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Study Objectives: The Epworth Sleepiness Scale (ESS) is widely used
as a subjective measure of sleepiness. To our knowledge, no study has
evaluated its reproducibility in the clinical setting.

Methods: A retrospective chart review of patients referred to the sleep
clinic at Mount Sinai Hospital for evaluation of sleep-disordered breath-
ing from a local private snoring clinic between January 2000 and Octo-
ber 2001 was carried out. Patients were snorers and referred because
of suspicion of sleep apnea. Clinical information including results of the
ESS scores from the two institutions was analyzed to evaluate reproduc-
ibility.

Results: There were 142 patients evaluated: 76% men with a mean (SD)
age of 44 (11) years, body mass index of 31 (6.1) kg/m? and apnea-
hypopnea index of 41 (34) events per hour. The average time interval

between ESS administrations was 71 (92) days. The average ESS score
was 11.1 (5.2) at the Snoring Clinic and 11.2 (5.3) at Mount Sinai Hos-
pital. The Bland-Altman plot of the difference against the mean of the
ESS score demonstrated a wide scatter of data and variability where 2
SDs ranged 7.8 above and below the mean. A difference between the
sequential ESS scores of 5 or more was seen in 23% of the subjects.
Conclusion: The ESS score is highly variable when administered se-
quentially to a clinical population being evaluated for a potential sleep-
related breathing disorder.

Keywords: Epworth sleepiness scale, reproducibility, sleep apnea,
sleepiness

Citation: Nguyen ATD; Baltzan M; Small D et al. Clinical reproducibility
of the epworth sleepiness scale. J Clin Sleep Med 2006;2(2):170-174.

he Epworth Sleepiness Scale (ESS) was developed by Johns

as a simple, self-administered questionnaire to assess sleep
propensity.'? The subject is asked to rate his or her probability
of dozing in each of 8§ different situations on a scale of 0 to 3 (0
= no chance of dozing, 1 = slight chance of dozing, 2 = moder-
ate chance of dozing, 3 = high chance of dozing; minimum score
= 0, maximum score = 24). Initially published in 1991, the ESS
was originally validated in 30 normal control subjects and 150
patients with various sleep disorders.' In this population, the ESS
was helpful in differentiating normal subjects from those diag-
nosed with a sleep disorder.

The ESS is widely used in clinical practice and research proto-
cols as a simple rapid assessment of subjective sleepiness. Sleep
disorders clinics may prioritize patients for polysomnography
based on the ESS results. In addition, the ESS score is frequently
used in research studies as a means of quantifying changes in ha-
bitual subjective sleep propensity after an intervention.>*

To our knowledge evaluation of the reproducibility of the ESS
has been limited to normal subjects who have normal ESS score
results.>® We had subjects who had previously completed the ESS
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at a private snoring clinic repeat the ESS at the time of assessment
at the sleep disorders clinic at Mount Sinai Hospital. We hypoth-
esized that a significant variability may exist when the ESS is
administered sequentially in subjects being evaluated for a sleep-
related breathing disorder.

METHODS

After ethics approval by the Mount Sinai Hospital Ethics Com-
mittee, a retrospective chart review was performed at a private
snoring clinic that often referred patients for further evaluation
and at the sleep disorders clinic at Mount Sinai Hospital. The
Snoring Clinic accepts patients for the management of snoring.
Patients are evaluated by a physician and an oromaxillofacial sur-
geon. Mount Sinai Hospital is a tertiary referral center for sleep
disorders with a dedicated polysomnographic laboratory.

The ESS was administered with similar methodology in both
centers. The patients had no intervention between completion
of the ESS done at each clinic, other than being advised to lose
weight and/or being prescribed nasal steroids if symptoms of na-
sal congestion were present.

