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Study Objectives: The Epworth Sleepiness Scale (ESS) and multiple sleep latency test (MSLT) are the most commonly used measures of sub-
jective and objective sleepiness, respectively. The strength of the association between these measures as well as the optimal ESS threshold that
indicates objective sleepiness remains a topic of significant interest in the clinical and research arenas. The current investigation sought to: (a)
examine the association between the ESS and the average sleep latency from the MSLT using the techniques of survival analysis; (b) determine
whether specific patient factors influence the association; (c) examine the utility of each ESS question; and (d) identify the optimal ESS threshold
that indicates objective sleepiness.

Design: Cross-sectional study.

Patients and Settings: Patients (N = 675) referred for polysomnography and MSLT.

Measurements and Results: Using techniques of survival analysis, a significant association was noted between the ESS score and the average
sleep latency. The adjusted hazard ratios for sleep onset during the MSLT for the ESS quartiles were 1.00 (ESS <9), 1.32 (ESS: 10-13), 1.85 (ESS:
14-17), and 2.53 (ESS = 18), respectively. The association was independent of several patient factors and was distinct for the 4 naps. Furthermore,
most of the ESS questions were individually predictive of the average sleep latency except the tendency to doze off when lying down to rest in the
afternoon, which was only predictive in patients with less than a college education. Finally, an ESS score = 13 optimally predicted an average sleep
latency < 8 minutes.

Conclusions: In contrast to previous reports, the association between the ESS and the average sleep latency is clearly apparent when the data are
analyzed by survival analysis, and most of the ESS questions are predictive of objective sleepiness. An ESS score = 13 most effectively predicts
objective sleepiness, which is higher than what has typically been used in clinical practice. Given the ease of administering the ESS, it represents

a relatively simple and cost-effective method for identifying individuals at risk for daytime sleepiness.
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INTRODUCTION

Sleepiness is a universal phenomenon in humans. While it
is welcome at bedtime, the consequences of intrusive sleepi-
ness at times when wakefulness is required can range from
mild nuisance to devastating impairment. Excessive daytime
sleepiness may be due to habitual short sleep duration or in-
dicate the presence of an underlying medical or sleep disor-
der (e.g., sleep-disordered breathing). The generally accepted
“gold standard” assessment of sleepiness is the multiple sleep
latency test (MSLT), a series of 5 nap opportunities in the sleep
laboratory scheduled at 2-hour intervals. The MSLT has been
employed extensively in both clinical and research settings.
It is reasonably sensitive to manipulations of sleep duration
and has been shown to detect sleepiness in a variety of patho-
logical states such as obstructive sleep apnea and narcolepsy.'”
However, because the MSLT is labor intensive and quantifies
sleepiness in only one situation, its utility as a screening tool
for sleepiness is limited.
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Several different subjective scales have been utilized to as-
sess self-reported sleepiness in both clinical and research set-
tings. Perhaps the most widely used is the Epworth Sleepiness
Scale (ESS), which requires that patients estimate their “likeli-
hood of dozing” in 8 different situations.* The degree to which
the ESS scores are correlated with objective measures of sleepi-
ness (i.e., MSLT) has generated much debate, and the strength
of the association in the published literature is, at best, mod-
est.> The lack of a strong association between the ESS and the
MSLT may be due to several factors. First, it is clear that the
ESS and the MSLT characterize different aspects of daytime
sleepiness,®” and thus some degree of disagreement is to be ex-
pected. Second, the ability to detect an association may have
been hampered by the limited sample sizes included in many of
the previous studies.®!* Third, because the MSLT quantifies the
latency to the occurrence of an event (i.e., sleep onset), classical
correlation and regression methods are not well suited for the
analysis of such data and perhaps may not detect the association
of interest even with more sizeable samples.”'>!7 The technique
of survival analysis, which has been used to model sleep la-
tency, has consistently uncovered associations that have previ-
ously not been appreciated.'®? In addition to these issues, it
remains to be determined whether specific patient factors mod-
ify the association between subjective and objective measures
of sleepiness. For example, if characteristics such as age or sex
influence the degree of association, then targeted use of the ESS
may improve its utility. Furthermore, alternative approaches
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could also then be tailored for those patient groups in which the
ESS may not accurately identify daytime sleepiness. Another
major gap in defining the value of the ESS is whether there are
differences in the association between the ESS score and sleep
latency across the different daytime naps and whether specific
ESS questions are more predictive of objective sleepiness than
others. Finally, there is a considerable need to empirically de-
fine thresholds in the ESS that predict the presence of objec-
tive sleepiness. Based on the original description by Johns,* a
threshold value of 10 is commonly used in clinical practice but
is based on limited evidence. Thus, the objectives of the pres-
ent study were to: (a) assess whether ESS scores correlate with
the degree of MSLT-defined sleepiness using the techniques of
survival analysis; (b) establish whether patient factors such as
age, sex, race, and educational status modify the association;
(c) define the utility of each ESS question in predicting objec-
tive sleepiness; (d) evaluate whether the association between
ESS scores and average sleep latency varies across the daytime;
and (e) determine the optimal threshold of the ESS score that
indicates objective sleepiness.

