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Abstract

Background: Diagnosis of obstructive sleep apnea syndrome (OSAS) is valuable, but it is time-consuming and expensive. Appropri-
ate screening instruments help clinicians select high-risk individuals for further investigations. In the present study, we compared 4
popular instruments used in screening OSAS including Berlin, STOP, STOP-BANG questionnaires, and Epworth Sleepiness Scale
(ESS).

Methods: A total of 250 individuals, who referred to Sleep Laboratory of Shoorideh Hospital (Tehran, Iran) for polysomnography
during May 2015 to November 2015, were recruited for this cross-sectional study. In addition to taking history and physical examination,
4 screening instruments including Berlin, STOP, STOP-BANG questionnaires, and ESS were completed. Diagnosis of OSAS was es-
tablished using apnea-hypopnea index (AHI) in 3 categories of mild, moderate, and severe.

Results: Severe OSAS was diagnosed in 159 (63.6%), moderate OSAS in 43 (17.2%), and mild OSAS in 41 (16.4%) of the partici-
pants, moreover, AHI was within normal range in the other 7 (2.8%). To diagnose OSAS with any severity, Berlin questionnaire was a
preferable instrument, with a sensitivity of 79.8% and specificity of 71.4%, considering the cut-point value of 3.5. In addition, in cases
of severe OSAS, Berlin questionnaire showed superiority over other instruments, with a sensitivity of 80.5% and specificity of 61.5%
using the cut-point value of 3.5.

Conclusion: None of the 4 instruments are ideal to predict OSAS. However, considering the simplicity and availability of the instru-
ments, Berlin and STOP-BANG questionnaires had maximum diagnostic values that helped us distinguish OSAS and severe OSAS,
respectively.
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Introduction

One frequent disorder that occurs during sleep is obstruc-
tive sleep apnea syndrome (OSAS) that is manifested by
frequent upper airway obstructions when the person sleeps.
This obstruction causes cessation (apnea) or remarkable de-
crease (hypopnea) in airflow in spite of respiratory effort
(1). The prevalence of OSAS in 30 to 60 year-old adults is
around 2% to 5% worldwide (2). Obstructive sleep apnea
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syndrome is more frequent than central apnea (3). Basi-
cally, hypercapnia and hypoxemia occur due to obstruction,
causing an increase in respiratory effort. However, this res-
piratory effort is not effective because the airway collapses
and the condition remains unchanged until the patient
awakens and ends the obstruction; this cycle is repeated
during the sleeping time (4-6). Loud snoring is the most

1What is “already known” in this topic:

Polysomnography is a gold standard to diagnose obstructive
sleep apnea syndrome, which is a common sleep disorder. How-
ever, it is expensive, time- consuming, and is not easily accessi-
ble. A new tool that is less expensive, more available, and more
sensitive can be of great help in screening patients with OSAS.

— What this article adds:
Berlin and STOP-BANG questionnaires showed more sensitiv-

ity and specificity in screening OSAS compared to STOP and
ESS. These questionnaires are appropriate alternatives for
screening OSAS patients, as they take less time, are cheaper, and
more accessible compared to polysomnography.
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common and a classic symptom of OSAS; other nocturnal
symptoms include gasping and choking sensations, insom-
nia, drowsiness, headache, fatigue, and cognitive deficits
and confusion during daytime (6). During physical exami-
nations, patients usually seem healthy; however, in some
cases, hypertension, enlarged tonsils, high arched hard pal-
ate, and other systemic diseases are detectable (7,8). Poly-
somnography (PSG) is a gold standard diagnostic tool and
confirms the diagnosis of OSAS (9). Scientists have applied
some questionnaires-based screening tools including Ber-
lin, STOP, STOP-Bang, and Epworth Sleepiness Scale
questionnaires, which can be good alternatives to poly-
somnography.

