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Weighted Epworth sleepiness scale
predicted the apnea-hypopnea index
better
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Abstract

Background: The relationship between the Epworth sleepiness scale (ESS) and the apnea-hypopnea index (AHI) is
uncertain and even poor. The major problem associated with the ESS might be a lack of consideration of weight in
prediction in clinical practice. Would awarding different item-scores to the four scales of ESS items to develop a
weighted ESS scoring system improve the accuracy of the AHI prediction? It is warranted to explore the intriguing
hypotheses.

Methods: Seven hundred fifty-six adult patients with suspicion of obstructive sleep apnoea syndrome (OSAS) were
prospectively recruited to a derivation cohort. This was tested against a prospective validation cohort of 810 adult
patients with suspected OSAS. Each ESS item’s increased odds ratio for the corresponding AHI was calculated using
univariate logistic regression. The receiver operating characteristic curves were created and the areas under the
curves (AUCs) were calculated to illustrate and compare the accuracy of the indices.

Results: The higher the ESS item-score, the closer the relationship with the corresponding AHI. The odds ratios
decreased as a result of the increased AHI. The ESS items were of unequal weight in predicting the corresponding
AHI and a weighted ESS was developed. The coincidence rates with the corresponding AHI, body mass indices, and
neck circumferences rose as the scores increased, whereas nocturnal nadir oxygen saturations decreased, and the
weighted ESS was more strongly associated with these indices, compared with the ESS. The capability in predicting
the patients without OSAS or with severe OSAS was strong, especially the latter, and the weighted ESS orchestrated
manifest improvement in screening the patients with simple snoring. The patterns of sensitivities, specificities, and
Youden'’s indices of the four ranks of weighted ESS for predicting the corresponding AHI were better than those of
the ESS, and the AUCs of weighted ESS were greater than the corresponding areas of ESS in the two cohorts.

Conclusions: The weighted ESS orchestrated significant improvement in predicting the AHI, indicating that the
capability in predicting the patients without OSAS or with severe OSAS was strong, which might have implications
for clinical triage decisions to prioritize patients for polysomnography.
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Introduction

Obstructive sleep apnoea (OSA) is a major challenge for
physicians and healthcare systems throughout the world
[1]. OSA is characterised by repeated interruption of
breathing during sleep due to episodic collapse of the
pharyngeal airway, nocturnal hypoxaemia and sleep frag-
mentation. This sleep disruption commonly causes exces-
sive daytime sleepiness (EDS) [2]. Nocturnal hypoxaemia
can be a major determinant of EDS in patients with ob-
structive sleep apnoea syndrome (OSAS) [3]. The apnea-
hypopnea index (AHI) is an objective, sensitive and spe-
cific measure of the severity of OSA [4]. The extensively
validated Epworth sleepiness scale (ESS), which is a brief
self-administered questionnaire that asks the subject to
rate on a scale of 0-3 the chances that he would have
dozed in eight most soporific situations commonly met in
daily life, is the most frequently used instrument for asses-
sing subjective daytime sleepiness or sleep propensity in
adults [5, 6]. The external criterion validity of the ESS has
been tested by examining the relationship between ESS
scores and the AHI, but unfortunately, the relationship is
uncertain and even poor [1, 3, 5, 7-9].

It is self-evident that we are more likely to fall asleep
when lying down than when standing up. Sleep propen-
sity must also be distinguished from the state and
process of fatigue [10]. The ESS tries to overcome the
fact that people have different daily routines, some facili-
tating and others inhibiting daytime sleep [5]. Hence,
the ESS was designed to measure daytime sleepiness
over the whole range, from very high to low levels. The
items were chosen, therefore, to represent situations of a
widely differing soporific nature, some known to be very
soporific; others less so [6]. Johns stated that a corollary
of his model of sleep and wakefulness is that some pos-
tures, activities and environmental situations will be
more conducive than others to sleep-onset and created
the term somnificity characterizing a posture, activity
and environmental situation that reflects its capacity to
facilitate sleep-onset in a majority of subjects to replace
the phrase, soporific nature of a situation [10]. However,
the major problem associated with the ESS in uncertain
and even poor prediction of the AHI might be a lack of
consideration of weight in clinical practice. Would
awarding different item-scores to the four scales of ESS
items to develop a weighted ESS scoring system improve
the accuracy of the AHI prediction? Therefore, it is war-
ranted to explore the intriguing hypotheses.

