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Introduction

Obstructed Sleep Apnea (OSA) poses peculiar difficulty in South 
East Asian context, as one part of the population is struggling with 
malnutrition, the other with obesity. This is highlighted in the 
multiple studies of prevalence and severity of OSA in South East 
Asian Region (SEAR)[1-3].
Polysomnography (PSG) is something that Nepalese population is 

getting introduced to, with sleep physicians trying to catch up 
with the rest of the world. There are three or four level one sleep 
laboratories in the country, most focusing OSA [4-7]. 
PSGs are expensive investigations with average cost ranging from 
NPR 8000 to NPR 16,000 depending upon the level of sleep study 
performed. Many potential study subjects tend to refuse the study 
due to potential financial burden imposed by the same.
The commonly used screening tools; Epworth Sleepiness Scale 
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(ESS) [8], STOP BANG questionnaire [9], Pittsburgh Sleep Quality 
Index (PSQI) [10], Berlin Questionnaire [11], and Functional 
Outcome of sleep quality [12] have been the cornerstone to 
evaluate clinical possibility and effects of OSA in SEAR. Functional 
Outcome of Sleep Quality-10 (FOSQ-10) is a shorter version of 
FOSQ, with 10 questions and  captures the content of the original 
FOSQ, robust and easy to use in clinical setting [13]. Correlation 
between theses screening tools and PSG still needs exploration in 
Nepal, since larger portion of data are available from Europe, 
America and the western world only.
A good and significant correlation between these individual 
scores from the respective questionnaire to polysomnography 
(PSG) represents an important opportunity to the sleep clinicians 
to predict possibility of OSA without having to rely on the PSG at 
the onset. Level one PSG serves the role of being gold standard 
investigation for sleep disordered breathing (SDB) and the scores 
from the questionnaire can give clinicians the clinical head start.
In this study, we proposed the use of all the four scores (ESS, STOP 
BANG, PSQI, FOSQ-10) separate as well as combined to clinically 
predict OSA and its severity. And to do that we have compared the 
scores with the gold standard level one PSG.

3.METHODOLOGY:
This was a prospective randomized trial comparing 
polysomnography (level one) with individual scores from ESS, 
STOP BANG, PSQI and FOSQ-10 and the composite sleep score 
derived from all the four.
Study Participants:
Subjects who presented to the respiratory clinic with clinically 
suggestive history of OSA or SBD were included in the study. A 
total of 188 patients underwent PSG during the study time interval 
(2017 to 2020) with 180 diagnosed of OSA. Total of 121 subjects 
were enrolled randomly into the study. All four standard sleep 
scoring questionnaires were filled by expert sleep clinicians and 
technicians. The mandatory permission from original researchers 
were taken before initiation of the study (PSQI, FOSQ-10, ESS). The 
individual scores and composite sleep scores were calculated. 
Patients were then subjected to overnight level one PSG recording 
with subjects with significant AHI proceeding to CPAP titration 
protocol.
Demographic variables, sleep time variables, arousal variables, 
respiratory and cardiac variables were collected during PSG. PSG 
scores were done by respiratory and sleep technicians followed by 
expert sleep clinicians. Informed consents were obtained from all 
participants included in the study.
Study Instruments:
The PSQI is a 19-item questionnaire, and its permission to use was 
obtained and calculator provided by the original researcher were 
used for global PSQI score. PSQI is a self-rated questionnaire with 
19 set of questions, over the past one-month time, which 
generated a seven component scores, the total of which gave the 
global score of PSQI [10]. The global PSQI score were then divided 
into normal (total PSQI score<5) and abnormal (total PSQI score≥5) 
as per standard recommendations [10]. 
ESS is measurement of subject’s general level of daytime 
sleepiness assessed with eight different situations commonly 
encountered in daily life [8]. For ESS total score was manually 
calculated, then divided categorically into normal sleepiness (ESS 
total score<7), average sleepiness (ESS total score 7-8) and 
abnormal “Probably pathological” sleepiness (ESS total Score ≥9)
STOP BANG consists of eight yes or no questions with score 
ranging from 0 to 8 [14]. The total STOP-BANG score was assessed 
and then categorically divided into low risk of OSA (STOP-BANG 
total score ≤2), intermediate risk of OSA (STOP-BANG total score 
3-4) and high risk of OSA (STOP-BANG Total score ≥5) [8].