Nocturnal polysomnography was performed on all patients.
Sleep staging was performed using standard electroencephalo-
graphic leads (C4, C3, O1, O2). Respiratory monitoring consisted
of airflow measured with nasal pressure cannulae, thoracic and
abdominal movements measured by inductive plethysmography,
snoring measured by cervical microphone, and arterial oxyhemo-
globin saturation measured by finger pulse oximetry. All signals
were acquired on a digital data management system (Sandman
6.1, Kanata, Ontario, Canada). The apnea-hypopnea index (AHI)
was calculated from the total number of apneas (total cessation of
breathing for > 10 seconds) and the total number of hypopneas
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(decrease in airflow by at least 50% for > 10 seconds, or decrease
in airflow by at least 30% for > 10 seconds, associated with oxy-
gen desaturation of at least 3% or terminated by an unequivocal
electroencephalographic cortical arousal) throughout the night di-
vided by the total hours of electroencephalographic sleep.

Patients were selected based on consecutive referrals from the
Snoring Clinic to Mount Sinai Hospital between January 2000
and October 2001.

The following information was extracted during the retrospec-
tive chart review: subject demographics, total ESS score from
each center, scores for each of the ESS questions, the time interval
between the ESS completion at the 2 centers, and the results of
polysomnography for each patient.

Data Analysis

To evaluate the reproducibility of the ESS, we assessed group
means and correlations and individual differences in the Epworth
scores. Comparisons between the group means obtained at the
Snoring Clinic and Mount Sinai Hospital were performed using
a 2-tailed Student t test for paired samples. The differences be-
tween sequential Epworth scores at both clinics were calculated.
Pearson correlation coefficients were calculated to evaluate the
correlation of individual scores at both clinics. Repeatability was
assessed using the Bland-Altman plot,>'° as well as calculation
of the percentage of patients with discrepancies in the Epworth
score. Factor analysis was used to assess the dominant and other
potential factors measured in our population by the ESS. Inter-
nal consistency of the ESS was evaluated using Cronbach o.!" To
evaluate the 8 individual questions of the ESS, each question was
separately analyzed with calculations of Pearson correlation coef-
ficients, mean discrepancy between the first and second answer,
and calculation of the percentage of patients with discrepancies in
their answers of 1 or more. Significant differences in mean dis-
crepancy across the 8 questions were tested with one-way analysis
of variance. Regression analysis was used to evaluate the effect
of age by 10-year categories, obstructive sleep apnea diagnosis
(AHI of 10 or more), AHI quartiles, sex, and time interval be-
tween measurements (continuous and by quartiles) on the differ-
ences between sequential Epworth scores. Statistical analysis was
performed using SAS software (SAS Institute, Cary, NC).

RESULTS

All patients identified through this review were referred for
suspicion of obstructive sleep apnea. A total of 159 charts were
identified and evaluated of which 142 were retained for analysis.
The reasons for exclusion of 17 patients were as follows: there
was no ESS score available for 2 patients in the Mount Sinai Hos-
pital chart; there was no ESS score available for 10 patients in
the Snoring Clinic chart; 5 patients had documentation of an ESS
score in both charts, but the answers to the individual questions
were either incomplete or not available (2 at Mount Sinai Hospi-
tal, 3 at the Snoring Clinic). The characteristics of these 17 indi-
viduals were not considered to be significantly different from the
142 patients retained for analysis. The mean (SD) age of these 17
patients was 50.0 (9.4) years, 11 (65%) of whom were men, with
a mean body mass index of 30.1 (5.2) kg/m? and an AHI of 35.3
(SD 37.3, range 4 to 135) events per hour.

During the 21-month time interval, 142 consecutive patients
were evaluated and had complete data available for assessment.
Seventy-six percent were men, with a mean (SD) age of 44 (11)
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Figure 1—Graph of the mean versus the difference of the Epworth
score. The Bland and Altman plot is a graphical method of assessing
agreement between 2 measurements, in this case the 2 Epworth scores
for each individual. Each triangle represents an individual data point.

years and mean AHI of 41.0 (SD 34.4, range 1 to 153) events per
hour. An AHI < 10 was found in 16% of patients who completed
polysomnography. The average time interval between ESS com-
pletion was 71 (92) days. There was no statistically significant
difference between the group mean ESS score of 11.1 (5.2) at the
Snoring Clinic and of 11.2 (5.3) at Mount Sinai Hospital (p = .89).
The Pearson correlation coefficient was 0.73 (p <.001).

