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A b s t r ac t
Background: In Obstructive sleep apnea (OSA), there is upper airway collapsibility, and obstruction to the flow of air thereby leading to arousal.
In view of the rising prevalence of OSA, there is a need for precise tools which are less complicated to identify patients with sleep disorder
for early diagnosis and to prevent serious complications. Therefore, it is of utmost importance to classify patients depending on their clinical
symptoms and examination and risk factors to identify patients at higher risk and the need for polysomnography (PSG) and further management.
Materials and methods: This was a prospective study conducted with institutional ethics committee (IEC) permission, which included 100
patients referred to the Department of Pulmonary Medicine of our tertiary care center, Topiwala National Medical College and Bai Yamunabai
Laxman Nair Charitable Hospital, Mumbai, Maharashtra, India. Specificity, sensitivity, and negative and positive predictive values of each pretest
probability score [sleep apnea clinical score (SACS), snoring, tiredness, observed apnea, blood pressure, body mass index (BMI), age, neck size,
gender (STOP-BANG) questionnaire, Berlin questionnaire (BQ), and four-variable tool (4-VT) questionnaire] were calculated. These scores were
plotted against apnea–hypopnea Index (AHI) and the correlation coefficient of these pretest probability scores were compared with each other.
Results: Among the 100 patients screened, 93 patients had OSA. Epworth sleepiness scale (ESS) classified that 87% of patients were at risk of
OSA. Also, 70, 93, 93, and 49% were at higher risk by SACS, STOP-BANG, BQ, and 4-VT questionnaires, respectively.
Conclusion: There is a need for screening patients with sleep-disordered breathing (SDB) to find out such patients and to refer such patients
to higher centers where diagnostics facilities are available. Our study showed that various pretest probability questionnaires can be used to
screen patients in resource-limited settings, such as primary and non-primary healthcare settings, where there was a limited number of sleep
laboratories available.
Keywords: Apnea–hypopnea index, Continuous positive airway pressure, Daytime sleepiness, Epworth sleepiness scale, Metabolic syndrome,
Obesity, Obesity hypoventilation syndrome, Overlap Syndrome, Sleep-disordered breathing, Syndrome Z.
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Introduction

1–4

In OSA, there is an increased tendency of the upper airway to
collapse, obstructing to flow of air thereby leading to arousals.
Obstructive sleep apnea is defined as the presence of five or more
than five episodes of obstructive events every hour of sleep with
either sleep-associated symptoms or comorbidities or if 15 or
more than 15 such episodes occur without any sleep-associated
symptoms or comorbidities. Obstructive sleep apnea syndrome
is defined as OSA associated with daytime symptoms, mostly
excessive daytime sleepiness.1
Obstructive sleep apnea syndrome is a chronic disease,
characterized by repeated episodes of collapse of the upper airway
while the patient sleeps leading to repeated episodes of hypoxemia
and sleep fragmentation. It is usually classified as per the average
number of apnea or hypopnea episodes every hour of sleep which is
denoted by AHI in sleep studies. Charles Dickens had described it as
“Sleepy Joe,” where an obese man was sleeping in a pub, thereafter
the prototype of a rotund, sleepy person became synonymous with
“Pickwickian syndrome” by Burwell in 1956.2
Multiple studies that were conducted worldwide have shown
the prevalence of OSA to vary from 0.3 to 5.1%.3–7 Studies from
different parts of India have stated that the prevalence of OSA
syndrome is 2.4–4.96% in men and 1–2% in women.8 However,
a majority of patients with OSA still remain undiagnosed. It is
estimated that almost 80% of men and 93% of women with
moderate-to-severe sleep apnea remain undiagnosed. In view of

the rising prevalence of OSA it is necessary to devise precise and
less complicated methods to classify patients with OSA disorder
which will help to mitigate serious complications in such patients.
The PSG is the gold standard for diagnosing OSA, but the
currently available sleep laboratories cannot manage the huge case
load of patients with OSA. Hence, there is a need for development
of a screening method to classify patients based on their clinical
symptoms, physical examination and risk factors in order to identify
patients at risk and in need for PSG and management.9
There are a multiple questions-based screening tests that are
available to evaluate excessive daytime somnolence but ESS is the
most preferred. In 1990, Murray Johns developed the ESS. It is an

Department of Pulmonary Medicine, Topiwala National Medical
College and Bai Yamunabai Laxman Nair Charitable Hospital, Mumbai,
Maharashtra, India
Corresponding Author: Unnati Desai, Department of Pulmonary
Medicine, Topiwala National Medical College and Bai Yamunabai
Laxman Nair Charitable Hospital, Mumbai, Maharashtra, India, Phone:
+91 02223027643 e-mail: unnati_desai82@yahoo.co.in
How to cite this article: Bhalerao SS, Bhatkar D, Utpat K, et al.
Comparison of Various Pretest Probability Scores in Obstructive Sleep
Apnea Syndrome. Indian J Sleep Med 2022;17(3):77–82.
Source of support: Nil
Conflict of interest: None

