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Introduction: Obstructive sleep apnea syndrome (OSAS) is the most common sleep-related respiratory disorder.
With the purpose of assisting in the screening or evaluation of OSAS patients, some scales and questionnaires
were proposed. Objective: 1o evaluate and critically compare the relationship of excessive daytime sleepiness with
the presence or absence of OSAS, in addition to other polysomnographic data. Material and method: Systematic
review of the literature. Results: Six studies were included, with a total of 4258 patients; four studies demonstrate
association between the Epworth sleepiness scale and the hypopnea apnea index (AIH); of those, two studies
showed significant differences between ESS score and OSAS severity. Five studies (4233 patients) demonstrated
lower minimum oxygen saturation in the group with excessive daytime sleepiness. There was an increase in
sleep efficiency in in patients with excessive daytime sleepiness, as per the results of 3 studies (3002 patients).
Discussion: The relationship between the presence of excessive daytime sleepiness and OSAS is still questioned,
and its pathophysiological mechanism uncertain. Excessive daytime sleepiness secondary to OSAS seems to be an
independent event, related to nocturnal hypoxemia and sleep fragmentation. Conclusion: The confidence intervals
obtained from these studies do not provide clinical safety to use the Epworth sleepiness scale for screening or

stratifying the risk of patients suspected of having sleep apnea.

Keywords: Sleep apnea, OSAS, Epworth sleepiness scale,
excessive daytime sleepiness, polysomnography.

Introduction

The obstructive sleep apnea syndrome (OSAS) is the most
common sleep-related respiratory disorder [1,2]. In the United
States, the prevalence in individuals from 30 and 60 years is 9%
in men and 4% in women, and is even higher among patients with
a body mass index (BMI) above 30. In Brazil, it is estimated that
32.8% of adults between 20 and 80 years are affected by OSAS
[3]. However, studies suggest that up to 95% of patients with
sleep disorders are not correctly diagnosed, suggesting that the
prevalence of OSAS may be even greater [4].

Clinically, OSAS is characterized by repeated episodes of airway
obstruction during sleep, resulting in cyclic periods of hypoxemia
and hypercapnia. Changes in blood oxygenation during sleep may,
in the long term, increase the risk of developing cardiovascular
diseases [1]. The typical symptoms of OSAS include snoring,
apnea or hypopnea, awakening during sleep, fatigue, headaches,
excessive daytime sleepiness, and disturbances of concentration

[2].

Assisted polysomnography is considered the gold standard exam
for the diagnosis of OSAS. In this test, electroencephalogram,
electro-oculogram, electromyography, electrocardiogram, oximetry,
airflow, and respiratory effort records provide reliable data on
evaluating the severity of the disease [5]. However, it is a high-cost
test, and is not always well tolerated by the patients [2]. In order
to aid in the screening or evaluation of potential OSAS patients,
several scales and questionnaires were proposed, one of which
is the Epworth sleepiness scale (ESS). The ESS is a validated
questionnaire, used to evaluate the presence or absence of daytime
sleepiness - one of the cardinal symptoms for diagnosis of OSAS [6-
8]. The publication of studies demonstrating an association between
the presence of daytime sleepiness and OSAS raised the hypothesis
that a positive ESS may suggest the presence of nocturnal apnea.
However, subsequent studies that aimed to prove this association
present conflicting results.

The aim of our study is to critically evaluate and compare the
relationships between excessive daytime sleepiness with the
presence or absence of OSAS, inaddition to other polysomnographic
data.
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Material and methods

We conducted a systematic review of the literature study, based
on research in PubMed database between December 2016 and
February 2017. The keywords used in the search were (“Obstructive
Sleep apnea”) AND (“Epworth Sleepiness Scale”) NOT (CPAP)
NOT (central). Additional filters were used: studies published in
the last 10 years, in humans, in English, Spanish and Portuguese
languages. The inclusion criteria were: original studies published
in peer-reviewed journals comparing the results obtained with the
application of the Epworth questionnaire to polysomnographic
findings. We excluded studies including patients not subjected
to polysomnography, case reports and series of cases, systematic
reviews and meta-analyses. Initially, we proceeded to reading the
titles and abstracts of the studies resulting from the bibliographic
research; after preliminary selection, the articles were read in full.
These articles were evaluated independently by 3 of the researchers.
We only selected articles which inclusion was recommended
by unanimity by the 3 researchers. In case of disagreement, the
articles were re-evaluated, and the decision whether to include or
exclude the study was made by mutual consent.

