
reduction for at least 10 s accompanied by electroencephalo-
graphic arousal, or oxygen desaturation (>4%) [22]. Subjects
with apnea-hypopnea index (AHI)>5 were considered to
have mild OSA, and those with AHI> 15 were considered
to have moderate to severe OSA [23].

Statistical analysis

The characteristics of the subjects are presented as means =
standard deviations for continuous variables and numbers and
percentages for categorical variables. Comparisons between
groups were conducted by the x” test or the Student’s 7 test
as appropriate using SPSS version 22 (SPSS Inc., Chicago, IL,
USA). The sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), positive likelihood
ratio, and negative likelihood ratio were calculated for each
questionnaire. The diagnostic odds ratio (DOR) was also cal-
culated. The DOR is the ratio of the odds of the test being
positive in disease relative to the odds of positive results in the
non-disease, and higher DOR indicates better discriminatory
test performance. Comparison between ROC curves were per-
formed using MedCalc Statistical Software version 18.10
(MedCalc Software bvba, Ostend, Belgium). The significance
level was set at a two-tailed value of P < 0.05.

Results

Descriptive characteristics of the studied subjects are
shown in Table 1. Of the 1148 subjects, 49.3% were male
with a mean age of 47.4 £ 15.9 years. The mean BMI of the
subjects was 23.3 + 3.0 kg/m?, and the mean neck circum-
ference was 34.6 + 3.8 cm. The mean systolic and diastolic
BP was 112.9+15.9 and 79.8 £ 12.0 mmHg, respectively.
Among the subjects, 29.7, 26.1, 30.8, 41.6, and 31.0%
were classified as a high-risk group by the BQ, STOP,
STOP-B, Four-V with cutoff> 8, and Four-V with cutoff >
9, respectively. In spite of different constructs of questions
between questionnaires, each high-risk group determined
based on the BQ, STOP, STOP-B, and Four-V showed
significantly older age, a larger portion of the male gender,
higher BMI, higher neck circumference, and higher BP
than the paired low-risk group. However, the BMI differ-
ence between groups classified by the Four-V with cutoff >
9 was not statistically significant.

Table 2 shows the demographic and clinical characteristic
of the subjects who underwent PSG. Of the 116 subjects, 62
subjects turned out to have OSA and 54 subjects were normal.
The high-risk subjects classified by the BQ, STOP, STOP-
Bang, Four-V with cutoff>8, or Four-V with cutoff>9
accounted for 50.0, 56.9, 43.1, 51.7, and 37.9%, respectively.
Subjects in the OSA group were older compared to the sub-
jects in the non-OSA group, and the male percentage was
higher in the OSA group. In addition, subjects in the OSA
group had higher BMI, neck circumference, systolic/
diastolic BP, AHI, supine AHI, and the lowest O, saturation
during sleep. The OSA group had a higher percentage of high-
risk subjects classified by any three questionnaires than the
non-OSA group. There were no significant differences be-
tween the two groups in terms of the Pittsburgh sleep quality
index (PSQI), insomnia severity index (ISI), and Beck depres-
sion inventory (BDI).

Predictive parameters of the studied questionnaires for de-
tecting overall OSA are shown in Table 3(A). The Four-V
with cutoff>8 (69.4%) showed better sensitivity than the
BQ (61.3%), STOP (58.1%), STOP-B (61.3%), and Four-V
with cutoff > 9. However, the specificity of the Four-V with
cutoff>9 (81.5%) was the highest, followed by the STOP-
B (79.6%), STOP (74.1%), Four-V with cutoff>8§
(68.5%), and BQ (63.0%). For detecting moderate to se-
vere OSA (Table 3(B)), the STOP-B showed the highest
sensitivity (72.4%) while the Four-V with cutoff>9
showed the highest specificity (69.0%). ROC curves for
the three questionnaires are shown in Fig. 2. The STOP-
B had the largest AUC (0.752) for overall OSA and mod-
erate to severe OSA (0.750) among the studied screening
questionnaires, even though a statistical significance was
found only between the STOP-B and the BQ for detecting
moderate to severe OSA (P =0.0013).
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Table 2 Demographic and

