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Study Objectives: The purpose of this study was to evaluate the short-term repeatability of the Epworth Sleepiness Scale (ESS) in patients with suspected
obstructive sleep apnea and to determine whether transitory sleepiness of the patient influenced ESS results.

Methods: Adult participants with suspected obstructive sleep apnea taking partin a study on the diagnostic accuracy of repeated sleep studies were eligible. For
assessment of repeatability, the agreement between 2 sequential ESS scores obtained within 1 day (same-day group) or on different days within 1 week (same-week
group) was evaluated. By analyzing the within-day repeatability, a possible influence of situational sleepiness on ESS results was assessed. By comparing
correlations of sequential scores between both groups, a potential influence of test day—specific sleepiness on ESS results was evaluated. Data were analyzed
using Bland-Altman plots, intraclass correlation coefficients, standard error of measurement analysis, and relative amounts of ESS discrepancies beyond 2, 3, 5,

and 7 points.

Results: Forty participants (mean age, 47.7 + 15.4 years; 67.5% men) were included in this study, with 20 in each group. Bland-Altman analysis demonstrated
considerable variability of repeated scores (mean +1.96 x SD = 1.93[-3.81t0 7.66]). Discrepancies of atleast 3 points between sequential ESS scores were found in
48% of all participants. Comparison of ESS repeatability between both groups showed no evidence for a difference.

Conclusions: A clinically relevant variability in ESS scores was found, even when repeated on the same day, possibly because of situational sleepiness
influencing ESS results. Changes in ESS in response to interventions should be interpreted with caution because of its low test-retest reliability.
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BRIEF SUMMARY

populations thus far.

Current Knowledge/Study Rationale: The availability of a reliable and quick test is of central importance for the diagnosis and treatment of sleep-
disordered breathing. The Epworth Sleepiness Scale is the most commonly used test for assessing daytime sleepiness. However, the questionnaire’s
reliability is currently under discussion, although it has only been evaluated in test-retest settings using retest intervals of more than 2 months in sleep clinic

Study Impact: Therefore, the variability of sequential tests observed in these studies might be explained by true changes in average daytime sleepiness. We
assessed the test-retest reliability of sequential tests within 1 week, aiming for a significant evaluation of the questionnaire’s reliability.

INTRODUCTION

Excessive daytime sleepiness, with a prevalence of approxi-
mately 18%' in the general population, is associated with an
increased risk for car accidents, diabetes mellitus, cardiovas-
cular disease, and overall mortality.> The Epworth Sleepiness
Scale (ESS) is the most widely used test for assessing levels of
self-reported daytime sleepiness.® A change in ESS over time is
used in clinical practice to assess the effect of interventions and
serves as an endpoint in clinical trials.*> The ESS is also
implemented into treatment recommendations for patients with
sleep-disordered breathing, and in some countries, ESS scores
even influence prioritization for sleep investigation. However,
concern about the questionnaire’s repeatability, and therefore
its reliability, is mounting.®’

Journal of Clinical Sleep Medicine, Vol. 16, No. 5

The reliability of a scale is preferably determined by com-
paring consecutive test scores of the same individual, ob-
tained under comparable conditions, without interventions
in between.®*'° Although ESS validation studies, limited to
healthy participants or mixed populations, found reliability to
be moderate to good,''™'* 2 studies investigating patients with
suspected obstructive sleep apnea (OSA) indicated poor reli-
ability of the ESS.%'> However, the time interval between test
and retest was more than 2 months in the latter 2 studies. A
maximum of 4 weeks is generally recommended to prevent
measuring true changes in average sleep propensity.'®'” Al-
though intended to measure the long-term “average sleep
propensity in daily life,”'® “as distinct from feelings of sleep-
iness at a particular time,”'® Slater et al.?° assumed that tran-
sitory factors, such as sleep quantity and quality during the
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previous night, might influence ESS results, thus causing
variable scores depending on the situation or the test day.

Our aim was to investigate whether ESS scores remained
stable within short retest intervals (1-6 days) in patients with
suspected OSA. Furthermore, we evaluated whether situational
sleepiness or test day—specific levels of sleepiness influenced
ESS results by comparing 2 ESS scores obtained within the
same day and on different days within 1 week.