We made a table in the program Microsoft Excel (Microsoft, USA)
containing all the relevant data extracted from the selected articles.
We further classify studies according to the level of evidence,
as proposed by “Oxford Centre for Evidence-based Medicine
— Levels of Evidence” (http://www.cebm.net/oxford-centre-
evidence-based-medicine-levels-evidence-march-2009/).

Results

The database search resulted in 570 articles. After reading the
title and the abstract, 89 articles were read in full. After selection,
6 articles fulfilled the inclusion and exclusion criteria and were

selected for final analysis (Fig. 1).
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Figure 1: Flowchart describing the process of the selection of
the studies.

The main reasons for excluding articles were, in descending order:
(1) no description of polysomnographic data; (2) studies in non-
OSAS patients; (3) studies that did not apply the ESS or did not
describe its results; (4) studies in specific populations (truck drivers,
elderly, children, and patients with narcolepsy or chronic diseases,
and patients with psychiatric conditions and metabolic syndrome);
and (5) studies aiming to describe therapeutic approaches to
OSAS (use of positive pressure, nasal surgeries, palatal and
maxillomandibular advancement). As per the criteria proposed
by the Oxford Centre for Evidence-based Medicine-Levels of
Evidence”), 2 (33.3%) of the selected articles were 2a (cohorts),
and the other 4 (66.6%) were 2b (cross-sectional studies). (Table
1). Demographic data of selected papers were included in Table 1.

Table 1: Demographic information and content of the selected studies.

Authors Year | Study desing Country | Epworth scale x polysomnography Groups
Leeetal. (1) 2012 | Cross-sectional | South Korea | Age, BMI, AHI, total sleep time, Only patients with OSAS:
sleep efficiency, sleep latency, with EDS and without EDS
minimum SpO2, ODI, time length
under SpO2 <90%,
Gondim et al. (15) | 2007 Cohort Brazil Clinical condition (incluindo EDS Included primary snory and patients with
and BMI) and AHI. OSAS
Chenetal. (13) | 2010 Cohort China Age, BMI, AHI, total sleep time, Included primary snore and OSAS patients
sleep efficiency, sleep latency,
minimum SpO2, ODI, time length of
SpO2 <90%,
Sun et al. (14) 2012 | Cross-sectional China Age, BMI, AHI, total sleep time, Only patients with OSAS:
sleep efficiency, sleep latency, with EDS and without EDS
minimum SpO2, ODI, time length of
Sp02 <95%,
Roure et al. (12) | 2008 | Cross-sectional Spain Age, BMI, AHI, total sleep time, Only patients with OSAS:
sleep efficiency, sleep latency, with EDS and without EDS
minimum Sa02 (%) and mean Sa02.
Mediano et al.(16) | 2007 | Cross-sectional Spain Age, BMI, AHI, total sleep time, Only patients with OSAS:
sleep efficiency, sleep latency, with EDS and without EDS
minimum Sa02 (%) and mean SaO2.

BMI: body mass index; AHI: apnea hypopnea index; ODI: oxygen desaturation index; EDS: excessive daytime sleepiness; OSAS:

Obstructive sleep apnea syndrome.
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The studies included 4.258 patients, all adults, of both sexes.
Only 306 of these patients did not have OSAS (AHI> 5). The
studies showed results from several clinical evaluations and
tests: all six articles (100%) correlated the results of the ESS with
polysomnographic parameters. Among those articles, 2 (33.3%)
included groups of non-apneic patients in the comparison of the
results, while the other 4 (66.6%) only included patients with AHI>
5. Five (83.3%) studies associated polysomnographic data and
ESS with clinical variables (BMI and age); one (16.6%) correlated
the presence of daytime sleepiness with clinical symptoms. Only 2
(33.3%) studies evaluated the association between ESS scores and
severity of OSAS. (Tables 1 and 2).

Regarding the association between ESS and AIH, 4 (66.6%) studies
which involved a total of 4.093 patients demonstrated a significant
association between positivity of the ESS and the presence of
OSAS. Two out of those 4 (50%) also report significant direct
association between ESS scores and severity of OSAS, while the
other 2 studies did not.