The Bland-Altman plot, a graphical representation of the ESS
score distribution with the mean of the ESS score plotted against
the ESS score difference (Figure 1), was used to assess repeat-
ability.>'® Visual inspection of the plot revealed a wide scatter of
values around 0, with -7.8 to 7.8 as the range of ESS score differ-
ence within 2 SD above and below the mean.

An ESS score difference of 3 or more occurred in 41% of pa-
tients, an ESS score difference of 5 or more was present in 23%
of patients, and an ESS score difference of 7 or more was seen in
10% of subjects (Table 1).

Analysis of the individual questions of the ESS showed that
the mean discrepancy varied significantly across the 8 questions
of the ESS score, with questions 6 (Sitting and talking to some-
one) and 8 (In a car, while stopped for a few minutes in traffic)
being the least variable, and question 7 (Sitting quietly after a
lunch without alcohol) being the most variable (Table 2).

Regression analysis did not demonstrate an effect of age, OSA
diagnosis, AHI (Figure 2), sex, and time interval between mea-
surements on the differences between sequential Epworth scores
(all p values >.20).

Table 1—Discrepancies Between ESS Scores in Studies That
Measured Test-Retest Reliability

Discrepancy in ESS Score Study Author

Bloch® Chung® Johns® Current
>2 NA 46 48 61
>3 26 27 18 41
>5 NA 4 3 23
>7 NA NA NA 10

Data are presented as percentages. ESS refers to Epworth Sleepiness
Scale.
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Figure 2—Difference in Epworth Scores vs Apnea Hypopnea Index.

Each open circle represents an individual data point.

Internal consistency of the ESS in our clinical population was

tively.

factor.

DISCUSSION

evaluated using Cronbach a statistics. The response of the clinical
questionnaire was assessed separately for the Snoring Clinic and
for Mount Sinai Hospital. Cronbach a was 0.78 and 0.82, respec-

Factor analysis confirmed that sleepiness was the dominant
factor measured in our population (eigenvalue = 6.2); 2 other fac-
tors had eigenvalues of 1.7 and 1.4, respectively. These 2 minor
significant factors were not clearly discernable from the major

The ESS is a simple, self administered questionnaire that evalu-
ates subjective sleepiness.! Clinically, it is widely used as a means
of assessing sleepiness in sleep disorders clinics. Research proto-
cols often use sequential ESS scores to assess the response to an
intervention.>* In this study, a large variability in ESS scores on
sequential testing was found in subjects referred to a tertiary care
sleep disorders clinic for possible sleep-disordered breathing.

Johns evaluated the reproducibility of the ESS by having 87
healthy medical students complete the scale on two occasions,
with a 5-month interval.® In Johns’ study, the mean initial ESS
score was 7.4 (3.9), the mean ESS score 5 months later was 7.6
(3.8), and the mean difference was 0.2 (2.3). The Pearson cor-
relation coefficient was 0.82 (highly significant). The difference

Table 2—Scores on Individual Epworth Sleepiness Scale Questions

Question Correlation
1 0.51
0.63
0.50
0.67
0.50
0.48
0.38
0.68
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0.63£0.76
0.53 £0.63
0.68 £0.59
0.59+£0.73
0.53+£0.82
0.40 + 0.60
0.85+0.84
0.39+£0.61

Discrepancy® Discrepancy > 1, %

11
7
12
10
10
6
18
6

between the ESS score on sequential testing was > 5 in only 3%
of the subjects. On the basis of this analysis, Johns concluded that
the ESS was a reliable method for measuring persistent daytime
sleepiness in adults. The correlation between the 2 individual
measurements of the ESS in our study was also relatively high
(0.73). The correlation coefficient, however, is a measure of the
strength of a relation between 2 variables and not the agreement
between them. Correlation coefficients are not able to assess re-
producibility.’

