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Objective: To examine published evidence on the psychometric properties of the Epworth sleepiness
scale (ESS) for describing the level of daytime sleepiness (DS) in adults.
Methods: Articles were located on MEDLINE and EMBASE. Psychometric properties were appraised using
the COnsensus-based Standards for the selection of health status Measurement Instruments (COSMIN)
checklist.
Results: We found thirty-five studies evaluating psychometric properties of the ESS in adults. Of these,
27 studies examined construct validity, 14 e known-group validity, 8 e internal consistency and 4 e

testeretest reliability. Study quality ranged from excellent to poor the majority being fair. Internal
consistency by Cronbach’s alphas was good (0.73e0.86). There is little available evidence on testeretest
reliability. Pooled correlations of the ESS with other constructs varied: from moderate (the maintenance
of wakefulness test; r ¼ �0.43), to weak (the multiple sleep latency test; r ¼ �0.27, and sleep apnea-
related variables; r from 0.11 to 0.23). Although ESS scores varied significantly across groups of sub-
jects with known differences in DS, not all differences were clinically important.
Conclusion: There have been relatively few high quality studies on the ESS psychometric properties. The
internal consistency of the ESS suggests that this instrument can be recommended for group but not
individual-level comparisons. Correlations with other measures of DS were stronger than with sleep
apnea-related or general health measures, but still lower than expected. Further studies are required in
the areas of testeretest reliability of the ESS.

� 2013 Elsevier Ltd. All rights reserved.
Introduction

Daytime sleepiness (DS) is a complicated clinical problem, often
indicating a serious underlying physiological abnormality [1]. DS is
associated with higher mortality [2,3], an increased risk for motor-
vehicle crashes [4] and work-related accidents, and a higher prev-
alence of co-morbid conditions such as diabetes, myocardial
infarction, and stroke [5e7].
toronto.ca, kendzerskaya@

All rights reserved.
Accurately estimating an individual’s level of DS is important,
both to better understand the factors associatedwith the level of DS
and to estimate the health and social consequences of DS. However,
the wide spectrum of definitions currently associated with sleepi-
ness complicates its quantification [8]. The International classifica-
tion of sleep disorders e second edition (2005) [9] defines DS as a
difficulty inmaintaining thealert awake stateduring thewakephase
of the 24-h sleepewake cycle. DS has been operationalized as
drowsiness, as propensity to sleep [10] or by assessing the impact
that sleepiness has on various aspects of daily life [8]. Themost often
used operational definition of sleepiness is the speed, ease or like-
lihood of falling asleep as opposed to remaining awake and is
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Abbreviations

AHI apneaehypopnea index
ArI arousal index
ASP average sleep propensity
COSMIN COnsensus-based Standards for the selection of health

status Measurement Instruments
CTT classical test theory
DS daytime sleepiness
ESS Epworth sleepiness scale

ICC intraclass correlation coefficient
IRT item response theory
ISP instantaneous sleep propensity
MSLT multiple sleep latency test
MWT maintenance of wakefulness test
OSA obstructive sleep apnea
PSQI Pittsburgh sleep quality index
SaO2 oxygen saturation
SSP situational sleep propensity

Glossary of terms
Instantaneous sleep propensity (ISP) describes a person’s sleep

propensity over the
preceding few minutes in
one particular situation,
at one particular time
(e.g., while reading sitting
in a chair in a quiet room
today at 10 am).

Situational sleep propensity (SSP) is the person’s usual
sleepiness in the particular
situation. It is formed by
combination of multiple ISP
values for one situation (e.g.,
while reading sitting in a
chair in a quiet room).

Average sleep propensity (ASP) is a person’s general level of
sleepiness across a variety of
situations commonly
encountered in daily life (e.g.,
reading, watching TV, talking,
driving etc). Multiple SSP
results for varying situations
form the ASP.

Internal consistency is the extent to which the items in an
instrument (e.g., the Epworth sleepiness
scale (ESS)) all measure the same concept
or construct (e.g., daytime sleepiness (DS)).

Cronbach’s alpha is a measure of internal consistency. Its value
ranges from 0 to 1. Higher scores indicate
greater internal consistency.

Unidimensionality an instrument is considered as
unidimensional if its items measure a single
latent trait or construct (e.g., DS).

Testeretest reliability assesses the amount of absolute change
in a measure (e.g., the ESS) when two
independent assessments are completed
over a period of time when no true
change has occurred. The preferred
method to assess the testeretest
reliability of an instrument is the
intraclass correlation.

Intraclass correlation coefficient measures an agreement
between two or more raters or
evaluation methods on the
same set of subjects. Its value
ranges from 0 to 1 (1
represents perfect agreement,
0 e no agreement at all).

Construct validity is the process of examining whether the
scores on a measure are consistent with the
hypothesized relationship the measure
should have with other constructs. This can
be done by assessing the correlation between
one measure and other measures (e.g.,
correlations between the ESS and
maintenance of wakefulness test (MWT) or
multiple sleep latency test (MSLT)), or
assessing if differences are present in the
scores between groups that are known to be
different (e.g., difference in ESS scores across
groups with different known level of
sleepiness).
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represented by instantaneous sleep propensity (ISP), situational
sleep propensity (SSP) and average sleep propensity (ASP) [11,12].
The ISP describes a person’s sleep propensity over the preceding few
minutes in one particular situation, at one particular time. Combi-
nation of multiple ISP values for one situation forms the SSP, the
person’s usual sleepiness in that particular situation. In the same
way, multiple SSP results for varying situations form the ASP, a
person’s general level of sleepiness across a variety of situations
commonlyencountered indaily life. ASP is only related topropensity
to sleep and measures only that component of DS which persists
from week to week in a given subject. As such, ASP differs from
feeling tired, sleepy or drowsy in particular situations and does not
measure the impact of sleepiness on aspects of daily life [13].