Five studies aimed to evaluate the nocturnal oxygen saturation.
Of those, 5 articles (100%) (4.233 patients), demonstrated lower

Table 2: Data extracted from the selected studies.

minimum oxygen saturation levels in the group of patients with
excessive daytime sleepiness compared to patients without such
symptom. Among those five studies, one (20%) reported that the
minimum oxygen saturation was progressively smaller as per the
increase of the AHI and the score on the Epworth sleepiness scale;
and 2 studies (40%) observed that nocturnal oxygen saturation
was, on average, lower in apneic patients with excessive daytime
sleepiness compared to apneic patients without excessive
daytime sleepiness. Two out of those 5 studies (40%) report that
nocturnal time with oxygen saturation below 90-95% was higher
in the apneic group with excessive sleepiness compared to apneic
patients without excessive daytime sleepiness.

Regarding other polysomnographic parameters, three studies (50%),
which included 3002 patients, demonstrated an increase in the sleep
efficiency in the group of apneic patients with excessive daytime
sleepiness compared to the group without the symptom. Only one
study (16.6%) evidenced an increase in total sleep time, and another
study (16.6%) found an increase in BMI in the group of apneic patients
complaining of excessive daytime sleepiness in relation to the group
without excessive daytime sleepiness. (Table 2).

Authors N Population Variables

Outcomes (* = P>0.05) Conclusions

Leeetal. (1)

96

OSAS patients who had
daytime sleepiness vs
OSAS patients without
daytime sleepiness.

1. ESS
2. Polysomnography
results

No excessive daytime sleepiness group (n=37):
-BMI 24.68 + 4.49*

- ESS:6.93 +2.43*

- AHI: 35.65+23.21*

- Total sleep time (min): 411.43+79.52

- Minimum Sp02(%): 82.53+ 7.07*

- Time lengh of SpO2 < 90%(min): 17.04+25.92*
- Sleep efficiency (%): 86.24+7.73

Excessive daytime sleepiness group (n=59):

- BMI: 27.24+ 3.90*

-ESS:14.19 £2.31*

- AHI: 47.29+23.76*

- Total sleep time (min): 397.96+62.18

- Minimum Sp02(%): 78.11+8.88%*

- Time lengh of SpO2 < 90% (min): 39.26+60.08*
- Sleep efficiency (%): 87.18+8.56

- Epworth sleepiness scale could be used
as an indicator of excessive daytime
sleepiness.

- Higher levels of apnea hypopnea index
and hypoxemia associates with the degree
of sleepiness and positivity in the Epworth
sleepiness scale.

Gondim et al.

15)

Patients subjected to
polysomnography

1. AHI
2. ESS

No OSAS (n=57) or mild OSAHS (n=38) group:
- ESS negative in 49.5% and positive in 50.5%
(p>0.05)

Moderate (n=19) or severe (n=11) OSAS group:
- ESS was positive in 70% and negative in 30%
of patients (p>0.05)

There were no significant differences in the
complaints of snoring, apnea, daytime sleepiness,
dyspepsia, stress, lack of concentration, restless
sleep, parasomnia,
between the groups

and morning headache

- ESS is not associated with the severity

of OSAS.

- There were no significant differences in
the clinical complaints among the different
degrees of OSAS.
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Chen R (13)

1035

Patients who snored

1. ESE
2. Polysomnography
results

AHI< 5 per hour (n=249)

- ESS : 8.3£5.0%

- Total sleep time: 401.4 + 85.5

- Time of Sp02 <90% min: 0.3 +1.7
- Minimum O2 saturation: 83.2+23.6

AHI 5-15 per hour (n= 225):

-ESS 9.4+4.6*

- Total sleep time: 400.8+ 74.4

- Time of Sp02 <90% min: 4.0 +14.4
- Minimum O2 saturation: 82.5+9.4

AHI 15-30 per hour (n=171)

- ESS: 10.4+4.6%

- Total sleep time: 405.6+ 75.7

- Time of Sp02 <90%) min: 10.0 +19.2
- Minimum O2 saturation: 77.3+8.3

AHI> 30 per hour (n=390):

- ESS: 13.0+5.0%

- Total sleep time: 428.7+76.9

- Time of Sp02 <90%) min: 147.4+ 111.5
- Minimum O2 saturation: 65.6+12.7

- ESS scores were progressively higher in more
severe stages of OSAS.

- Higher scores in the ESS associated with
more time of SpO2<90% and decreased levels
of minimum O2 saturation.

