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NPV	� Negative predictive value
OSA	� Obstructive sleep apnoea
PPV	� Positive predictive value
PSG	� Polysomnography

Introduction

Obstructive sleep apnoea (OSA) is a chronic condition char-
acterized by frequent episodes of upper airway collapse dur-
ing sleep [1]. Its effect on nocturnal sleep quality and ensu-
ing daytime fatigue and sleepiness are widely acknowledged. 
Despite the numerous advancements in understanding the 
pathogenesis and clinical consequences of the disorder, a 
majority of those affected remain undiagnosed. Individuals 
with OSA are rarely aware of difficult breathing, even upon 
awakening. It is often recognized by others who observe 
the individual during episodes or is suspected because of 
its effects on the body. The symptoms may be present for 
years or even decades without diagnosis, during which the 
individual may become conditioned to daytime sleepiness 
and fatigue.

Up to 80% of men and 93% of women with moderate 
severe sleep apnoea are undiagnosed and a large propor-
tion of surgical patients with OSA remain unrecognized [2]. 
Identifying OSA preoperatively helps to reduce postopera-
tive complications. The proper identification and manage-
ment of patients with continuous positive airway pressure 
(CPAP) appears to nullify the risk of OSA, prevent post-
operative exacerbation of OSA, and may even improve 
patient’s health well beyond the pre-operative period [3]. 
Given the adverse consequences associated with untreated 
OSA, prompt diagnosis and treatment of unrecognised OSA 
is critical.
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The gold standard for diagnosis of OSA is polysom-
nography (PSG) which is an objective test [4, 5]. PSG is a 
non-invasive technique that involves overnight monitoring 
of several physiological variables including electroencepha-
lography EEG), electrocardiography (ECG), eye movements, 
muscle tone as well as respiratory effort, airflow and oxygen 
saturation.

The use of a brief and precise screening tool can assist 
general practitioners, surgeons, or sleep specialists in 
the early detection of OSA. This is especially needed in 
resource-poor countries where PSG is unavailable. A screen-
ing questionnaire helps to identify patients with undiagnosed 
OSA. The Epworth Sleepiness Scale (ESS), Berlin ques-
tionnaire (BQ) and STOP BANG questionnaire (SBQ) are 
some of the questionnaires used for screening. We conducted 
a study where we determined the severity of OSA using 
the BQ, SBQ and ESS. This was compared to the results 
obtained by PSG. This data was used to assess the accuracy 
levels of BQ, SBQ and ESS as a screening modality for the 
Indian population.

Methodology

Study design: A prospective study.
Study period: November 2018 to January 2020.
Study population: Patients coming in the ENT Outpatient 

department or admitted at K.E.M. Hospital, Pune.
Inclusion criteria: All patients above 18 years with history 

suggestive of sleep apnoea and/or snoring.
Exclusion criteria: All patients below the age of 18 years.
Method of measurement of outcome of interest:

Subjective Analysis

Every patient was given a patient information sheet and 
consent for participation. After confirming participation, a 
detailed history regarding symptoms, onset, duration and 
progression along with height, weight and other parameters 
were noted. Patients were given a set of questionnaires com-
prising of the ESS, Berlin and SBQ. These submitted ques-
tionnaires were scored and patients were divided into those 
with a high or low risk of OSA.

Objective Analysis

All patients above 18 years with history suggestive of sleep 
apnoea and/or snoring referred from ENT surgeon, chest 
physician or general physician were reviewed by a chest 
physician prior for their sleep study. Detail history was 
taken to identify the symptom and assessment of co-mor-
bidities. After explanation of the procedure patients without 

co-morbidities were offered a choice of a hospital or port-
able home sleep study.

A level 2 sleep study was performed at patients’ home. A 
level 2 sleep study refers to an unattended PSG study where 
no medical staff is present.

Alice PDX which is a type 2 sleep diagnostic device was 
used for this study. The basic channel set measures oral-
nasal airflow and pressure via cannula and thermistor, res-
piratory efforts via abdominal and chest belts and arterial 
oxygen saturation level via the pulse oximeter (% SPO2 
and pulse rate). The device also detects body position. In 
addition to the basic channel set indicators, the Alice PDX 
contains sensors for the recording of EEG, ECG and EOG.