To evaluate repeatability of the ESS, we used the Bland-Alt-
man plot (Figure 1). The Bland-Altman plot demonstrated a wide
scatter of values for ESS score differences within the same subject
on sequential testing, with a + 2 SD range of nearly -8 to 8. This
demonstrates a large intrasubject variability in the ESS scores.
The mean difference in the ESS score is a means of quantifying
bias (the greater the difference from 0, the stronger the bias). The
mean difference in the ESS score is 0.08 (p = .89), suggesting that
no significant bias is present to explain the variability of the ESS
score. Furthermore, there is no clear pattern to the data points,
with no increase in scatter with increase in mean ESS score. This
implies that the variability is not related to the magnitude of the
ESS score.

As an alternative method of analyzing the test-retest variabil-
ity of the ESS, we evaluated the percentage of subjects who had
a difference of at least 2, 3, 5, and 7 between ESS scores. This
method took advantage of data reported in the previous studies
evaluating the reproducibility of the ESS, thus enabling compari-
sons between studies (Table 1). In our study, 41% of the subjects
had difference in the ESS score of 3 or more, and 23% had a
change in the ESS score of 5 or more. This is a greater discrep-
ancy than anticipated from 3 previous studies®®® that evaluated
test-retest variability. The initial study by Johns reported a change
in ESS score of 3 or more in 18% of healthy subjects and of 5 or
more in 3% of healthy subjects.® Chung et al, in evaluating test-
retest characteristics of the Chinese version of the ESS, noted a
change in the ESS score of 3 or more in 27% and of 5 or more in
4% of subjects studied.® Similarly, a study of the German version
of the ESS, in which only data for a change in the ESS score of 3
or more was available, found that 26% of subjects had a change
in the ESS score of 3 or more.’

There are 3 major differences between the previous studies
and this study. First, previous studies that examined the repro-
ducibility of the ESS were limited to normal subjects,”® whereas
our assessment of test-retest variability was performed in a sleep-
clinic population. The subjects in the other studies consisted of
hospital staff members in a German study,’ nonmedical hospital
staff or friends of the author in a Chinese study,® and medical
students in Johns’ repeatability study.® Second, our current study
of 142 subjects is, to our knowledge, the largest group in which
test-retest variability of the ESS has been evaluated. Third, this
study evaluated an unselected clinical population of consecutive
patients seen within a defined time period.

A potential bias toward subjects with milder obstructive sleep
apnea may have developed because subjects were initially evalu-
ated at the Snoring Clinic for evaluation of snoring. Sleep-related
breathing abnormalities were generally severe, as assessed by
polysomnography (mean AHI of 41 events per hour), however, so
our population is similar to other respiratory sleep clinic popula-
tions.**

We suggest 3 possible reasons for the discrepancy between
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the results of our study and previous studies. First, by evaluating
test-retest variability in a clinical population with sleep-related
breathing disorders, we have a more valid assessment of the per-
formance characteristics of the ESS than by extrapolating from
data obtained in student or staff populations. Healthy popula-
tion samples would be expected to have normal ESS scores; one
would expect low variability on this basis alone. The variability
in the ESS score may only become apparent when subjects with
a wider range of ESS scores, demonstrating varying degrees of
subjective sleepiness from sleep-related breathing disorders, are
evaluated. Second, by evaluating a larger group of consecutive
subjects, we may be able to detect variability that may have been
missed with smaller selected populations. Third, although our
study has the potential limitation of being retrospective in nature,
the selection of subjects who were unaware of the study suggests
that our results are more clinically applicable than the previously
cited validation studies.