However, PSG is an expensive tool and is not available
everywhere (10, 11). The level of the OSAS risk in patients
can be determined by the help of Berlin questionnaire.
Moreover, STOP questionnaire is a functional tool for
screening OSAS in patients who need to undergo a surgery.
Similarly, STOP-Bang questionnaire is a more useful tool
because it covers body mass index, age, neck circumfer-
ence, and sex, combined with STOP questionnaires. Fur-
thermore, the Epworth Sleepiness Scale (ESS) question-
naire assesses daytime drowsiness in patients (10-13).
Based on our knowledge, the value of these screening tools
has not been compared in a previous study in Iran, There-
fore, in this research, the value of 4 screening question-
naires including STOP questionnaire (SQ), STOP-BANG
questionnaire (SBQ), Epworth Sleepiness Scale (ESS), and
Berlin questionnaire (BQ) was compared with that of poly-
somnography as the standard screening tool for OSA pre-
diction.

Methods

A total of 250 participants with suspected OSAS, who
referred to Sleep Laboratory of Shoorideh hospital in Teh-
ran to undergo polysomnography during May and Novem-
ber 2015, were enrolled in this cross-sectional study. Pa-
tients were eligible to participate if they referred for diag-
nostic or baseline polysomnography to undergo OSAS as-
sessment and if they completed the questionnaires. We ex-
cluded those patients with incomplete questionnaires and
those without a written consent. In addition, the procedure
of the study was explained to the patients, and a written
consent was signed by all participants. Finally, the Ethics
Committee of Iran University of Medical Sciences ap-
proved the study protocol.

Participants and procedures

A psychiatrist interviewed the enrolled patients and rec-
orded their demographic information, such as age and sex.
Patients’ weight was measured with the help of a standard
portable balance, with a precision of 0.1 kg; and their height
was also measured with no shoes on, with a precision of 0.5
cm; finally, their BMI (kg / m2) was calculated. Moreover,
history of drugs, well-known medical diseases, and psychi-
atric disorders was recorded. Then, polysomnography
(Medcare Monet Artist, SUPS type, serial no 0342030024,
Netherlands) was performed for the patients. A decrease in
airflow that lasts about 10 seconds or more is called apnea.
Hypopnea is defined as a reduction in airflow by >50% or
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a 3% decrease in the level of oxyhemoglobin saturation.
Moreover, in hypopnea, an arousal can be determined in
EEG (14). AHI is a common and useful index for assessing
the severity of OSAS (2). OSAS was diagnosed if AHI was
higher than 5 events per hour of sleep with the presence of
drowsiness during the daytime or symptoms of sleep dis-
turbances.

The severity of OSAS was calculated by the American
Academy of Sleep Medicine guidelines based on the apnea-
hypopnea index (AHI) as severe (AHI > 30), moderate
(AHI: 15-30), and mild (AHI: 5-15) (15). In addition, 4
screening tools for selecting individuals under OSAS risk
were fulfilled before polysomnography. These tools were
Epworth Sleepiness Scale (ESS), STOP-BANG question-
naire, Berlin Questionnaire (BQ), and STOP. BQ has 3 cat-
egories: (1) posing questions about snoring, (2) inquiring
about daytime sleepiness, (3) and testing the patients’ level
of blood pressure and weight (11). The patients’ truthful-
ness in answering the questions about snoring was checked
with their bed partner(s) or family members. BQ includes
11 questions, which are classified into 3 categories. There
are 5 questions in the first category that determine the se-
verity of snoring and its prevalence as well as any reports
of apnea given by their bed partner(s) or family member(s).

The 4 questions subcategorized under the second cate-
gory are about being somnolent and drowsy while driving;
and consequently the 2 questions raised in the third domain
were about the history of hypertension (>140/90 mm Hg)
and BMI of >30 kg/m2.

The overall BQ score was estimated based on the answers
to the questions of the 3 categories. Scores obtained from
the first and second domains were considered positive if the
answers depicted repeated symptoms (>3-4 times/week),
while scores for the third categorization was positive in
case of a history of hypertension or a BMI of more than 30
kg/m2.

A high risk patient for OSAS was defined as a patient
with a positive score in at least 2 or more domains (10, 16).

Internal consistency for the first and second categories of
the BQ in the Persian version was calculated separately.
The Cronbach’s alpha coefficient for the first category was
0.56 and it was 0.54 for the second category, which was
increased to 0.78 by deleting Question 8. In the test-retest
analysis, the intraclass correlation coefficient (ICC) was
calculated to be 0.90 (95% confidence interval: 0.84-0.94)
(17). STOP questionnaire includes 4 questions as follow:

These 4 questions contain queries about snoring, tired-
ness, and daytime sleepiness, having difficulty breathing
while sleep, and issues with blood pressure.