Different methods have been proposed for measuring sleepiness
and they can be classified according to their operational definitions
[12,14]. The Epworth sleepiness scale (ESS) is the measure of
sleepiness most commonly used in sleep research and clinical
settings. A search conducted on July 22nd, 2013 of PubMed articles
containing “Epworth sleepiness scale” as a search term returned in
total 1868 articles: 163 e in 2010, increasing to 208 articles in 2011
and 238 articles in 2012. By contrast, a search for “Stanford sleep-
iness scale” returned only 259 articles in total, 15 in 2012. The ESS is
the only English language tool available to measure a person’s ASP
in daily life. This contrasts it with the multiple sleep latency test
(MSLT) [15] and the maintenance of wakefulness test (MWT) [16]
that measure a person’s SSP. Unlike the Karolinska [17] and the
Stanford [18] sleepiness scales, the ESS does notmeasure subjective
feelings of drowsiness.

The ESS was developed in 1991 using data from healthy subjects
andpatientswithavarietyof sleepdisorders todescribe “thegeneral
level of [DS], as distinct from feelings of sleepiness at a particular
time” [19]. The ESS asks people to rate, on a four-point scale, their
usual chances of falling asleep in eight different situations, chosen to
represent the different levels of “somnificity” that most people



Table 1
The terms used for the psychometric properties search in MEDLINE and EMBASE.

Search terms

MEDLINE reliability.ti,ab./ or Cronbach’s alpha.ti,ab./ Cronbach’s.ti,ab./
or testeretest.ti,ab./ or variance.ti,ab./ repeatability.ti,ab./ or
stability.ti,ab./ or congruence.ti,ab./ or validity.ti,ab./ or
“reproducibility of results”/ or Feasibility Studies/

EMBASE exp EXTERNAL VALIDITY/ or exp VALIDITY/ or exp CONTENT
VALIDITY/ or exp FACE VALIDITY/ or exp PREDICTIVE
VALIDITY/ or validity.mp. or exp CONSTRUCT VALIDITY/ or
exp INTERNAL VALIDITY/ or exp CONSENSUAL VALIDITY/ or
exp CRITERION RELATED VALIDITY/ or exp CONCURRENT
VALIDITY/ or exp QUALITATIVE VALIDITY/ or exp
DISCRIMINANT VALIDITY/ or exp reproducibility/ or exp
measurement/ or acceptability.mp.

Guide to search syntax:
exp e Explodes the subject heading to retrieve the search term plus all narrower
(more specific) terms (OVID).
/ e All subheadings for a subject heading are included in the search (OVID).
.ti,ab. e Searches in record title and abstract (OVID).
.mp. e Searches in the title, abstract, and subject heading fields (OVID).
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encounter as part of their daily lives [19]. Somnificitywas defined as
“the general characteristic of a posture, activity and situation that
reflects its capacity to facilitate sleep-onset in the majority of sub-
jects” [20]. The ESS is inexpensive and easy to administer, complete
and score. ESS item-scores are recorded as a number from 0 to 3
written in a single box for each item [19]. The total ESS score is the
sum of item-scores and ranges between 0 and 24; the higher the
score, the higher the person’s level of DS. From the sleep propensity
viewpoint, each of the eight ESS item-scores represents a different
subjectively-reported SSP [21]. The total score gives a subjectively-
reported ASP across the eight ESS situations [20].

Given its widespread use in the field of sleep research it is sur-
prising that there has not been a comprehensive review of the
measurement properties of the ESS. While there have been indi-
vidual papers examining the various aspects of the psychometric
properties of the ESS, these studies have not been examined
together to evaluate the measurement properties of the ESS. The
purpose of this paper is to fill this evidence gap by reviewing the
available research examining the measurement properties of the
ESS for describing DS in adults. In doing so we hope to provide
valuable knowledge for future research projects in this area, in
deciding to use the ESS to describe DS.

Methods

Search strategy

A broad search of the literature was performed incorporating
both electronic and manual components. Two electronic databases,
MEDLINE andEMBASE,were searched. Table 1displays the terms for
psychometric properties used in the search. Finally, we carried out
manual searches of the references of all articles deemed relevant.

Selection criteria

Searches were limited to studies in adult populations and En-
glish language articles published between 1991 (when the scale
was first reported) and June 2012. We included only full text
original articles (i.e., not abstracts or reviews), focused on the
development or evaluation of the measurement properties of an
English version of the ESS. Since the ESS was not developed for a
certain population [19], no restrictions were applied to the type of
population studied. We excluded studies not primarily designed to
assess the psychometric properties of the ESS (e.g., where the ESS
was used as one independent variable in a multivariable regression
model [22], or where models examined predictors of the ESS).

Measurement properties

Psychometric properties were appraised using the “COnsensus-
based Standards for the selection of health status Measurement
Instruments” (COSMIN) checklist, an instrument developed to
evaluate the methodological quality of studies on measurement
properties of health-status-related questionnaires [23] (COSMIN
manual July 2011, see http://www.cosmin.nl). The COSMIN check-
list was developed to provide a uniform use of terminology and
definitions of measurement properties for health-related patient-
reported outcomes and is based on an international Delphi study
[23,24]. The COSMIN checklist consists of nine boxes (AeI), each
containing 5e18 items covering methodological standards against
which eachmeasurement property should be assessed. Each item is
scored on a four-point rating scale (i.e., ‘‘poor’’, ‘‘fair’’, ‘‘good’’, or
‘‘excellent’’). An overall score for the methodological quality of a
study is determined for each measurement property separately
(e.g., if a study focused on both reliability and validity, then it would
be given a separate rating for each), by taking the lowest rating of
any of the items in a box. As the ESS was designed for a descriptive
purpose, under the framework of Kirsher and Guyatt [25], we
assessed the measurement properties of the ESS across the do-
mains of reliability and construct validity, described in further
detail below. Criterion validity was not assessed because of the
absence of a gold standard of DS measurement.