The PSG studies were scored by an experienced chest 
physician according to the rules of American Association 
of Sleep Medicine.

Studies with more than 6 h of sleep and the key channels 
i.e., Respiratory bands, EEG, airflow and pulse oximetry 
present for almost 90% of sleep time were accepted as valid 
studies.

The results of the questionnaires, ESS, Berlin ques-
tionnaires (BQ) and STOP BANG questionnaires (SBQ) 
were compared with the Apnoea Hypopnea index (AHI). 
The accuracy rate, PPV (positive predictive value) and 
NPV (negative predictive value) of each questionnaire was 
calculated.

Sample size was calculated to be 94 using formula 
n = z2

pq

(me)2
.

Results and Statistical Analysis

Table 1 shows the comparison of the ESS with the AHI cal-
culated by PSG. The assessment of the incidence of risk by 
the ESS compares significantly with the AHI for the predic-
tion of OSA (P value < 0.01). However, the relatively lower 
Cohen Kappa value of 0.219 indicates none to slight level 
of agreement between ESS and AHI. The sensitivity, speci-
ficity, PPV, NPV and accuracy of ESS for detecting OSA 
against AHI as a gold standard was 76.7%, 100.0%, 100.0%, 
16.0% and 77.7% respectively (Table 4).

Table 2 shows the comparison of the BQ with the AHI.
The results show a significant association with the AHI 

for the prediction of OSA (P value < 0.01). However, a 
Cohen Kappa value of 0.190 indicates none to slight level of 
agreement between BQ and AHI. The sensitivity, specificity, 
PPV, NPV and accuracy of BQ for detecting OSA against 
AHI as a gold standard was 73.3%, 100.0%, 100.0%, 14.3% 
and 74.5% respectively (Table 4).

Table 3 compares the SBQ with AHI. The results show 
a significant association with the AHI for the prediction 
of OSA (P value < 0.05). The lower to moderate Cohen 
Kappa value of 0.293 indicates a fair level of agreement 
between SBQ and AHI. The sensitivity, specificity, PPV, 
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Table 1   Distribution of levels 
of Epworth sleepiness scale 
(ESS) according to AHI as a 
Gold standard for the prediction 
of OSA among the cases studied

TP true positive, TN true negative, FP false positive, FN false negative
P value by Chi-Square test. Cohen-Kappa for statistical agreement between two modalities. P value < 0.05 
is considered to be statistically significant. **P value < 0.01

ESS AHI status Kappa-value P value

Abnormal (> 5) Normal (< 5)

N % N %

High (≥ 10) Risk 69 [TP] 76.7 0 [FP] 0.0 0.219 0.004**
Low (< 10) Risk 21 [FN] 23.3 4 [TN] 100.0
Total 90 100.0 4 100.0

Table 2   Distribution of levels 
of Berlin questionnaire (BQ) 
according to AHI as a Gold 
standard for the prediction of 
OSA among the cases studied

TP true positive, TN true negative, FP false positive, FN false negative
P value by Chi-Square test. Cohen-Kappa for statistical agreement between two modalities. P value < 0.05 
is considered to be statistically significant. **P value < 0.01

BQ AHI status Kappa-value P value

Abnormal (> 5) Normal (< 5)

N % N %

High risk 66 [TP] 73.3 0 [FP] 0.0 0.190 0.007**
Low risk 24 [FN] 26.7 4 [TN] 100.0
Total 90 100.0 4 100.0

Table 3   Distribution of levels 
of STOP BANG questionnaire 
according to AHI as a Gold 
standard for the prediction of 
OSA among the cases studied

TP true positive, TN true negative, FP false positive, FN false negative
P value by Chi-Square test. Cohen-Kappa for statistical agreement between two modalities. P value < 0.05 
is considered to be statistically significant. **P value < 0.05

STOP BANG AHI status Kappa-value P value

Abnormal (> 5) Normal (< 5)