METHODS

Study Sample

A cross-sectional analysis was conducted of all new adult pa-
tients (age > 18 years) referred for overnight polysomnography
and a daytime MSLT over a 2-year period (August 1998 and
July 2000). Prior to the overnight study in the sleep laboratory,
each patient completed a detailed questionnaire which included
demographic information such as age, sex, race, educational
level, and marital status (i.e., single, married, widowed, sepa-
rated, or divorced). Subjective ratings of sleep propensity on the
ESS were also acquired on the clinical questionnaire. The MSLT
was conducted following the overnight study if requested by the
evaluating physician as part of the assessment for daytime sleep-
iness. The study sample was heterogenous with regards to the fi-
nal clinical diagnoses and included disorders such as obstructive
sleep apnea (48.1%), restless legs syndrome (12.1%), psycho-
physiological insomnia (6.1%), delayed sleep phase syndrome
(4.7%), insufficient sleep syndrome (4.6%), sleep disorder due
to a mood disorder (4.3%), narcolepsy (3.7%), central sleep ap-
nea (3.3%), idiopathic hypersomnia (2.4%), and other sleep dis-
orders (10.7%) such as various parasomnias and chronic fatigue
syndrome. Weight and height were obtained on the night of the
sleep study. The study protocol was approved by the local insti-
tutional review board on human research.

Polysomnography and Multiple Sleep Latency Test

The overnight polysomnogram consisted of continuous re-
cordings of a modified electrocardiographic (V) lead, right and
left electrooculographic leads, submental and bilateral anterior
tibialis surface electromyograms, and the electroencephalo-
gram (C,-A,, C,-O)). Respiration was monitored throughout
the night with a nasal pressure transducer, thermocouples at
the nose and mouth, and thoracic and abdominal strain gauges.
Continuous recording of the oxyhemoglobin saturation was ob-
tained with an oximeter. Physiologic signals were digitized for
off-line analysis of sleep and breathing patterns. Sleep-stage
scoring was performed on 30-sec epochs according to the cri-
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teria of Rechtschaffen and Kales.?' Apneas were identified if
airflow was absent in the thermistor and nasal cannula channels
for > 10 sec. Hypopneas were identified if there was > 30% re-
duction in airflow which occurred for > 10 sec and was associ-
ated with a 4% oxyhemoglobin desaturation or an EEG arousal.
The apnea-hypopnea index (AHI) was defined as the number of
apneas and hypopneas.

