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Abstract

Objective The Epworth sleepiness scale (ESS) is widely
used to measure the subject's average sleep propensity
across those different situations in daily life, particularly in
patients with sleep-disordered breathing. The purposes of
this study were to test the hypothesis that the Korean
version of the ESS (KESS) is valid and evaluate its
usefulness.

Materials and methods We developed the KESS, which
involved translating into Korean and then translating back
into English to check its accuracy. A total of 273
participants (181 obstructive sleep apnea (OSA)—37 mild,
61 moderate, 83 severe, 32 simple snoring and 60 normal)
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were included in this study. All subjects completed the
overnight polysomnograph and 53 of the total subjects were
randomly selected for a retest with the questionnaire
approximately 2~4 weeks later. The associations between
KESS and the degree of OSA were examined through
ANCOVA, adjusted for age, sex and BMI.

Results The total score and each item's score of KESS in
patients with OSA were significantly higher than subjects
with normal controls (p<0.01). As the severity of OSA
increased, the KESS showed significantly increasing
patterns (p for trend <0.01). The KESS in patient groups
showed good internal consistency (Cronbach's «=0.90) and
test—retest reliability (r=0.78 to 0.93).

Conclusion The KESS is a reliable and valid tool for
screening patients with daytime sleepiness in Korea.

Keywords Epworth sleepiness scale - Sleep-disordered
breathing - Reliability - Validity

Introduction

Daytime sleepiness is a common complaint in those with
sleep disorders [1, 2]. In Korea, 12.2% of the adult
population has excessive daytime sleepiness and 4.5% in
men and 3.2% in women have obstructive sleep apnea
[3, 4]. Many people believe that the multiple sleep latency
test (MSLT) is a gold standard method for measuring
daytime sleepiness [S]. However, the MSLT is not used
routinely, because it is expensive and patients need to stay
in the sleep study room all day. The Epworth sleepiness
scale (ESS) is widely used to measure the general level of
daytime sleepiness, particularly among patients with sleep-
disordered breathing [6, 7]. It is a convenient and
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inexpensive evaluation method and has clinical significance
ascertaining the subjective values of the patient's perception
of sleepiness.

The ESS is comprised of eight questions, each asking
about the subject's likelihood of dozing off or falling asleep
in a particular situation that is commonly met in daily life.
Thus, each ESS item score measures a particular “situa-
tional sleep propensity”, and the sum of those item scores,
i.e., the total ESS score, measures the subject's average
sleep propensity across those different situations in daily
life [8]. Respondents use a four-point scale for each of the
eight questions. Higher scores indicate higher subjective
sleepiness. The ESS has been translated into more than five
different languages, and the validity and reliability in the
respective languages have been studied [9-13]. The ESS
came from a western country, so a direct translation may
have some limitations for use in oriental countries, due to
the cultural and economic differences. They need to test for
validation and reliability before using it in each country.

The purpose of this study was to test the hypothesis that
the Korean version of the ESS (KESS) is valid and evaluate
its usefulness.

Materials and methods

We developed the Korean version of the ESS (KESS) after
obtaining permission from the original developer. To
prepare a Korean version of the questionnaire, the original
ESS questionnaire was translated from English into Korean
and then translated back into English by two sleep special-
ists and one linguist. We discussed the cultural and social
differences with Dr. Murray Johns, the original developer,
and concluded that we needed to adjust the questionnaire to
be more suitable to the Korean environment. In question
number four, we changed the word “car” to “vehicle”, which
would include buses and trains. And we added one more
situation: while sitting and writing a letter or document,
because we expect that question number eight may have a
lower response rate in Korea. Together with the original
developer, we compared the original and the translated
version in creating the preliminary Korean version. Each
interview was conducted individually by a trained inter-
viewer. The interviewer asked whether they regularly
encountered the situations described in each question and
whether they could imagine themselves in those situations
even if they do not regularly encounter them. This step
helped to reduce the percentage of missing data. When we
did the pilot study with nine questions, the response rate to
the original question number eight was not low. The
response to question number nine was similar to those of
the original question number eight. So, finally we used the
original questionnaire with only one adjustment to question
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number four as follows: as a passenger in a vehicle (for
example: a car, a bus, or a train) for an hour without a break
(Appendix A and B).