N % N %

Intermediate to high 
risk (≥ 2)

84 [TP] 93.3 2 [FP] 50.0 0.293 0.002**

Low risk (< 2) 6 [FN] 6.7 2 [TN] 50.0
Total 90 100.0 4 100.0

Table 4   The distribution of 
diagnostic efficacy indices of 
Epworth sleepiness scale (ESS), 
Berlin questionnaire (BQ), 
STOP BANG questionnaire 
against AHI as a Gold Standard 
for the prediction of OSA in the 
study group

Diagnostic efficacy indices

Sensitivity Specificity Positive predictive 
value (PPV)

Negative predictive 
value (NPV)

Accuracy

ESS 76.7 100.0 100.0 16.0 77.7
BQ 73.3 100.0 100.0 14.3 74.5
STOP BANG 93.3 50.0 97.7 25.0 91.5
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NPV and accuracy of SBQ for detecting OSA against AHI 
as a gold standard was 93.3%, 50.0%, 97.7%, 25.0% and 
91.5% respectively (Table 4).

Discussion

Diagnosing OSA is clinically relevant because untreated 
OSA has been associated with increased morbidity and 
mortality. Given the relatively high prevalence of undiag-
nosed and untreated OSA and its associated cardiovascular, 
respiratory and neurocognitive morbidities [5, 6], a simple 
and effective OSA screening tool is essential. This approach 
is especially important for surgeries as often there is insuf-
ficient time to complete a preoperative assessment of OSA 
with the standard diagnostic approach.

History and clinical findings lack sensitivity and specific-
ity in diagnosing OSA. It predicts OSA in 50% of patients. 
Currently, overnight PSG is the gold standard for diagno-
sis of OSA [4]. PSG is a comprehensive test to study sleep 
and diagnose a variety of sleep disorders. It is a procedure 
that collect physiologic parameters during sleep. It involves 
EEG, EOG, pulse oximetry as well as airflow, respiratory 
effort to evaluate underlying causes of sleep disorders which 
include OSA, central sleep apnoea, sleep related hypoven-
tilation etc. PSG can also be used to evaluate other sleep 
disorders including nocturnal seizures, narcolepsy, periodic 
limb disorder and REM related disorders. This study can be 
done in hospital under supervision of sleep technician or 
even at home to confirm a diagnosis of moderate to severe 
OSA in the absence of co-morbid medical conditions or 
other suspected sleep disorder. It is a non-invasive test. A 
variety of sensors and belts are taped to the body to record 
brain waves, eye movements, heart rate and breathing pat-
terns overnight. The oxygen saturation is measured with 
pulse oximeter. Recordings of electroencephalogram, elec-
trooculogram, electromyography, electrocardiogram, oxime-
try, airflow and breathing effort provide important data to 
evaluate the severity of disease [7]. OSA is diagnosed when 
the apnoea– hypopnea index (AHI), i.e., the total number of 
obstructive apneas and hypopneas per hour of sleep is more 
than 5. An apnoea is defined as the complete cessation of 
airflow for a minimum of 10 s [8, 9]. The definition of a 
hypopnea includes a reduction of airflow that is associated 
with either an oxygen desaturation (of at least 3% or 4%) or 
an arousal [8, 9]. The severity of OSA is graded according to 
commonly used clinical criteria as mild (AHI ≥ 5 but < 15), 
moderate (AHI ≥ 15 but < 30), or severe (AHI ≥ 30) [8]. 
However, the test is expensive, time consuming, difficult to 
access outside big cities and is always not well accepted by 
patients. There are various screening questionnaires which 
have been developed to enable early diagnosis of OSA [3].

An ideal screening tool for detecting OSA should con-
sider sleep domains, feasibility and diagnostic accuracy. We 
used three questionnaires namely ESS, BQ and SBQ as a 
screening tool for detecting OSA in this study. These ques-
tionnaires involve questions related to sleep disturbances 
and can be answered easily either with a simple yes or no 
response or can be scored according to symptom severity. 
In this study we have tried to identify the best questionnaire 
for screening OSA in the Indian population.