Reliability
The reliability domain consists of internal consistency, reliability

and measurement error. Internal consistency is defined as a degree
of interrelatedness among the items [23,24]. A prerequisite for in-
ternal consistency is evidence of the unidimensionality of a scale
[26]. Reliability and measurement error are focused on evaluating
the proportion of the total variance in the measurements which is
due to ‘true’ differences between patients, and is commonly
assessed using testeretest reliability. Important attributes for the
assessment of testeretest reliability under the COSMIN checklist
are that the two tests are administrated independently, the un-
derlying concept to be measured is consistent between the mea-
surements, and that the time interval between the administrations
is appropriate [27]. The intraclass correlation coefficient (ICC) is the
preferred measure of reliability for continuous scores [28].

Validity
We focused on the construct validity domain of the COSMIN

checklist, defined as hypothesis testing. Here, hypothesis testing
assesses the degree to which the scores of an instrument are
consistent with the assumption that the instrument validly mea-
sures the construct to be measured. Hypotheses can cover
convergent or divergent validity (checking relationships to scores
on other instruments) and known-group validity (checking differ-
ences between relevant groups). Important attributes of studies
assessing validity within the COSMIN checklist are a priori hy-
potheses about the expected direction and magnitude of the in-
struments to be compared and an adequate description (and
measurement properties) of the comparator instrument [24].
Quality assessment

Themethodological quality of the included articles was assessed
independently by two reviewers using the COSMIN checklist (TK
and PS, or TK and GT, or TK and RB). In case of disagreement be-
tween the two reviewers, third reviewer (PS or GT) was consulted
to reach consensus.

http://www.cosmin.nl
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Best evidence synthesis: levels of evidence
The assessment of the measurement properties of the ESS was

done in two steps. First, the methodological quality of the studies
was assessed using the COSMIN checklist. Studies were rated as
excellent, good, fair or poor. Second, the consistency of results
(levels of evidence) was summarized, taking the methodological
quality of different studies into account, based on criteria used
previously by the Cochrane Back Review Group [29,30]. Levels of
evidence were rated as either strong (consistent findings were
observed in multiple studies of “good” methodological quality OR
there was one study of “excellent” methodological quality); mod-
erate (consistent findings were observed in multiple studies of
“fair” methodological quality OR there was one study of “good”
methodological quality); limited (one study of “fair” methodolog-
ical quality) or unknown (only studies of “poor” methodological
quality were found) [30].

To obtain summary estimates for convergent construct validity,
we used the generic inverse variance method to pool the Fisher Z-
transformed correlations [31]. Each pooled correlation and its 95%
confidence interval (CI) were back-transformed from the Fisher Z-
scale. Heterogeneity of results across studies was summarized by
the I2 statistic where higher score means higher heterogeneity;
percentages of around 25%, 50%, and 75% indicate low, medium,
and high heterogeneity, respectively [32,33].

Results

Literature search

From 462 papers found through the online search, 46 describing
or commenting on the psychometric properties of the ESS were
Articles included adult population, 
the ESS and its psychometric 
properties retrieved by search 
strategy through MEDLINE (n=182)

Articles retrieved b
search strategies th
MEDLINE and EM
(n total =462)

Remaining articles
full text review

Include articles using 
bibliography of relevant 
articles (n=16) 

Articles included 
final analysis (n=3

Fig. 1. Flow diagram for identification of relevant studies (Ovid MEDLI
selected by scanning their titles and abstracts (Fig. 1). By applying
our selection criteria through full text review, 35 primary articles
were selected to form the basis of this review: eight studies eval-
uated internal consistency, four evaluated testeretest reliability, 27
evaluated convergent construct validity, and 14 evaluated known-
group validity. The general characteristics of these studies are
presented in Table S1.
Quality assessment

Among studies evaluating internal consistency, two were rated
as “excellent”, two as “good”, one as “fair” and three as “poor”
(Table 2). The most common methodological flaw was a failure to
check the unidimensionality of the ESS scale, with no reference
made to another study that checked this property. Among studies
evaluating testeretest reliability, one study was rated as “good”,
one as “fair” and two as “poor”. The most common flaws in these
studies were uncertainty over whether the test and retest pop-
ulations were comparable due to the long time interval between
assessments or because the test conditions had changed. Even
though two studies reported an ICC [34,35], the model and formula
for the ICC used were not stated.

Among studies evaluating convergent construct validity six
studies were rated as “good”, 19 studies e as “fair” and two studies
e as “poor”. Among studies receiving a “fair” score, eight studies
had “fair” on only one evaluation aspect, with the other parts of the
study rated as “good” or “excellent”. The common flaws in these
studies were vague or absent a priori hypotheses and lack of in-
formation provided on measurement properties of the comparator
instruments.
Articles included adult population, the 
ESS and its psychometric properties 
retrieved by search strategy through 
EMBASE (n=343)

y 
rough 
BASE 

Excluded after reading titles, abstracts 
and full text for those articles for which 
decisions could not be made by reading 
title and abstract (n=432)

 (n=46),

Excluded according to the selection 
criteria (n=11)

in the 
5)

Excluded as duplicate articles (n=63) 

NE(R) 1990 to June Week 4 2012; EMBASE 1990e2012 Week 27).