METHODS

Participants

This was a subinvestigation of an ongoing, prospective sleep-
cohort study assessing the effect of repeated sleep studies
on the diagnostic accuracy in patients with suspected OSA,
referred to a tertiary sleep center (NCT03819361). Adult
patients undergoing an in-hospital sleep study within the
course of a comprehensive sleep evaluation were eligible
if they participated in the aforementioned trial between
February and July 2019. Exclusion criteria were previous
OSA diagnosis or continuous positive airway pressure
(CPAP) therapy, acutely life-threatening illness, psycho-
logical constraint, and pregnancy. Participants were in-
cluded in this subanalysis consecutively if they filled in the
ESS questionnaire 2 times within the same day (same-day
group) or on different days, with an interval of 1-6 days
between (same-week group). The questionnaires had to be
dated on top; thus, the date of completion could be de-
termined exactly. All questionnaires were completed in the
absence of a physician. We did not inform the participants
about our intention to study the ESS repeatability. The
ethics commission of Zurich approved this data analysis with
BASEC-NR 2018-02305.

Measurements

The ESS is an 8-item Likert-based questionnaire. The partici-
pant is asked to estimate the propensity to doze off in 8 different
situations, thereby referring to everyday life during the previous
few weeks to few months.?' Each of these situations can be rated
from 0 to 3: 0 = “would never doze,” 1 = “slight chance of
dozing,” 2 = “moderate chance of dozing,” 3 = “high chance
of dozing.” Total score ranges from 0 to 24 points.'® A result of
11 points or more is considered to represent pathologic daytime
sleepiness.'®** We used the validated German version of the
ESS.?* The minimal clinically important difference (MCID)
between ESS scores in response to OSA treatment is reported
to be 2 points in onestudy®* and between 2 and 3 points in
another study.*’

The following data were obtained: age, sex, body mass index
(BMI), Mallampati score (range, 1-4), tongue size (range, 1-4),
tonsil size (range, 1-4), alcohol consumption (yes/no), seda-
tive medication (yes/no), apnea-hypopnea index (AHI), and
the respective ESS scores. AHI values were acquired during a
full-night in-hospital respiratory polygraphy or polysomnography
(Alice 6 System; Respironics, Pittsburgh, Pennsylvania).
Sleep studies were scored by sleep specialists according to
current guidelines.?
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Sample size calculation

Sample size calculation was performed for intraclass correlation
coefficient (ICC) calculation in a 1-way random effects model,
resulting in n =20 participants per group with 2 observations per
participant, for a power of 90%, a = 0.05, and an estimated
ICC"""* of at least 0.6.”7

Repeatability

The repeatability of a questionnaire is concerned with the
degree to which repeated measurements in stable persons
under comparable conditions provide similar answers, and it
is assessed in a test-retest setup.?® Differences between the first
and second ESS score were calculated for each participant.
Bland-Altman analysis using the mean difference and the
standard error of the mean difference was used for assessing the
agreement between both scores. 95% limits of agreement (mean
difference = 1.96 x SD of the difference) were calculated as an
estimate of repeatability.>*° Additionally, the proportion of
participants showing an ESS change of more than 2, 3, 5, and
7 points between test and retest was calculated. The standard
error of measurement (SEM) of the ESS was computed for
both groups separately and together, using the formula:
SEM =SD Difference - The SEM signifies fluctuations in mea-
surement results around a participant’s true value, and it is a
critical component of test-retest reliability evaluation.?®

Influence of transitory sleepiness on ESS scores

ICCs were calculated to assess the correlation between the first
and second ESS scores in both respective groups. By analyzing
ICC and Bland-Altman plots in the same-day group, differences
between ESS scores within the same day were investigated.
Because the ESS measures daytime sleepiness, significant
differences between ESS scores obtained from the same par-
ticipant within the same day might represent an impact of sit-
uational sleepiness on questionnaire results. For evaluating the
influence of test day—specific sleepiness on ESS scores, ICC of
both groups were compared.

Statistical analysis

Descriptive statistics include mean and SD for continuous
parameters, as well as median and quartiles for nonnormal
variables. Categorical variables are shown as numbers and per-
centages of total. Univariate regression analysis was performed
for evaluating the association between age, sex, AHI, baseline
ESS scores, BMI, and the difference between sequential ESS
scores of all participants. Furthermore, univariate regression
analysis was conducted to investigate associations between al-
cohol consumption or sleep medication intake and differences
between repeated ESS tests within the same day. We used
STATA/SE15.1 (StataCorp, College Station, Texas) for analysis.