The ESS is an eight-item questionnaire to measure day-
time sleepiness. It has a four-point Likert response format 
(0–3), and the score ranges from 0 to 24. ESS score ≥ 10 
indicates excessive daytime sleepiness and high risk for OSA 
[10]. BQ was developed in 1999 and includes three sections 
[6]. The first section is about snoring, the second section is 
about daytime fatigue and sleepiness and the last section is 
about medical history and anthropometric measures such 
as hypertension and BMI. If two or more categories were 
positive, the patient is considered to be of high risk for OSA 
[11].

The STOP-BANG questionnaire includes four subjective 
items (STOP: snoring, tiredness, observed apnoea, and high 
blood pressure) and four demographics items (Bang: body 
mass index [BMI], age, neck circumference, gender) [12]. 
A positive response to three or more items is categorized as 
high risk for OSA [13].

The BQ focuses on symptoms related to OSA and the 
ESS has been developed for assessing the level of excessive 
daytime sleepiness rather than OSA.

The content of the SBQ has been developed both accord-
ing to the OSA-related symptoms (i.e., snoring, tiredness 
during the daytime, stopped breathing during sleep, and 
hypertension) and clinical characteristics (BMI, age, neck 
circumference, and gender). Concerning feasibility, the 
SBQ consists of four self-administered questions along 
with four items for demographic data and clinical charac-
teristics collection (BMI, age, neck circumference, and sex). 
All responses are rated as yes or no [4]. Because the SBQ 
includes few questions and requires short administration 
time, a high response rate (91.2–91.5%) has been observed 
in previous studies.

In this study all 94 patients underwent PSG. Patients 
having symptoms like excessive sleepiness, daytime tired-
ness, disturbed sleep, snoring etc. were referred for PSG. All 
patients in the study were given ESS, BQ and SBQ to fill and 
their final results were compared.

Of the 94 cases studied, as per PSG reports, 4 (4.3%) were 
normal (AHI < 5), 14 (14.9%) had mild OSA (AHI 5–14), 
29 (30.9%) had moderate OSA (AHI 15–29) and 47 (50.0%) 
had severe OSA (AHI > 30).

The ESS showed that out of 94 cases, 25 (26.6%) had low 
risk (ESS score < 10) and 69 (73.4%) had high risk (ESS 
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score ≥ 10) of having OSA. It was shown that distribution 
of levels of ESS were significantly associated with overall 
AHI grading for the prediction of OSA (P value < 0.01) with 
relatively lower Cohen Kappa value of 0.219. Lower Kappa 
value indicates none to slight level of agreement between 
ESS and AHI. The sensitivity, specificity, PPV, NPV and 
accuracy of ESS for detecting OSA against AHI was found 
to be 76.7%, 100.0%, 100.0%, 16.0% and 77.7% respec-
tively. Thus, our study revealed that ESS has low sensitiv-
ity in detecting different grades of OSA. This finding was 
consistent with the study carried out by Leticia Boeri et al. 
[7]. They concluded that ESS could detect normal and severe 
levels of apnoea, but is not able to detect mild and moder-
ate levels. They also found out that ESS can be used in the 
follow-up of patients with OSA, but it cannot replace PSG 
because it does not detect all levels of apnoea.

Ng et al. in 2019, found that the BQ was unreliable in 
predicting OSA as compared to PSG-AHI [14, 15]. Our 
study had similar findings, where distribution of levels of 
BQ was significantly associated with overall AHI grading for 
the prediction of OSA (P value < 0.01) with relatively lower 
Cohen Kappa value of 0.190. Lower Kappa value indicates 
none to slight level of agreement between BQ and AHI. 
The sensitivity, specificity, PPV, NPV and accuracy of BQ 
for detecting OSA against AHI was calculated to be 73.3%, 
100.0%, 100.0%, 14.3% and 74.5% respectively. It shows BQ 
has equal specificity and PPV as ESS, but is less accurate. 
Although BQ is less sensitive than ESS in detecting OSA, 
it can be used to detect high and low risk patients of OSA.

