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Background: Excessive daytime sleepiness can be evalu-
ated with both subjective and objective tests.

Objective: To examine the association between Epworth
Sleepiness Scale scores and sleep latency on the multiple
sleep latency test.

Design: Case series.
Setting: Referral sleep disorders center.

Patients: 102 consecutive patients evaluated for exces-
sive daytime sleepiness.

Measurements: Epworth Sleepiness Scale scores and
mean sleep latency on the multiple sleep latency test.

Results: No significant association was seen between Ep-
worth scores and mean sleep latency (Pearson correlation,
—0.17 [95% Cl, —0.35 to 0.03]; P = 0.09) (analysis of vari-
ance, P = 0.13). The mean Epworth score did not differ in
three groups of patients who were defined by mean sleep
latency as having normal sleep latency (>10 minutes),
moderate sleep latency (5 to 10 minutes), or severe sleep
latency (<5 minutes) (analysis of variance, P = 0.13).

Conclusions: No statistically or clinically significant asso-
ciation was seen between Epworth scores and mean sleep
latency. The subjective Epworth Sleepiness Scale and the
objective multiple sleep latency test may evaluate differ-
ent, complementary aspects of sleepiness.
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Excessive daytime sleepiness can be evaluated
with both subjective and objective methods. Of
the objective methods, the multiple sleep latency
test is generally considered the gold standard (1-3).
This test is based on the principle that degrees of
sleepiness can be measured by how quickly one falls
asleep (sleep latency) when given the opportunity to
do so. However, the multiple sleep latency test is
cumbersome and costly, and it would be useful to
know whether sleep latency can be reliably predict-
ed by a simple subjective scale, such as the Epworth
Sleepiness Scale. This test, first described in 1991 (4),
consists of eight questions and yields a score of 0 to
24. It is easy to administer and is currently the most
widely used subjective test for sleepiness (5-7); it
was recently used in drug trials for narcolepsy (8—10).

The agreement between objective and subjective
methods of sleepiness assessment has been found
to be only moderate (4, 7, 9). Our purpose was to
examine the association between Epworth Sleepiness
Scale scores and sleep latency in a clinical population.

Methods

We analyzed 102 consecutive multiple sleep la-
tency tests performed at our referral sleep center in
patients seen in the sleep clinic. All tests included at
least four naps scored according to the standard
criteria for sleep staging (11). All were done accord-
ing to a standard protocol (1-3), which included
interpretation based on the average (mean) sleep
latency. Three epochs (30-second segments) of stage
1 or one epoch of any other sleep stage was re-
quired to establish sleep onset.

Before completing the multiple sleep latency test,
all patients filled out the Epworth Sleepiness Scale,
which is an eight-item questionnaire that asks the
patient to answer each question with a number from
0 (not at all likely to fall asleep) to 3 (very likely to
fall asleep) (Appendix Figure). This yields a total
score of 0 (minimum) to 24 (maximum). Both the
multiple sleep latency test and the Epworth Sleep-
iness Scale were part of a standard clinical protocol.

The Pearson correlation coefficient and 95% Cls
were used to assess the correlation between Ep-
worth scores and mean sleep latency. This was cal-
culated overall and within diagnostic groups, and
the correlations among diagnostic groups were com-
pared by using the Fisher r to z transformation
method. Standard multiple sleep latency test cate-
gories (1, 2) (normal sleep latency [>10 minutes],
moderate sleep latency [5 to 10 minutes], and se-
vere sleep latency [<5 minutes]) were used and
were compared with Epworth scores by using anal-
ysis of variance and the Tukey multiple comparison
procedure. The ability to discriminate between pa-
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Table. Association between Epworth Sleepiness Scale
Scores and Mean Sleep Latency*

Epworth Scores Mean Sleep Latency

(Quartiles)
Normal Moderate Severe
(=10 min) (5-9 min) (<5 min)
n (%)
<10 8(32) 8(32) 9 (36)

10-13 6 (26) 11 (48) 6 (26)
14-17 6(21) 12 (41) 11(38)
18-22 5(20) 5(20) 15 (60)

* Values given are numbers and percentages of patients. Pearson correlation between
Epworth Sleepiness Scale scores and mean sleep latency, —0.17 (95% CI, —0.35 to
0.03).

tients with sleep latency of 10 minutes or less from
those with sleep latency greater than 10 minutes was
assessed by using receiver-operating characteristics
analysis. This involved considering sleep latency of 10
minutes or less as the outcome and calculating the
sensitivity and specificity for each observed value of
the Epworth Sleepiness Scale. Nonparametric mea-
sures were used if the assumptions for the paramet-
ric methods were not met. A significance level of 0.05
was used for each hypothesis. Statistical analysis was
done by using SAS software (SAS Institute, Cary,
North Carolina).