© The Author(s). 2022 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (https://creativecommons.
org/licenses/by-nc/4.0/), which permits unrestricted use, distribution, and non-commercial reproduction in any medium, provided you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Comparison of Probability Scores in Obstructive Sleep Apnea Syndrome
eight-question based test that helps a patient to measure daytime
sleepiness.10 There are various pretest probability scores that have
been developed to assess pretest probability in patients with OSA.
In a primary care setup, this these scoring systems are highly useful
to identify patients at higher risk for developing OSA. These are
BQ, SACS, STOP-BANG questionnaire, APNEIC questionnaire, 4-VT
questionnaire.

M e t h o d o lo g y
This was a prospective observational study, which included 100
patients referred to the Department of Pulmonary Medicine,
Topiwala National Medical College and Bai Yamunabai Laxman
Nair Charitable Hospital, Mumbai, Maharashtra, India. All patients
with history of OSA were evaluated with a detailed history of
symptoms such as snoring, witnessed apneas, choking, nocturia,
excessive daytime somnolence, etc. and comorbidities [diabetes
mellitus (DM), hypertension (HT), metabolic syndrome, ishcemic
heart disease (IHD), etc.]. Clinical examination, that is, general and
systemic (cardiovascular, respiratory, neurological, and gastro
enterological) was done. Anthropometry measurement (height,
weight, BMI, neck circumference, waist circumference, hip circum
ference, cricomental distance, and Mallampati grading) was taken
on the same visit. Epworth sleepiness scale and pretest probability
scores (SACS, BQ, STOP-BANG, APNEIC, and 4-VT) were calculated.
All patients were subjected to overnight attended PSG. The
specificity sensitivity; and positive and negative predictive values of
the pretest probability scores for diagnosis of OSA were calculated.
The duration of evaluation was 2–3 days.

Fig. 1: Graph showing classification of patients as high risk as per ESS;
by ESS, 87 of 100 patients were classified as high risk for OSA and
remaining as low risk

R e s u lts
We enrolled 100 patients in the study. Out of which, 61 were male
patients, corresponding to 61%, while the remaining 39 were
females (39%).
The overall mean age was 50.4 years, with oldest being 74 years
and youngest being 4 years. Of the 100 patients, 9 had BMI less
than 24.9, 27 had BMI between 25 and 29.9 kg/m2, 29 between 30
and 34.9, 19 patients between 35 and 39.9, and 17 had BMI more
than 40 kg/m2.

Mallampati Classification
Of the 100 patients, only 6 patients had Mallampati grade I, while
32 patients had Mallampati grade II, majority (50 patients) had
Mallampati grade III, and 12 patients had Mallampati grade IV.

Pulmonary Hypertension
Another important parameter studied was the presence of
pulmonary hypertension (PH) in these patients. It was estimated
on a 2-dimensional echocardiography, using the TR jet. Majority of
the patients demonstrated mild PH 53%, 30 pts had no PH, while 11
patients had moderate PH and 6 patients had severe PH.

Epworth Sleepiness Score
Of the 100 patients, only 4 patients had ESS below 7, signifying
normal sleepiness, while 9 patients had ESS between 8 and 9, 50
between 10 and 15, and 37 had ESS between 16 and 24. Out of 100
patients, 87 were found to be at high risk for OSA and remainder as
low risk for development of OSA according to ESS. The graph shown
in Figure 1 depicts that out of 100 patients, 87 patients were found
to be at high risk for OSA and remainder as low risk for development
of OSA according to ESS.
78

Fig. 2: Graph showing severity of OSA – out of 93 patients, 23 (25%)
had mild OSA, 24 (26%) had moderate OSA, and majority 46 (49%) had
severe OSA

The severity of OSA was assessed using an overnight PSG. Out of
100 patients enrolled in the study OSA was diagnosed in 93 patients
(93%). Of these 93 patients 23 (25%) had mild OSA, 24 (26%) had
moderate OSA and majority 46 (49%) had severe OSA. The graph
shown in Figure 2 depicts the severity of OSA – out of 93 patients
23 (25%) who had mild OSA, 24 (26%) patients had moderate OSA
and majority of them, 46 (49%), had severe OSA.

Sleep Scores
Sleep Apnea Clinical Scores
Of 100 patients, SACS classified 70 (70%) patients being high risk
of OSA with score of more than 46.