The study was approved by the Institutional Review
Board of Keimyung University, School of Medicine.

Subjects

A total of 273 participants (181 obstructive sleep apnea
(OSA), 32 simple snoring and 60 normal healthy subjects)
were included in this study. The subjects were from two
university hospitals in different cities, and there were no
significant differences in demographic factors.

A diagnostic confirmation of all the subjects was done
by the overnight polysomnography (PSG). Using the
apnea—hypopnea index (AHI), 181 subjects with OSA were
divided into three groups: the mild group was made of
subjects with AHI <15/h, n=37; the moderate group was
comprised of those with AHI between 15 and 30/h, n=61;
the severe group was comprised of those with AHI =30/h,
n=83. And, if the subjects with a history of snoring had less
than five AHI, we categorized them as simple snoring.
Subjects with the other sleep disorders or with major
systemic comorbidities or psychiatric conditions were
excluded. For the healthy subjects, there were no sleep
complaints, which were also confirmed by the PSG. All of
the subjects completed the questionnaires, which included
the KESS and the other sleep questionnaires, such as the
Korean version of the Pittsburg Sleep Quality Index
(PSQI). This survey was conducted by well-trained inter-
viewers in the evening before the PSG study. To examine
the test—retest reliability, 25% each of the five groups were
randomly selected. About 2% of these subjects refused to
retest or had treatment for OSA. Then, 53 of the total
subjects were retested with the questionnaire approximately
2~4 weeks later.

A full PSG was performed on all subjects. The sleep stages
were scored according to the Rechtschaffen and Kales criteria
[14]. Obstructive apnea episodes were defined by cessation
of airflow for more than 10 s in the presence of respiratory
effort. Obstructive hypopnea was defined as a decrease in
airflow by more than 50% in the presence of respiratory
effort, with >3% desaturation and/or electroencephalogram
arousal. The AHI was defined as the number of obstructive
apnea and hypopnea events per hour [15].

Statistical analysis

The patients with OSA were categorized in three groups using
severity of OSA. The associations between KESS and the
degree of OSA were examined through ANCOVA, adjusted
for age, sex and BMI. The internal consistency was tested by
means of Cronbach's o, which is based on correlations of
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items on a single scale. Test-retest reliability was evaluated
by means of intraclass correlation coefficients.

All of the analyses were performed by using SPSS 14.0
for Windows (SPSS, Inc., Chicago, IL, USA). A probability
of p<0.05 was considered statistically significant.

Results

KESS scores in normal subjects and in various patient
groups

The demographic characteristics and PSG findings of the
181 patients divided into various diagnostic categories and
healthy controls are listed in Table 1. All of the patients
suffered from sleep-related breathing disorders. The mean
KESS score of the healthy controls (5.07+2.93) was
significantly lower than that in the 213 patients (8.21+
4.23). The BMI of subjects with moderate and severe apnea
was significantly different than those of the healthy controls
(#<0.01). In the PSG findings, the severe apnea group had
less slow-wave sleep and more light sleep than the healthy
controls (p<0.01) (Table 1).

Validation of the KESS

Compared with controls, total scores and each item's score
of KESS were significantly higher in patients (p<0.01)

Table 1 Demographic data, PSG findings and KESS scores by groups

(Fig. 1). KESS scores showed a significantly increased
pattern with each group from healthy control to severe
OSA; these results were found even after adjusting for age,
sex and BMI (p for trend <0.01) (Table 2). And, as the
scores from daytime dysfunction domain of the PSQI
scores increased, the KESS showed significantly increasing
patterns (p for trend <0.01). The KESS total score was 4.5
for the best daytime function and 10.4 for the group with
the worst daytime function.