Sun et al. (14)

Patients who had OSAS
(AHI > 5)

1. ESE
2. Polysomnographic
results

No excessive daytime sleepiness group (n= 48):
- ESS: 5.29 +£3,15*%

- ATH: 33.68 +£22.71*

- Total mean Sa02: 94.54+4.15*

- Minimum Sa0O2: 73.10£14,97*

- Time length of Sa02 <95%: 146.41+143.91*

- Snoring time: 112.56+85,79 (p>0,05)

- Sleep efficiency 83.61+12,27*

Excessive daytime sleepiness group (n=32)
-ESS: 16.53+3,59*

- AHI: 60.92 + 19.24*

- Total mean Sa02: 90.06 +£5.57*

- Minimum Sa02: 54.06%+21.22*

- Time length of Sa02 <95%: 286.95+128.67*
Snoring time: 88.98 +71.33

- Sleep efficiency: 90.40 £7.23*

- Positive ESS scores associate with excessive
daytime sleepiness

- Excessive daytime sleepiness associate with
severity of OSAS, lower SaO2 levels during
sleep, and increased sleep efficiency.

Roure et al.

(12)

2882

Patients who had OSAS
(AHI > 5)

1.ESE
2. Polysomnography
results

No excessive daytime sleepiness group (n=1233)
- ESS: 7+£3*

- AHI: 33£25 (p<0,05)

- Sleep efficiency: 72+31*

- Total sleep time: 325+65

- Minimum saturation of O2: 79+11*

- Mean saturation of O2: 92+4

Excessive daytime sleepiness group (n= 1649)
- ESS: 15+£3*

- AHI: 36 +27*

- Sleep eficiency: 79+22*

- Total sleep time: 338+67

- Minimum saturation of O2: 78 £12*

- Mean saturation of O2: 92+5

- Positive ESS associates with excessive
daytime sleepiness

- Excessive daytime sleepiness associate with
OSAS, lower minimum SaO2 levels during
sleep, and increased sleep efficiency.
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Mediano et al.

(16)

40

Patients who had OSAS
(AHI > 20)

1. ESE
2. Polysomnography
results

No excessive daytime sleepiness group (n=17)
- ESS: 5+£2%

- AIH 60+20 (p>0.05)

- Minimum O2 saturation: 79+8%*

- Mean O2 saturation: 90+5*

- Positive ESS significantly associates with
excessive daytime sleepiness.

- AIH levels do not associate with presence or
not of excessive daytime sleepiness.

- Excessive daytime sleepiness associates

- Sleep efficiency: 82%%*
- Sleep latency (min): 18+18

Excessive daytime sleepiness group (n=23):
- ESS: 17£3*

- ATH 62+18 (p>0,05)

- Minimum O2 saturation: 69+12*

- Mean O2 saturation: 87 +6*

- Sleep efficiency: 90%*

- Sleep latency (min): 11£16

with lower nocturnal O2 saturation levels and
increased sleep efficiency.

Discussion

Excessive daytime sleepiness is one of the most prevalent symptoms
inboth men (16%) and women (23%) with OSAS, and also acommon
symptom in the general population (3% and 10% in men and women,
respectively) [9,10]. The ESS is a validated questionnaire used to
evaluate the presence of excessive daytime sleepiness, constituting
a cheap, easy-to-perform analysis with highly reliable results [11].
The high prevalence of excessive daytime sleepiness in patients with
OSAS raised the hypothesis that ESS could become an alternative
screening method for patients at risk of OSAS, considering the low
availability and high cost of polysomnography in some countries.
However, studies aiming to associate ESS with polysomnographic
parameters are scarce, with conflicting results.

Epworth sleepiness scale (ESS) and apnea-hypopnea index (AHI)
Among the selected studies, most of the authors agree to observe
a statistically significant association between scores of ESS and
AHI. Roure, et al., Chen, et al, Lee, et al., and Sun et al., in studies
involving 4093 patients, were unanimous in demonstrating a
positive association between the presence or severity of OSAS and
the values obtained with ESS [1,12,13].

Chen, et al. and Sun, et al. conclude the relationship between
higher values obtained in ESS with higher OSA severity: Chen,
et al. observed a gradual increase in ESS score in the more severe
degrees of OSAS, and Sun et al. demonstrated that apneic patients
with excessive daytime sleepiness had AHI scores almost twice as
high as in apneic patients without daytime sleepiness [13,14]. The
studies that did not show the association between the AHI and ESS
totaled 165 patients [15,16]. However, even among the studies that
corroborate such association, there are questions about the clinical
validity of the results obtained. In most of those studies, a significant
portion of sleep apnea patients had ESS <10, a result considered
negative for daytime sleepiness. Even in studies that included many
patients, ESS values varied significantly even in patients with severe
apnea, with confidence intervals that were well beyond or below the
cut-point score of 10. The study by Chen et al.(13), for example,
reports significantly higher values of ESS according to the degree of
OSAS; however, the large standard deviations obtained in the (mild
OSAS=9.444.6; moderate OSAS = 10.4+4.6; severe OSAS= 13+5)
do not provide a safe clinical margin to diagnose of OSAS without
the association with polysomnography. Considering the clinical
criterion of the presence of daytime sleepiness as the presence of
ESS scores> 10, the results obtained by the selected studies suggest
that the simple application of ESS does not constitute a safe method
of screening for patients in risk of sleep apnea.