Two prospective cohort studies were conducted to de-
rive and validate a weighted ESS.

Materials and methods

Design and setting

A prospective derivation cohort study of 756 adult pa-
tients with suspicion of OSAS was conducted at the
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Department of Pulmonary and Critical Care Medicine in
a 1600-bed tertiary care university hospital from June
2018, through November 2018. We then performed a
prospective validation cohort study of 810 adult patients
with suspected OSAS who presented to our hospital be-
tween December 2018 and June 2019.

Criteria for enrollment
International Classification of Sleep Disorders (ICSD)
diagnostic criteria for OSA were referred [11, 12].
Clinical suspicion of OSAS was based on complaints
of (1) loud snoring or witnessed apneas, (2) EDS, or (3)
overweight/obesity, which was reported by the patient or
relatives. The exclusion criteria were heart failure, de-
mentia, major psychiatric disorder, or another condition
not suitable for the use of polysomnography.

Polysomnography

In accordance with standard techniques [13, 14], a com-
puter data acquisition and analysis system recorded the
following signals: electroencephalogram, bilateral elec-
trooculogram, electrocardiogram, submental and bilat-
eral anterior tibialis electromylogram, thoracic and
abdominal excursion, oral and nasal airflow by thermis-
tor and breath sounds, body position, and oxygen satur-
ation by pulse oximeter.

Outcome

The main outcome measures were the ESS, weighted
ESS scores and the AHI. Secondary outcomes incorpo-
rated body mass index (BMI), neck circumference (NC),
and lowest oxygen saturation (LOS).

Sample size calculation

Unit-level design prevalence, cluster-level design preva-
lence, test sensitivity, target cluster sensitivity, and target
system sensitivity were 20%, 1%, 0.9, 0.5, and 0.95, re-
spectively. The total numbers of clusters to be sampled
were 598, and the maximum number of samples was 2392.

Data collection

Seven hundred fifty-six patients were enrolled into the der-
ivation cohort excluding 9 cases due to exclusion criteria
and 810 into the validation cohort excluding 11 cases.
Overnight polysomnography was arranged for all patients
with suspected OSAS. Clinical and diagnostic data were
collected. The ESS, weighted ESS scores and BMI were cal-
culated. The statistician was blinded to the study.

Statistical analysis

All statistical analyses were performed with Statistical
Package for the Social Science for Windows version 16.0
(SPSS, Chicago, IL, USA) and MedCalc version 19.1
(Mariakerke, Belgium). Categorical variables and
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continuous variables were reported as the percentages and
the mean + standard deviation (SD), respectively. Chi-
Square test, unpaired Student’s t-test, one-way ANOVA,
univariate logistic regression, and Spearman rank correl-
ation were employed. Two groups were compared by un-
paired Student’s t-test or Chi-Square test, and analyses of
multiple groups were carried out using one-way ANOVA
or Chi-Square test, depending on the characteristics of vari-
ables. Each ESS item’s increased odds ratio (OR) for the
corresponding AHI was calculated using univariate logistic
regression. The receiver operating characteristic (ROC)
curves were created and the areas under the ROC curves
(AUCs) were calculated to illustrate and compare the ac-
curacies of the indices. The sensitivities, specificities, posi-
tive likelihood ratio (PLR), negative likelihood ratio (NLR),
positive predictive values (PPVs), negative predictive values
(NPVs), and Youden’s indices were also calculated. A p
value of < 0.05 was considered statistically significant.

Results

Baseline characteristics of study cohorts

The demographic and clinical characteristics of recruited
patients with suspicion of OSAS were listed in Table 1. The
numbers of patients with simple snoring were 116 and 88
in the derivation and validation cohorts, respectively. The
participants recruited to the validation cohort were younger
and presented higher AHI (especially AHI > 15 and AHI >
30) and lower nocturnal oxygen saturation nadir, compared
with those in the derivation cohort.

