Sleep Breath (2017) 21:333-340
DOI 10.1007/s11325-016-1417-x

@ CrossMark

SLEEP BREATHING PHYSIOLOGY AND DISORDERS ¢ ORIGINAL ARTICLE

The use of an online Epworth Sleepiness Scale to assess

excessive daytime sleepiness

Jennifer Boyes'  Panagis Drakatos” - Ian Jarrold® - Judy Smith? - Joerg Steier'?

Received: 6 June 2016 /Revised: 4 August 2016 / Accepted: 3 October 2016 /Published online: 12 November 2016
© The Author(s) 2016. This article is published with open access at Springerlink.com

Abstract

Purpose Excessive daytime sleepiness is the most common
complaint reported in sleep clinics. We hypothesised that
utilising modern media to deliver an online Epworth
Sleepiness Scale, age- and gender-related differences in sub-
jective daytime sleepiness could be assessed.

Methods Age, gender and online Epworth Sleepiness Scale
(range 024 points) 0f 39,448 subjects were recorded between
January 2013 and November 2015.

Results A significant trend, for males but not females, was
found between age and Epworth score (p < 0.001). Average
scores were higher for female subjects in their 1st and 2nd
(p = 0.014), 3rd (p < 0.011) and 4th lifetime decade
(p = 0.011), whereas male subjects conveyed significantly
higher levels of sleepiness in their 7th lifetime decade
(p < 0.001). Individual item analysis found differences be-
tween gender; females scored significantly higher than males
in items 1, 4 and 5, while male subjects had higher scores for
items 3, 6, 7 and 8. Lowest levels of sleepiness were reported
for item 8 and highest scores for item 5.

Conclusions The use of an online Epworth Sleepiness Scale
identifies gender- and age-specific differences and facilitates
new pathways in the delivery of chronic care.
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Introduction

Excessive daytime sleepiness (EDS) is a debilitating and
potentially dangerous symptom that compromises cogni-
tive performance, leads to poor productivity and can result
in harm to the individual or to the general public [1]. EDS
has been defined as an inability to stay awake and alert
during the major waking periods of the day causing unin-
tentional lapses into drowsiness or sleep occurring on a
daily basis for more than 3 months [2]; it can affect up to
18 % of the general population [3].

Frequently, a cause of EDS cannot be identified, but there
are many contributing factors, most commonly those which
disturb sleep quality or quantity. Other risk factors for EDS
include age, depression, shift work, metabolic and hormonal
conditions and obesity [3]. EDS is a cardinal symptom for
hypersomnia of central origin; it is highly prevalent in sleep
disorders and multiple other health conditions [3]. Clinically,
EDS is the most common complaint reported in sleep clinics
[4] and is often associated with sleep apnea and periodic limb
movement disorder (PLMD) [3].

Sleepiness reduces quality of life and can affect other peo-
ple in situations where reactivity and alertness are required,
such as for driving. EDS has a negative impact, economically
and socially, on physical and mental health and safety and
poses a substantial cost burden on the healthcare system.
Clinicians need to be aware of the dangers of excessive sleep-
iness, discuss appropriate sleep hygiene and treat underlying
risk factors [5].

It is difficult to quantify chronic symptoms like sleepi-
ness; it requires the patient to report the quality of the
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symptom and its intensity. However, there are multiple
methods that try to measure physiological aspects associ-
ated with sleepiness: polysomnography and the multiple
sleep latency test (MSLT) are frequently combined to mea-
sure the mean sleep latency during standardised naps, as an
objective marker for sleepiness. On the other hand, the
Epworth Sleepiness Scale (ESS) is a validated question-
naire to assess subjective sleepiness and sleep propensity
[6, 7] with important clinical utilisation [8]. A pictorial
version of the ESS has been developed in the past to over-
come language barriers and poor literacy [9].

To assess the outreach and resonance of a questionnaire
validated for subjective daytime sleepiness on a large scale,
we utilised an online version of the ESS and these data were
used to compare age- and gender-related differences in EDS.