clinical data of the subjects who OSA group Non-OSA group Total P value

underwent polysomnography (AHI >5) (AHI<5)
N (%) 62 (53.4) 54 (46.6) 116
Gender, male (%) 37 (59.7) 21(38.9) 58 (50.0) 0.040
Age (yr) 554+16.5 44.0+14.0 50.1+16.4 <0.001
BMI (kg/m?) 248+2.7 228425 23.9+16.4 0.001
Neck circumference (cm) 36.0+£3.5 334428 348+34 0.001
SBP (mmHg) 127.5+15.7 120.2+16.7 124.1+£16.5 0.018
DBP (mmHg) 81.9+12.5 77.4+104 79.8+11.7 0.039
AHI (event/h) 16.5+11.1 1.5+13 9.5+11.1 <0.001
Supine AHI (event/h) 23.6+18.1 2.1+2.1 13.6+£17.0 <0.001
Lowest SpO, (%) 84.6+4.7 90.9+3.2 87.6+52 <0.001
High risk (BQ) 38 (61.3) 20 (37.0) 58 (50.0) 0.008
High risk (STOP) 36 (58.1) 14 (25.9) 66 (56.9) <0.001
High risk (STOP-Bang) 38 (61.3) 12 (22.2) 50 (43.1) <0.001
High risk (Four-V, cutoff=8) 43 (69.4) 17 31.5) 60 (51.7) <0.001
High risk (Four-V, cutoff=9) 34 (54.8) 10 (18.5) 44 (37.9) <0.001
PSQI (=5, %) 6.3+£2.5(69.2) 5.3+2.3(60.5) 5.9+2.4(65.3) 0.430
ISI (=8, %) 6.8+£5.3(33.9) 6.1+£5.2(33.3) 6.5+5.2(33.6) 0.490
ESS (> 10, %) 7.5+43(17.7) 8.3+4.9(29.6) 7.9+4.6 (23.3) 0.357
BDI (> 10, %) 8.4+7.0 (40.3) 8.7+7.2(38.9) 8.5+£7.1(39.7) 0.853

OSA, obstructive sleep apnea; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; AHI, apnea-hypopnea index; SpO,, oxygen saturation; BQ, Berlin questionnaire; STOP, STOP question-
naire; STOP-B, STOP-Bang questionnaire; Four-V, Four-variable screening tool; PSQI, Pittsburgh sleep quality
index; ISI, insomnia severity index; ESS, Epworth sleepiness scale; BDI, Beck depression inventory

Discussion

In this prospective study, we performed in-laboratory PSG in
116 subjects out of 1148 community-dwelling subjects, who
completed the BQ, STOP-Bang, and Four-V, and evaluated
the diagnostic performances of the three screening question-
naires for OSA. In terms of sensitivity, the Four-V with cut-
off >9 showed the highest value in detecting OSA, but the
STOP-Bang showed the highest result in detecting moderate
to severe OSA. The STOP-B showed better performance in
terms of specificity diagnosing both OSA and moderate to
severe OSA than the BQ and the Four-V with cutoff> 8.
The Four-V with cutoff>9 showed the highest specificity,
but the sensitivity was too low to be used as a screening tool.

Previous studies on comparing screening questionnaires for
OSA have shown a wide-range of predictive performances
depending on the studied population. Pataka et al. investigated
predictive parameters of five different screening questionnaires
for assessing OSA in a relatively large number of patients, who
visited a sleep clinic [9]. They reported that the sensitivity of
the BQ, STOP-B, and Four-V was 84.4, 95, and 78% in de-
tecting OSA, respectively. The specificity of the BQ, STOP-B,
and Four-V was 35.3, 14, and 40.8%, respectively. A Korean
study performed in sleep clinic patients reported similar results
[10]. In their study, the sensitivity of the BQ for OSA was

71.5% and the specificity was 32.0%. The sensitivity and spec-
ificity of the STOP-B were 97.0 and 18.6%, respectively.
Patients who visited a sleep clinic were more likely to carry
risk factors for OSA, such as the presence of snoring, obesity,
or sleepiness, than the general population, and this selection
bias could explain the higher sensitivity and lower specificity
in the study population. Another important issue in validation
of screening tests is the study design. In retrospective studies
carried out in clinical settings, a verification bias can occur
since subjects were usually pre-screened during the decision
for the gold standard test. Subjects who had more severe symp-
toms were more likely to be advised to have PSG test com-
pared to others with milder symptoms. This would make the
prevalence of OSA higher among subjects who underwent
PSG compared to its original prevalence, which eventually
increases the sensitivity and decreases the specificity. A study
by Jinmei et al., for example, reported a high sensitivity of the
STOP-B in diagnosing moderate to severe OSA (96.5%)
among the patients who visited the sleep-disordered breathing
center [11]. The prevalence of OSA in their sample was 92.5%,
and there existed a possibility that their sensitivity was
overestimated. Since we recruited study subjects in a general
population prospectively, we report relatively lower sensitivity
but higher specificity compared to previous studies that were
conducted in clinical settings retrospectively.