Association of the predictive rule of ESS with the AHI in
the derivation cohort

In general, the proportions of patients fulfilling the cor-
responding AHI rose when the ESS item-scores in-
creased. Therefore, the higher the ESS item-score, the
closer the relationship with the corresponding AHI
(Table 2). However, as the AHI increased, the relation-
ship between the ESS item-score and the corresponding
AHI became less close. Each item had a significant

Table 1 Baseline characteristics of study cohorts (Mean =+ SD)
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increased OR for the corresponding AHI, except for
those for AHI > 30 in four items. The ORs decreased as
a result of the increased AHI. The top three ORs for
AHI>5 were derived from the items “In a car, while
stopped for a few minutes in traffic”, “Sitting and talking
to someone”, and “Sitting inactive in a public place (e.g.,

a theater or a meeting)”, respectively.

Derivation of the weighted ESS

The higher the ESS score, the higher the person’s aver-
age sleep propensity in daily life, according to high ESS
scores indicative of EDS in patients with OSAS. On the
basis of the weight of predictive rules of ESS for OSA in
predicting the AHI, the eight ESS items were divided
into five ranks and different item-scores were assigned
for different ranks to develop a weighted ESS scoring
system. 0—5-6-7 item-scores were assigned for the four
scales of three ESS items with the top three ORs, except
for the item “Sitting inactive in a public place (e.g., a the-
ater or a meeting)” due to its lower OR for AHI > 15,
compared with the other two items. The other item-
scores (0—4—5-6 for one item, 0-3—4-5 for two items, 0—
2-3-4 for one item, and 0-1-2-3 for two items) were
shown in Table 3. All item-scores were intended to be
integers. These scores would be taken at face value if
some people could not decide on one number and re-
ported half-values. It would be rounded up to the next
whole number if the total score included a half-value
after adding them up. The ESS score (the sum of eight
item-scores, 0—3) ranged from O to 24, and the weighted
ESS score (the sum of eight item-scores, from 0 to 3 to
0-7) from 0 to 40.

Associations of AHI, BMI, NC and LOS with the ESS and
weighted ESS scores

In general ESS scores can be interpreted as follows: 0—
10 indicates normal daytime sleepiness (NDS), 11-12
mild EDS, 13-15 moderate EDS, and 16—24 severe EDS.
Similarly, 0-14 rank in the weighted ESS scores was

Characteristic Derivation cohort Validation cohort t or x° value p value
(n=756) (n=2810)
Age (yrs) 435+130 39.6+£125 5579 < 0.001
Male sex (No.) (%) 652 (86.2) 674 (83.2) 2.700 0.100
BMI 263+42 264+48 0.679 0497
NC (cm) 379+30 37.8+£34 0.635 0.526
AHI 264 +200 33.8+210
AHIZ 5 (No.) (%) 640 (84.7) 722 (89.1) 6.926 0.008
AHI> 15 (No.) (%) 490 (64.8) 670 (82.7) 65.250 < 0.001
AHI>30 (No.) (%) 290 (384) 414 (51.1) 25.694 < 0.001
LOS 79.3+10.1 774+95 3.926 < 0.001

NOTE: BMI Body mass index. NC Neck circumference. ESS Epworth sleepiness scale. AHI Apnea-hypopnea index. LOS Lowest oxygen saturation
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Table 3 The ESS and weighted ESS scoring systems
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Variable ESS Weighted ESS

I Il M1l v I Il I \%
Sitting and reading 0 1 2 3 0 3 4 5
Watching TV 0 1 2 3 0 3 4 5
Sitting inactive in a public place (e.g., a theater or a meeting) 0 1 2 3 0 4 5 6
As a passenger in a car for an hour without a break 0 1 2 3 0 2 3 4
Lying down to rest in the afternoon when circumstances permit 0 1 2 3 0 1 2 3
Sitting and talking to someone 0 1 2 3 0 5 6 7
Sitting quietly after a lunch without alcohol 0 1 2 3 0 1 2 3
In a car, while stopped for a few minutes in traffic 0 1 2 3 0 5 6 7
Total scores 0-24 0-40

NOTE: ESS Epworth sleepiness scale. I: Would never doze. II: Slight chance of dozing. Ill: Moderate chance of dozing. IV: High chance of dozing

defined as NDS, and the other ranks were described in
Table 4. The four ranks of ESS scores were regarded as
corresponding with AHI<5, AHI>5, AHI>15, and
AHI > 30, respectively. As did the four ranks of weighted
ESS scores. In general, the coincidence rates with the
corresponding AHI rose sharply as the cut-off values of
scores increased in the two scoring systems in the two
cohorts, and the weighted ESS was more strongly associ-
ated with the corresponding AHI, especially in the rank
for NDS, compared with the ESS.