Patients and methods

This study was a collaborative project between the British
Lung Foundation (BLF), King’s College London and King’s
Health Partners at Guy’s and St Thomas’ NHS Hospital
Foundation Trust, London, UK. Interested individuals
accessed the BLF webpage with a link to an English version
of the ESS, as part of the BLF campaign to raise awareness of
obstructive sleep apnea (OSA). A brief explanation to the
eight domains of the ESS was provided. Gender (male/female)
and age (lifetime decade) were recorded, followed by an ex-
planation of the ESS scores. Concurrent with other ESS stud-
ies, a score >10 points was used to define EDS [9].

Data acquisition

Data acquisition began in January 2013 and finished in
November 2015. A total of 39,454 people participated in the
study. However, due to incomplete data transfer, 6 subjects
were excluded from the statistical analysis, making a study
size of 39,448 subjects. Final scores and individual item
scores were recorded and compared to previous data using
the standard ESS and the pictorial ESS [6, 9, 10]. The impact
of age and gender on total and individual items’ scores was
further explored. Based on the indicated gender and age
group, subjects were categorised into male, female and life-
time decades, with the exception of age 0—19 and >80 years.
These age groups were combined into single age categories,
respectively.

Epworth Sleepiness Scale
The ESS is a short, self-administered questionnaire that con-
sists of eight questions asking to rate how likely it is to fall

asleep in everyday situations (each question can be scored
from 0 to 3 points; ‘0’ indicates no sleepiness, ‘3’ indicates
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significant sleepiness). It provides a total score which has been
shown to relate to the subject’s level of daytime sleepiness
(total score range 024 points). Originally, it was validated
in patients with OSA; however, it is now commonly used
for patients suffering from sleep-related problems [9].

Statistical analysis

Statistical analysis of the data was performed using SPSS
(Version 22.0.0, IBM, New York/NY, USA). Data were re-
ported as mean (standard deviation, SD), unless otherwise
indicated. To ensure that the data were valid, the following
steps were taken:

1. The BLF website had an introduction explaining the pur-
pose of the online questionnaire and used character
checks when collecting the data, such as gender and age,
i.e. non-sense variables could not be selected.

2. Format checks were in place to ensure that data were
consistent, e.g. DOB DD/MM/YYYY. Also, a presence
check meant all fields had to be complete in order to
submit the questionnaire.

3. To ensure data were not duplicated, i.e. the same person
did not answer the questionnaire twice, the data
underwent a uniqueness check to ensure each data set
was unique and no two submissions had the same name
and DOB.

4. An automated check of IP addresses was run to detect
submission of multiple questionnaires from the same
computer.

5. Filter checks looked for identical records.

6. After the data had been collected, an MS Excel sheet
(Microsoft, Seattle/WA, USA) was generated and we ex-
amined this to ensure all data sets were complete. We
implemented consistency and range checks on the cate-
gorical and discrete variables, respectively, in the Excel
sheet, to confirm that data were within the correct
parameters.

7. We also conducted batch total checks as we analysed the
data to ensure we did not miss a dataset in our analysis.

As there was no financial or material incentive for answer-
ing the questionnaire, there was a low risk of someone sub-
mitting multiple questionnaires. Subsequent to testing for nor-
mality, means were compared using the Student’s 7 test; the
Mann Whitney U test was used to compare non-normally
distributed data. Comparisons between age group and ESS
scores of different items were undertaken using one-way
ANOVA or the Kruskal-Wallis test, if there was a non-
Gaussian distribution. The p value for the trend between sleep-
iness and age was calculated using simple and multiple linear
regression analysis to further describe age and gender interac-
tion. To assess the internal consistency of the questionnaire,
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Cronbach’s statistic alpha was used for item analysis. A level
of significance was considered with a p < 0.05.

Results

Data were collected from 39,448 participants; 55 % of the
subjects were male and 45 % were female. More than half of
the responses (51.5 %) scored >10 points on the ESS. There
was a significant trend for higher age to be associated with
higher ESS scores for male subjects (p < 0.001), but not for
female participants (p = 0.312). Gender distribution varied
between the age categories; there were more female re-
sponders up to the age of 30 years, while there were more
male subjects in the older age categories (Table 1).