The MSLT, which consisted of a series of four 20-min nap tri-
als at 2-h intervals, was performed in accordance with the 1992
guidelines for the objective assessment of sleepiness.® Patients
were instructed at 09:00, 11:00, 13:00, and 15:00 to lie down
on a bed in a quiet and darkened bedroom and were allowed to
sleep. The recording montage during the MSLT was similar to
overnight study, except that patients did not wear the nasal can-
nula, thermistor, or the thoracic and abdominal strain gauges.
Each nap trial lasted 20 min if sleep did not occur. If the patient
fell asleep within 20 min, the trial was terminated 15 min after
sleep onset. If no sleep occurred during a trial, a value of 20
min was recorded. Between naps, patients were instructed not to
sleep and were monitored by trained technicians. The sleep la-
tency for each nap trial was defined as the time to the first 30-sec
epoch composed of stage 1 or any other stage of sleep.

Statistical Analysis

For examining the association between the ESS score and
the average sleep latency, techniques of survival analysis were
used as previously described.'®* Descriptive methods of sur-
vival analysis include examining the survivorship function as
proposed by Kaplan and Meier.”” An important feature of the
MSLT is that all individuals are observed for the entire period of
observation (20 min). Therefore, there is no interim censoring,
and the Kaplan-Meier survivorship function is merely the pro-
portion of individuals that remain awake at each time ¢ for £ <20
min. For the current analyses, the Kaplan-Meier survival curve
was determined for the entire 20-min duration of the MSLT.

To determine whether the ESS scores were associated with
the average sleep latency, Kaplan-Meier curves were con-
structed for categories based on quartiles of the ESS score, and
the log-rank test was used to assess differences across the 4
curves. The magnitude of association between the ESS score
and MSLT-defined sleepiness was then quantified using propor-
tional hazards regression.” In the development of the multivari-
able proportional hazards regression model, the 20-min time
point (i.e., end of the nap trial) was used for censoring those
individuals that did not experience sleep onset. Covariates such
age, sex, race, and body mass index (BMI) were included in
a multivariable proportional hazards model to determine the
adjusted hazard ratio for falling asleep during the MSLT for
the quartiles of the ESS score. Other covariates considered in
model construction were educational level (< 12th grade, high
school graduate or equivalent, some college, and college de-
gree or higher), marital status, total sleep time, time in bed, and
the apnea-hypopnea index (AHI). Interaction terms between
the ESS score, age, sex, race, marital status, educational level,
BMI, and AHI were examined to determine whether any of
these factors modified the association between the ESS score
and the average sleep latency. Subsequently, sleep latency from
each MSLT nap was modeled separately and heterogeneity of
effects for a particular covariate across the naps was examined.
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Finally, receiver operating curves were constructed using an av-
erage sleep latency < 8 min to define excessive daytime sleepi-
ness. Statistical significance of all hazard ratios and odds ratios
was determined by the 2-sided test of the regression coefficient.
All statistical analyses were conducted using the SAS 9.1 sta-
tistical software.

RESULTS

The study sample consisted of 675 consecutive patients (415
men and 260 women) with an average age of 48.8 years (SD
12.2). The median ESS score of the sample was 13 with an
interquartile range (25th—75th percentile) from 9 through 17.
The distribution of race in the study sample was as follows:
White (74.7%), African American (20.9%), and Other (4.4%).
Approximately two-thirds (65.2%) of the sample reported be-
ing married, with another 18.3% being single and the remaining
16.5% being widowed, separated, or divorced. Many patients
(44.6%) had a college or advanced degree, with the rest hav-
ing some college experience (27.5%), a high school diploma or
equivalent (19.0%), or less than high school education (8.8%).
The average of all sleep onset latencies for the study sample was
6.67 min (SD 4.6). Objective sleepiness, defined as an average
sleep latency < 8 min, was present in 461 patients (68.3%), and
severe daytime sleepiness, defined as an average sleep latency
< 5 min, was present in 312 patients (46.2%). The Spearman
rank correlation between the ESS score and average sleep la-
tency was —0.30 (95% CI: —0.24, —0.38; P < 0.0001) suggesting
a weak but statistically significant association.