BMI and NC increased significantly as a result of the
increased ranks in the two scoring systems in the two
cohorts, whereas LOS decreased (Table 5). The weighted
ESS was more strongly associated with these indices in
the two cohorts, compared with the ESS.

Comparisons of the scoring systems for predicting the AHI

The sensitivities, specificities, and predictive values of
the different cut-off values in the two scoring systems
for predicting the corresponding AHI were shown in

Table 6. The two scoring systems demonstrated the
highest sensitivities, NPVs and Youden’s indices, and the
lowest NLRs in the lowest rank, and the highest specific-
ities, PLRs and PPVs, and higher Youden’s indices in the
highest rank in the two cohorts, and the patterns of sen-
sitivities, specificities, and Youden’s indices of the ranks
for NDS and severe EDS for prediction of the corre-
sponding AHI were better than those of the other two
intermediate ranks in the two cohorts, except for that of
the rank for mild EDS in the weighted ESS in the valid-
ation cohort, indicating that the capability in predicting
the patients without OSAS or with severe OSAS was
strong, especially the latter, and that the weighted ESS
orchestrated manifest improvement in screening the pa-
tients with simple snoring. The patterns of sensitivities,
specificities, and Youden’s indices of the four ranks of
weighted ESS for predicting the corresponding AHI were
better than those of the ESS in the two cohorts, indicat-
ing that the weighted ESS orchestrated significant im-
provement in predictive power.

Table 4 Relationships between the ESS and weighted ESS scores and the AHI

Features Cut- Derivation cohort Validation cohort
off (n=756) (n=2810)
values Total Coincidence with corresponding AHI (%) Total Coincidence with corresponding AHI (%)
ESS
NDS 0-10 354 108 (30.5) 438 88 (20.1)
Mild EDS 11-12 136 44 (324) 92 8 (8.7)
Moderate EDS 13-15 110 68 (61.8) 96 32 (333)
Severe EDS 16-24 156 152 (97.4) 184 178 (96.7)
Weighted ESS
NDS 0-14 124 100 (80.6) 196 88 (44.9)
Mild EDS 15-19 194 104 (53.6) 122 48 (39.3)
Moderate EDS 20-29 252 142 (56.3) 242 152 (62.8)
Severe EDS 30-40 186 184 (98.9) 250 242 (96.8)

NOTE: ESS Epworth sleepiness scale. AHI Apnea-hypopnea index. NDS Normal daytime sleepiness. EDS Excessive daytime sleepiness
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Table 5 Associations of BMI, NC and LOS with the ESS and weighted ESS scores (Mean + SD. Derivation cohort, n = 756; validation

cohort, n=810)

Scores BMI NC (cm) LOS (%)
Derivation cohort Validation cohort Derivation cohort Validation cohort Derivation cohort Validation cohort
ESS
0-10 2550£4.35 2553 +4.19 37.09+3.14 3719+3.07 8328 £ 861 79.62 = 8.68
11-12 2648 +4.50 26.00+4.12 37.76£291 38.15+£3.37 7849 £9.91 76.65+10.13
13-15 2599 +3.04 2682+ 6.51 3869+2.25 3789+4.03 77311746 7644 +£817
16-24 27.94+£3.73 2849 £ 481 39.17£263 38.88+3.68 7255+ 11.05 7295+ 9.94
F value 13.161 17.837 22.338 11.347 51.503 23957
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0,001 < 0.001
r value 0.259 0.248 0.283 0.193 -0.452 -0.294
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Weighted ESS
0-14 25.01 £5.00 2491 +397 35.84+3.38 36.56 £3.01 8848 +£493 81.33+848
15-19 2527 +3.82 2615+ 4.64 37.52+281 3760+ 291 8200+7.13 79.05+8.13
20-29 26.57 £3.92 2638+5.12 38194272 38.15+3.57 7776 £9.74 77.55+9.39
30-40 27.66+3.82 27.73 £4.85 3916+ 251 3843 £361 72.58 £1043 7333+9.36
F value 15572 13235 36.825 12.762 92.166 30.979
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
r value 0.279 0.244 0.337 0214 —0.565 -0.351
p value < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

NOTE: BMI Body mass index. NC Neck circumference. LOS Lowest oxygen saturation. ESS Epworth sleepiness scale. SD Standard deviation. CM Centimeter. ry Rank

correlation coefficient

The ROC curves for the two scoring systems in the
two study populations illustrated the differences in ac-
curacy of the AHI prediction (Table 7, and Fig. 1). In
general, AUC values decreased as the AHI increased.
The weighted ESS was performed better than the ESS in
the two cohorts.