RESULTS

Participants

We investigated data of 47 participants in total, 7 of which
dropped out because the ESS dating could not be identified
precisely. Forty participants (mean age, 47.7 = 15.4 years;
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Table 1—Baseline characteristics.
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Clinical Characteristics Same Day (n = 20) Same Week? (n = 20)
Age (years) 50.7 (14.50) 44.75 (16.04)
Sex, male/female (% male) 14/6 (70%) 13/7 (65%)
BMI (kg/m?) 28.9 (26.12/33.53) 30.4 (22.28/33.90)
Mallampati score (n/4) 2 (1.5/3.5) 2 (113)
Tongue size (n/4) 2 (213) 2 (213)
Tonsil size (n/4) 1(111.5) 1(11)
Alcohol® (yes/no) 713 8/11°
Sedating medication® (yes/no) 14/6 15/4°

AHI (events/h) 14.1 (5.9/23.4) 6.9 (2.4/23.3)
ESS-first test (n/24) 74 (4.37) 8.5 (4.88)
ESS-second test (n/24) 9.9 (4.47) 9.9 (5.21)
ESS—difference® (N(second test - first test) +2.45 (3.03) +1.4 (2.87)

Values are presented as mean (SD) or median (quartiles), unless otherwise stated. AHI = apnea-hypopnea index, BMI, body mass index, ESS =
Epworth Sleepiness Scale. 2Days between test and retest: 1 day (n = 13); 2 days (n =4); 4 days (n = 2); 6 days (n = 1). °Timing of alcohol intake: evening/night
(77%); with meals (23%). °n = 19. °Timing of sleep medication intake: before going to bed (90%); unknown (10%). °Differences between the firstand the second

ESS were normally distributed.

67.5% men) were included in the analysis: 20 in the same-day
and 20 in the same-week groups. Baseline characteristics of
both groups are listed in Table 1.

Short-term repeatability of the ESS

Bland-Altman analysis (Figure 1) demonstrated considerable
variability of ESS scores in both the same-day group (mean +
1.96 x SD = 2.45 [-3.35 to 8.25]) and the same-week group
(mean £ 1.96 x SD = 1.40 [-4.09 to 6.89]), as well as in
the whole study population (mean £+ 1.96 x SD = 1.93 [-3.81
to 7.66]). Computation of the SEM showed similar errors
in the total cohort (2.09 points), the same-day (2.14 points),
and the same-week (2.03 points) groups. Discrepancies of
at least 2 points between sequential ESS scores occurred in
63%, at least 3 points in 48%, at least 5 points in 20%, and at
least 7 points in 8% of the total of 40 participants. Table 2
shows differences between sequential ESS scores in both
groups and the whole study cohort along results of previously
published studies.

Influence of transitory sleepiness on ESS scores

The ICC was 0.65 (95% confidence interval [CI]: 0.31-0.84)
in the same-day and 0.81 (95% CI: 0.58-0.92) in the
same-week group, demonstrating low within-day repeatabil-
ity and thus a possible influence of situational sleepiness
on ESS scores. There was no evidence for a significant
difference in ICC values between the groups; thus, no sig-
nificant impact of test day-specific sleepiness on ESS re-
peatability was seen. Figure 2 shows mean ICC values with
95% confidence intervals.

Influence of baseline variables on ESS repeatability

Age, sex, AHI, baseline ESS scores, and BMI were not sig-
nificantly associated with differences between repeated ESS
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scores of all participants taken together. Furthermore, alcohol
consumption and sleep medication intake were not significantly
associated with differences between ESS scores obtained within
the same day (Table 3).

DISCUSSION

To our knowledge, this is the first study to investigate the re-
peatability of ESS scores within time intervals as short as 1 day
or 1 week. Our study found insufficient test-retest reliabil-
ity even when retesting within 1 day. There was no evidence for
an influence of test day—specific sleepiness on ESS scores
within a maximal interval of 1 week; however, situational
sleepiness might influence ESS scores, as hinted by the low
within-day repeatability. These results suggest that varying
levels of sleepiness in different test situations cause clinically
relevant fluctuations of sequential ESS scores in patients with
suspected OSA.