The APNEIC Questionnaire
As far as the APNEIC score was concerned, only 10 patients had a
score of less than 3. Majority of the patients had scores between
3 and 4, that is, 68 patients (68%), while 28 patients (28%), had a
score of 5 of 6.
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Fig. 3: Graph showing sensitivity of SACS, STOP-BANG, BQ, and 4-VT for
mild OSA of 18, 21, 21, and 14%, respectively

Fig. 4: Graph showing specificity of SACS, STOP-BANG, BQ, and 4-VT for
mild OSA of 33, 66, 57, and 68%, respectively

Fig. 5: Graph showing sensitivity of SACS, STOP-BANG, BQ, 4-VT for
moderate-to-severe OSA of 78, 71, 72, and 49%, respectively

Fig. 6: Graph showing specificity of SACS, STOP-BANG, BQ, and 4-VT for
moderate-to-severe OSA of 53, 66, 57, and 40%, respectively

The STOP-BANG Questionnaire

of SACS, STOP-BANG, BQ, and 4-VT for mild OSA of 18, 21, 21, and
14%, respectively. Figure 4 shows a graph that depicts specificity
of SACS, STOP-BANG, BQ, and 4-VT for mild OSA of 33, 66, 57, and
68%, respectively.
For moderate-to-severe OSA, the sensitivity of SACS, STOPBANG, BQ, and 4-VT were 78, 71, 72, and 49% and the specificity
were 53, 66, 57, and 40%, respectively.
Figure 5 shows a graph that depicts sensitivity of SACS, STOPBANG, BQ, and 4-VT for moderate-to-severe OSA of 78, 71, 72, and
49%, respectively. Figure 6 is a graph that shows specificity of SACS,
STOP-BANG, BQ, and 4-VT for moderate-to-severe OSA of 53, 66,
57, and 40%, respectively.
For severe OSA the sensitivity of SACS, STOP-BANG, BQ, and
4-VT were 54, 46, 48, and 59% and specificity were 70, 66, 85, and
66%, respectively. Figure 7 shows a graph that depicts sensitivity
of SACS, STOP-BANG, BQ, and 4-VT for severe OSA of 54, 46, 48,
and 59%, respectively. Figure 8 is a graph that shows specificity of
SACS, STOP-BANG, BQ, and 4-VT for severe OSA of 70, 66, 85, and
66%, respectively.

A total of 93 of 100 patients were identified as high risk of having
OSA by using STOP-BANG score of more than or equal to 3.

The BQ Questionnaire
The BQ score classified 93 patients of high risk of OSA out of 100
patients of having score of more than or equal to 2.

The 4-VT Questionnaire
The 4-VT could classify 49 patients of high risk of OSA out of 100
patients having score of more than or equal to 14.

Comparison between the Scores
The specificity; sensitivity; and negative and positive predictive
values were calculated for questionnaires according to PSG-based
AHI severity.
For mild OSA, the sensitivity of SACS, STOP-BANG, BQ, and 4-VT
were 18, 21 21, and 14% and the specificity were 33, 66, 57, and
68%, respectively. The graph shown in Figure 3 depicts sensitivity
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Fig. 7: Graph showing sensitivity of SACS, STOP-BANG, BQ, and 4-VT for
severe OSA of 54, 46, 48, and 59%, respectively

Fig. 8: Graph showing specificity of SACS, STOP-BANG, BQ, and 4-VT for
severe OSA of 70, 66, 85, and 66%, respectively

Fig. 9: Graph showing positive predictive values of SACS, STOP-BANG,
BQ, and 4-VT for mild OSA of 56, 91, 86, and 30%, respectively

Fig. 10: Graph showing negative predictive values of SACS, STOP-BANG,
BQ, and 4-VT for mild OSA of 25, 12, 5, and 45%, respectively

For mild OSA, the positive predictive values of SACS, STOPBANG, BQ, and 4-VT were 56, 91, 86, and 30%; negative predictive
values were 25, 12, 5, and 45%, respectively.
Figure 9 shows a graph that depicts the positive predictive
values of SACS, STOP-BANG, BQ, and 4-VT for mild OSA of 56, 91,
86, and 30, respectively. Figure 10 shows a graph that depicts the
negative predictive values of SACS, STOP-BANG, BQ, and 4-VT for
mild OSA of 25, 12, 5, and 45%, respectively.
For moderate-to-severe OSA, the positive predictive values of
SACS, STOP-BANG, BQ, and 4-VT were 80, 98, 95, 6and 2%; and the
negative predictive values were 51, 10, 5, and 90%, respectively.
Figure 11 is a graph that depicts the positive predictive values
of SACS, STOP-BANG, BQ, and 4-VT for moderate-to-severe OSA
of 80, 98, 95, and 62%. respectively. Figure 12 is a graph that
shows the negative predictive values of SACS, STOP-BANG, BQ,
and 4-VT for moderate-to-severe OSA of 51, 10, 5, and 90%,
respectively.
For severe OSA, the positive predictive values of SACS,
STOP-BANG, BQ, and 4-VT were 82, 98, 97, and 63%; the negative
predictive values were 40, 5, 11, and 62%, respectively. Figure 13
is a graph which shows the positive predictive values of SACS,