The STOP questionnaire in the Persian version revealed
0.88 (95%CI: 0.83-0.91) of intraclass correlation coeffi-
cient (ICC) (1).

STOP-BANG questionnaire adds 4 additional parameters
into the STOP questionnaire, such as BMI (body mass in-
dex more than 35 kg/m?), age (> 50 years of age), neck cir-
cumference of more than 40 cm, and sex (male).

The answers to STOP-BANG and STOP questionnaires
were designed within a simple yes/no format and scored
from 0 to 4 for STOP questionnaire and 0 to 8 for STOP-



BANG questionnaire. Both questionnaires score individu-
als as either high risk or low risk for OSAS.

Those participants giving a yes answer to at least 2 ques-
tions in STOP questionnaire and to at least 3 questions in
STOP-BANG questionnaire were considered high risk,
while those responding yes to minimum of 2 questions in
SQ questionnaire and to less than 3 questions in SBQ ques-
tionnaire were considered low risk (1). Epworth Sleepiness
Scale questionnaire is a self-report questionnaire; the over-
all ESS score is the aggregation of the scores of 8 questions
and is between 0 and 24. Moreover, it measures the general
daytime drowsiness.

ESS scoring was divided into <10 (low risk for sleepi-
ness) and >10 (high risk for sleepiness), and Cronbach’s
alpha coefficient for the Persian version of Epworth Sleep-
iness Scale in patients indicated by PSG was 0.82. ICC was
calculated to be 0.81 (95% CI: 0.74-0.86) (18).

Statistical analysis

Data analysis was performed by SPSS Version 22 for
Windows (SPSS Inc., Chicago, IL). Categorical variables
were shown as frequency and percentage. Chi square test

Table I. Patients characteristics at baseline
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or Fisher's exact test were used to compare the categorical
variables. Independent samples t test was also employed to
run a comparison of the mean values of continuous inde-
pendent variables between the 2 experimental groups. A re-
ceiver operating characteristic (ROC) curve was used to
show a discriminating value of questionnaires to predict
OSAS. The best cut-off value was also determined for each
questionnaire to maximize (sensitivity + specificity) the
prediction power of OSAS. P- value of 0.05 or less was
considered statistically significant.

Results

A total of 250 participants (76.0% males and 24.0% fe-
males) with the mean+SD age of 48.1+£12.0 years (ranging
from 19 to 82 years) were evaluated (Table 1). The
mean+SD AHI score was 44.1+31.2 (median: 36.0, range:
one to 181). Based on AHI, 159 participants (63.6%) suf-
fered from severe OSAS, 43 (17.2%) from moderate
OSAS, and 41 (16.4%) from mild OSAS. In the other 7 per-
sons (2.8%), AHI was within normal range (Table 2). The
scores for all 4 questionnaires were significantly correlated

Patients characteristics

Sex Male
Female
Mean + SD
Range
Single
Married
Divorced
Undergraduate
Diploma
College
25-29.9
30-34.9
>35

Mean + SD

Age (year)

Marital status

Education

BMI(kg/m?)

Neck circumference (cm)
Medication use

Smoking

Opium consumption
Underlying diseases Postnasal drip

Mood disorders
Gastro-esophageal reflux
Leg cramps
Hypertension

Diabetes

Migraine

Pulmonary diseases

190(76%)
60(24%)
48.1£12.0
19-82
34 (13.6%)
200(80%)
16(6.4%)
34(13.6%)
70(28%)
146(58.4%)
115(46%)
60(24%)
37(14.8%)
402+38
75(30%)
68(25.2%)
8(3.2%)
109(43.6%)
88(35.2%)
78(31.2%)
73(29.2%)
56(22.4%)
34(13.6%)
34(13.6%)
34(13.6%)

Cardiovascular diseases 30(12%)

Thyroid dysfunction 25(10%)
Sleep quality satisfaction Very satisfied 10(4%)

Satisfied 62(24.8%)