Kaplan-Meier survival curves were initially used to charac-
terize the association between the ESS score and the average
sleep latency. The study sample was categorized into quartiles
based on the ESS score distribution as follows: <9 (quartile 1),
10-13 (quartile 2), 14—17 (quartile 3), and > 18 (quartile 4). The
unadjusted Kaplan-Meier survivor functions across the ESS
score quartiles were distinct and revealed that being in the sec-
ond through fourth quartiles was progressively associated with
a greater tendency for falling asleep (Figure 1; P<0.0001 by lo-
grank test). Proportional hazards regression models were used
to derive the unadjusted and adjusted hazards ratios relating the
ESS score to the average sleep latency. Compared to the pa-
tients in the first quartile, the unadjusted hazards ratio for sleep
onset for patients in the second through fourth quartiles were
1.28 (95% CI: 1.04-1.58), 1.75 (95% CI: 1.41-2.16), and 2.62
(95% CI: 2.09-3.28), respectively. Thus, an ESS score between
10 and 13 was associated with a 28% increase in risk of falling
asleep , whereas ESS scores of 14-17 and > 18 were associated
with 75% and 162% increase in risk of falling asleep. Multi-
variable proportional hazards models that included adjustments
for covariates such as age, sex, race, education level, marital
status, BMI, AHI, total sleep time, and time in bed were also
constructed and showed that the parameter estimates relating
the ESS score to the average sleep latency were materially un-
changed. Thus, the most parsimonious multivariable model that
adjusted for demographic data was constructed and included
the following variables: age, sex, race, education level, marital
status, and BMI. Using the first ESS quartile as the reference,
the multivariable adjusted hazard ratios for the second, third,
and fourth quartile were 1.32 (95% CI: 1.06-1.64), 1.85 (95%
CI: 1.48-2.31), and 2.54 (95% CI: 2.01-3.19), respectively. In-
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Figure 1—Kaplan-Meier survival curves for quartiles of ESS scores.

clusion of interaction terms between ESS score and categories
of age, sex, race, educational level, marital status, BMI, and
AHI showed no evidence of heterogeneity in the association
across different strata of these variables.

To determine whether there was heterogeneity in the asso-
ciation between the ESS score and the sleep latency across the
different nap trials, Kaplan-Meir curves and multivariable pro-
portional hazards models corresponding to each nap trial were
constructed separately, with partial and full covariate adjust-
ments as before. Across each of the nap trials, the Kaplan-Meir
survivor functions for the ESS quartiles were distinct, with the
smallest and the largest separation being in the first and fourth
nap trial, respectively (Figure 2). Proportional hazards models
confirmed the association between the ESS score and sleep
latency for each nap and showed that while there were group
differences in hazard ratios for different ESS scores in each
nap, the differences were most prominent in the fourth nap. A
significant interaction between nap trial number and ESS score
was observed (Table 1), suggesting that there is heterogeneity
in the association across the different naps.

Additional analyses were subsequently conducted to char-
acterize the association between each of the ESS questions and
the average sleep latency. In unadjusted and adjusted analyses,
there was consistency in the hazard ratios for objective day-
time sleepiness across most of the ESS questions (Table 2). As-
sessment of dozing tendency in response to the question “How
likely are you to doze off when lying down to rest in the after-
noon when circumstances permit” was the only question not
associated with objective sleepiness compared to the other 7
questions. Interestingly, when the study sample was restricted
to those without a college or advanced degree, this question
became a significant predictor of objective daytime sleepiness.
Using the response of “never doze” as the reference, the adjust-
ed hazards ratios for “slight chance,” “moderate chance,” and
“high chance” were 1.10 (95% CI: 0.57-2.10), 1.46 (95% CI:
0.80-2.67), and 1.74 (95% CI: 0.99-3.06), respectively, with
a corresponding P-value of 0.002 for a linear trend. Inferences
regarding the association between the individual ESS questions
and sleep latency were similar regardless of whether the overall
average or the individual sleep latencies from the different naps
were used in the proportional hazards models (Appendix).
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Figure 2—Kaplan-Meier survival curves for quartiles of ESS scores for each nap.
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Table 1—Multivariable hazard ratios* (95% Cl) derived from proportional hazards regression modeling of the average and individual nap latencies and the