Internal consistency and test—retest reliability of the KESS

In patients, the mean score of each item showed a relatively
wide range from 0.69 in item 6 to 1.98 in item 5. However,
the correlation coefficients of the item with the total of
scores on all other items were relatively strong (0.51-0.67).
Cronbach's v coefficient for total score of KESS was 0.90. ~
And, there was no increase in Cronbach's « if any of the
items were deleted (Table 3).

Fifty three subjects were retested with the questionnaires
approximately 2~4 weeks later. The KESS showed good
internal consistency and test-retest reliability. The test—
retest intraclass correlation coefficients were from 0.78 to
0.93. Reproducibility was good. No significant differences
were found in any of the items or in the total score in the
first and second assessments (p>0.05) (data not shown).
The Spearman correlation coefficient between test and
retest was #=0.86 (p<0.001).

Healthy controls Simple snoring

Obstructive sleep apnea

(n=060) (n=32)
Mild apnea Moderate apnea Severe apnea
(n=37) (n=61) (n=83)
Age (years) 43.75+13.87 36.34+14.94 45.57+11.85 46.85+ 13,524 Fkk* 43.5549.31
Gender (M/W) 45/15 22/10 28/9 49/11 80/3
BMI (kg/m?) 24.33£4.93 23.55+2.87 25.23£3.25 26.43£3 0] FAskdokokokok 27.29:42,79%* x4
PSG findings
Sleep efficiency 91.89+3.83 83.66+10.10 80.16£16.14** 84.39414.24%** 82.67+£14,79%*
Light sleep (%) 63.17+25.64 61.09+£10.93 62.54+15.17 76.70+47.13 TA5TE13 1280
Slow-wave sleep (%) 19.09+10.07 19.78+9.43 18.17+13.20 11,23:x11.73%* 6.04+9.15*
REM sleep (%) 22.72+12.60 18.91+5.34 17.37+7.14 16.65+6.99** 14.37+7.61*
KESS scores 5.07+2.93 7.50+4.16 T.92£3 374+ 7.6243,19%** 9.01+5.10*

Mean+SD

PSG polysomnography, KESS Korean version of the Epworth sleepiness scale, M men, W women, BM/ body mass index, REM rapid eye

movement

*p<0.001 vs. healthy controls
#**p<0.01 vs. healthy controls
**¥p<(.05 vs. healthy controls
#HAdp<(.001 vs. simple snoring

waAAEN<().01 vs. simple snoring
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Fig. 1 Comparisons of ESS scores of patients with OSA and healthy
controls. *p<0.001. Item 1 sitting and reading; /tem 2 watching TV,
ltem 3 sitting, inactive in a public place; ftem 4 as a passenger in a
vehicle for an hour without a break; /tem 5 lying down to rest in the

Discussion

This study showed that the KESS measures the sleepiness of
subjects with OSA similar to that measured by the original
ESS. To reflect routine daily activity of Koreans, we changed
question number four of the ESS and added one more
question to be more suitable to Korean culture. After the pilot
study with these nine questions, we developed the KESS,
which has only one adjustment to question number four as
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afternoon when circumstances permit; Jtem 6 sitting and talking to
someone; [tem 7 sitting quietly after a lunch without alcohol; /rem § in
a car, while stopped for a few minutes in the traffic

follows: as a passenger in a vehicle (for example: a car, a bus,
or a train) for an hour without a break.

The total ESS score gives a measure of the subject's
average sleep propensity in daily life. None of the other
commonly used methods for measuring “sleepiness”, such as
the MSLT, attempt to do that [16, 17]. For the validation
study, we did the questionnaire in healthy people and sleep-
disordered breathing subjects. All of the subjects were
confirmed by a full PSG. The mean KESS scores and each