FOSQ-10 is a shorter version of FOSQ and is used to measure 
impact of daytime sleepiness on activities of daily living [13]. 
FOSQ-10 scores were calculated by the calculator provided by the 
original researcher. Scores were categorized into poor (FOSQ<18) 
and good (FOSQ>18) sleep quality [13].
AHI from PSG was categorized as normal (AHI<5), mild (AHI 5-14), 
moderate (AHI 15-29), and severe (AHI ≥ 30) [15]. 
Data Analysis:
Initial tabulations were done in Microsoft Excel and data analysis 
was done in SPSS version 20. Normalcy of the data were verified 
using histogram and Shapiro-Wilk test. Data were identified to be 
non-normal in distribution. Hence, non-parametric tests were 
performed for the analysis of the data.
Statistical correlation was done with non-parametric tests with 
Spearman Rho between ESS, STOP BANG, PSQI, FOSQ-10 to AHI. 
Statistical correlation was also done between AHI and composite 
sleep score of totals of all four questionnaires. Categorical data 
from AHI and all four questionnaires were also analyzed with 
Spearman Rho correlation. Confidence interval was set at 95% 
with p value being <0.05. Sensitivity, specificity, positive and 
negative predictive values were calculated as well. 

4.RESULTS:
The data of 121 patients who underwent PSG and all four 
questionnaires were included in the study. Of the final 180 
participants, 92 were male and 27 were female. The mean age and 
BMI of subjects were 47.33+12.56 years and 30.53+6.1 kg/m2 
respectively. All 121 subjects had OSA with AHI more than or equal 
to 5, with majority of them having severe OSA (n=72, 60%). PSG 
study readings of the study population are listed in table 1.
Table 1: PSG study average reading of the participants:

Mean ± SD

Total recorded time in minutes 
(TRT), minutes

426.81± 60.01

Total Sleep Time (TST), minutes 371.05 ± 64.62

Sleep Efficiency, % 86.63 ± 6.75

Sleep Onset, minutes 24.31 ± 22.45

REM Latency, minutes 127.98 ± 68.39

N1% 26.04 ±12.64

N2% 37.98 ± 10.98

N3% 25.89 ± 16.31

REM 12.13 ± 8.35

Total Arousals 147.94 ± 96.39

Arousal Index, arousals/hour 30.3 ± 19.99

Snoring time, minutes 40.89 ± 18.22

Total Apnea and Hypopnea 179.26 ± 106.14

AHI 37.65 ± 23.66

REM AHI 39.04 ± 31.45

NREM AHI 37.03 ±

Longest respiratory event, 
seconds

53.21 ± 15.11

Average oxygen saturation, % 90.26 ± 4.96

Minimum Oxygen Saturation, 
%

75.01 ± 12.36
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Our study showed a weak and clinically insignificant correlation 
between ESS and AHI (r=0.006, p= 0.9 CI [-0.23, -0.24]. Upon 
comparing the categorical value of ESS and AHI, there was still a 
weak correlation, with r=0.115, p=0.341, CI [-0.12, 0.34]. The 
Sensitivity of ESS was better than FOSQ-10 and PSQI but not as 
sensitive as STOP BANG score. The specificity for ESS was poor for 
all three levels of AHI. The PPV and NPV of ESS was highest when 
lowest cut-off was taken for AHI>=5 (PPV=95.35%, NPV=96.3%). 
NPV of ESS was 96.3% which appears to be the highest among all 
the questionnaires. We looked into relation between ESS and PSQI 
as well, which showed no correlation between them (correlation 
coefficient 0.002). (table 2 and 3)
STOP BANG:
There was significant positive correlation for STOP BANG with AHI 
(r=0.319, p<0.05). Upon comparing the categorical value for STOP 
BANG with categorical value of AHI, there was significant positive 
correlation with r=0.336 and p value <0.005. While evaluating 
sensitivity among the various questionnaires, STOP BANG had the 
highest sensitivity for all three groups of AHI (≥5, ≥15 and ≥30), at 
92.5%, 93.4%, and 95.2% respectively. Specificity was lowest 
however compared to rest of the questionnaires. STOP BANG 
scored PPV of 96.88%, 89.06% and 62.5%, similarly NPV of 83.33%, 
66.67% and 33.33% for AHI ≥ 5, 15 and 30 respectively. (table 2 
and 3)
PSQI:
PSQI showed significant with AHI (median 4.5, Interquartile range 
= 3, r=-0.262, p=0.028). There was also significant but weak 
correlation when categorical values of PSQI and AHI were 
compared (r=-0.274, p<0.05). Sensitivity of PSQI for AHI more than 
5, 15 and 30 were low. Specificity was highest among the 
questionnaires for AHI ≥5 at 66.7%. PPV was highest for PSQI in 
AHI≥5 group. Similarly, it was 82.86% and 45.75% for AHI≥15 and 
30 respectively. NPV of PSQI was good (94.2%, 91.43% and 74.71% 
for AHI≥5, 15 and 30 respectively). (table 2 and 3)
FOSQ-10:
FOSQ-10 showed no correlation with AHI (r=0.077, p=0.5). 
Categorical value of FOSQ-10 and AHI had no correlation as well 
(r=0.031, p=0.799). Sensitivity was least compared to other 
questionnaires for all 3 groups of AHI. Specificity was highest 
among the questionnaires. FOSQ-10 had good PPV and NPV for 
AHI>5 and AHI>15. (table 2 and 3)
Composite Score:
The combined score of ESS and STOP BANG was also evaluated 
against AHI. For the composite score ESS, STOP BANG and PSQI 
were added, and FOSQ-10 was subtracted (higher score of FOSQ-
10 represents normal outcome, contrary to other scores). The 
composite score was compared with the AHI. The results of these 
calculations are tabulated in the table 4. All 3 composite scores 
didn’t have any correlation with AHI.
Table 2. Sensitivity and Specificity for all four questionnaires for 3 
cut-off values of AHI