Individual Naps by Start Time

ESS Quartile Average MSLT 09:00
1(0-9) 1.00 1.00
1 (10-13) 1.32 (1.06-1.64) 1.15 (0.93-1.44)
11 (14-17) 1.85 (1.48-2.31) 1.43 (1.15-1.79)
IV (= 18) 2.54 (2.01-3.19) 1.69 (1.34-2.12)

ESS quartile.

*Hazard ratios are adjusted for age, sex, race, marital status, education, and BMI. P-value for the test for trend for the hazard ratio across naps for each

11:00 13:00 15:00 P-valuet

1.00 1.00 1.00 —
1.18(0.94-1.47)  1.28(1.03-1.61)  1.35(1.06-1.73) 0.24
1.60(1.28-2.01)  1.45(1.16-1.82)  1.99 (1.56-2.55) <0.08
1.81(1.44-229) 226 (1.79-2.85)  2.56 (1.99-3.29) <0.001

To determine the threshold in the ESS score that was most
predictive of objective daytime sleepiness (defined as an average
sleep latency < 8 min), logistic regression analyses were used.
The odds ratios relating the ESS score quartiles to objective
daytime sleepiness were as follows: 1.00 (Reference; ESS <9),
1.37 (95% CI: 0.88-2.14; ESS: 10-13), 2.54 (95% CI: 1.58-
4.11; ESS: 14-17), and 7.14 (95% CI: 3.87-13.18). Receiver
operating curve analysis showed an area under the curve of 0.68
(95% CI: 0.64-0.72), indicating the ESS can predict objective
daytime sleepiness to a moderate extent. As expected, increasing
the cut-point in the ESS score to define excessive sleepiness was
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associated with decreased sensitivity and increased specificity
(Figure 3). Furthermore, the percentage of individuals correctly
classified as having an average sleep latency < 8 min decreased
with an increase in the ESS cut-point (Figure 3).

DISCUSSION

The results of the current study provide several novel and
important clinical insights regarding the utility of the ESS in
predicting daytime sleep tendency. First, ratings of sleep pro-
pensity on the ESS were observed to be associated with objec-
tive sleep onset during the MSLT particularly when subjected
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Table 2—Multivariable hazard ratios* (95% Cl) derived from proportional regression modeling of the average sleep latency and each question of the Epworth

average latency < 8 minutes.

Sleepiness Scale (ESS)
Chance of Dozing
ESS Question Never Slight Moderate High
Sitting and reading 1.00 1.44 (1.02-2.02) 1.83 (1.32-2.53) 2.23 (1.63-3.05)
Watching television 1.00 1.74 (1.18-2.56) 1.82 (1.25-2.63) 2.12 (1.47-3.06)
Sitting, inactive in a public place 1.00 1.58 (1.25-1.99) 1.90 (1.50-2.40) 243 (1.91-3.10)
As a passenger in a car for an hour without a break 1.00 1.39 (1.07-1.81) 1.79 (1.38-2.32) 2.35(1.83-3.01)
Lying down to rest in the afternoon when circumstances permit ~ 1.00 1.00 (0.64-1.58) 0.96 (0.63-1.47) 1.39 (0.94-2.05)
Sitting and talking to someone 1.00 1.45(1.21-1.73) 1.85 (1.41-2.43) 2.66 (1.84-3.84)
Sitting quietly after a lunch without alcohol 1.00 1.28 (1.02-1.60) 1.51 (1.21-1.90) 1.86 (1.47-2.34)
In a car, while stopped for a few minutes in the traffic 1.00 1.45 (1.20-1.76) 1.70 (1.34-2.15) 3.15(2.19-4.53)
*Hazard ratios are adjusted for age, sex, race, marital status, education, and BMI.
ESS Cutpoint Sensitivity Specificity ~ Correctly Classified