Sleep Breath (2011) 15:377-384 381
Table 2 Adjusted KESS scores in patients with sleep breathing disorders and in healthy controls
Healthy controls Simple snoring Obstructive sleep apnea p for
(n=60) (n=32) trend”
Mild apnea Moderate apnea  Severe apnea
(n=37) (n=61) (n=83)
Sitting and reading 0.59 (0.34-0.85)"  1.00 (0.68-1.32) 1.19 (0.89-1.50)  1.31 (1.06-1.55) 141 (1.17-1.65)  <0.001
Watching TV 0.85 (0.60-1.11) 1.02 (0.70-1.34)  1.39 (1.09-1.69)  1.30 (1.05-1.54)  1.52 (1.28-1.76)  <0.001
Sitting, inactive in a 0.46 (0.23-0.69)  0.97 (0.68-1.26)  1.11 (0.84-1.38) 1.01 (0.79-1.24) 1.19 (0.97-1.41) <0.001
public place
As a passenger in a vehicle 0.96 (0.65-1.23) 1.45 (1.08-1.81) 1.84 (1.50-2.19) 1.87 (1.58-2.15) 1.83 (1.55-2.10) <0.001
for an hour without a break
Lying down to rest 1.29 (1.01-1.56) 1.45 (1.10-1.79)  1.78 (1.46-2.10)  2.06 (1.80-2.33) 2.18 (1.93-2.44) <0.00]
in the afternoon when
circumstances permit
Sitting and talking to someone 0.28 (0.09-0.46) 0.51 (0.27-0.74)  0.52 (0.30-0.73)  0.73 (0.55-091)  0.75 (0.58-0.93)  <0.001
Sitting quietly after a lunch 0.83 (0.58-1.08) 1.21 (0.89-1.52)  1.28 (0.99-1.57) 1.36 (1.12-1.60)  1.58 (1.35-1.82) <0.00]
without alcohol
In a car, while stopped for a few ~ 0.25 (0.00-0.51)  0.78 (0.46-1.10)  0.79 (0.50-1.09)  1.09 (0.84-1.33)  1.27 (1.03-1.51)  <0.001
minutes in the traffic
Total KESS score 5.38 (4.25-6.50)  7.53 (6.11-8.94) 7.77 (6.46-9.09) 7.15 (6.07-8.23)  7.90 (6.85-8.95) 0.003

KESS Korean version of the Epworth sleepiness scale
*Values in parentheses correspond to 95% confidence intervals

b Significant test: ANCOVA, means adjusted for age. sex and BMI

item's score of KESS have discriminate validity between
normal controls and subjects with sleep-disordered breath-
ing. The KESS scores showed significantly increasing
patterns with each group from normal people to severe
OSA, even though the total KESS scores of the moderate
OSA group were not higher than the mild OSA group. There
were no statistically significant differences between mild and
moderate subjects with OSA. This result suggests that the
KESS distinguishes between normal controls and subjects
with sleep-disordered breathing, but is not sensitive enough
to distinguish between each of the OSA subgroups. Some
previous studies reported that the ESS was not able to
differentiate the degree of sleepiness in relation to the severity
of sleep-disordered breathing and showed no correlation
between ESS scores and AHI [18, 19]. In our study, the

mean unadjusted KESS score and adjusted KESS score of
severe OSA subjects were 9.01 and 7.93, respectively. This
score was relatively lower than in other countries [11, 13,
20] because, in our population, some subjects with OSA did
not complain about excessive daytime sleepiness and also
due to the difference in the tendency of snorers to seek
medical attention in each country. Some previous studies
also reported that there was no relationship between daytime
sleepiness and the severity of sleep-disordered breathing
even when an objective method, such as MSLT, was used
[21, 22].

The KESS showed significantly increasing patterns as
the scores from the daytime dysfunction domain of the
PSQI scores increased. This result indicates that the mean
score of the KESS is related with the daytime dysfunction

Table 3 Item analysis

of the KESS in patients Item number

Patients (n=213)

Healthy controls (#=60)

with sleep breathing disorders
and in healthy controls

Item to total correlation

Cronbach's o Item to total correlation Cronbach's a®

0.59
0.51
0.66
0.67
0.58
0.53
0.62
0.63

KESS Korean version
of the Epworth sleepiness scale

2~ O R W —

Y Cronbach's alpha, if the item
was deleted

Total

0.89 0.63 0.69
0.89 0.46 0.74
0.89 0.62 0.69
0.89 0.71 0.67
0.89 0.63 0.69
0.89 0.66 0.68
0.89 0.53 0.71
0.89 0.48 0.72
0.90 0.73
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domain of the PSQI scores. The daytime function domain
of the PSQI consists of alertness and enthusiasm, so the
daytime dysfunction score also represents some degree of
sleep propensity.