STOP-BANG, BQ, and 4-VT for severe OSA of 82, 98, 97, and
63%, respectively. Figure 14 is a graph that shows the negative
predictive values of SACS, STOP-BANG, BQ, and 4-VT for severe
OSA of 40, 5, 11, 62. respectively.
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Discussion
Obstructive sleep apnea is having a global prevalence of about
5% same as that of bronchial asthma. The signs and symptoms
of OSA is a result of repeated upper airway collapsibility resulting
in apnea or hypopnea, sleep fragmentation, and hypoxemia. It is
important to identify patients with significant OSA in sleep clinic
patients so that treatment can be started at an early stage and
it will alleviate comorbidities and its complications. Clinically, it
is characterized by loud snoring, nighttime choking episodes in
sleep associated with excessive daytime sleepiness. Along with
other symptoms such as irritability, non-refreshing sleep, and early
morning headaches. In severe cases, memory lapses. Also, it can
be fatal as many cases of road traffic accidents have been reported
which can be attributed to OSA. Obstructive sleep apneas is
diagnosed by PSG-based AHI in sleep laboratories. In current
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Fig. 11: Graph showing positive predictive values of SACS, STOP-BANG,
BQ, and 4-VT for moderate-to-severe OSA of 80, 98, 95, and 62%,
respectively

Fig. 12: Graph showing negative predictive values of SACS, STOPBANG, BQ, and 4-VT for moderate-to-severe OSA of 51, 10, 5, and 90%,
respectively

Fig. 13: Graph showing positive predictive values of SACS, STOP-BANG,
BQ, and 4-VT for severe OSA of 82, 98, 97, and 63%, respectively

Fig. 14: Graph showing negative predictive values of SACS, STOP-BANG,
BQ, and 4-VT for severe OSA of 40, 5, 11, and 62%, respectively

clinical scenario, OSA remain underreported and underdiagnosed
owing to the limited number of sleep laboratories available in
our country. There are many pretest probability scores that have
been developed to assess pretest probability in patients with OSA.
These are validated scores can be used by doctors to find such
patients who are at high risk for OSA.
This study was aimed at to compare various established pretest
probability questionnaires regarding their predictive probabilities
for OSA. The questionnaires included in this study were the SACS,
STOP-BANG, BQ, and 4-VT; and ESS. In our study, 93% of patients
with sleep disorder were found to have OSA, approximately 70, 93,
93, and 49% were found to be at high risk by the SACS, STOP-BANG,
BQ, and 4-VT questionnaires, respectively. While 87% were found
to be at increased risk by the ESS, although daytime sleepiness is
a criterion for diagnosis of OSA, it can occur due to multiple other
causes.
According to our study, SACS and STOP-BANG is more
sensitive to diagnose moderate and severe OSA. The STOP-BANG
questionnaire has the high specificity for mild and moderate OSA

compared to others than for severe OSA. As reported by Silva
et al. in their studies, STOP-BANG had the highest sensitivity
(87.0%) and (70.4%) for moderate and severe OSA, respectively.
The 4-VT questionnaire has low sensitivity for mild, moderate, and
severe OSA but has high specificity as reported by Silva et al.11
having highest specificity (93.2%) for severe OSA and sensitivity
in predicting moderate-to-severe SDB (24.7%) and severe SDB
(41.5%) thereby subjecting fewer selected number of patients
to PSG that may actually require evaluation. Also, the original
study carried out by Takegami et al.12 found high specificity and
low sensitivity of 4-VT for moderate-to-severe and severe OSA,
subjecting fewer selected number of patients to PSG that may
actually require evaluation.

C o n c lu s i o n
Obstructive sleep apnea is being increasingly recognized in
populations. It is necessary to have precise methods to screen for
SDB so that such patients can be identified earlier and referred
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to centers where PSG is available. Our study showed that various
pretest probability questionnaire can be used to screen patients
in resource-limited settings such as primary and non-primary
healthcare settings where there are limited number of sleep
laboratories available. This study is limited by the fact that limited
number of patients were enrolled and the results may differ from
the studies done in community.
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