0 100.0 0.0 68.3%

1 99.6 14 68.4%

2 99.1 28 68.6% 1.00 7

3 98.1 42 68.3%

4 96.3 10.3 69.0%

5 95.2 14.0 69.5%

6 93.3 178 69.3% 0.75 4

7 89.8 224 68.4%

8 87.2 26.2 67.9%

9 83.3 34.1 67.7% >

10 79.0 40.7 66.8% =

1 746 48.1 66.2% = 0504

12 68.8 56.5 64.9% S

13 63.6 66.8 64.6% »

14 56.8 72.9 61.9%

15 488 774 57.8% 0.25 -

16 412 804 53.6%

17 341 87.9 51.1%

18 29.7 92.5 49.6%

19 234 93.9 45.8%

20 16.9 95.8 41.9% 0.00

21 1.7 97.2 38.8% T ' ! ! '
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Figure 3—Receiver Operating Curve Analysis for the Epworth Sleepiness Scale. An ESS cutpoint of 13 optimized both sensitivity and specificity for an

to survival analysis. Second, the association between the ESS
score and sleep onset latency displayed heterogeneity across
the four daytime naps with the association being strongest
with the afternoon nap. Third, the association was indepen-
dent of age, sex, race, educational level, marital status, and
BMI and no significant effect modification was observed due
to these factors. Fourth, sleep-related factors such as total
sleep time, total time in bed, and AHI did not appear to con-
found or modify the association. Fifth, while almost all of the
questions on the ESS were associated with objective sleepi-
ness, the question of dozing tendency when lying down to rest
in the afternoon was not predictive of sleep latency except in
those patients with less than a college education. Finally, an
ESS score threshold of 13 provided the optimal value indica-
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tive of objective sleepiness, defined as a mean sleep latency of
less than 8 minutes.

The observation that the ESS score is associated with MSLT-
defined sleepiness independent of several factors is in contrast
to the findings noted in a majority of the earlier studies.>!72+2
In clinical and nonclinical samples, several investigators have
reported either no correlation or a low correlation between the
subjective ratings of sleep propensity on the ESS and the aver-
age sleep latency (Table 3). One possible explanation for the
disparity between the current study and previous reports is our
use of survival analysis to characterize the association. Survival
analysis confers a specific advantage over correlation and re-
gression methods by more appropriately handling censored ob-
servations. During the MSLT, sleep onset may not occur during
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Table 3—Studies on the association between the Epworth Sleepiness Scale and the MSLT-defined sleepiness
Degree of Reported Statistical Methods
Association* First Author Year N Patient Sample Correlation (p) Used**
Poor to None Chervin' 1999 237 Sleep clinic patients 0.03 Correlation/Regression
Benbadis' 1999 102 Sleep clinic patients 0.17 Correlation/Regression
Furuta® 1999 10 Sleep clinic patients 0.23 Correlation/Regression
Masel* 2001 71 Patient with traumatic brain injury 0.16 Correlation/Regression
Parker 2003 46 Patients on hemodialysis 0.14 Correlation/Regression
Razmy?® 2004 78 Patients with Parkinson disease 0.12 Correlation/Regression
Fong’ 2005 296 Sleep clinic patients 0.15 Correlation/Regression
Blaivas® 2007 54 Sleep clinic patients 0.06 Correlation/Regression
Castriotta®™ 2007 87 Patients with posttraumatic brain injury 0.10 Correlation/Regression
Beiske' 2009 37 Sleep clinic patients 0.09 Correlation/Regression
Laberge'™ 2009 43 Patients with myotonic dystrophy 0.14 Correlation/Regression
Fair Briones® 1996 129 Clinic + community samples 0.27 Correlation/Regression
Chervin? 1997 60 Sleep clinic patients 0.37 Correlation/Regression
Olson' 1998 225 Sleep clinic patients 0.30 Correlation/Regression
Vignatelli® 2003 91 Sleep clinic patients 0.31 Correlation/Regression
Watson' 2004 40 Patients with chronic fatigue syndrome 0.40 Correlation/Survival
Leng® 2005 72 Sleep clinic patients 0.36 Correlation/Regression
Weaver® 2007 149 Sleep clinic patients 0.31 Correlation/Regression
Jiminez-Correa™ 2009 23 Sleep clinic patients 0.40 Correlation/Regression
Moderate Johns* 1991 27 Sleep clinic patients 0.51 Correlation/Regression
Johns? 1994 44 Sleep clinic patients 0.42 Correlation/Regression
Chung® 2000 161 Clinic + community samples 0.42 Correlation/Regression
Barnes® 2002 42 Sleep clinic patients 0.50 Correlation/Regression
Strong Komada® 2005 131 Clinic sample and healthy controls 0.86 Correlation/Regression
Bravo*® 2007 70 Clinic sample and healthy controls 0.74 Correlation/Regression
Poryazova*! 2010 30 Patients with Parkinson disease 0.65 Correlation/Regression
*Degree of association is defined as the following: p < 0.20: poor or no association; p = 0.21-0.40: fair; p = 0.41-0.60: moderate; 0.61-0.80: good; 0.81-1.00:
Strong. **Statistical methods used to characterize the association between the Epworth Sleepiness Scale and the MSLT-defined sleepiness.

