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A visual analog scale for the
assessment of mild sleepiness in
patients with obstructive sleep apnea
and healthy participants

Yousef D. Alqurashi’, Aleksander Dawidziuk?, Abdullah Alqarni'?, Julia Kelly3#,
James Moss?, Michael I. Polkey®**, Mary J. Morrell®*

Abstract:

MOTIVATION: Studies have shown poor clinical effectiveness of the Epworth Sleepiness Scale (ESS)
due to its ambiguity of items and cultural applicability. This study aimed to investigate the efficacy
of a Visual Analog Scale (VAS) to assess sleepiness, compared to ESS.

METHODS: Thirty-two obstructive sleep apnea (OSA) patients and 32 healthy participants completed
two visits, 1 month apart, during which they completed both ESS and VAS. Patients diagnosed with
OSA were treated with Continuous positive airway pressure (CPAP) between visits. The agreement
between the ESS and VAS scores in both patients with OSA and healthy participants was investigated
using Pearson correlation and Area Under the receiver operating characteristics.

RESULTS: The (mean + standard deviation) Oxygen Desaturation Index for patients with OSA was
18.5 + 5.7 events/hour and 1.7 + 1.0 events/hour in the healthy participants. A reduction in sleepiness,
following CPAP treatment occurred in patients with OSA, using the ESS (11.2 + 5.5-4.7 + 5.0 points,
P < 0.001) and the VAS (50.2 + 3.0-21.9 + 26.5 mm, P < 0.001). There was no significant change in
sleepiness, in healthy participants using the ESS (3.91 + 3.14-3.34 + 3.27 points (P < 0.48) or the
VAS (15.58 £ 21.21-12.05 + 14.75 mm, (P < 0.44). A Likert scale showed that the VAS was easier
to use compared to ESS in visit 1 (VAS: 8.7 = 1.9 points, ESS: 7.7 + 2.6 points, (P < 0.001), and
visit 2 (VAS: 9.5 = 1.4 points, ESS: 8.6 + 1.5 points, P < 0.001).

CONCLUSION: These preliminary results suggest that the VAS can detect a change in sleepiness
after CPAP treatment in patients with OSA and that the VAS was also easier to use compared to ESS.

Keywords:
Excessive daytime sleepiness, obstructive sleep apnea, visual analog scale

Introduction is excessive daytime sleepiness (EDS);

approximately 42% of patients with OSA

bstructive sleep apnea (OSA) is a

common disease. A recent study
estimated that the global prevalence of
OSA was approximately 1 billion people
worldwide, though 60% of those patients
have mild OSA (Apnoea-hypopnea index:
AHI >5 to <15 events/hour). One of the
most common daytime symptoms of OSA
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report symptoms of EDS.? It has long been
accepted that continuous positive airway
pressure (CPAP) is an effective treatment
for patients with moderate-to-severe OSA
and symptoms of EDS.F! Recently, our
group has reported that 3 months of CPAP
treatment improved the quality of life
in patients with mild OSA and daytime
symptoms.*! Furthermore, following the
outcome of the Sleep Apnea Cardiovascular
Endpoints (SAVE) trial, which did not

How to cite this article: Alqurashi YD, Dawidziuk A,
Algarni A, Kelly J, Moss J, Polkey MI, et al. A visual
analog scale for the assessment of mild sleepiness
in patients with obstructive sleep apnea and healthy
participants. Ann Thorac Med 2021;16:141-7.

141



Alqurashi, et al.: A visual analog scale for the assessment of sleepiness

show cardiovascular risk reduction, sleepiness is the
principle indication for starting CPAP in the majority
of OSA patients; therefore, its assessment is of clinical
importance.?

The Epworth Sleepiness Scale (ESS) is the most
frequently used questionnaire to measure subjective
EDS.[®l However, clinical studies have reported
difficulties associated with its use. These include, but
are not limited to, challenges in the accurate completion
of the scale due to illiteracy, the ambiguity of items, and
cultural applicability.”! A study by Ghiassi et al. reported
that one-third of new patients and one-sixth of ESS-naive
patients with OSA made errors or required assistance
when completing the scale.”®! Examples of errors included
leaving a question blank or writing “yes” or “no” instead
of giving an item a score. Some patients also needed
help with completing the questionnaire due to reading
and writing difficulties or vision impairments. Bindi
et al. investigated the challenges of translating the ESS
into different languages and found that item seven in
the ESS (“Sitting quietly after a lunch without alcohol”)
was ambiguous either syntactically, semantically, or
culturally in 66 languages.”’ Moreover, item eight in
the ESS (“In a car, while stopped for a few minutes in
the traffic”) does not make a clear distinction regarding
whether the respondents should imagine themselves
as drivers or passengers. This is important as the
association between EDS and motor vehicle accidents
is well-recognized."”! Another study found that the
contextual factors such as location, position, and level
of interest during the completion of the questionnaire
affected the report of the ESS score, and this led to high
variability between patients.!'!l Finally, the question that
addresses the likelihood of dozing off in a theater may
be ambiguous even to anglophones, since a ‘theatre’ in
the UK is a venue for plays, whereas in Australia where
the ESS originated it is a venue for films (i.e., a cinema).