Discussion

The main findings of the current study comprise the fol-
lowing: The higher the ESS item-score, the closer the re-
lationship with the corresponding AHI. As the AHI
increased, the relationship between the ESS item-score
and the corresponding AHI became less close. The ORs
decreased as a result of the increased AHI. The ESS
items were of unequal weight in predicting the corre-
sponding AHI and a weighted ESS was developed. The
coincidence rates with the corresponding AHI, BMlIs
and NCs rose as the cut-off values of scores increased in
the two cohorts, whereas LOS decreased, and the
weighted ESS was more strongly associated with these
indices, compared with the ESS. The capability in pre-
dicting the patients without OSAS or with severe OSAS
was strong, especially the latter, and the weighted ESS
orchestrated manifest improvement in screening the pa-
tients with simple snoring. The patterns of sensitivities,
specificities, and Youden’s indices of the four ranks of

weighted ESS for predicting the corresponding AHI were
better than those of the ESS, and the AUCs of weighted
ESS were greater than the corresponding areas of ESS in
the two cohorts.

Additional 4 scores was added to the top two ESS
items while keeping a “0” unchanged, and so on. In
other words, any positive answer to the top two items is
clinically more relevant to the AHI than any other posi-
tive answer to the other items. Onen and coworkers
adopted this weighted scoring strategy to develop a sim-
ple three-item instrument for measuring an older pa-
tient’s daytime sleepiness duration and general level of
sleepiness in daily activities that can also include infor-
mation obtained from a proxy [15].

Item “Lying down to rest in the afternoon when cir-
cumstances permit” is the only one that clearly involves
lying down. All other items involve variations of the sit-
ting posture, except item “watching TV” in which the
posture is not specified [10]. The situation in the above-
mentioned item was the most soporific. By contrast, the
situations in items “Sitting and talking to someone” and
“In a car, while stopped for a few minutes in traffic”
were the least soporific. The other situations in the other
items were intermediate in their soporific nature [6].
Furthermore, there were significant overall differences in
item-ranks according to their relative somnificities
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Table 6 Test characteristics of the ESS and weighted ESS with different cut-off values for the corresponding AHI
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Rule Cut-off values Sensitivity Specificity PLR NLR PPV (%) NPV (%) Youden's index
(%) (%)
Derivation cohort (n = 756)
ESS
NDS 0-10 93.1 616 2424 0.112 30.5 98.0 0.55
Mild EDS 11-12 293 84.8 1.928 0.834 324 829 0.14
Moderate EDS 13-15 358 926 4.838 0.693 61.8 81.1 0.28
Severe EDS 16-24 524 99.1 58222 0480 974 77.0 0.52
Weighted ESS
NDS 0-14 86.2 96.3 23.298 0.143 80.6 975 0.83
Mild EDS 15-19 69.3 85.1 4.651 0.361 536 91.8 0.54
Moderate EDS 20-29 71 80.2 3.586 0362 56.3 885 0.51
Severe EDS 30-40 634 99.6 1585 0367 989 814 0.60
Validation cohort (n=810)
ESS
NDS 0-10 100 51.5 2062 0 20.1 100 052
Mild EDS 11-12 154 889 1.387 0.952 87 939 0.04
Moderate EDS 13-15 123 884 1.06 0.988 333 68.1 0.01
Severe EDS 16-24 434 98.5 28933 0.575 96.7 629 042
Weighted ESS
NDS 0-14 100 85.0 6.667 0 449 100 0.85
Mild EDS 15-19 923 90.2 9418 0.081 393 994 0.83
Moderate EDS 20-29 585 83.6 3.567 0496 62.8 81.0 042
Severe EDS 30-40 59.0 98.0 295 0418 96.8 700 057