each nap trial. A value of 20 minutes is used for such nap trials,
and this value is included in the overall average of four or five
naps despite the fact that sleep onset did not occur. Classical re-
gression and correlation methods, if employed to model bound-
ed or censored data, can lead to biased estimates given their
inability to handle such data. Survival analysis, on the other
hand, can more accurately model the sleep latency data because
of its capacity to handle non-censored (i.e., occurrence of sleep
onset) and censored (i.e., no occurrence of sleep) observations.

Additional explanations for the disparity in the findings be-
tween the current study and previous reports include the poten-
tial impact of limited sample size and the lack of consideration
for potential confounding from patient factors such as age, sex,
race, and educational status. Studies with small patient samples
are at risk for not being able to capture an association when, in
fact, one truly exists. The current study obviates such limita-
tions by not only including a relatively large and heterogeneous
clinic-based sample but also carefully considering the effects of
several patient factors. Interestingly, while others have found
that the ESS is influenced by factors such as sex,'” the current
study showed that the association is not confounded or modified
by several patient factors. The only exception was the predic-
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tive utility of the question regarding the tendency to doze in the
mid-afternoon when circumstances permit, which was associ-
ated with objective sleepiness in patients with less than a college
education, but not in those with a college or advanced degree.
The fact that the ESS and MSLT differ somewhat in their
classification of sleepiness is not surprising. The ESS was de-
signed to gauge a subject’s self-reported level of sleep tendency
in particular situations. Specifically, the scale requires that the
responder estimate the probability of falling asleep in eight situ-
ations but does not explicitly request the actual frequency of
having fallen asleep in these situations. The ESS also requires
that the assessment take into consideration “recent times” which
likely reflects a period of week or more. Thus, the ESS rating
embodies a subject’s overall or average propensity for falling
asleep (i.e., a trait) without an emphasis on an exact time or sit-
uation (i.e., the state). Furthermore, the ESS does not appraise
the potential of any trait-state interactions, which are crucial
given that a patient’s risk for falling asleep is most likely deter-
mined by not only the surrounding circumstances but also his
or her response to those circumstances. The MSLT, on the other
hand, uses physiological data to assess the rate of falling asleep
(sleep latency) in an environment that is most conducive for

Are Subjective and Objective Sleepiness Correlated?—Aurora et al



sleep (a quite darkened room). Although an objective measure
of daytime sleepiness, the MSLT is not without its limitations,
given that it can be certainly influenced by various factors such
as duration of prior sleep and subject motivation. Given that the
ESS and MSLT assess distinct aspects of sleepiness, some level
of disagreement between the two measures is to be expected.