The visual analog scale (VAS) is a simple method that has
been previously used to measure subjective feelings.!"” It
has been used and validated for the assessment of chronic
symptoms such as anxiety,!®) mood,!"?! depression, ¥l
pain,™ and breathlessness.!®! Sleepiness is a subjective
feeling, and therefore a VAS may be an effective
measurement.'”l A VAS for the assessment of sleepiness
was developed, with endpoints that closely match the
ESS.

The primary aim of this study was to determine the
relationship between the ESS and VAS in patients with
OSA and healthy participants at baseline and after 1
month, during which patients with OSA were treated
with continuous positive airway pressure (CPAP).
Healthy participants were included in the follow-up,
to provide insights into test, re-test variability. The
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secondary aims were to assess the ease of use and time
taken to complete both the ESS and VAS.

Methods

Participants

Patients were recruited prospectively from the Centre
for Sleep, at the Royal Brompton Hospital, London, UK,
if they had a confirmed diagnosis of OSA (overnight
respiratory polygraphy; Apnea link, ResMed, San Diego,
California, US). Healthy participants were also recruited
to the study from the Royal Brompton Hospital and
Imperial College London staff.

The inclusion criteria for the patients with OSA were
Oxygen Desaturation Index (ODI) >7.5 events /hour and
for healthy participants ODI <5 events/hour. Exclusion
criteria were coexisting sleep disorder, clinically
diagnosed depression or anxiety disorder, prescription
of psychotropic medications, or use of recreational drugs.
All participants gave written informed consent, and
the study was approved by National Research Ethics
Services Committee South West-Cornwall and Plymouth
12/SW/0091.

Measurements

All participants were asked to complete the ESS and
VAS questionnaires, at baseline and after 1 month.
During this month, patients with OSA were treated with
CPAP (ResMed, San Diego, California, US) and their
adherence to the treatment was recorded using remote
monitoring (Air view, ResMed, San Diego, California,
US). Oxygen saturation was recorded overnight for
all participants in their own homes at visit 1. Oxygen
saturation was also recorded overnight at visit 2 for
patients with OSA. ODI was measured through portable
pulse oximetry overnight (Konica Minolta Sensing Inc,
Tokyo, Japan).

Epworth Sleepiness Scale

A self-administered questionnaire that yields a score
between zero (least sleepy) and 24 (most sleepy).l!
Participants were asked to mark on a scale of 0-3, how
likely they are to doze off or fall asleep during eight
different situations. The ESS scores can be interpreted
as follow: 0-5 Lower Normal Daytime Sleepiness,
6-10 Higher Normal Daytime Sleepiness, 11-12 Mild
Excessive Daytime Sleepiness, 13-15 Moderate Excessive
Daytime Sleepiness, and 16-24 Severe Excessive Daytime
Sleepiness.

Visual Analog Scale

A self-administered scale that consists of two opposing
statements “Inever fall asleep” and “I always fall asleep”,
joined by a 100-mm line. These two statements were
selected to resemble the scores from the ESS as closely
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as possible. The instructions that were given to the
participants before completing the VAS were “place an
X on the line below to show on average, over the past
week, how likely you are to fall asleep during the day.”

The VAS was developed by a consensus of experts (four
consultants at the Royal Brompton Hospital, two
physiologists, and patients with OSA).

Both the ESS and VAS were recorded on paper. The VAS
was measured by a ruler, and the score was to the nearest
millimeter. Participants were also asked to rate the ease
of use of both measures on the scale of zero (least easy)
to 10 (most easy). The time taken to complete the ESS
and VAS was also recorded on each occasion.

Sample size calculation and statistical analysis

Ana priori sample size was estimated based on the study
by McMillan et al., 2014.1I These researchers investigated
the impact of CPAP on daytime sleepiness in older
patients with OSA, recording the ESS before and after
CPAP treatment. They found a reduction in the ESS of
two points following CPAP treatment (95% CI 2.8-1.2).
Using these data, at 5% significance level and 80% power,
a sample size of 64 participants were required for this
study to show a similar reduction in the VAS after CPAP.