Partially satisfied 87(34.8%)

Unsatisfied 65(26%)

Very unsatisfied 24(9.6%)

Table 2. Characteristics of different components of Polysomnography

Item Mean = SD Median Range
Total sleep time, min 379.1+81.4 380.5 90 - 553
Sleep latency, min 16.9 £24.6 8.0 5.0-190.5
Sleep efficiency, % 843+ 14.2 88.4 15.2-100.0
REM period time, min 53.2+40.5 48.0 0-300.0
REM latency, min 141.8 +83.5 131.5 0-398.0
Events (apnea, hypopnea) 271.2+£203.2 220.0 6.0—-1136.0
Mean oxygen saturation, % 92.1+4.5 93.0 61.4-98.0
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Table 3. Correlation between the scores for all study questionnaires

Berlin’s questionnaire ~ STOP questionnaire ~ STOP-BANG questionnaire AHI
ESS 0.335 ** 0.277 ** 0.209 ** 0.207 **
Berlin’s questionnaire - 0.762 ** 0.656 ** 0.484 **
STOP questionnaire - - 0.793 ** 0.406 **
STOP-BANG questionnaire - - - 0.479 **

** P-value < 0.001

Table 4. Correlation between the scores for study questionnaires and components of Polysomnography

Item ESS Berlin’s questionnaire  STOP questionnaire ~ STOP-BANG questionnaire
Total sleep time 0.039 0.078 0.034 -0.023

Sleep latency 0.059 -0.005 -0.034 0.021

Sleep quality 0.012 0.082 0.094 0.015

REM period time 0.032 -0.032 -0.016 -0.051

REM latency -0.007 0.096 0.076 0.073

Events (apnea, hypopnea) 0.197 * 0.473 ** 0.376 ** 0.432 **

Mean oxygen saturation -0.234 ** -0.274 ** -0.289 ** -0.385 **

* P-value < 0.05
** P-value < 0.001

with AHI score. Furthermore, the total scores for question-
naires were also correlated with each other; however, the
correlation between ESS score and other questionnaires
was partially weak (Table 3). Among different components
of polysomnographic evaluation, the scores for sleep-re-
lated events including apnea and hypopnea were positive,
and oxygen saturation was inversely correlated with the
scores for ESS, Berlin questionnaire, STOP-BANG, and
STOP questionnaires (Table 4). Overall, the area under the
ROC (AUC) analysis (Fig. 1) showed that ESS scores could
not effectively predict OSAS. Also, considering OSAS di-
agnosis on AHI > 5, Berlin questionnaire had the highest
AUC to discriminate OSAS. The ROC curve analysis also
indicated that the estimated cut-off points yielded sensitiv-
ity or specificity higher than 85.0% for none of the ques-
tionnaires, while at the cut-off value of 3.5, the BQ ques-
tionnaire had a sensitivity of 79.8% and a specificity of
71.4% to discriminate OSAS from a normal condition (Ta-
ble 4). To assess moderate to severe OSA (AHI > 15), ESS
could not predict OSAS, while BQ had the highest AUC,
indicating the highest value to predict moderate to severe
OSAS among the 4 study questionnaires. At the cut-off
point of 4.5, BQ had a sensitivity of 72.8% and a specificity
of 75.0% to diagnose moderate to severe OSAS, while at
the cut-off value of 3.5, SBQ revealed sensitivity and spec-
ificity of 74.8% and 75.0%, respectively (Table 5 and Fig.
2). To diagnose severe OSAS (AHI > 30), ESS was unable
to predict this clinical condition. Among other 4 question-
naires and according to the ROC analysis, the diagnostic
superiority was related to SBQ with the cut-off value of 3.5,
revealing a sensitivity of 80.5% and a specificity of 61.5%.
The best cut-off value for BQ to discriminate severe OSAS
was 5.5, indicating a sensitivity of 63.5% and a specificity
of 76.9% (Table 5 and Fig. 3). For more details see Table
6.