Table 2
Methodological quality of included studies assessed by the COSMIN checklist.

# Study, reference number Reliability Hypotheses testing

Internal
consistency

Teste
retest

Convergent
validity

Known-
group
validity

1. Banks et al., 2004 [47] e e Good Fairc

2. Beaudreau et al., 2012 [38] Poorb e Fairc Good
3. Benbadis et al., 1999 [79] e e Fairc e

4. Bennett et al., 1998 [80] e e Fair e

5. Bennett et al., 1999 [56] e e Fairc e

6. Briones et al., 1996 [55] e e Fairc e

7. Bourke et al., 2004 [34] Poor Poor Poor e

8. Buysse et al., 2008 [57] e e Good e

9. Chervin et al., 1997 [51] e e Faira,c Good
10. Chervin and Aldrich,

1999 [50]
e e Fairc Fairc

11. Gottlieb et al., 1999 [81] e e e Fairc

12. Gottlieb et al., 2000 [82] e e e Fairc

13. Hesselbacher et al.,
2012 [59]

e e Fairc Good

14. Johns, 1991 [19] e e Poora/Fair Fair
15. Johns, 1992 [13] Excellent Good e e

16. Johns, 1993 [83] e e Fair Fair
17. Johns, 1994 [21] Good/Faird e Fair
18. Kezirian et al., 2007 [60] e e e Good
19. Kezirian et al., 2009 [61] e e e Good
20. Kingshott et al., 1995 [54] e e Fair e

21. Kingshott et al., 1998 [40] Fair e e e

22. Kingshott, Engleman et al.,
1998 [46]

e e Good e

23. Knutson et al., 2006 [35] e Poor e e

24. Martin et al., 1997 [84] e e Fair e

25. Nguyen et al., 2006 [36] Good Fair e e

26. Olson et al., 1998 [49] e e Good e

27. Osman et al., 1999 [85] e e Fair e

28. Sangal et al., 1999 [48] e e Fair e

29. Skibitsky et al., 2012 [58] e e Fair e

30. Smith et al., 2008 [37] Excellent e Fair e

31. Spira et al., 2012 [39] Poorb e Fairc Good
32. Stavitsky et al., 2010 [86] e e Fair Fair
33. Sunwoo et al., 2012 [72] e e Fair e

34. Weaver et al., 2004 [52] e e Good Fairc

35. Weaver et al., 2005 [53] e e Good e

a For the multiple sleep latency test (MSLT).
b Received “poor” for one parameter only (such as “Was the unidimensionality of

the scale checked?”), others parameters were “good” or “excellent”.
c Received “fair” for one parameter only (such as i) hypotheses vague or not

formulated but possible to deduce what was expected; or ii) only some information
on measurement properties of the comparator instrument(s) in any study popula-
tion provided), others were “good” or “excellent”.

d Received “fair” for the subsample of 44 patients.
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Levels of evidence

Reliability: internal consistency
Internal consistencyof the ESSwas supported by strongevidence

(two studies of excellent and two of good quality) [13,21,36,37]. In
these studies Cronbach’s alphas ranged from 0.73 in sample of
university students [13] to 0.88 in a sample of consecutive patients
with various sleep disorders [13,21]. The Cronbach’s alpha in the
studies that were omitted because they were rated “poor” for one
parameteronly (“Was theunidimensionalityof the scale checked?”),
otherwise parameters were “good” or “excellent”, was 0.76 [38] and
0.70 [39], and are consistent with the values in the studies reported.
Applying the item response theory (IRT) approach in an obstructive
sleep apnea (OSA) population, a value of 0.79 for Rho (a reliability
coefficient in Mokken scale analyses) has been reported, marking
this scale as reliable [40]. However, the quality of this study was
rated as fair [40] and internal consistencywas calculated on only the
four items found to adhere to the IRT model (#1 (“reading”), #2
(“watching TV”), #6 (“talking”), #7 (“after a lunch”)).
Unidimensionality is required for the internal consistency sta-
tistic to be interpretable [26]. Therewas strong evidence that not all
items of the ESS belong to one underlying dimension. Two studies
(one rated as good and one as excellent) [13,21] found one under-
lying dimension of DS. However, the normalized factor loadings for
items #6 (“talking”), #8 (“in traffic”) and #5 (“lying down”) were
low (0.25 [13] and 0.26 [21] for #6, 0.37 [13] for #8 and 0.08 [21] for
#5) in a sample of students. Only values with an absolute value
greater than 0.4 can be seen to reflect loading on a particular
dimension [41]. Another good quality study [36] reported three
underlying factors for the ESS. One study of excellent quality
examined unidimensionality using confirmatory factor analysis
and found that a one factor model with all items in the ESS pro-
duced sub-optimal model fit as assessed bymultiple fit indices [37].
While the authors did not test for the presence of a second factor
for the ESS model in their analyses, they did report that model fit
improved after the removal of items #6 and #8.

Reliability: testeretest
Moderate evidence was found in support of testeretest reli-

ability (Table S2). Only one of the four studies was given a quality
rating of “good”. This study examined the testeretest reliability of
the ESS in 87 medical students [13] and reported a Pearson corre-
lation coefficient of 0.82 between two administrations of the ESS
over a time period of five months.

Construct validity
Fig. 2 summarizes the evidence for convergent construct val-

idity, and Table 3 the evidence for known-group validity. We have
used published guidelines [42] that interpret absolute values of
correlations above 0.70 as strong, between 0.3 and 0.7 as moderate,
and those less than 0.3 as weak. These values correspond to shared
variances of approximately 50%, 10%e50% and less than 10%
respectively. Some specific details of results on validity are pre-
sented below.