Normality of the data was investigated using Shapiro—
Wilk’s normality test.

The difference between the baseline and 1-month ESS and
VAS scores were tested using a paired t-test in patients
with OSA and in healthy participants. The relationship
between the ESS and VAS scores in both patients with
OSA and healthy participants was investigated using
a Pearson correlation and Area Under the Receiver
Operating characteristics (ROC) Curve. The cut-off
values of <10 points in the ESS were used to determine
the value in the VAS.

Ease of use ratings and time taken to complete the ESS
and VAS were analyzed through independent T-tests.
All statistical analysis was conducted using IBM SPSS
Statistics for Windows Version 24.0 . Armonk, NY: IBM
Corp.

Results

Sixty-seven participants were assessed for
eligibility to participate in the study; of which
64 participants were included; 32 (ten females)
patients diagnosed with OSA (age [mean * standard
deviation (SD)] 55.8 + 13.4 years) and 32 (19 female)
healthy participants (age: 36.7 + 11.7 years). Details
of the recruitment are presented in the Consort
diagram [Figure 1].
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Assessed
for eligibility Declined to participate
(n=67) (n=2)
ENROLMENT l—> Not meeting

inclusion criteria

Included in the study (n=1)

(n=64)
OSA patients Healthy participants
(n=32) (n=232)

Completed visit 1 Completed visit 1
(n=32) (n=32)

Lost for
follow-up
(n=1)

FOLLOW-UP (1 month)

Completed visit 2
(n=31)

Completed visit 2
(n=232)

Figure 1: Consort diagram displaying method of recruitment and study of
obstructive sleep apnea patients and healthy participants

Baseline characteristics of the participants of the patients
with OSA and healthy participants are presented in
Table 1.

Comparison between Epworth Sleepiness Scale
and Visual Analog Scale at baseline and after 1
month

In patients with OSA, the (mean + SD) score of ESS at
visit 1 was 11.16 + 5.53 points, which indicated that our
patients were mildly sleepy. At visit 2, after 1 month
of CPAP, the ESS score had decreased to 4.74 + 5.01
points. Concurrently, the score of the VAS at visit 1 for
patients with OSA was 50.22 + 30.38 mm. At visit 2 after
1 month of CPAP, the VAS had decreased to 21.90 = 26.92
mm [Figure 2].

In healthy participants, the (mean + SD) score of ESS
at visit 1 was 3.91 = 3.14. At visit 2, after 1 month of no
intervention, the ESS score was 3.34 + 3.27 (P = 0.48).
Concurrently, the score of the VAS at visit 1 for
healthy participants was 15.58 + 21.21 mm. At visit 2,
after 1 month of no intervention, the VAS score was
12.05 + 14.75 (P = 0.44) [Figure 2]. These data show
that there were minimal change in the measurement
of sleepiness using ESS and VAS after 1 month in the
healthy participants.

In patients with OSA, the mean percentage change from
visit 1 to visit 2 for the ESS was 57.5% +35% compared
to 56.4% + 29.1% (P = 0.253) for the VAS scores. These
results show that there was no significant difference in
the percentage reduction in sleepiness measured using
the ESS and VAS. Therefore, the use of both ESS and
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OSA patients

Healthy participants

Ess
VAS (mm)

Visit 1 Visit2

Figure 2: Individual Epworth Sleepiness Scale and Visual Analog Scale results for obstructive sleep apnea patients (n = 31) and healthy participants (n = 32) collected at
visits 1 and 2

Table 1: Baseline characteristics of the participants

Total sample (n=64)

Healthy participants (n=32) OSA patients (n=32)

Age (years) 46+15 36+11 56+13
ODI >4% at baseline (events/hour) 10.10+9.36 1.73+0.95 18.47+5.70
ODI >4% after CPAP treatment (events/hour) N/A N/A 5.89+5.49
BMI (kg/m?) 28.72+5.83 26.26+5.12 31.17+5.52
Period between visits 1 & 2 (days) 34+19 26+10 42422
Medical history (n)

Hypertension 14 0 14
Heart failure 4 0 4
Other cardiac diagnosis 8 1 7
Epilepsy or other neurological diagnosis 2 0 2
Asthma 15 6 9
COPD or other respiratory disorders 10 0 10
Diabetes 7 1 6

Values are given as meanzstandard deviation (SD), or sample number (n).

