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Study Objectives: The objective of this study was to measure fatigue and hypersomnolence in patients with obstructive sleep apnea (OSA) treated with
a mandibular advancement device (MAD), using Epworth Sleepiness Scale (ESS) for hypersomnolence and Checklist Individual Strength questionnaire

(CIS20R) for fatigue.

Methods: This was a single-center, prospective cohort study. A total of 58 patients with OSA filled out ESS and CIS20R questionnaires at baseline and
after 3 months of MAD treatment. A total of 39 full datasets were collected. Statistical analysis for reliability of the questionnaires, comparison between
baseline and 3-month follow-up, correlation between the changes in the values of the two questionnaires, and changes in apnea-hypopnea index (AHI)

were performed.

Results: CIS20R showed excellent reliability in this patient group at baseline and 3-month follow-up (Cronbach a =.97), ESS showed a marginally good
reliability (Cronbach a = .82). The CIS20R (82/140) expressed high levels of fatigue at baseline, and ESS showed a normal level of daytime sleepiness.
AHI, ESS, and CIS20R were significantly reduced under MAD treatment. A significant correlation between ESS and CIS20R was observed. No significant

correlation between any of the questionnaires and the change in AHI was found.

Conclusions: The CIS20R questionnaire results showed a high level of fatigue in the patients with OSA, and the questionnaire can be used to

evaluate changes in fatigue due to MAD treatment after 3 months. The ESS failed to show similar characteristics. Therefore, a combination of ESS for
hypersomnolence with CIS20R for fatigue is proposed for the follow-up of patients with OSA treated with MAD.
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BRIEF SUMMARY

hypersomnolence.

Current Knowledge/Study Rationale: Currently, hypersomnolence and fatigue are often assessed using the Epworth Sleepiness Scale (ESS) and
no clear distinction between these two symptoms can be made. The current study is the first to apply the Checklist Individual Strength (CIS20R) as a
follow-up tool for measuring fatigue during the treatment of patients with obstructive sleep apnea and to compare the results with the ESS score.
Study Impact: The results showed an excellent reliability of CIS20R and demonstrated the severity of fatigue present in the study population with
obstructive sleep apnea and also the effects of 3 months of MAD treatment on fatigue. The ESS score was clearly limited to the representation of

INTRODUCTION

Within the range of sleep-disordered breathing, obstructive
sleep apnea (OSA) is highly prevalent.! OSA is caused by re-
curring collapse of the upper airway during sleep, resulting in
complete (apnea) or partial (hypopnea) cessation of airflow.?
This gives rise to sleep disturbances and sleep fragmenta-
tion.> OSA severity is expressed by the apnea-hypopnea index
(AHI), defined as the number of apneas and hypopneas per
hour of total sleep time.*

Most patients in whom OSA has been diagnosed complain
about a combination of hypersomnolence and fatigue,’ as well
as other symptoms such as socially disturbing snoring, gasping,
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and choking. Hypersomnolence and fatigue are often mistaken
for each other although they are two distinct symptoms; thus, a
clear discrimination between both symptoms ought to be cru-
cial in OSA treatment decision making and the evaluation of
the effect of OSA therapies.

The Epworth Sleepiness Scale (ESS) is a widely used
questionnaire to quantify the degree of hypersomnolence
in patients with OSA.® With this questionnaire, the patients
are asked to rate their probability of falling asleep or doz-
ing off on a scale of 0 to 3 for eight day-life situations. The
ESS score is the sum of the eight item scores and can range
from 0 to 24. However, recent results showed that the ESS
had a poor test-retest reliability and should not be relied
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upon for decision making and providing treatment services
in sleep disorders.’

Fatigue is defined as the self-reported feeling of tiredness
or exhaustion and is a commonly reported symptom among
patients with chronic conditions® such as OSA.° It is an impor-
tant parameter of health care outcome evaluations, with a con-
siderable effect on multiple levels of public and occupational
health care. Poor personal performance,”® reduced productiv-
ity during work,"” an increase in sick leave as well as work
disability,'” and a rise in the incidence of motor vehicle' and
occupational accidents'? all are translated into a substantial
economic burden related to fatigue. Fatigue can also lead to
decreased quality of life and other related health problems."
The Checklist Individual Strength (CIS20R) questionnaire can
be used to estimate the fatigue present in a population.” It is
a 20-item questionnaire with each question to be scored on a
7-point Likert scale ranging between “yes, this is true” to “no,
this is not true.” The total score is calculated as the sum of the
responses to the different statements, with a maximum CIS20R
score of 140.