Female subjects tended to score significantly higher com-
pared to male subjects up to their 4th lifetime decade, while
male subjects scored significantly higher in their 7th lifetime
decade (Fig. 1a, b).

Item analysis

An item analysis of the individual responses to each question
of the ESS was conducted. Item 5, ‘Lying down to rest in the
afternoon when circumstances permit’, scored highest, while
item 8, ‘in a car, while stopped for a few minutes in traffic’,
scored lowest for both genders (p < 0.001) (Fig. 2a, b).

Male subjects scored significantly higher in half of the
items (items 3, 6, 7, 8), while female subjects scored higher
in items 1, 4 and 5. A rank sum analysis of each item was
conducted and compared to previous work [6, 9, 10]; there
was good agreement with previous data (Table 2).

Internal consistency of the items in the questionnaire was
measured using the Cronbach’s statistic alpha, and item scores
from all subjects were included. The Cronbach’s alpha was
0.85 for the total of 39.448 participants, and the alpha value
did not increase after deleting any of the items from the ques-
tionnaire. These results are similar to those reported by Johns

in 1992 and indicate a high level of consistency between the
eight items of the online version of ESS [11].

Discussion

The use of an online version of the Epworth Sleepiness Scale
enabled an average of 1160 subjects per month, over a 34-
month period, to access information about their symptoms and
assess their health concerns. In a large cohort of subjects using
an open access online Epworth Sleepiness Scale, female sub-
jects were sleepier in early life, compared to male subjects,
who scored higher in their 7th lifetime decade.

Gender-specific variations in age pose the question of
whether specific and extrinsic factors may contribute to
subjective symptom perception and psychological cop-
ing [12—14]. The effect of age on symptom presentation
has been controversially discussed. While a specific ef-
fect has previously been described by us using the pic-
torial ESS [9], and by others, specifically for male
adults [15, 16], other studies have not found an associ-
ation between age and EDS [14, 17, 18].

Hypothetically, gender-specific differences in EDS may be
affected by hormonal influences and it has been shown that
women with severe pre-menstrual syndrome report insomnia
and increased fatigue during the luteal phase; subtle changes
to sleep structure are linked to fluctuations in progesterone. As
the age category in which females have statistically higher
ESS scores incorporates the typical ages a woman would start
a family, it seems likely that these factors might contribute
[12].

Although differences were observed between genders
in respect to the percentage of sleepy subjects, there was
no significant overall trend for females to be sleepier with
higher age; however, older male subjects scored higher
and similar studies have found that male subjects scored
significantly higher overall. A potential explanation is of-
fered by some studies claiming that women have a com-
paratively higher basic wake drive and hence experience

Table 1  Age groups, gender distribution and ESS

Age groups 0-19 20-29 30-39 4049 50-59 60-69 70-79 >80 Total

M 317 1961 3459 5049 5541 3691 1484 298 21,800

F 435(42.2) 2073 (48.6) 2702 (56.1) 4288 4735 2573 703 139 17,648
(% of M) (54.1) (53.9) (58.9) (67.9) (68.2) (55.3)
Total 752 4034 6161 9337 10,276 6264 2187 437 39,448
(% of all) (1.9) (10.2) (15.6) (23.7) (26.0) (15.9) (5.5) (1.1) (100)
ESS (mean, SD) 10.1 (5.9) 10.1 (5.3) 10.6 (5.3) 11.1 (54) 11.0(5.5) 10.6 (5.5 105354 11.1(5.7) 10.8(5.0)

Age groups are presented in years

M male, F female
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Fig. 1 a Epworth Sleepiness a
Scale (ESS) vs age, total group