NOTE: ESS Epworth sleepiness scale. AHI Apnea-hypopnea index. PLR Positive likelihood ratio. NLR Negative likelihood ratio. PPV Positive predictive value. NPV
Negative predictive value. NDS Normal daytime sleepiness. EDS Excessive daytime sleepiness

Table 7 AUC values for the two scoring systems to predict the corresponding AHI and their comparisons

Feature Derivation cohort (n =756) Validation cohort (n=810)
AUC value Standard error 95% Cl AUC value Standard error 95% Cl
ESS
AHI 25 0.840 0.0160 0.811-0.865 0.906 00114 0.884-0.925
AHI> 15 0.825 0.0143 0.797-0.852 0.827 0.0153 0.799-0.852
AHI>30 0.829 0.0161 0.800-0.855 0.806 0.0151 0.777-0.833
Weighted ESS
AHI =5 0.945 0.0122 0.927-0.960 0.930 0.0088 0.910-0.946
AHI> 15 0.897 00111 0.873-0917 0.877 0.0117 0.852-0.899
AHI > 30 0.885 0.0120 0.860-0.906 0.847 0.0136 0.820-0.871
Difference 7 statistic p value Difference 7 statistic p value
AHIZ 5 0.106 7.230 < 0.0001 0.0237 3.092 0.0020
ESS ~ Weighted ESS
AHI> 15 0.0711 6519 < 0.0001 0.0498 5462 < 0.0001
ESS ~ Weighted ESS
AHI > 30 0.0557 6478 < 0.0001 0.0407 4.166 < 0.0001

ESS ~ Weighted ESS

NOTE: AUC The area under the receiver operating characteristic curve. AHI Apnea-hypopnea index. C/ Confidence interval. ESS Epworth sleepiness scale
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among the eight ESS items, and the items with the top
five ranks were “Lying down to rest in the afternoon
when circumstances permit”, “Watching TV”, “Sitting
and reading”, “As a passenger in a car for an hour with-
out a break”, and “Sitting quietly after a lunch without
alcohol”, respectively [10], which demonstrated the least
five ORs for the AHI in the current study. Sleep propen-
sity was manifested when lying down. Therefore, the
item “Lying down to rest in the afternoon when circum-
stances permit” demonstrated the lowest OR. On the
contrary, sleep propensity was decreased in a car while
stopped for a few minutes in traffic, which was the least
somniferous item and showed the highest OR. As a re-
sult, the somnificities were not paradoxical but concord-
ant in the above-mentioned studies including the
current. Therefore, the current findings were enough to
be clinically relevant. Doubt should not be cast on this
scale of somnificities, which may be widely applicable.
The finding that ESS scores can distinguish patients
who simply snore from those with even mild OSAS is
evidence for the sensitivity of the ESS and the question-
naire should be useful in elucidating the epidemiology of
snoring and OSAS [5]. The capability in screening pa-
tients with simple snoring or severe OSAS was strong,
especially the latter, and the weighted ESS did better

than the ESS in the current study. It might be the causa-
tions that the subjective reports on the item-scores when
never dozing or having high chance of dozing were rela-
tively more accurate and that the consideration of
weight in prediction might embody the true and natural
features of ESS items, which might avoid underestima-
tion of some variables. Nocturnal polysomnography is
the gold standard for diagnosing OSAS, but the diagnos-
tic procedures are expensive and time-consuming. On
the basis of the high prevalence of snoring and OSAS,
many sleep laboratories have large numbers of snorers
waiting to be tested. The weighted ESS could more ac-
curately detect the patients with simple snoring or se-
vere OSAS, especially the former, owing to higher
Youden’s indices, which might have implications for
clinical triage decisions to prioritize patients for poly-
somnography. The patients fulfilling severe EDS would
have the priority for polysomnography, whereas those
meeting NDS would not. Moreover, the weighted ESS
predicted the AHI better and was more strongly linked
to BMI, NC and LOS compared with the ESS, indicating
that the weighted ESS orchestrated significant improve-
ment in predicting severity in patients with OSAS. These
results give credence to the future recommendation for
decision making in clinical practice, although much
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more research is needed to investigate this matter, espe-
cially the generalisability.

Practicability is another aspect that requires assess-
ment when developing a new scoring system. In consid-
eration of the ESS relatively easier to practically
implement, the weighted ESS is a little more difficult to
implement, but the benefit far outweighs the difficulty.
Hence, the practicability might not be too bad.