The KESS showed good internal consistency and test—
retest reliability, comparable to those of other translations of
the ESS [9, 10, 20]. Item analysis of the KESS revealed
results that were very close to those reported for the original
version. In normal subjects, the scores for question number
six and eight were very low and consistent with the low-
factor loading of these questions in the original version [23].
The internal consistency of the questionnaire in healthy
controls was fair with a Cronbach's « value of 0.73. Patients,
Cronbach's o of 0.90, higher than the previously reported
value of 0.88, indicated a high level of internal consistency.

This study has several limitations. First, it would be
better to compare total scores of the KESS with objective
measured values by the MSLT. However, MSLT is an
expensive and time-consuming method. Also, the situation
of MSLT is not the same in routine daily activity
environments. Second, in our study, all of the subjects

Appendix 1. The Korean version of the Epworth
sleepiness scale

A. Korean version of the Epworth sleepiness scale (English)

were healthy subjects or patients with sleep-disordered
breathing. Further studies are needed for the other sleep
disorders, such as narcolepsy, idiopathic hypersomnia,
insomnia, etc. Third, the BMI and the number of male
subjects were significantly higher for subjects with sleep-
disordered breathing. That was the expected results and it
was not easy to find healthy male subjects with a high
BMI. However, our subjects are from two different and
separate locations, and there were no significant differ-
ences in demographic factors. Therefore, we believe our
data to be representative of South Koreans.

In conclusion, the pattern between the scores of KESS in
healthy controls and patients with sleep breathing disorders is
similar to those of the original English ESS. It is a reliable and
valid tool. Therefore, it is useful for the measurement of the
subject's average sleep propensity in patients with sleep
disorders in the South Korean population.
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Name :

Today's date :
Your sex {male = M; female = F) :

Your age (in years) :

O=would never doze

l=slight chance of dozing

2=moderate chance of dozing

3=high chance of dozing
Situation

Sitting and reading
Watching TV
Sitting, inactive in a public place (e.g. a theater or a meeting)

without a break
Lying down to rest in the afternoon when circumstances permit
Sitting and talking to someone
Sitting quietly after a lunch without alcohol
In a car, while stopped for a few minutes in the traffic

How likely are you to doze off or fall asleep in following situations, in contrast to feeling just tired? This refers to your usual way
of lile in recent times. Even il you have not done some ol these things recently try to work out how day would have affected you.
Use of following scale to choose the most appropriate number for each situation:

As a passenger in vehicles (e.g. a car, a bus, or a train) for an hour

Thank you for your cooperation

Chance of
dozing

@ Springer



Sleep Breath (2011) 15:377-384

383

B. Korean version of the Epworth sleepiness scale

(Korean)
gt=8 FAEZHT (KESS)
CHES ZYDIE G2 OB ATUM 0L 2% 8
U 2 ZEOME 2 EUT 022 20 YNUYR g% & sy
BDEAID BIZBUCH HIE 2200 012 AR KBIA Q2 i R
Cl 3lCatE, O AolM PO S8 wEX 228 94 e
e FUIM wor U@ Ban vRH =0
2 2 g8old IR MBS 2XE dustor g oogap | G0 T § T80
JESHAID] BELUCH
AOLH H (MR, B, NF )8 28
v &
2BBL (DY, 2F DH0IM 105 2Ot AS | :
N G0] AR SO S B0 X (RERL Wi @RbON
S22 Yot AS o
0| EHAO| HASIO HAD FH US 1
QHOLM ACHWDE 0l0IIE 1
UEE 2SN S MAMA ® xes 20l g @ L
DB BYCR ¥ B SO BN & A
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