(n = 39,448). Data are presented

as mean (SD), p < 0.001. b 16
Epworth Sleepiness Scale (ESS)
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vs age, grouped by gender. Data 14
are presented as mean (SE). Male
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less sleepiness and score lower on the ESS [19]. Also,
male subjects are more prone to being overweight and
having common sleep disorders, like obstructive sleep ap-
noea [13, 20]. Furthermore, objective data report signifi-
cantly shorter sleep latencies in men [21]. When these
points are interpreted within the context described in the
ESS, it is to be expected that subjects feel more drowsy
during natural physiological soporific conditions, e.g.
when lying down to rest in the afternoon, compared to
the alerting situation of being a passenger in a car stopped
in traffic [6, 9, 10]. With regards to gender-related differ-
ences in item scores, a scientific explanation would re-
quire a more comprehensive approach including
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differences in brain physiology, circadian rhythm and so-
cioeconomic and demographic factors.

The highest level of sleepiness from our data were reported
in the elderly (>80 years) which might be due to a selection
bias. However, wakefulness and vigilance in the elderly are
affected by reduced activity levels, daytime napping, medical
conditions, bereavement, degenerative changes in the central
nervous system and other medical conditions [9, 20, 22]; in
addition, changes in the circadian rhythm may occur in ageing
people. A higher prevalence of sleep disorders such as OSA,
insomnia, PLMD and other co-morbidities linked with organ-
ic problems in the elderly may further impact on the presen-
tation of EDS [3, 9, 20].
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Fig. 2 a ESS, mean score for all a,.
eight items. Data are shown as

mean (SE), n = 39,448. ESS

Epworth Sleepiness Scale; SE

standard error (error bars small). b 2
ESS item scores according to

gender. Data are shown as mean

(SE). Male subjects (n = 21,800),
dark grey bars; female subjects
(n = 17,648), light grey bars. £
*p < 0.05. ESS Epworth
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error (small error bars)
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Variation was observed between the rank sum of the
individual questions in the ESS when compared to other
studies. Item 5 of the ESS, which addresses how likely
people are to fall asleep when lying down in the afternoon,
ranked first in the current and all other studies [6, 9, 10].
This is likely to be a result of the soporific nature of this
situation in which it is accepted that even normal people
may fall asleep [6]. In all but one study [6], item 2 ‘sitting
watching TV’ ranked second. This variation may be ex-
plained by the increase in access and ownership of TVs
since the 1990s, accounting for its higher rank in the more
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recent studies which were all conducted post-2010 [23], as
well as in a different cohort studied in by Johns [6]. Item 1
‘sitting and reading’, item 4 ‘as a passenger in a car’ and
item 7 ‘sitting quietly after lunch without alcohol’ were
between the 3rd and 5th rank. These items were expected
to rank reasonably high due to the lack of situational stim-
ulation which accounts for their sleep-inducing nature [6].
The variation in the rank sum position of these items is
likely to be due to differences in lifestyles and group se-
lection of the different studies. However, there was concor-
dance across all studies for item 3 ‘sitting inactive in a
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Table 2 Rank sum analysis of

items of the ESS and pictorial Rank sum  Current study, ESS  Drakatos et al., Ghiassi et al., Ghiassi etal.,  Johns, ESS [6]
ESS, from high to low scores pictorial ESS [8]  pictorial ESS [9]  ESS [9]
1 Q5 Q5 Q5 Q5 Q5
2.29 (0.96) 2.18 (0.93) 2.14 (0.95) 2.12 (0.95) 2.47(0.8)
2 Q2 Q2 Q2 Q2 Q4
1.90 (1.00) 1.72 (1.00) 1.50 (0.92) 1.50 (0.89) 1.53 (1.12)
3 Ql Ql Ql Q7 Ql
1.69 (1.05) 1.37 (1.00) 1.24 (0.93) 1.28 (0.97) 1.48 (1.05)
4 Q4 Q4 Q7 Q1 Q7
1.52(1.14) 1.29 (1.07) 1.22 (1.00) 1.18 (0.88) 1.31 (1.05)
5 Q7 Q7 Q4 Q4 Q2
1.42 (1.08) 1.16 (1.03) 1.08 (1.02) 1.03 (1.01) 1.30 (1.11)
6 Q3 Q3 Q3 Q3 Q3
1.14 (1.05) 1.02 (0.95) 1.02 (1.13) 0.89 (0.80) 1.30 (1.02)
7 Q6 Q6 Q6 Q6 Q8
0.45 (0.77) 0.34 (0.68) 0.30 (0.62) 0.27 (0.49) 0.47 (0.87)
8 Q8 Q8 Q8 Q8 Q6
0.38 (0.76) 0.27 (0.64) 0.28 (0.65) 0.24 (0.53) 0.39 (0.76)
Total ESS  10.79 (5.49) 9.35(7.3) 8.78 (7.22) 8.51(6.52) 10.25 (7.78)