The relationship between the presence of excessive daytime
sleepiness and OSAS is still questioned, and the pathophysiological
mechanism still uncertain. Some authors justify excessive daytime
sleepiness secondary to OSAS as an independent event related to
nocturnal hypoxemia and sleep fragmentation in apneic patients
[17-19]. Although the hypothesis seems quite plausible, studies
for this purpose obtained conflicting results: a randomized
clinical trial demonstrated a strong relationship between sleep
fragmentation and excessive daytime sleepiness, but large cohorts
demonstrated that sleep-disordered breathing, sleep fragmentation,
and hypoxemia do not correlate with excessive daytime sleepiness
[20,21].

Epworth sleepiness scale (ESS) and oxygen saturation

Some authors compared the presence of excessive daytime
sleepiness with the behavior of oxygen saturation during
polysomnography: Lee, et al., Sun, et al., Chen, et al. and
Mediano, et al. demonstrated that apneic patients with excessive
daytime sleepiness had increased sleep time with nocturnal
oxygen saturation below 90% when compared to apneic patients
without excessive daytime sleepiness [1,13,14]. Chen, et al. and
Sun concluded that lower oxygen saturation indexes correlated
positively with OSAS severity and with higher ESS scores. Chen
et al. also conclude that hypoxemia was the strongest determinant
of the positive score [13,14].

The pathogenesis of excessive daytime sleepiness with OSAS, as
well as its association with hypoxemia, is unclear. The mechanisms
that lead some patients with OSAS to complain of excessive daytime
sleepiness while others do not also lack pathophysiological bases. From
the studies by Chen, et al. and Mediano, et al., it was hypothesized that
nocturnal hypoxemia plays an important role in determining excessive
daytime sleepiness and OSAS [13,16]. In an attempt to confirm this
hypothesis, animal studies have demonstrated a significant association
between chronic intermittent hypoxemia and the development of
excessive daytime sleepiness [22,23]. Hypothetically, intermittent
chronic hypoxemia during sleep can trigger neural damage, with
deleterious effects in specific brain regions that promote the control
of vigil through a convergence of oxidative and inflammatory events;
Ultimately, such events can lead to neuronal cell injury and apoptosis
[22,23]. Although these mechanisms still require studies in human
subjects, to date, there is clinical evidence of increased levels of
tumor necrosis factor in the blood circulation of apneic patients with
excessive daytime sleepiness when compared with apneic individuals
without excessive daytime sleepiness [24].
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Epworth sleepiness scale (ESS) and other polysomnographic data
In relation to other polysomnographic parameters, Mediano, et al.
conclude that patients classified as excessive daytime sleepiness had
lower sleep latency and greater sleep efficiency. This conclusion
resembles those found in the study of Roure, et al., in which there
was an association between OSAS and excessive daytime sleepiness
with increased sleep time and better sleep efficiency compared to the
apneic group without the symptom, suggesting that excessive daytime
sleepiness relates to the degree of hypoxemia. Sun, et al. also found
greater sleep efficiency in apneic patients with excessive daytime
sleepiness [12-14]. The finding of increased efficiency in apneic
patients with excessive daytime sleepiness seems, at first glance,
paradoxical. However, taking into account that sleep efficiency
is determined by dividing the N1, N2, N3 and REM stages by the
total time that the patient lies in bed, patients with greater daytime
sleepiness have lower latency for sleep, and may present better sleep
efficiency without necessarily presenting better sleep quality [25].

Conclusion

Although many studies demonstrate a statistically significant
association between the ESS score and the presence or severity
of OSAS, the confidence intervals obtained in these studies do
not provide clinical safety to use the Epworth sleepiness scale as
screening or stratification tools in patients with suspected sleep
apnea. There was a statistically significant association between
ESS positivity and higher sleep efficiency and lower minimum
oxygen saturation during sleep.
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