@ Springer
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Table 3  Predictive values for the Berlin questionnaire, STOP, STOP-Bang questionnaire, and Four-variable screening tool for overall OSA (A) and
moderate to severe OSA (B)

N =116 BQ STOP STOP-B Four-V (cutoff>8) Four-V (cutoff>9)
(A) AHI>5

Sensitivity (%) 61.3 (52.0-69.8) 58.1 (48.9-65.9) 61.3 (52.4-68.3) 69.4 (60.2-77.3) 54.8 (46.0-61.8)
Specificity (%) 63.0 (52.3-72.7) 74.1 (63.6-83.0) 79.6 (69.4-87.8) 68.5 (58.0-77.6) 81.5 (71.4-89.5)
PPV (%) 65.5 (55.6-74.6) 72.0 (60.7-81.7) 77.6 (66.3-88.6) 71.7 (62.2-79.8) 77.3 (64.8-87.1)
NPV (%) 58.6 (48.7-67.7) 60.6 (52.0-67.9) 64.2 (55.9-70.8) 66.1 (55.9-74.8) 61.1 (53.5-67.1)
Positive LR 1.655 (1.090-2.555) 2.240 (1.345-3.887) 3.009 (1.711-5.630) 2.203 (1.434-3.448) 2.961 (1.606-5.863)
Negative LR 0.615 (0.416-0.918) 0.566 (0.411-0.803) 0.486 (0.359-0.686) 0.447 (0.293-0.686) 0.544 (0.427-0.757)
DOR 2.692 (1.188-6.145) 3.956 (1.675-9.461) 6.189 (2.493-15.672) 4.926 (2.089-11.766) 3.611 (1.395-9.555)
(B) AHI>15

Sensitivity (%) 58.6 (41.3-74.5) 58.6 (41.3-74.3) 72.4 (55.1-85.7) 69.0 (51.5-83.2) 58.6 (41.5-74.1)
Specificity (%) 52.9 (47.1-58.2) 62.1 (56.3-67.3) 67.8 (62.0-72.3) 54.0 (48.2-58.8) 69.0 (63.2-74.1)
PPV (%) 29.3(20.7-37.2) 34.0 (24.0-43.1) 42.9 (32.6-50.7) 33.3(24.940.2) 38.6 (27.348.9)
NPV (%) 79.3 (70.7-87.2) 81.8 (74.2-88.7) 88.1 (80.6-93.8) 83.9 (74.9-91.3) 83.3 (76.4-89.6)
Positive LR 1.244 (0.781-1.780) 1.545 (0.946-2.274) 2.250 (1.452-3.091) 1.500 (0.994-2.016) 1.889 (1.128-2.867)
Negative LR 0.783 (0.439-1.246) 0.667 (0.381-1.042) 0.407 (0.197-0.723) 0.574 (0.287-1.006) 0.600 (0.349-0.926)
DOR 1.589 (0.627-4.057) 2.318 (0.909-5.967) 5.531 (2.007-15.660) 2.611 (0.988-7.035) 3.148 (1.218-8.222)

BQ, Berlin questionnaire; STOP, STOP questionnaire; STOP-B, STOP-Bang questionnaire; Four-V, Four-variable screening tool; AHI, apnea-hypopnea

index; PPV, positive predictive value; NPV, negative predictive value; LR, likelihood ratio; DOR, diagnostic odds ratio

Only a few studies have validated the BQ, STOP-Bang, or
Four-V in a general population. Silva et al. compared the Four-
V, STOP, STOP-Bang, and Epworth Sleepiness Scale (ESS) in
a large community sample (n =4770) [16] and reported that
the Four-V showed the highest specificity (93.2%) in detect-
ing moderate to severe OSA, but the sensitivity of the STOP-
Bang was the highest (87.0%) among the studied question-
naires. Also, the BQ was validated in 643 community dwellers
[15], showing a sensitivity of 77% and a specificity of 39% in
detecting AHI> 15. However, in those two studies, in-home
PSG was performed to diagnose OSA instead of standard in-
laboratory PSG. There is evidence that in-home PSG is asso-
ciated with poor data quality and discordance in RDI with in-
laboratory PSG, especially when it is performed unattended
[24, 25]. In addition, the authors targeted older subjects (av-
erage age at 62.4 and 65.6 years, respectively) who generally
carry more risk factors for OSA than younger people. This
also could narrow the generalizability of their results.

An ideal screening test should be easy to perform, inexpen-
sive, and have adequate diagnostic performance. Terms of
ideal screening tests are different depending on the character-
istics of the population that the tests are targeting. In a
community-dwelling sample that shows a much lower preva-
lence of OSA than clinical samples, it is important that the
screening test should have sufficient specificity, otherwise, it
would lead healthy subjects to unnecessary testing and in-
crease costs. Even though the Four-V with cutoff>9 showed
the highest specificity in detecting OSA among question-
naires, the sensitivity was too low to be used as a screening

@ Springer

tool. The STOP-B showed high specificity and acceptable
sensitivity. In addition, mild OSA has not been proven in the
literature to cause serious medical complications as much as
moderate to severe OSA does [26]. Therefore, screening for
OSA in a general population should aim to detect moderate to
severe OSA. In the present study, the STOP-B showed the
highest sensitivity for moderate to severe OSA among studied
questionnaires and the specificity was also higher than the BQ
and the Four-V with cutoff > 8. Besides, the STOP-B consists
of straightforward questions and has an easy scoring method.
Previous studies also have shown that the STOP-B had good
performance for the screening of OSA in various populations
[19] and recommended the STOP-B as a proper screening tool
for OSA due to its high methodological quality and user-
friendly features [9, 10, 16, 27].