Discussion

OSAS is an important sleep disorder because of its cor-
relation with some systemic diseases; it affects 2% to 4 %
of the general population worldwide (19). In this practice,
we compared 4 established sleep questionnaires including
STOP-BANG, STOP, ESS, and Berlin questionnaires to
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evaluate the predictive value of these questionnaires to di-
agnose OSAS. Then, the values of these questionnaires
were compared to AHI, serving with the title of gold stand-
ard diagnosis of OSAS. In some studies, STOP-BANG and
STOP questionnaires were applied as they were the pre-
operative determining tools in participants under surgery to
stratify patients with unrecognized OSAS to prevent intra-
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Table 5. Area under the ROC analysis for the questionnaires to predict OSA

Questionnaire AUC P-value 95% Confidence Interval
AHI>S5
ESS 0.585 0.444 0.403 - 0.767
Berlin’s questionnaire 0.808 0.006 0.648 — 0.967
STOP questionnaire 0.723 0.045 0.525-0.920
STOP-BANG questionnaire 0.728 0.040 0.514-0.941
AHI > 15
ESS 0.525 0.595 0.434-0.615
Berlin’s questionnaire 0.800 <0.001 0.733 - 0.868
STOP questionnaire 0.731 <0.001 0.656 — 0.806
STOP-BANG questionnaire 0.777 <0.001 0.701 — 0.853
Table 6. The results of ESS, Berlin, STOP and STOP-Bang questionnaires for the prediction of OSA
ESS Berlin STOP STOP-Bang
AHI>5 Sensitivity 40.7 79.8 74.5 66.3
Specificity 85.7 71.4 57.1 28.6
PPV 99 99 98.4 98.8
NPV 4 9.3 6.1 5.7
LR+ 2.8(0.46-17.56) 2.79(0.86-9.01) 1.74(0.74-4.09) 0.93(0.58-1.5)
LR- 0.69(0.5-0.95) 0.28(0.17-0.48) 0.45(0.23-0.88) 1.18(0.36-3.85)
AHI>15 Sensitivity 17.8 72.8 46.5 74.8
Specificity 85.4 75 89.6 75
PPV 83.7 92.5 94.9 92.6
NPV 19.8 32.8 28.5 414
LR+ 1.22(0.58-2.57) 2.91(1.77-4.79) 4.47(1.92-10.39) 2.92(1.82-4.92)
LR- 0.96(0.84-1.1) 0.36(0.27-0.48) 0.6(0.5-0.7) 0.34(0.25-0.45)
AHI>30 Sensitivity 15.7 63.5 83 80.5
Specificity 91.2 76.9 429 61.5
PPV 75.8 82.8 85.9 78.5
NPV 38.2 54.7 51 64.4
LR+ 1.78(0.84-3.79) 2.75(1.86-4.07) 1.45(0.85-9.58) 2.09(1.60-2.74)
LR- 0.92(0.84-1.01) 0.47(0.38-0.6) 0.4(0.88-1) 0.32(0.22-0.45)

AHI; Apnea/hypopnea index, ES; Epworth Sleepiness Score; LR+; likelihood ratio for a positive test; LR ; likelihood ratio for a negative test; NPV; negative

predictive value; PPV; positive predictive value.

or postsurgery complications related to OSAS (11, 12, and
20). In the current practice, Berlin questionnaire showed
the highest sensitivity to OSAS diagnosis, however, regard-
ing severe OSAS, the highest sensitivity was achieved us-
ing a STOP - BANG questionnaire. The best diagnostic cut-
off point for Berlin and STOP-BANG questionnaires was
3.5 to predict OSAS and severe OSAS, respectively. How-
ever, in several cut-off values, the questionnaires did not
reveal a sensitivity or specificity higher than 85% to predict
OSAS or severe OSAS. In a similar study, STOP, STOP-
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Fig. 3. Area under the ROC curve to predict severe OSA

Bang, and Berlin questionnaires identified more individu-
als at cut-offs of AHI > 5 (91.67%, 97.55%, and 95.07%,
respectively), >15 (94.35%, 97.74%, and 95.48%, respec-
tively), and > 30 (95.95%, 98.65%, and 97.3%, respec-
tively). In this cut-off (3.5), the cooperation of the Bang
part to the STOP questionnaire increased the sensitivity of
the questionnaire in diagnosing OSAS. However, the spec-
ificity of these questionnaires was very low at the same cut-
offs. Generally, in a healthy population, an ideal diagnostic
test is to have an almost high specificity to reduce false pos-
itives and sufficient sensitivity.