Systematic meta-analysis done in 2015 by Mahesh 
Nagappan, Pu Liao & team confirms the high performance 

of the STOP-Bang questionnaire in the sleep clinic and sur-
gical population for screening of OSA [12]. The higher the 
STOP-Bang score, the greater is the probability of moderate-
to-severe OSA [16].

In our cohort 8 (8.5%) had Low risk (score 0–2), 30 
(31.9%) had Intermediate risk (score 3–4) and 56 (59.6%) 
had High risk (score 5–8) as per the SBQ. This co-related 
significantly with overall the AHI grading or the prediction 
of OSA (P value < 0.05) with relatively lower to moderate 
Cohen Kappa value of 0.293. Lower to moderate Kappa 
value indicates fair level of agreement between SBQ and 
AHI. The sensitivity, specificity, PPV, NPV and accuracy of 
STOP BANG questionnaire for detecting OSA against AHI 
as a Gold standard was 93.3%, 50.0%, 97.7%, 25.0% and 
91.5% respectively. Thus, SBQ is the most accurate amongst 
the three questionnaires. Also, the high negative predictive 
value of the STOP-Bang questionnaire indicated that it is 
more sensitive than the other two questionnaire.

Studies have shown that STOP-Bang questionnaire has 
been validated to be an excellent screening tool for OSA in 
sleep clinic and surgical population [16]. The probability 
of moderate and severe OSA steadily increases with higher 
STOP-Bang scores [16]. These characteristics make the 
STOP-Bang questionnaire a useful clinical tool to identify 
patients at high risk of OSA and can facilitate the diagno-
sis and treatment of unrecognised OSA. Furthermore, con-
cerning diagnostic accuracy, we observed that the SBQ had 
excellent sensitivity for detecting OSA in different popula-
tions, however, the unsatisfactory specificity of this ques-
tionnaire limits its practicability [17].

Fig. 1   The distribution of 
diagnostic efficacy indices of 
Epworth sleepiness scale (ESS), 
Berlin questionnaire (BQ), 
STOP BANG questionnaire 
against AHI as a Gold Standard 
for the prediction of OSA in the 
study group
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In this study the specificity of BQ was more than SBQ 
which is consistent with the systematic review performed by 
Abrishami et al. [18]. They found out that BQ was the sec-
ond and SBQ was the third most sensitive questionnaire in 
people without a history of sleep disorders. They concluded 
that SBQ had high quality methodological and reasonably 
accurate results [17].

In this study, when evaluating the predictive values of 
Berlin questionnaire, STOP-BANG and ESS to identify 
patients at risk for OSA, STOP BANG had the highest sen-
sitivity, but BERLIN and ESS had the highest specificity and 
PPV. The NPV and accuracy of STOP-BANG was highest.

The STOP-Bang questionnaire in our study proved to be 
a concise, effective, and reliable OSA screening tool. It can 
facilitate efficient allocation of resources in both diagnosing 

Fig. 2   Epworth sleepiness scale

Fig. 3   Berlin questionnaire
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and treating previously unrecognised OSA. The probability 
of moderate to severe OSA increases in direct proportion to 
the STOP-Bang score, which makes the questionnaire an 
easily used tool for identifying patients at high risk for OSA 
(Figs. 1, 2, 3, 4).

Conclusion

Despite numerous advancements in understanding of the 
pathogenesis and clinical consequences of OSA, a majority 
of those affected remain undiagnosed. History and clinical 
findings have shown to lack sensitivity and specificity in 
diagnosing OSA.

Polysomnography is the gold standard for diagnosis of 
OSA. However, this is not available easily in all parts of our 
country. A screening tool in the form of a questionnaire will 
enable early diagnosis and intervention. Although SBQ has 
low specificity, its accuracy is relatively higher and it also 
has higher NPV. Thus, it can be concluded that among the 
different questionnaires, namely ESS, BQ and SBQ, SBQ is 
concise, effective, more reliable and preferable questionnaire 
for screening of OSA in the Indian population.
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