Given the lack of a priori hypotheses across studies, we devel-
oped our own a priori hypotheses with which to evaluate the levels
of evidence across the various studies examining construct validity.
These studies included comparisons with other measures of DS,
measures of obstructive sleep apnea (OSA), and general health
status measures. The ESS, MWT and MSLT measure DS from the
viewpoint of sleep propensity; however, the ESS measures sleep
propensity among a range of situations while MWT and MSLT only
measure situational sleep propensity (SSP). A subject’s sleep pro-
pensity in any one situation is not always closely related to that in a
different situation [12,21], and both of these laboratory-based tests
can only measure SSP in highly artificial situations that may not
reflect real-life experience [43]. As such, we would only expect
moderate correlations (0.3e0.7) between the ESS and each of these
two measures. The MSLT measures how quickly one falls asleep
when asked to do so (lying down in a quiet and dark room) [44],
while the MWT measures a person’ ability to stay awake (while
seated in a quiet and dark room). Because the ESS is based on the
assumption that subjects, when exposed to situations of varying
soporificity (e.g., “watching TV” or “in traffic”) are usually trying to
stay awake, not fall asleep, we would expect the ESS to be more
highly correlated with the MWT than the MSLT. A moderate cor-
relation can be also expected between the ESS and the severity of
OSA, as OSA is known to cause excessive DS [45]. Measures of OSA
included the apneaehypopnea index (AHI), oxygen saturation
(SaO2), and the arousal index (ArI). However, we would expect this
correlation to be weaker than for the MSLT and MWT, as these are
direct measures of DS. Aweak correlation can be expected between
the ESS and quality of life related measures such as SF-36 and
Pittsburgh sleep quality index (PSQI).



Fig. 2. Convergent and divergent construct validity of the Epworth sleepiness scale (ESS) (all correlation coefficients are presented as absolute values). AHI e the apneaehypopnea
index; ArI e the arousals index; MSLT e the multiple sleep latency test; MWT e the maintenance of wakefulness test; SaO2 e oxygen saturation; SF-36V e SF-36, vitality subscale;
PSQI e Pittsburgh sleep quality index.
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The convergent construct validity
A moderate level of evidence was found to support a moderate

association between the ESS and the MWT. Spearman rank corre-
lation coefficients of �0.48 [46] and �0.40 [47] were reported in
two good quality studies. In addition, one study of fair quality re-
ported a Spearman rank correlation coefficient of �0.39 [48]. The
pooled correlation was �0.43 (95%CI: �0.52 to �0.34) with no
heterogeneity (I2 of 0%).

A moderate level of evidence was also found for a weak as-
sociation between the ESS and the MSLT. Two good quality
studies reported Spearman rank correlation coefficients
of �0.30 [49] and �0.23 [46]. The correlation coefficients in the
studies of fair quality ranged from �0.03 [50] to �0.42 [21]. The
pooled correlation was �0.27 (95%CI: �0.36 to �0.18) with I2 of
71.5%.

There was strong evidence of no or weak association between
the ESS and severity of OSA as expressed by AHI. Five good
[46,49,51e53] quality studies reported correlation coefficients
ranging from 0.0002 [49] to 0.07 [46]. The correlation coefficients
in the studies of fair quality ranged from 0.02 [54] to 0.55 [19].
The pooled correlation was 0.17 (95%CI: 0.09e0.24) with I2 of
84.7%.

The evidence for an association with the SF-36 vitality subscale
was limited, coming from two studies of fair quality reporting
moderate correlations of �0.41 [55] and �0.47 [56] and one addi-
tional study of poor quality [34]. Moderate evidence was observed
for a weak association with the PSQI. Pearson correlation co-
efficients were 0.16 [57] in a good quality study and 0.008 [58] and
0.13 [39] in two fair quality studies.

Known-group validity
The evidence for known-group validity was strong,

comprising six studies of good quality [38,39,51,59e61] and eight
studies of fair quality. These studies examined differences in the
ESS scores between normal subjects and patients suffering from a
variety of sleep disorders known to be associated with excessive
DS (Table 3). In five studies of good quality the difference in the
ESS scores between normal controls and subjects with sleep
disorders ranged from 0.5 (AHI � 18.8 vs AHI < 7.9) [61] to 11.6
(narcolepsy with cataplexy vs subjects without hypersomno-
lence) [51].

Discussion

The comprehensive literature search identified 35 studies that
evaluated psychometric properties of the ESS in an adult popula-
tion. The bulk of these studies examined construct validity; eight
evaluated internal consistency and only four examined testeretest
reliability. The study quality ranged from excellent to poor, with the
majority being fair. We discuss the results below under the do-
mains of reliability and construct validity.

Reliability

Internal consistency
Cronbach’s alphas ranged from 0.7 to 0.9, values indicating

adequate internal consistency for within- or between-group com-
parisons; however, Cronbach’s alpha of 0.9 and higher is recom-
mended if a scale is used for comparison of individual scores
[36,62,63]. We noted that Cronbach’s alphas were generally lower
among non-clinical samples (students, community samples) and
white women and higher for clinical samples (patients with sleep
disorders known associated with higher level of DS) and black
women [13,21,38].

Studies examining unidimensionality of the ESS raised concerns
over whether item #6 (“talking”) and #8 (“in traffic”) belong to one
dimension. In studies using factor analysis, two [13,21] reported
low factor loadings for these items while a third [37] reported that
good fit statistics could only be obtained after the removal of these
two items. These results may indicate possibility that these items
are less-than-optimal measures of ASP in general.

We propose three possible explanations for the results on in-
ternal consistency and unidimensionality: i) not all items are good
measures of the construct of DS; ii) if different items represent
different levels of somnificity, classical test theory (CTT) does not
take this into consideration; or iii) different subgroups of



Table 3
Evidence of known-group validity of the Epworth sleepiness scale (ESS).