Questionnaire AHI ≥ 5 AHI ≥ 15 AHI ≥ 30

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

PSQI 50.7 66.7 47.5 33.3 38.1 32.1

ESS 61.2 33.3 62.3 44.4 64.3 42.9

STOP BANG 92.5 33.3 93.4 22.2 95.2 14.3

FOSQ-10 32.8 66.7 34.4 77.8 33.3 67.9

Table 3. Positive predictive value (PPV) and Negative predictive 
value (NPV) for all four questionnaires for 3 cut-off values of AHI

Questionnaire AHI ≥ 5 AHI ≥ 15 AHI ≥ 30

PPV NPV PPV NPV PPV NPV

PSQI 97.14 94.29 82.86 91.43 45.7 74.71

ESS 95.35 96.3 88.33 85.19 88.37 85.18

STOP BANG 96.88 83.33 89.06 66.67 62.5 33.33

FOS-10 95.65 95.74 91.3 85.1 60.8 59.57

Table 4. Individual score of the four questionnaires and different 
combinations of composite scores are compared with AHI

Median Interquar t i le 
range

R P CI

PSQI 4.50 3 -0.262 0.028 [-0.47, -0.02]

ESS 8.00 23 0.006 0.963 [-0.23, -0.24]

STOP BANG 5.00 2 0.319 0.008 [0.08, 0.52]

FOSQ-10 16.33 4.17 0.077 0.526 [-0.16, 0.31]

ESS+STOP 14 8 0.082 0.5 [-0.16, 0.31]

ESS+STOP+PSQ-
FOSQ

2.8 10.5 -0.051 0.676 [-0.28, 0.19]

E S S + S T O P -
FOSQ

-2.33 9.42 0.006 0.959 [-0.23, 0.24]