VAS detects a similar magnitude of change in sleepiness
in patients with OSA after they have been treated with
CPAP.

Correlation between Epworth Sleepiness Scale
and Visual Analog Scale results

The VAS correlated significantly with ESS at both visits
among patients with OSA (visit 1: ¥ = 0.77, P <0.001, visit
2:r = 0.82, P < 0.001) and healthy participants (visit 1:
r=0.60, P < 0.001, visit 2: r = 0.71, P < 0.001). When the
data for patients with OSA and healthy participants were
combined, to examine the performance of the VAS scale
at different levels of sleepiness, the correlation between
the ESS and VAS was r = 0.82 (P < 0.001) for visit 1 and
r=0.72 (P < 0.001) for visit 2. Figure 3 shows the scatter
plots for visit 1 and visit 2.

The Area Under ROC curve of the VAS for detecting
sleepiness (ESS > 10) was 0.84, which means that the
probability that VAS predicted sleepiness correctly was
84% [Figure 4].
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The ease of use and time taken to complete the
Epworth Sleepiness Scale and Visual Analog
Scale

The VAS was easier to use compared with the ESS for
both patients with OSA (Visit 1: VAS: 8.29 + 2.34; ESS:
7.74 + 2.84, P < 0.001, Visit2: VAS: 9.71 = 0.59, ESS:
8.97 +1.22, P < 0.001) and for healthy participants (Visit
1: VAS: 9.22 + 1.43; ESS: 7.72 + 2.34, P < 0.001, Visit2:
VAS: 9.29 + 1.94, ESS: 8.36 + 1.75, P < 0.001). Table 2
summarizes the results for the ease of use of the VAS
and ESS between visits for both patients with OSA and
healthy participants.

The time taken to complete the VAS was also reduced
significantly compared with the time taken to
complete the ESS in patients with OSA (Visit 1: VAS:
14.92 + 13.76 seconds, ESS: 38.75 + 20.01 seconds,
P < 0.001, Visit 2: VAS: 5.67 + 3.39 seconds, ESS:
31.33 £23.68, P <0.001) and in healthy participants (Visit
1: VAS: 17.32 + 31.47 s, ESS: 62.32 + 62.44 s, P < 0.001,
Visit 2: VAS: 10.16 + 9.43 s, ESS: 38.00 + 21.90, P < 0.001).

Annals of Thoracic Medicine - Volume 16, Issue 2, April-June 2021
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Figure 3: Correlation between the Epworth Sleepiness Scale and Visual Analog Scale results for patients with obstructive sleep apnea (open circle) and healthy participants
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Figure 4: The Receiver Operating Characteristic curve. Sensitivity (y-axis) plotted
against 1 - specificity (x-axis), demonstrating the predictive value of the cut-off
score of the Epworth sleepiness scale. An Epworth Sleepiness Scale score of 10
had an area under the curve of 0.84, which means that the probability that Visual
Analog Scale predicted sleepiness correctly was 84% when a cut-off Epworth
Sleepiness Scale score of 10 was used

Table 3 summarises the results for the time taken to
complete the ESS and VAS between visits for both
patients with OSA and healthy participants.

Discussion

The main finding of this study was that in patients
with OSA, symptoms of daytime sleepiness could be
measured with both the ESS and VAS; the VAS measure
was able to differentiate patients with OSA from healthy
participants. The VAS was also easier to use, compared
with the ESS over a 1-month period when patients with
OSA were treated with CPAP and no intervention was
applied to the healthy participants.

In this study, the VAS was used to assess sleepiness since
it had been proved to be a simple and reliable method to
evaluate feelings such as anxiety,!"*! depression,!'* pain, >l
and breathlessness.l'" Different versions of the VAS
have been used in the literature: Horizontal or vertical
lines, numerical ratings, and a facial scale. However, the

Annals of Thoracic Medicine - Volume 16, Issue 2, April-June 2021

Table 2: The ease of use for the ESS and VAS score
in visit 1 & 2 for patients with OSA

Ease of use for patients with OSA

Visit 1 Visit 2 Change P
ESS (points) 774+284 897+12 -1.23+2.64 0.033
VAS (points) 829+234 971+059 -1.42+2.33 0.002
Ease of use for healthy participants

Visit 1 Visit 2 Change P
ESS (points) 772+234 847+167 -0.75+2.08 0.145
VAS (points) 9.22+143 925+187 -0.03 +1.69 0.940

ESS: Epworth sleepiness scale, VAS: visual analogue scale. The ease of use
was measured using Likert scale between zero (least easy) to 10 (most easy).