The relationship with the corresponding AHI became
closer as a result of the higher item-score. The higher
the ESS item-score, the higher the somnificity. This
might be the causation resulting in the relationship. The
relative inaccuracy of subjective reports on the item-
scores might be more obvious when having low chance
of dozing than having high chance. It might also be en-
visaged to interpret the relationship. As the AHI in-
creased, the ESS items demonstrated lower ORs. What
mechanisms might be envisaged to interpret this
phenomenon? It remains further research.

Limitations

Several limitations of this study must be acknowledged.
First, the relative inaccuracy of subjective reports in the
ESS and weighted ESS was probably inevitable. Daytime
sleepiness could be either underestimated or overesti-
mated. Second, there were relatively small samples. Had
the numbers been larger, perhaps the results might have
been more robust. Although there was a validation co-
hort, this was not a muticenter study, most importantly
no external validation. The mean age of the series was
very young (39-43 years old) with a BMI of 26.3 (clearly
very thin). This is not the classical phenotype seen all
over the world in sleep labs in patients with clinical sus-
picion of OSA except in China. Moreover, our samples
were limited to Chinese patients. Therefore, future re-
search with other ethnic groups is warranted to assess
the generalisability of the current findings. Finally, re-
sidual confounding by several factors including habitual
sleep duration, disorders not documented in the study,
medications, and genetic and socioeconomic factors can-
not be excluded [16].

Conclusions

The weighted ESS orchestrated significant improvement in
predicting the AH]I, indicating that the capability in predict-
ing the patients without OSAS or with severe OSAS was
strong, which might have implications for clinical triage deci-
sions to prioritize patients for polysomnography.

Abbreviations

OSA: Obstructive sleep apnoea; EDS: Excessive daytime sleepiness.;

OSAS: Obstructive sleep apnoea syndrome; AHI: Apnea-hypopnea index;

ESS: Epworth sleepiness scale; SD: Standard deviation; OR: Odds ratio;

ROC: The receiver operating characteristic; AUC: The areas under the receiver
operating characteristic curve; PLR: Positive likelihood ratio; NLR: Negative
likelihood ratio; PPV: Positive predictive value; NPV: Negative predictive value;

Page 9 of 10

BMI: Body mass index; NC: Neck circumference; LOS: Lowest oxygen
saturation; NDS: Normal daytime sleepiness; Cl: Confidence interval; rs: Rank
correlation coefficient.

Acknowledgements

We are indebted to the nurses, further education physicians, and
postgraduates of the Department of Pulmonary and Critical Care Medicine
for making contributions to this study.

Authors’ contributions

Q.G was in charge of project administration. Q.G, W-D.S and W.L made sub-
stantial contributions to conception and design, were in charge of data col-
lection and curation, and wrote the manuscript. C.Z, Y-HL, J-MM, and Z-D.L
made substantial contributions to acquisition of data. M.J was in charge of
statistical analysis. Each author has participated in the writing of the manu-
script, been involved in the analysis of the data, and seen and approved the
submitted version.

Authors’ information

Q.G are members of editorial boards of twelve international respiratory
journals and reviewers of eight international journals included in SCI (BMC
Infect Dis, BMC Pulm Med, Ann Med, J Intensive Care Med, Curr Pharm Des,
Medicine, Int J Tuberc Lung Dis, and Respir Care), and has published 16
academic articles in SCI journals. Research interest are OSAS and pneumonia.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

The study was approved by our Institutional Review Board (Review Board of
Peking University, No. 20172318). This study was conducted in accordance
with the ethical standards of the amended Helsinki Declaration. Ethical
approval from the regulation committee (Ethical Committee of Shenzhen)
was granted for the study protocol. Written informed consent was obtained
from the patient prior to enrollment. They were informed the content of the
study on admission and then signed the documents if they agreed.

Consent for publication
Not applicable.

Competing interests

The authors declare that they have no competing interests.

Funding: This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Author details

'Department of Pulmonary and Critical Care Medicine, Shenzhen Hospital,
Peking University, Lianhua road No. 1120, Shenzhen 518036, Guangdong,
China. “State Key Laboratory of Respiratory Disease, National Clinical
Research Center for Respiratory Disease, Guangzhou Institute of Respiratory
Health, The First Affiliated Hospital, Guangzhou Medical University,
Guangzhou 510120, Guangdong, China.