On the other hand, an acceptable diagnostic test within
the population with high pretest possibility of illness shall
possess higher sensitivity, while keeping high specificity
1n).

Recent practices indicated high sensitivity of STOP-
Bang questionnaire in diagnosing OSAS and moderate and
severe OSAS (93% and 100%, respectively), whereas at the
same cut-off point of STOP-Bang questionnaire (score of
>3) specificity stood at 47% and 37% for moderate and se-
vere OSAS, respectively, indicating rather high false-posi-
tive amounts (12).

In a study, Silva et al. compared the 4 screening tools and
revealed that the sensitivity of STOP-Bang questionnaire
for screening severe and moderate-to-severe sleep-disor-
dered breathing (SDB) (87.0% and 70.4%, respectively)
was higher than ESS and STOP questionnaire. However,
they emphasized that STOP-Bang and STOP question-
naires had the advantage of being easily scored. Moreover,
these were considered the most accurate questionnaires for
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determining OSAS in patients who needed a surgery (21).
Ahmadi et al. evaluated 130 patients who referred to sleep
clinic using RDI (respiratory disturbance index) tool. They
revealed 26.2% respiratory disturbance (RDI>10) among
the patients, while 58.5% of the patients were at a higher
risk to sleep apnea using a Berlin questionnaire with 62%
sensitivity and 43% specificity (22). Such discrepancy be-
tween our results and those of the mentioned studies may
be due to the use of RDI rather than AHI at a higher cut-off
(ie, >10) and patients’ selection, as those studies pre-
screened the patients to check their snoring, its frequency,
daytime sleepiness or fatigue, history of high blood pres-
sure, or obesity (11). Compared to other questionnaires,
ESS had the lowest sensitivity to anticipate OSAS, moder-
ate-to-severe OSAS, and severe OSAS in our experience.
In line with our survey, another study compared ESS,
STOP, and STOP-Bang questionnaires and revealed that
ESS had the lowest sensitivity for both moderate-to-severe
and severe OSAS (39% and 46.1%, respectively) compared
to STOP-Bang and STOP questionnaires (12). Harmoni-
ously, a research by El-Sayed indicated acceptable sensitiv-
ity of STOP and STOP-Bang. Moreover, Berlin question-
naires had maximum sensitivity and minimum specificity
for the diagnosis of OSAS, while ESS showed low sensi-
tivity and high specificity for the diagnosis of OSAS (10).
This may be related to the fact that ESS is a classic ques-
tionnaire to determine the level of subjective excessive
drowsiness during the day (23), which is a diagnostic crite-
rion for OSAS but can occur secondary to multiple causes
other than OSAS. Furthermore, another study indicated that
ESS cannot differentiate between simple snore and patients
with OSAS accurately (24). A key strength of this study
was that full night attended diagnostic polysomnography
was performed for all patients, providing the gold standard
against which the results of the questionnaires were com-
pared. The questionnaires were answered prior to PSG,
which were scored by a sleep specialist who did not know
the results of the questioners in advance or other clinical
information about the patients to rule out any influence of
the polysomnography over the results of the questionnaires.
Finally, although some studies suggested both STOP and
STOP-Bang questionnaires as the most accurate question-
naires for OSAS screening in surgical patients (11, 12, 20,
21), the sensitivity of STOP, STOP-Bang, and Berlin ques-
tionnaires in this study was at the expense of their specific-
ity. Thus, these questionnaires were able to identify high-
risk patients for OSAS, without excluding those at low risk.
The most important limitation of this study was a small
number of healthy samples, so the specificity and negative
predictive value of the test were not highly reliable. One of
the weak points of the current study was its unicentric
cross-sectional nature, so we could not generalize the re-
sults of the study to all Iranian populations, and thus more
multicenter studies are required to confirm the results re-
ported here.

Conclusion

This study revealed that BQ and SBQ questionnaires
have the highest value to discriminate OSAS and severe
OSAS from normal conditions; however, ESS has not
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enough power to diagnose OSAS or predict the severity of
OSAS.
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