Table 3: The time taken to complete the ESS and
VAS score in visit 1 & 2 for patients with OSA

Time taken to complete the ESS and VAS for patients with OSA

Visit 1 Visit 2 Change P
ESS (seconds) 39+20 3124 -7+4 0.416
VAS (seconds) 15+13.76 6+3 -9+10 0.043

Time taken to complete the ESS and VAS for healthy
participants

Visit 1 Visit 2 Change P
ESS (seconds) 62+62 38+21 - 24+40 0.118
VAS (seconds) 17+31 109 - 722 0.349

ESS: Epworth sleepiness scale, VAS: visual analogue scale. The ease of use
was measured using Likert scale between zero (least easy) to 10 (most easy).

most widely used is the horizontal line version with no
categories on the line. Where categories are used (for
example, no pain, mild pain, moderate pain, severe pain,
and very severe pain), and the true value falls in-between
these categories, participants have shown a systematic
bias either to the lower or higher score. It was also found
that this bias decreases as the number of categories
increases.!"! Furthermore, previous studies that used VAS
for the assessment of sleepiness in patients with OSA
utilized either different VAS version or used VAS that
was originally constructed to measure different attributes.
For example, Sauter et al. 2000., investigated a VAS that
was originally constructed to assess mood, specifically
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tiredness (VAS-T) and performance (VAS-P). They
showed that the VAS-P, VAS-T, and ESS were moderately
correlated among patients with OSA, which indicate
that they measure similar, but not identical attributes.
Johnson et al., 1990 used a VAS version to assess EDS in
combination with the Stanford Sleepiness Scale (SSS). The
anchor points they used were “very alert on the left end
and very sleepy on the right end”. These two anchors
resemble the statements from the SSS, which previous
studies showed that SSS statements refer to fatigue or
boredom rather than sleepiness (Minkwitz et al., 2020).

In the present study, it was found that the VAS was
sensitive to changes in sleepiness levels before and after
CPAP treatment, with the same magnitude as shown
for the ESS. The sensitivity of the ESS to changes in
levels of sleepiness before and after CPAP treatment
has been reported in previous research,”?! and the
majority of these studies found a clinically significant
change of 2-3 points in the ESS.® In this study, we
observed a change of six points in the ESS score after
CPAP treatment. One explanation for the larger figure,
compared with that reported in the literature is that
our patients were recruited from a specialist sleep
clinic, and had been prescribed CPAP treatment with
close monitoring of the compliance. In addition, the
short follow-up time (one month) may have captured a
“rebound” in sleepiness levels. Interestingly, McMillan
et al. reported that the change in ESS after 3 months
of CPAP treatment (-3.8 points) was greater than the
change after 12 months (-3.4 points).['¥!

One limitation of our study was that although the sample
size was objectively calculated, there are still other
important assumptions were not answered by this study
such as patients with severe OSA who are also severely
sleepy. Furthermore, we did not test how the VAS will
change over longer period between visit 1 and visit 2.
These questions are still not answered by the current
study. Another limitation was that the mean age of our
patients with OSA was higher than the mean age of the
healthy participants. However, the purpose of adding
healthy participants in this study was to show how
the VAS can detect sleepiness among the spectrum of
participants with different sleep iness levels. Therefore,
the healthy participants were not “control group.”
Instead, there were added to provide more meaningful
data about the use of the VAS in participants with
different level of sleepiness.

The use of the internet and modern technology in recent
years has not only enabled health promotion but also
has facilitated the collection of big data. A potential
development of the present study would be to digitize
the VAS and make it publicly available, hence an
online version of the VAS was developed [Figure 5].

146

@& imperial.eu.qualtrics.com (&

Slide the bar on the line below to show on
average, over the last week, how likely you
are to fall asleep during the day

| never fall asleep | always fall asleep
0 10

slide the bar

-

Powered by Qualtrics

h m O

Figure 5: A screenshot of the online version of the Visual Analog Scale

Such development may aid awareness among the
public regarding symptoms of sleepiness and aid the
diagnosis of sleep disorders in a timely manner. For
example, In a previous study in a large number of
participants (39,448 participants), Boyes et al., found that
an online version of the ESS enabled an assessment of
sleepiness symptoms of >1000 participants per month.*!
Such data can pave the way toward speeding up clinic
visits. It might also be used to enable the motor vehicle
agencies to screen for fitness to drive. Future work will
investigate the feasibility of using the online version of
the VAS as a measure for sleepiness.
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