Data are presented as mean (SD)
SD standard deviation

public place e.g. a theatre’ as the 6th rank sum. All studies,
except Johns [6], had item 6 ‘sitting and talking to some-
one’ and item 8 ‘in a car while stopped for a few minutes in
traffic’ as 7th and 8th rank sums, respectively; these two
were swapped in Johns’ study [6, 9, 10]. These two items
were expected to be ranked lower due to the presence of
stimuli in the respective environment. Some of the differ-
ences in the rank sums between the studies may be attrib-
uted to patient selection. It is interesting to note that the
online pictorial ESS and the online ESS had the same rank
sum item order. This underlines the consistency of online
data collection and the repeatability of such studies. It also
shows that the pictorial and the original ESS result in sim-
ilar scores, as described by Ghiassi et al. [10].

The use of the Internet in recent years and an in-
creased smartphone ownership to over a quarter of the
global population predicted to rise to more than a 3rd
by 2018 [24], which enhances the outreach of clinical
services to the general population. Modern media does
not only promote access to healthcare information but
also facilitates the collection of a large amount of data,
including demographics, in a relatively short time.
These data may be used to identify individuals at risk
of undiagnosed sleep disorders emphasising the progres-
sive role technology has in aiding doctors and research.
The ESS on a public website accompanied by informa-
tion concerning sleep disorders, specifically OSA, in-
creases public awareness about factors associated with
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sleep disorders which may help to improve time to di-
agnosis and treatment. It is not unthinkable that such
information, protected from unauthorised access, could
be used to facilitate and speed up clinic visits in future
or enable driving licencing agencies to screen for ‘fit-
ness to drive’.

Limitations to this study

Participants were self-selected resulting in a responder
bias, and there was a greater response from male sub-
jects. This may be due to a higher prevalence of sleep
disorders in male subjects [13]; being more affected by
EDS could make males more likely to research their
symptoms on the internet. A greater proportion of re-
sponders was also found in the middle-aged and older
age categories, potentially due to increased concerns
about the effects of EDS, or potentially because of more
available time to respond. More subjects under 30 years
were female, and this may be due to women generally
being more concerned about health. The lack of infor-
mation on potential confounders such as shift work,
body mass index (BMI), socioeconomic factors,
witnessed apneas, ethnicity and mental health means
that care should be taken when interpreting our data.
The self-administered approach of the online ESS also
allows data duplication, although several safety mea-
sures were in place to minimise this effect. A priori, a
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self-administered questionnaire is less likely to be com-
pleted compared to physician-administered, but this does
not negate the value when used online, as initially
intended [25]. As a result, the advantages for public
health by using online media to expand the population
base and support healthcare services in identifying sleep
disorders and raising awareness about OSA outweigh
these limitations. Based on the ease and volume of data
gathered, and in addition to increasing smartphone own-
ership and progressive introduction of older adults to
the internet social media, it has a potential role in sim-
ilar future health-related research, with emphasis on de-
mographic, social and clinical data to allow for a more
comprehensive evaluation of the nature of EDS and to
improve the delivery of healthcare services.

Conclusion

The use of an online version of the ESS delivers fast,
accurate and comparable results to the conventional ESS
for a large audience. Although gender and age might in-
fluence sleepiness perception, the multi-factorial contribu-
tions to the symptom require further studies to confirm the
observed differences conclusively.
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