The Four-V was originally developed by Takegami et al. to
screen moderate to severe OSA in Asian populations [20].
However, there is great variability in the predictive perfor-
mance of the Four-V according to the reported studies. In the
study by Takegami et al., the sensitivity and specificity for
moderate to severe OSA were 73.9 and 66.1% with cut-offs >

11, respectively. Using cut-off > 9, the sensitivity increased to
91.3%, but the specificity decreased to 40.2%. In the study by
Pataka et al., the sensitivity and specificity of the Four-V were
78.0 and 40.8% for OSA, respectively; the sensitivity and
specificity for moderate to severe OSA were 79.0 and
36.0%, respectively [9]. In a large cohort study by Silva
et al., the Four-V showed very low sensitivity (24.7%) and
low specificity (41.5%) in detecting moderate to severe OSA
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Fig. 2 Receiver-operator characteristic (ROC) curves for the Berlin ques- closer to one indicates the higher diagnostic accuracy of the screening
tionnaire, STOP-Bang questionnaire, and Four-V screening tool with an questionnaire. AHI, apnea-hypopnea index

AHI cutoff>5 (a) and > 15 (b). The area under the ROC curve (AUC)

with cut-off > 14 [16]. In our study, the cut-offs>8 and 9 were =~ depending on the studied populations in the literature [12, 15,
evaluated in calculating predictive parameters since the prev- 17]. Sharma et al. reported the sensitivity and the specificity of
alence of the high-risk with cut-off> 11 was too low (16.2%)  the BQ with AHI cut-off>5 as high as 85.5 and 95.2% [29],
compared to those from the STOP-V (30.1%) and the BQ  respectively; on the other hand, Ahmadi et al. argued that the
(32%). The predictive parameters shown in our study are close ~ BQ is not appropriate for identifying OSA reporting 61.8%
to the values reported by Takegami et al. in a community  sensitivity and 42.7% specificity [30]. The BQ includes sev-
sample. The reason for observed variabilities could include  eral questions with multiple choices that need specific an-
the BP scoring system of the Four-V, which classifies BP into ~ swers. Four out of five questions in the first category require
six grades regardless of taking anti-hypertensives. Therefore,  detailed information on habitual snoring from a bed partner.
patients with OSA who have well-controlled hypertension  For example, one item asks subjects how often other people
might not be properly screened by the Four-V. Besides, the =~ witness them stop breathing. Besides, there is no specific
Four-V weighs male gender greatly by scoring men with 4  guideline for subjects who do not drive regarding the question

points and women with only 1 point. This might contribute =~ “Have you ever nodded off or fallen asleep while driving a
to the variability. vehicle?” In addition to this, a complexity of the scoring

The BQ has been widely used internationally in screening ~ methods of the BQ limits its use in a large community sample.
OSA, and Ramachandran et al. concluded that the BQ is the There are several limitations in the present study. First, the

most accurate screening questionnaires for diagnosis of OSA  samples in the present study were recruited based on adver-
in a meta-analysis [28]. However, the BQ showed the lowest  tisements. Therefore, it is possible that subjects who have
diagnostic performance among studied questionnaires in the  symptoms or risk factors of OSA were willing to participate
present study. The predictive performance of the BQ varied  in the study and this would have influenced the results.
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Second, some of the predictive parameters, such as PPV or
NPV, might have been influenced by the high prevalence of
OSA (53.5%) among the subjects who underwent PSG.
Lastly, night-to-night variability has been suggested in sleep
parameters on PSG [31]. Since the PSG was conducted only
once for each subject, the effect of night-to-night variability
cannot be excluded regarding the results.

Nevertheless, the key strength of the present study is that
our study was a prospective study conducted in a community-
dwelling sample with a wide age range. The sample consisted
of both men and women that had an age structure close to the
actual Korean age structure. We investigated the predictive
performance of the three screening questionnaires for OSA
comparing with overnight PSG that is a gold standard for
diagnosing OSA. In conclusion, we recommend the STOP-
B as a screening tool for OSA in the general population of
Korea, as it showed high diagnostic performance for OSA and
for moderate to severe OSA. In addition, the STOP-B consists
of'a small number of straightforward questions that are easy to
answer and the scoring method is simple. The use of a screen-
ing questionnaire will be helpful in saving limited medical
resources with respect to public health perspectives by screen-
ing OSA patients in general populations and providing them
timely treatment.
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