The basis for the discrepancy between the ESS scores remains
to be defined, yet certain factors can be excluded as significant
contributors. The only clinical intervention after completion of
the ESS at the Snoring Clinic was instruction for overweight sub-
jects to lose weight and the occasional prescription of nasal ste-
roids. Fewer than 2% of subjects lost 10 pounds or more. None
of the subjects were treated for obstructive sleep apnea with con-
tinuous positive airway pressure, oral appliances, or surgery prior
to completing the ESS at Mount Sinai Hospital. The fact that the
group means differed by only 0.08 is an argument against any
important systematic intervention changing the clinical status of
patients during the waiting period to be seen at Mount Sinai Hos-
pital. Knowledge of the first measurement affecting the second
would be expected to increase the difference between the mean
ESS score from 0, which was not found in our study. In addi-
tion, regression analysis did not reveal any correlation between
the length of time between testing, age, sex, or AHI severity and
the difference between the 2 Epworth scores.

To determine whether there was a particular question or ques-
tions from the ESS that led to the poor test-retest characteristics of
the ESS, we conducted an analysis of correlation and discrepancy
for each of the 8 questions (Table 2). The most variability was
seen in Question 7 (“Sitting quietly after lunch without alcohol”),
which often scored 1 or 2. The least variability was seen in Ques-
tions 6 and 8 (“Sitting and talking to someone” and “In a car,
while stopped for a few minutes in traffic”), which often scored 0.
We believe that the low variability observed in Questions 6 and 8
is due to a floor effect exemplified by the frequent O responses.

In an attempt to characterize the nature of the problems with
reproducibility in our clinical population, we analyzed the ESS
using factor analysis, which confirmed the presence of a single
dominant factor with a high eigenvalue of 6.2. This factor repre-
sents sleepiness. The finding of 2 coincident minor factors sug-
gests that the ESS may be unintentionally measuring aspects other
than sleepiness, such as boredom or inattentiveness. We also as-
sessed internal consistency using Cronbach o, which is a mea-
sure of how well items in a scale correlate with one another. The
Cronbach o was 0.78 in the Snoring Clinic and 0.82 at Mount
Sinai Hospital. The Cronbach a statistic is a measure of inter-
nal consistency within a scale using a calculation based on the
number of items in the scale and the total variance of the total
score, as well as the sum of the variants of the individual ques-
tion scores. Clinical usefulness for comparison of repeated mea-
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sures within individuals is considered to require a score of more
than 0.90; scores below 0.90 but above 0.70 may be adequate to
compare repeated measures for calculations within groups or for
comparison of means between groups, such as is often done in
clinical trials. Our calculated Cronbach statistics for the Epworth
Scale of 0.78 and 0.82 are within the expected range for a scale to
be appropriate for use in comparison of means when groups are
considered. These values for the statistic support our findings that
the Epworth scale does not perform with sufficient consistency to
be clinically useful for repeated measures within the same indi-
vidual.

Sleepiness, and more particularly subjective sleepiness, is dif-
ficult to quantify. This symptom, however, is often the chief com-
plaint in a sleep medicine practice. The ESS was developed in an
attempt to provide a clinical tool to quantify subjective sleepiness.
While we did not attempt to assess content or construct validity of
the ESS, we demonstrated that, in terms of scales, it has important
problems with internal consistency and test-retest repeatability,
both important elements in validating the ESS." Johns has dem-
onstrated that the ESS correlates only weakly with sleep latency
during multiple sleep latency testing.'* Furthermore, in studies
of patients with obstructive sleep apnea, the ESS score has been
correlated weakly with sleep-onset latency measured by various
methods and has been correlated only weakly if at all with AHI
and oximetry.!5>

In conclusion, when used in the clinical setting of evaluating
subjects with potential sleep-related breathing disorders, the ESS
frequently has large discrepancies when repeated over time in the
same untreated individual. We caution against using the ESS as
the sole tool for risk stratification of patients referred for pos-
sible sleep apnea or for response following treatment interven-
tions. Further work is required to evaluate the reproducibility of
the ESS in the clinical setting. If the problems with reproducibil-
ity are confirmed, we suggest a reevaluation of the ESS to better
understand the features that limit its reproducibility and to permit
further development of questionnaires with better test-retest char-
acteristics.
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