# Study Group comparison Mean ESS (SD) or
median (IQR)

p Value

1. Banks et al., 2004 [47] Mild to moderate OSA (n ¼ 110) 10.7 (4.5) <0.0001a

Control subjects (n ¼ 41) 5.44 (3.0)
2. Beaudreau et al., 2012 [38]

Each sleep disorder
compared to no diagnosis

No reported diagnosis (n ¼ 2688) 5 (3-8)
Insomnia (n ¼ 108) 4 (2-7) p ¼ 0.01
Restless legs (n ¼ 129) 5 (3-9) p ¼ 0.24
Sleep apnea (n ¼ 26) 6.5 (3-10) p ¼ 0.22

3. Chervin et al., 1997 [51] OSAS (n ¼ 23) 13.0 (6.8) <0.05
UARS (n ¼ 16) 15.6 (4.2)
Narcolepsy with cataplexy (n ¼ 9) 18.6 (2.6)
Without hypersomnolence (n ¼ 15) 7 (NS)

4. Chervin et al., 1999 [50] How often do you have a major problem with sleepiness
during the daytime?
Responses of never (PS ¼ 1), seldom (PS ¼ 2), occasionally
(PS ¼ 3), often (PS ¼ 4), almost always (PS ¼ 5)

NS (Fig. 2 in [50]) <0.05

5. Gottlieb et al., 1999 [81] RDI < 5 (n ¼ 998) 7.2 (4.3) <0.001
5 � RDI < 15 (n ¼ 524) 7.8 (4.4)
15 � RDI < 30 (n ¼ 211) 8.3 (4.6)
RDI � 30 (n ¼ 191) 9.3 (4.9)

6. Gottlieb et al., 2000 [82] RDI < 1.5 (n ¼ 1585) 7.1 (4.2) <0.001
1.5e<5 (n ¼ 1498) 7.5 (NS)
5e<15 (n ¼ 1672) 7.8 (NS)
�15 (n ¼ 1022) 8.8 (4.8)
�30 (n ¼ 354) 9.7 (4.9)

7. Hesselbacher et al., 2012
[59]

OSA (RDI �15 events/h) (n ¼ NS) 11.3 (5.7) <0.0001
Non OSA patients (n ¼ NS) 9.8 (5.4)

8. Johns, 1991 [19]
Sleep disorders vs normal
subjects

Normal controls (n ¼ 30) 5.9 (2.2) <0.0001
Primary snorers (n ¼ 32) 6.5 (3.0)
OSA (n ¼ 55) 11.7 (4.6)
Narcolepsy (n ¼ 13) 17.5 (3.5)
Idiopathic hypersomnia (n ¼ 14) 17.9 (3.1)
Insomnia (n ¼ 18) 2.2 (2.0)
PLMD (n ¼ 18) 9.2 (4.0)

OSA severity Primary snorers (n ¼ 32) 6.5 (3.0) <0.05
Mild (>5e15) (n ¼ 22) 9.5 (3.3)
Moderate OSA (>15e30) (n ¼ 20) 11.5 (4.2)
Severe OSA (>30) (n ¼ 13) 16.0 (4.4)

9. Johns, 1993 [83] Primary snorers (n ¼ 108) 8.0 (3.5) <0.001
Mild OSA (RDI: 5e24.9) (n ¼ 105) 11.0 (4.2)
Moderate OSA (25e49.9) (n ¼ 41) 13.0 (4.7)
Severe OSA (�50) (n ¼ 19) 16.2 (3.3)

10. Kezirian et al., 2007 [60] AHI < 7.06 (n ¼ 153) 5.2 (3.3) 0.0026
AHI: 7.06e17 (n ¼ 154) 5.6 (3.6)
AHI > 14 (n ¼ 154) 6.6 (3.9)

11. Kezirian et al., 2009 [61] AHI < 7.90 (n ¼ 948) 5.9 (3.6) 0.005
AHI: 7.90e<18.89 (n ¼ 949) 6.0 (3.6)
AHI � 18.89 (n ¼ 952) 6.4 (3.8)

12. Spira et al., 2012 [39]
Each sleep disorder
compared to no diagnosis

No diagnosis (n ¼ 2652) 6.0 (3.6)
Insomnia (n ¼ 47) 5.7 (3.7) 0.54
Restless legs (n ¼ 65) 7.5 (4.7) 0.015
Periodic leg movements (n ¼ 54) 7.1 (4.3) 0.063
Sleep apnea (n ¼ 189) 7.3 (4.1) <0.001
Narcolepsy (n ¼ 11) 11.5 (6.1) 0.015

13. Stavitsky et al., 2010 [86] Healthy subjects (n ¼ 14) 6.3 (3.5) <0.002
Parkinson disease (n ¼ 30) 11.5 (4.6)

14. Weaver et al., 2004 [52] Mild (5e15) 12 (5) Non-significant
(p-value not
specified)

Moderate (15.1e30) 13 (6)
Severe (>30) 13 (6)

Studies highlighted in gray are those of good quality.
AHI e apneaehypopnea index; IQR - interquartile range; NS - not stated; OSA e obstructive sleep apnea; OSAS e obstructive sleep apnea syndrome; PLMD e periodic limb
movement disorder; PS e the subjective problem of sleepiness as defined by Chervin et al. [50]; RDI e respiratory disturbance index; SD - standard deviation; UARS e upper
airway resistance syndrome.

a Calculated based on mean, standard deviation (SD) and sample size provided in article.
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respondents interpret items differently (differential item
functioning).