Results

Eighty patients had sleep-disordered breathing
(52 had sleep apnea, 13 had the upper-airway resis-

tance syndrome, and 15 had primary snoring), 11
had periodic movements of sleep, and 1 had narco-
lepsy. Ten patients had less clearly defined diag-
noses. Mean sleep latency (£SD) in the entire study
sample was 7.5 = 4.5 minutes.

In the total sample, no significant correlation was
seen between Epworth scores and sleep latency (Pear-
son correlation, —0.17 [95% CI, —0.35 to 0.03]; P =
0.09). Analysis in subgroups formed according to
the cause of sleepiness showed no significant correla-
tion in patients with sleep-disordered breathing (n =
80) (correlation, —0.20 [95% CI, —0.05 to 0.40]; P =
0.08) or periodic limb movements of sleep (n = 11)
(correlation, —0.22 [95% CI, —0.72 to 0.44]; P>
0.2). The Table shows the number and percentage
of patients in each sleep latency category for each
quartile of the Epworth Sleepiness Scale.

No difference was seen in mean Epworth scores
among the three groups defined by sleep latency
with analysis of variance (overall, P = 0.13) or the
Tukey multiple comparison procedure. Mean Ep-
worth scores (£SD) were 12 + 6 for patients with
normal sleep latency, 12 = 5 for patients with mod-
erate sleep latency, and 14 =5 for patients with
severe sleep latency. The Figure shows the distribu-
tion of the Epworth scores for the three sleep la-
tency categories with side-by-side box plots.

A receiver-operating characteristic analysis was
done to evaluate how well Epworth scores distin-
guished patients with sleep latency of 10 minutes or
less from those with sleep latency greater than 10
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Figure.

Distribution of Epworth Sleepiness Scale scores for the three sleep latency levels with side-by-side box plots. The top and bottom of

each box are the 75th and 25th percentiles (quartiles) of the data, respectively. The middle line denotes the median. Box whiskers extend to data points that

are within 1.5 interquartile ranges of the box.
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minutes. The area under the curve was 0.61 (95%
CI, 0.50 to 0.72), which is not statistically different
from 0.50 (chance) (P = 0.11). Sensitivity and spec-
ificity were calculated for abnormal sleep latency
(=10 minutes) at each observed Epworth score. No
cut-point resulted in high estimates for both sensi-
tivity and specificity. The optimal Epworth score
was 11, with a sensitivity of 0.68 (95% CI, 0.56 to
0.78) and a specificity of 0.52 (95% CI, 0.31 to
0.72). The wide CIs are indicative of the moderate
sample size for both sensitivity (77 abnormal sleep
latencies) and specificity (25 normal sleep latencies).

Discussion

We found no statistically or clinically significant
association between scores on the Epworth Sleepi-
ness Scale (the most commonly used subjective sleep-
iness assessment test) and scores on the multiple
sleepiness latency test (the most commonly used ob-
jective sleepiness assessment test). The results of our
receiver-operating characteristics analysis were no
better than random guessing; thus, the Epworth Sleep-
iness Scale could not reliably identify patients with
abnormal and normal sleep latency. No Epworth
score adequately identified patients with sleep laten-
cy of 10 minutes or less (Table). There was no Ep-
worth score at which both sensitivity and specificity
were high. Finally, the Epworth score could not dis-
tinguish between abnormal and normal sleep laten-
cy. As the Figure shows, the median Epworth score
gradually increased with increases in the severity of
sleep latency, but Epworth scores varied widely with-
in each sleep latency level. Analysis by diagnostic
groups also showed no association, but this analysis
was limited by the small numbers of patients with
conditions other than sleep-disordered breathing.