Quantifying sleepiness is essential for making treat-
ment recommendations in patients with sleep-disordered
breathing and for assessing treatment effects of inter-
ventions aimed to reduce sleepiness in clinical practice
and in research. The ESS is cost-effective and quick, and
it is the most widely used method to evaluate self-reported
daytime sleepiness. Nevertheless, validation of the ques-
tionnaire has been limited to comparisons with vague in-
dicators of sleepiness, such as sleep disorder severity,
because the true average sleep propensity cannot be quan-
tified with certainty. Objective measurement of sleepiness
can be conducted by means of multiple sleep latency testing
(MSLT); however, MSLT determines situational sleep
propensity, whereas the ESS is intended to measure long-
term average sleep propensity.®> Some studies found no
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Figure 1—Mean versus difference of sequential ESS scores.
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Bland-Altman plots for (A) all participants, (B) the same-day group, and (C) the same-week group. The difference between 2 consecutive ESS scores is plotted
against their mean for analyzing levels of accordance between 2 measurements. The blue dots depict individual measurements.

association between ESS and MSLT,*'*? whereas others showed Because comparing ESS scores with other measures is not
a correlation®~** even though the methodology of some studies applicable, the questionnaire’s reliability is a topic of utmost
remains disputable. relevance. Reliability is a crucial psychometric property of
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Table 2—Relative values of participants showing differences of atleast 2, 3, 5, and 7 points between sequential ESS scores in the

current and in previous studies.

Interval 5months | 5months | 3 months |71 (92) days| <6 months 0.5 (0/1) days 0 days 1 (1/2) days
N 19 87 56 142 154 40 20 20
N | e Spemmn | Peman | Penn | ccor | 00085 | 6w
Population Hospital | Medical Mixed Patients with suspected OSA

employees | students
ESS difference = 2 NA 48% 46% 61% 61% 63% 55% 70%
ESS difference = 3 26% 18% 27% 41% 46% 48% 45% 50%
ESS difference 2 5 NA 3% 4% 23% 21% 20% 25% 15%
ESS difference = 7 NA NA NA 10% 8% 8% 15% 0%

Values are presented as percentage of the respective study participants, as mean (SD) or as median (quartiles), unless otherwise stated. AHI = apnea-
hypopnea index, ESS = Epworth Sleepiness Scale, ICC = intraclass correlation coefficient, Interval = time interval between test and retest, n = number of study

participants, NA, not available.

Figure 2—ICC mean values with 95% confidence intervals.
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a scale, preferably investigated in a test-retest setup.®'° Vali-
dation studies limited to healthy participants or mixed pop-
ulations found the ESS test-retest reliability to be adequate.''~**
Only 1 validation study calculated the SEM, and all of the
aforementioned studies focused on correlation coefficients.
We performed Bland-Altman analysis, which is superior to
correlation coefficients in reflecting the agreement between
2 measurements.” The resulting plots demonstrate consider-
able variability of consecutive ESS scores even when testing
repetitively during the same day. If repeated tests without in-
terventions between show significant fluctuations, these fluc-
tuations must be taken into account when using the ESS for

Journal of Clinical Sleep Medicine, Vol. 16, No. 5
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quantifying effects of sleepiness-reducing interventions. Two
meta-analyses of randomized controlled trials on the impact of
CPAP therapy on daytime sleepiness show treatment effects
of —2.43 points (95% CI, —1.92 to —2.95), and of —2.5 points
(95% CI,2.0-2.9), respectively.***® The consistent reduction of
ESS scores in response to CPAP therapy observed in the
aforementioned meta-analyses shows that the ESS measures
daytime sleepiness as it is intended to. However, the SEM
found in our study was more than 2 points in both groups,
suggesting that the amount of ESS change in response to CPAP
treatment described in clinical trials might be significantly
influenced by measurement error. Furthermore, considering
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Table 3—Linear regression analysis.

Parameter | Coefficient 95% Cl P value

Univariate linear regression of the influence of baseline parameters on the difference between second and first ESS scores
Age 0.05 0 to 0.09 .051
Male sex 1.94 -0.01 t0 3.89 .051
AHI -0.05 -0.11 to 0.00 .054
Baseline ESS scores 0.01 -0.01 to 0.03 234
BMI -0.05 -0.16 to 0.05 312

Univariate linear regression of the influence of alcohol consumption and sleep medication intake on ESS differences within the same day
Alcohol 1.57 -1.40 to 4.54 281
Sleep medication 1.02 -2.321t04.18 .504

AHI = apnea-hypopnea index, BMI = body mass index, Cl = confidence interval, ESS = Epworth Sleepiness Scale.

the SEM being almost equal to the MCID (which is 2—3 points),
the ESS might not be accurate in confining clinically relevant
effects of OSA treatment. Our study is in line with the results of
Nguyen et al'® and Campbell et al,® who also showed that ESS
discrepancies between repeated measures exceed the MCID.
Differences of at least 3 points between repeated ESS scores
occurring in 41-50% reinforce concerns about the longitudinal
application of the questionnaire.®'> Aforementioned validation
studies'''* found greater agreement between sequential ESS
scores. Participants of the studies of Nguyen’s et al'’ and
Campbell et al® and this study were all patients with suspected
OSA; therefore, ESS scores might show greater variability with
higher total scores.