The developer of the ESS chose items to represent situations of a
“widely different soporific nature” [13]. This scale has been found to
represent from four to six levels of somnificity [12,20,21,40]. Item
#5 (“lying down”) has most often been found to be the most sleep-
inducing situation [12,20,21]. The least sleep-inducing situations
were items #6 (“talking”) and #8 (“in traffic”) [12,20,21,40].
Redundancy was most often reported for two pairs of items, #6 and
#8, and #3 (“in a public place”) and #7 (“after a lunch”) [12,20]. This
redundancy can inflate summary score interpretation amongst
sleepy patients because the same level of somnificity is counted
twice. But redundant items representing low somnificity, such as
items #6 and #8, will have no impact on scores among less sleepy
respondents because those patients will report a low likelihood of
falling asleep in these situations. Others have shared our opinion
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that the sum of all eight items is not likely to be the best index of
ASP [37].

The ability of items to measure different levels of somnificity
has important theoretical implications that are not taken into
consideration in classical reliability and factor analyses models
[64]. When items on a scale can be ordered, it is termed ‘cumu-
lative’ [65]. The ESS may have a cumulative structure. For example,
sleepy subjects who report a high chance of dozing in a low
soporific situation such as “talking” should also report a high
chance of dozing in the more soporific situations, such as “lying
down” and “sitting quietly after lunch”, resulting in high concor-
dance between items. Similarly, non-sleepy respondents who
report a low chance of dozing in a highly soporific situation, “lying
down”, should also report a low or even lower chance of dozing in
less soporific situations such as “talking”. Between these ex-
tremes, subjects who report a high likelihood of falling asleep in a
highly soporific situation such as “lying down”will not necessarily
report falling asleep in a situationwith a low soporific nature such
as “talking”; the result will be reduced concordance between
items measuring these different levels of somnificity. Conse-
quently, Cronbach’s alphas can vary between subgroups with
different levels of DS and the items may not appear to measure a
single latent construct [66].

The item descriptions leave room for subjects to make widely
different interpretations. For example, the description “in a car,
while stopped in the traffic” does not distinguish between being a
passenger or a driver. For some items (e.g., “watching TV”, “sitting
inactive in a public place (e.g., a theater or a meeting)”) patients
could interpret the location, body position and their level of in-
terest in the situation in different ways. To address this concern,
one study [67] compared the performance of the ESS and a new set
of questions that included descriptions of a respondent’s position,
location, and interest in the activity. Below an ESS of 16, the new
items and the ESS items behaved differently. Above a total ESS score
of 16, sleepiness dominated wakefulness regardless of an activity’s
location or level of interest. The net result is that among less sleepy
subjects different interpretations of location, position and level of
interest could affect what type of somnificity the item represents,
undermining validity by leading to a situation where patients with
identical true levels of ASP are assigned different total scores.

Interpretation of items could be affected also by the universality
of the situations they represent as well as the request for subjects to
“work out” how the situations would have affected them if they
have not done those things recently. For example, “as a passenger”
and “in traffic” refer to being in a car, and along with “lying down”
may not occur frequently enough in some subjects to allow them to
make a valid assessment [40,60]. Furthermore, subjects may watch
TV more frequently than they read; as a result, they may recall
falling asleep watching TV and report it as being sleep-inducing for
that reason alone. Likewise, sleepy subjects who do not read may
choose “would never doze” for that question. On the other hand,
less sleepy individuals who read a lot and never fall asleep will also
choose “would never doze”, so two different levels of SSP may lead
to the same item score.

The Sleep Heart Health Study found evidence that men and
women report DS differently [68] Despite the fact that women
reported feeling sleepy and unrested more often than men,
they were less likely to have an ESS score above 10. The au-
thors suggested that using the ESS to detect subjective sleep-
iness is more likely to identify men with sleepiness than
women.

Testeretest reliability
Despite its wide use, there is a paucity of good quality evi-

dence for the testeretest reliability of the ESS. In the one good
quality study a testeretest correlation of 0.82 was reported [13];
however, there are questions about generalizing this finding in
students to the middle-aged population who are most commonly
referred to sleep clinics with DS. Furthermore, this study did not
use the preferred reliability statistic, the ICC. In addition this
study measured the stability of the ESS over a five-month period
(the original administration was two months after the start of the
academic year, and the retest was two months after the winter
vacation). Given the testeretest study requires stability in the
dimension being measured between the test and the retest, one
might question whether this is the case over a five-month time
period. It is possible that a small part of this population may
have had changes in their DS over this time period, and as a
result the testeretest reliability statistic in the study may be
underestimated.

As such, we recommend, further research is required to estab-
lish the testeretest of the ESS over time periods when the under-
lying construct of ASP has not changed and for middle-aged
population.

Construct validity

Convergent construct validity
Based on moderate levels of evidence, the association between

the ESS and the MWT was moderate (r pooled ¼ �0.43), and the
association between the ESS and the MSLT was weak (r
pooled ¼ �0.27). There was strong evidence that the association
between the ESS and OSA related variables (AHI, SaO2, ArI) was
weak, with r pooled ranging from 0.11 to 0.23. Although these
groups of correlations were in the expected order they tended to be
lower than expected based on the a priori hypotheses developed by
the research team. This may reflect i) ambiguity regarding the
construct of DS measured by the ESS or ii) the high heterogeneity
between included studies.

Poor agreement between the various measures of sleepiness,
both subjective and objective, may reflect the multidimensional
nature of sleepiness [69e72]. Recent research [72] has reported
weak correlations among objective measures of sleepiness (the
MSLT, psychomotor vigilance test and divided attention driving
task), and between the ESS and each of these objective measures of
sleepiness. The authors of this paper concluded that a compre-
hensive evaluation of sleepiness may require multiple measures
[72].