5.DISCUSSION: 
At AHI of more than equals to five events per hour, overall 
population prevalence of OSA ranges from 9%-38% [16], with 10% 
women and 20% men [17]. OSA is associated with significant 
morbidity and is a matter of public health interest. OSA is 
associated with higher mortality, coronary artery disease, stroke, 
chronic kidney disease [18], depression [19], and cardiac 
arrhythmia like complex ventricular arrhythmia and atrial 
fibrillation/flutter [20].
A study done in Nepal almost 15 years back showed higher 
occurrence of milder forms of OSA with hypertension, cardiac 
disease and COPD occurring as co-morbid conditions [3]. Hence, 
OSA, though largely ignored in Nepal, has significant prevalence 
and morbidity. Prevalence of OSA in Nepal has not been evaluated 
thoroughly and needs further evaluation.  
In this study we have analyzed occurrence of OSA in our respiratory 
practice and its around 4.73% of our OPD visits. Hence, we can 
derive that prevalence of OSA in our clinic is similar to the rest of 
the world.
ESS
ESS has been a cornerstone to assess daytime sleepiness since its 
development in 1990 [8] and subsequent modification in 1997 
[21]. Our study included ESS in its 1997 modified version with 
standard interpretation as proposed by the original researcher. 
ESS has been extensively evaluated for its use in reference range, 
interpretation, psychometric properties and external criterion 
validity [22, 23]. In our study, ESS showed poor sensitivity and 
specificity to predict OSA but good PPV and NPV through all 
categories of AHI. Relationship between ESS with OSA and severity 
of OSA has been previously evaluated. ESS and AHI were found to 
have poor correlation with r2 of 0.011 in a study done in 2015 [24]. 
ESS had poor performance to predict OSA across multiple studies 
[25-27]. Specificity of ESS was found to be better than STOP BANG 
(Specificity of 67% for ESS versus 12.7% for STOP BANG) [26]. In 
other study STOP BANG had superior predictive value compared 
with ESS but specificity was still poor [25] in a 2014 study. 
STOP BANG
STOP BANG tool is a validated screening tool for OSA. It identifies 
the probability of being OSA as mild, moderate and high risk [14]. 
STOP BANG questionnaire has been evaluated in conjugation with 
ESS and Berlin questionnaire. STOP BANG and Berlin questionnaires 
were found to be more reliable to predict OSA [28]. Higher the 
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STOP BANG score, higher can be the probability of OSA. This has 
been identified in a large clinical group of patients by the original 
researcher of STOP BANG score. The score of 5 to 8 was identified 
as high probability of Moderate to severe OSA [29]. Our study 
STOP-BANG showed significant correlation with OSA and AHI. OSA 
did correspond with grades of severity of AHI (R=0.336, p=0.004, 
CI [0.1, 0.53]). In our study higher STOP BANG scores correlated 
with higher AHI (R=0.319, P=0.008, CI [0.08,0.52]). The pre-test 
probability of OSA by STOP BANG score in PSG lab has been 
identified as score of four or more as having good sensitivity and 
specificity to predict AHI >15 [30]. In our study, STOP BANG when 
compared to rest of the questionnaire had the highest sensitivity 
for all three groups of AHI (92.5%, 93.4%, 95.2%) and a good PPV, 
though specificity and NPV was poor. 
PSQI:
Sleep quality and sleep disturbance over the past one month is 
assessed by PSQI score; classifying patients as good and poor 
sleepers [10]. PSQI is a better indicator of sleep quality among OSA 
patients, as compared to its use as a screening tool to identify 
pretest probability of OSA. Studies directed towards the utility of 
PSQI in sleep labs have identified that OSA patients with higher 
AHI had higher global PSQI score; meaning they were poor 
sleepers [31].
Our study showed negative correlation of PSQI with AHI. The PPV 
was the highest for PSQI when AHI cut off was > 5 (97.14%), as 
compared to rest of the questionnaires.
Criterion validity of ESS and PSQI was also analyzed by Nishiyama 
et. al., to identify whether these two scores can screen or diagnose 
OSA, periodic limb movement disorder (PLMD), rapid eye 
movement sleep behavior disorder (RBD), and narcolepsy. It was 
identified that ESS had limitations in screening of OSA and PSQI 
was not adequately accurate to predict all four diseases [23]. 
Hence the authors advised against their use in screening tool for 
sleep disorders. Similarly, another study found PSQI to be a poor 
predictor for OSA, with correlation with AHI being very weak and 
clinically insignificant [32]. Our study has also showed clinically 
significant, but weak correlation of PSQI with AHI. Same study had 
sensitivities of ESS and PSQI at around 70% and 38% respectively, 
though ESS was weakly but significantly correlated with AHI 
(R=0.3) [32]. There is a limited relationship/association between 
PSQI and ESS. It has been seen that abnormal ESS increases 
chances of abnormal PSQI. However, ESS and PSQI assesses 
different dimensions of sleep architecture and outcome [33]. Our 
study showed poor sensitivity and specificity but the highest NPV 
of PSQI to predict AHI. 
FOSQ-10
FOSQ-10 is a shorter version of original FOSQ, evaluated and 
published in 2009 by Chasens et. al. with comparable performance 
to its predecessor and is valid and reliable [13]. This evaluates 
functional impact of sleep on subjects’ daily activities. Significant 
correlation has been identified between AHI and FOSQ-10 [34]. 
Lower values of FOSQ-10 were observed in patients with higher 
AHI (p=0.003). This study also proved internal validity and 
construct validity of FOSQ-10 Spanish version in OSA [34]. In our 
study, there was a weak positive correlation between FOSQ-10 
and AHI. Our study identified that FOSQ-10 had the highest 
specificity, good PPV, NPV but very poor sensitivity to predict AHI. 
Composite score
In our study composite score of ESS + PSQI + STOP BANG - FSOQ10 
showed weak negative correlation with the AHI. ESS and STOP 
BANG together showed very weak and insignificant positive 
correlation. ESS, STOP BANG and FOSQ-10 together didn’t show 
any significant correlation as well. 

6.CONCLUSION:
Our study showed good correlation between STOP BANG score 

and AHI. STOP BANG score when compared to rest of the 
questionnaire had the highest sensitivity for all levels of AHI. ESS 
showed good PPV and NPV but poor sensitivity and specificity to 
predict OSA. Our study also showed that PSQI had the highest 
NPV to predict AHI but poor sensitivity and specificity. And FOSQ-
10 had the highest specificity, good PPV, NPV but very poor 
sensitivity to predict AHI. 
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