Slater et al*® supposed that transitory levels of sleepiness
might influence performance in the ESS. If the participant is
sleepier on the specific day or in the specific situation of
ESS testing, he or she might state a higher propensity to fall
asleep in a certain situation from his or her current point of view.
If test day—specific sleepiness influenced ESS results, 2
scores obtained during the same day should show higher levels
of agreement than 2 scores obtained on different days. We
therefore compared the correlation of 2 consecutive ESS
scores obtained within 1 day with the correlation of 2 scores
obtained during different days. There was no evidence for a
difference between the 2 ICCs or between the 1.96 x SD ranges
of related Bland-Altman plots. Therefore, test day—specific
sleepiness might not be the reason for the low repeatability of
ESS scores. Objective methods for sleepiness assessment,
such as the MSLT, the Maintenance of Wakefulness Test, or
the Oxford Sleep Resistance test, show variable results within
1 day, as they all measure situational sleepiness.’>’ As the
ICC and the Bland-Altman plot showed considerable vari-
ability of scores in the same-day group, within-day repeat-
ability of ESS results appears to be quite poor. Thus, ESS results
might be influenced by the participant’s sleepiness during the
specific test situation rather than by sleepiness specific for the
test day.

One limitation of our study might be the short retest
interval. There is no general rule determining a minimum
retest interval. Nonetheless, most statisticians conclude

Journal of Clinical Sleep Medicine, Vol. 16, No. 5

that 1 or 2 weeks should be the smallest period; otherwise,
memory effects could cause greater agreement between
consecutive tests.”® However, repeatability of the ESS was even
lower in the same-day group compared with the same-week
group. Furthermore, retesting on the same day was on pur-
pose for assessing the influence of transitory sleepiness on
ESS scores. Another limitation is that the power of our study
was limited for linear regression analysis. Thus, further stud-
ies will be necessary to investigate potential associations be-
tween patient characteristics and differences between repeated
ESS scores.

CONCLUSIONS

We found a clinically relevant variability of the ESS even when
testing repeatedly on the same day. There was no evidence for
an impact of test day—specific sleepiness on ESS repeatability.
However, the within-day variability of scores suggests that
situational sleepiness might influence ESS results, and thus
might be the root cause for the considerable SEM. This study
suggests that the reliability of the ESS is not adequate to provide
the basis for clinical decisions or to assess treatment effects,
because the baseline fluctuation of scores reaches or exceeds the
MCID. Therefore, our findings call into question the current
fashion of use of the questionnaire in research and in clinical
settings. Comparing 2 ESS scores from the same participant
might not be applicable for longitudinal monitoring of sleep
disorders and for assessing the effectiveness of interventions
aimed to reduce sleepiness.

As an implication for future research, we propose the
investigation of an average value of repeated ESS scores. For
instance, by combining the results of 2 sequential ESS
questionnaires, the reliability might be increased and there-
fore provide the basis for determining effects of sleepiness-
reducing interventions in research and in clinical settings.
Furthermore, validated questionnaires for sleepiness test-
ing besides the ESS, such as the Stanford Sleepiness Scale
or the Sleep-Related Impairment domain of the Patient-

May 15, 2020



Downloaded from jesm.aasm.org by 49.145.234.186 on March 15, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

FA Grewe, M Roeder, M Bradicich, et al.

Reported Outcomes Measurement Information System, are
less commonly used. Future studies are needed to address the
repeatability of these questionnaires to find alternative methods
of sleepiness testing with possibly superior reliability.

ABBREVIATIONS

AHI, apnea hypopnea index

BMI, body mass index

CI, confidence interval

CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale

ICC, intraclass correlation coefficient

MCID, minimal clinically important difference
MSLT, multiple sleep latency test

OSA, obstructive sleep apnea

SEM, standard error of measurement
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