Received: 27 March 2020 Accepted: 8 June 2020
Published online: 12 June 2020

References

1. Randerath W, Bassetti CL, Bonsignore MR, Farre R, Ferini-Strambi L, Grote L,
et al. Challenges and perspectives in obstructive sleep apnoea: Report by an
ad hoc working group of the Sleep Disordered Breathing Group of the
European Respiratory Society and the European Sleep Research Society. Eur
Respir J. 2018;52(3):1702616.

2. Douglas NJ, Polo O. Pathogenesis of obstructive sleep apnoea/hypopnoea
syndrome. Lancet. 1994;344:653-5.

3. Mediano O, Barceld A, de la Pena M, Gozal D, Agusti A, Barbé F. Daytime
sleepiness and polysomnographic variables in sleep apnoea patients. Eur
Respir J. 2007;30:110-3.

4. Sleep-related breathing disorders in adults: recommendations for syndrome
definition and measurement techniques in clinical research. The Report of
an American Academy of Sleep Medicine Task Force. Sleep. 1999,22:667-89..



Guo et al. Respiratory Research (2020) 21:147 Page 10 of 10

5. Johns MW. A new method for measuring daytime sleepiness: the Epworth
sleepiness scale. Sleep. 1991;14:540-5.

6. Johns MW. Reliability and factor analysis of the Epworth sleepiness scale.
Sleep. 1992;15:376-81.

7. Manni R, Politini L, Ratti MT, Tartara A. Sleepiness in obstructive sleep apnea
syndrome and simple snoring evaluated by the Epworth sleepiness scale. J
Sleep Res. 1999,8:319-20.

8. Gottlieb DJ, Whitney CW, Bonekat WH, Iber C, James GD, Lebowitz M, et al.
Relation of sleepiness to respiratory disturbance index: the sleep heart
health study. Am J Respir Crit Care Med. 1999;159:502-7.

9. Sharkey KM, Orff HJ, Tosi C, Harrington D, Roye GD, Millman RP. Subjective
sleepiness and daytime functioning in bariatric patients with obstructive
sleep apnea. Sleep Breath. 2013;17:267-74.

10.  Johns MW. Sleep propensity varies with behaviour and the situation in
which it is measured: the concept of somnificity. J Sleep Res. 2002;11:61-7.

11. American Academy of Sleep Medicine. International Classification of Sleep
Disorders (ICSD-2). Diagnostic and coding manual. 2nd ed. Westchester:
American Academy of Sleep Medicine; 2005.

12.  Parati G, Lombardi C, Hedner J, Bonsignore MR, Grote L, Tkacova R, et al.
Recommendations for the management of patients with obstructive sleep
apnoea and hypertension. Eur Respir J. 2013;41:523-38.

13.  Practice parameters for the indications for polysomnography and related
procedures. Polysomnography task force, American sleep disorders
association standards of practice committee. Sleep. 1997,20:406-22.

4. Kushida CA, Littner MR, Morgenthaler T, Alessi CA, Bailey D, Coleman J Jr,
et al. Practice parameters for the indications for polysomnography and
related procedures: an update for 2005. Sleep. 2005;28:499-521.

15. Onen F, Lalanne C, Pak VM, Gooneratne N, Falissard B, Onen SH. A three-
item instrument for measuring daytime sleepiness: the observation and
interview based diurnal sleepiness inventory (ODSI). J Clin Sleep Med. 2016;
12:505-12.

16.  Budhiraja R, Thomas R, Kim M, Redline S. The role of big data in the
Management of Sleep-Disordered Breathing. Sleep Med Clin. 2016;11:241—
55.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Design and setting
	Criteria for enrollment
	Polysomnography
	Outcome
	Sample size calculation
	Data collection
	Statistical analysis

	Results
	Baseline characteristics of study cohorts
	Association of the predictive rule of ESS with the AHI in the derivation cohort
	Derivation of the weighted ESS
	Associations of AHI, BMI, NC and LOS with the ESS and weighted ESS scores
	Comparisons of the scoring systems for predicting the AHI

	Discussion
	Limitations
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Authors’ information
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