Other investigators have reported similar results.
Sangal and colleagues (9) reported a significant but
low correlation (r = —0.27; P < 0.001) between Ep-
worth scores and sleep latency in 522 drug-free
persons with narcolepsy. Similarly, Chervin and co-
workers (7) studied a clinical population similar to
ours and found a significant but moderate correla-
tion of —0.37 (P = 0.004). In the original descrip-
tion of the Epworth Sleepiness Scale, Johns (4) re-
ported a correlation of —0.514 (P < 0.01), but this
was based on a smaller sample skewed toward very
sleepy patients (11 had narcolepsy, 14 had idiopath-
ic hypersomnia, and 2 had sleep apnea), with “con-
centrated” values for both Epworth scores and sleep
latency. Correlation may not be the optimal mea-
sure of the usefulness of the Epworth scale for dis-
crimination or prediction (12), but we and others
(13, 14) also failed to show any categorical associa-
tion between Epworth scores and sleep latency.
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How likely are you to doze off or fall asleep in the following situations, in contrast to
feeling just tired?
This refers to your usual way of life in recent times. Even if you have not done some of
these things recently, try to work out how they would have affected you.
Use the following scale to choose the most appropriate number for each situation:
e 0: would never doze
e 1: slight chance of dozing
o 2: moderate chance of dozing
e 3: high chance of dozing
Activity Chance of Dozing
Sitting and Reading
Watching TV
Sitting inactive in a public place (meeting, theater, etc.)
As a passenger in a car for 1 hour without a break
Lying down in the afternoon when circumstances permit
Sitting and talking to someone
Sitting quietly after lunch without alcohol
In a car, while stopped for a few minutes in traffic
Total

Appendix Figure. The Epworth Sleepiness Scale. Each question is
answered with a number from 0 (not at all likely to fall asleep) to 3 (very like-
ly to fall asleep). This yields a total score of O (minimum) to 24 (maximum).

Thus, although the Epworth Sleepiness Scale may
be predictive of other variables, such as general
health status (6) or the respiratory disturbance in-
dex (4), our findings and those of others suggest
that its association with sleep latency is tenuous.

Our study has several limitations. First, by defi-
nition, a sleep center evaluates sleepy patients; our
sample was drawn from a tertiary referral center
and thus may have been very sleepy. This may have
resulted in a relatively homogeneous sample with
high degrees of sleepiness and may have made it
difficult to find a correlation. However, this sample
was drawn from a true clinical population, which is
where information on assessment of sleepiness may
be most useful. Second, we used three epochs of
stage 1 sleep to define sleep onset. Although this
criterion (which defines “unequivocal sleep”) is not
the criterion most widely used in clinical practice, it
is often used in research (1) and does not signifi-
cantly affect the assessment of sleep latency (15). It
is therefore unlikely that using the usual one-epoch
criterion would have affected our results. Finally,
with regard to the categorical associations, no uni-
versally accepted cut-off exists for abnormal sleep
latency on the multiple sleep latency test, but 10
minutes is the most common (1, 2).

It is important for clinicians to know whether
they should rely on objective or subjective methods
to assess sleepiness. The explanation for the lack of
a strong association between sleep latency and Ep-
worth scores is uncertain. It is possible that this lack
reflects a limitation of the Epworth Sleepiness Scale
itself. However, many investigators have reported
poor or no association between sleep latency and
scores on other subjective tests, such as the Stan-
ford Sleepiness Scale (16-19). Thus, it seems that
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the lack of association is not specific to the Epworth
scale but reflects a general lack of association be-
tween subjective and objective measures of sleepi-
ness. A plausible explanation is that subjective and
objective tests may evaluate different aspects of
sleepiness. This possibility is supported by the fact
that the Epworth Sleepiness Scale may be associ-
ated with nocturnal sleep latency (on polysomnog-
raphy) and the respiratory disturbance index (4) and
is generally agreed upon (5, 7, 20).

In conclusion, subjective and objective methods
for assessing sleepiness are probably complementary
and may measure different aspects of sleepiness.
Subjective scales, including the Epworth Sleepiness
Scale, may be most useful as screening tools, and
both types of tests should probably continue to be
used in clinical practice as well as research (8-10).
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