In the current study, seven of the eight ESS questions were
independently associated with objective sleepiness which is in
contrast with other reports where only a few, if any, of the ques-
tions were of value.'>!”**252" The consistency of the association
across most of the ESS questions perhaps echoes one of the
major assertions of the current study that the use of survival
analysis to model sleep latency data can uncover associations
that may not be otherwise revealed with classical regression or
correlation analyses. Interestingly, the question “How likely
are you to doze off when lying down to rest in the afternoon
when circumstances permit” was not associated with the aver-
age sleep latency, a finding that has also been noted by others.
The lack of association is surprising given that this question
approximates the conditions of the afternoon nap trial, a time
that coincides with the circadian trough seen as part of normal
diurnal variability. It is likely that because many patients typi-
cally do not have the opportunity to lie down during the day,
their ability to estimate the likelihood of falling asleep in the
afternoon may not be accurate. Additional research is needed
to further delineate the underlying factors that can explicate the
lack of association between the tendency for “lying down in the
rest in the afternoon” and objective sleep latency.

In clinical practice, an ESS score greater than 10 has been
commonly used to define excessive daytime sleepiness.'>?83!
While such dichotomization is appealing for both clinical
screening and research purposes, supporting evidence for any
particular cut point is limited. The results provided herein in-
dicate that a threshold value of 13 has the optimal sensitivity
and specificity in correctly classifying individuals with a mean
MSLT of less than 8 minutes. Not surprisingly, as the definition
of objective sleepiness is varied (i.e., different cut points in the
MSLT), the corresponding value on the ESS that optimally pre-
dicts objective sleepiness will also vary.

There are several strengths and limitations of the present
study that merit discussion. Strengths include the large number
of patients with the full range of sleepiness on both the subjec-
tive and objective scales, the use of survival analysis to model
the overall average and individual nap data, and the careful
consideration of confounding and effect modification due to
several factors. Limitations include the use of a clinic-based
sample which restricts the generalizability of the results, the
relatively small proportion of minority patients, the use of four
naps instead of the currently recommended five naps for the
MSLT, and the lack of data on socioeconomic and employment
status. Availability of such data would have permitted a more
rigorous assessment as to whether these factors can alter the
performance characteristics of the ESS as it relates to objective
daytime sleepiness. Finally, it is important to recognize that
because the proportional hazards model used to characterize
the association between the ESS score and the average sleep
latency is semi-parametric and does not require the specifi-
cation of the underlying hazard function, it is not possible to
predict the degree of objective sleepiness given a patient’s sub-
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jective rating on the ESS. However, parametric survival func-
tions (e.g., exponential, Weibull, log-normal) can be used to
develop a prediction model which can estimate the expected
sleep latency for a given ESS score and represents a logical
extension of the current work.

The potential implications of the objective-subjective sleepi-
ness association are broad in scope. Given that sleepiness is a
ubiquitous phenomenon that can have deleterious consequences
when present at inappropriate times, having a simple screening
tool to identify sleepy people is appealing. The ability to assess
subjective sleepiness in a simple and convenient manner that
predicts one’s actual sleep propensity is critical as interventions
can then be implemented to perhaps prevent mistakes and ac-
cidents. However, it is important to recognize that even though
some studies have found that a high ESS score is associated
with accident risk,*>** the scale is inherently limited secondary
to its subjective nature and therefore cannot accurately identify
an individual’s tendency for lapses in performance particularly
during periods of vulnerability (e.g., 5 AM).
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