In addition, the MSLT and the MWT were reported by some
researchers as inaccurate measures of SSP [43]. Not only are they
measuring sleepiness in a single situation, but this situation (being
in a lab with electrodes attached to the head) is artificial and would
never occur in the patient’s daily life. It is possible that the smaller
than expected correlations of these objective measures to the ESS
relates more to the deficiencies of the MSLT and MWT than it does
to the ESS.

The weak correlation between the ESS and AHI may be due
to the AHI itself having a poor correlation with DS [73,74].
Although the AHI is the most commonly used accepted measure
of OSA severity [45], the correlation between AHI and other
measures of sleepiness, such as MSLT, is low to non-existent
[74,75]. It is unclear whether this stems from OSA not causing
DS in many subjects, or in the use of the AHI as a measure of
OSA severity. But none of the other physiologic abnormalities
associated with OSA (SaO2, ArI) had noteworthy correlations
with the ESS either.

Variation in correlations across studies might also be
explained by diversity in target populations, clinical and meth-
odological heterogeneity (see Table S1), and diversity in the
definition of comparator instruments. This variation was largest



Research agenda

1) Despite twenty years of use, the ESS requires further

studies of high methodological quality to assess its

measurement properties.

e In particular, studies are required in the area of test

eretest reliability with justified appropriate time in-

terval between measures;

e Future studies examining known-group validity of

the ESS should make an a priori specification of ex-

pected mean differences across groups of compari-

son and state whether differences in scores between

groups are in line with clinical expectations, rather

than relying on whether differences between groups

are statistically significant;

e The Item Response Theory model may offer more

appropriate methods for scoring and testing the

measurement properties of the ESS.

Practice points

A systematic review of the measurement properties of the

Epworth sleepiness scale revealed the following:

1) Although the ESS is widely used in sleep research and

clinical settings, there have been relatively few high

quality studies on its psychometric properties.

2) The internal consistency of the ESS (Cronbach’s alphas

ranged from 0.7 to 0.9) suggests that this instrument

can be used for group level comparisons, but caution is

recommended if using the ESS for individual level

comparison.

3) Questions remain about the unidimensionality of the

ESS scale; particularly, whether items that may occur

infrequently or that represent situationswhere there is a

very low probability of falling asleep (e.g., item #6

(“talking”) and #8 (“in traffic”)) belong to one

dimension.

4) There is limited evidence on the testeretest reliability of

the ESS.

5) Larger correlations of the ESS with other measures of

daytime sleepiness (the MWT (r pooled ¼ �0.43) and

the MSLT (r pooled ¼ �0.27)) than with less closely

related constructs (severity of obstructive sleep apnea

and general health measures, r pooled ranging from

0.11 to 0.23) were found, but all correlation coefficients

were lower than expected.

6) Known-group construct validity was established; how-

ever, the differences across groups of comparison may

not be clinically important even though they were sta-

tistically significant.
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for comparisons between the ESS and AHI and SaO2 (I2 ¼ 84.7%
and 80.7%, respectively) that mostly can be explained by diversity
in their definitions.

Known-group validity
We found strong evidence supporting differences in ESS scores

across groups of subjects with known differences in DS. However,
in three [59e61] of five good studies, even though the differences
were statistically significant, they were at most 1.5 points, which
may not be a clinically important difference [76]. Studies
comparing normal subjects and subjects with narcolepsy
[19,39,51], each reported clinically meaningful differences. We
recommend that future studies examining known-group validity of
the ESS make an a priori specification of expected mean differences
across groups.

In addition to more high quality studies assessing the reliability
and validity of the ESS, other areas of future research on the
measurement properties of the ESS may also focus on more gen-
eral measurement issues such as potential for regression to the
mean in ESS scores and floor and ceiling effects on individual ESS
items.

Limitations

We acknowledge that the COSMIN approach may set too high
standards for achieving good ratings on some of criteria [77]. The
COSMIN methods were developed in an attempt to improve
future research on measurement, and to challenge readers to be
critical while interpreting results. To address this limitation, we
present results from both good and fair quality studies. In addi-
tion, we want to emphasize that poor quality of study should not
be interpreted as reflecting that the ESS is of poor quality, only
that limited inference towards the overall measurement quality
of the instrument can be gained from such studies.

Finally, although it may be seen as a limitation that we studied
only the English-language version of the ESS, we feel this was the
right approach. Translation of the ESS can affect interpretation of
items [78] and results from one version of the ESS will not neces-
sarily generalize to another.

Conclusion

Although the ESS is widely used in sleep research and clinical
settings, overall it has only modest measurement properties and
there have been relatively few high quality studies on its psycho-
metric properties.

The internal consistency of the ESS suggests that this instru-
ment can be used for group level comparisons, but caution is
recommended if using the ESS for individual level comparison.
Questions remain about the unidimensionality of the ESS scale,
particularly for items that may occur infrequently or that represent
situations where there is a very low probability of falling asleep.
There is limited evidence on the testeretest reliability of the ESS.
The Item Response Theory model may offer more appropriate
methods for scoring and testing the measurement properties of
the ESS.

We found larger correlations of the ESS with other measures
of DS (the MWT and the MSLT) than with less closely related
constructs (OSA and general health measures) but all correlation
coefficients were lower than expected. Known-group construct
validity was established but future studies should state whether
differences in scores between groups are in line with clinical
expectations, rather than relying on whether differences be-
tween groups are statistically significant. In summary, despite
twenty years of use, the ESS requires further studies of high
methodological quality to assess its measurement properties. In
particular, studies are required in the area of testeretest
reliability.
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