Because of the socioeconomic burden of OSA, adequate
treatment is of utmost importance. The standard noninvasive
treatment for OSA is continuous positive airway pressure,
stabilizing the upper airway through a pneumatic splint."
Mandibular advancement devices (MAD) stabilize the upper
airway by moving the lower jaw forward. These appliances
have shown promising results not only in decreasing AHI, but
also in improvement in sleepiness as measured by the ESS.'®

The objective of this study was to investigate the application
of the CIS20R questionnaire in patients with OSA treated with
MAD and to compare it with the ESS questionnaire. The first
part of this paper focuses on the reliability of the CIS20R and
ESS questionnaires in this specific patient population. Next,
the efficacy of MAD treatment was analyzed after 3 months of
follow-up in terms of reduction in AHI, as well as reduction in
hypersomnolence and fatigue. Finally, the correlation between
the changes in AHI and the changes in ESS or CIS20R and its
subscales were tested.

METHODS

This study was designed as a single-center, prospective cohort
study. Patients had a diagnosis of OSA if the AHI was higher
than 5 events/h of sleep on a type 1 polysomnography (PSG).
The patients were referred to the Special Care Dentistry unit of
the Antwerp University Hospital for routine MAD treatment
and were consecutively included after further confirmation of
eligibility for MAD treatment. All participants provided writ-
ten informed consent and the study was approved by the Ethi-
cal Committee of the Antwerp University Hospital.

At baseline the patients were asked to fill out both ESS¢
and CIS20R™ questionnaires. A custom-made titratable com-
mercially available duo-bloc MAD allowing adjustments in
mandibular protrusion (SomnoMed Flex, SomnoMed Ltd, Aus-
tralia), was fitted in maximal comfortable protrusion. Thereaf-
ter, the patients were instructed to further adjust mandibular
protrusion until resolution of the self-reported symptoms such
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as snoring and hypersomnolence, or until physiological limits
were reached. Three months after the fitting of the MAD, the
patients were asked to fill out both questionnaires again. Ac-
cording to the Belgian reimbursement modalities, a follow-up
home sleep-test (polygraphy or PG) with the MAD in situ was
carried out to assess the residual AHI under MAD treatment.
No corrections were made for the differences in total sleep
time (PSG) versus registration time (PG).

ESS Questionnaire

Hypersomnolence was assessed using the ESS, an eight-item
questionnaire that takes about 3 minutes to fill out. It reflects
the chance of each person’s general level of sleepiness during
eight situations of daily life. The participant selects the most
appropriate integer score ranging from 0 (would never doze)
to 3 (high chance of dozing) for each of the 8 questions. The
results are then summed up, with 0 being the minimal and 24
the maximum total ESS score. The higher the ESS score, the
higher that person’s average sleep propensity in daily life. In
general, according to the recent update by Johns,® ESS scores
need to be interpreted as follows: 0—5 = lower normal day-
time sleepiness, 6—10 = higher normal daytime sleepiness,
11-12 = mild excessive daytime sleepiness, 13—15 = moderate
excessive daytime sleepiness, 16—24 = severe excessive day-
time sleepiness.

Checklist Individual Strength Questionnaire
Fatigue severity was assessed using the CIS20R, a 20-item
questionnaire that takes approximately 5 to 10 minutes to com-
plete. Each question has a statement to be scored on a seven-
point Likert scale ranging between “yes, this is true” to “no,
this is not true.” The total score is calculated as the sum of the
responses to the different statements. The maximum CIS20R
score is 140, with a score of 76/140 or higher indicating that
the patient is at risk for prolonged absence at work."” The scale
is subdivided in four dimensions of fatigue: fatigue severity
(CIStatigue; 8 items, maximum score 56), concentration prob-
lems (CISconcentration; S items, maximum score 35), reduced mo-
tivation (CISyogivation; 4 items, maximum score 28), and activity
(CISactivitys 3 items, maximum score 21).

For the purpose of this study, the main focus will be on
CISraigue, With a score < 26 = normal, 27-34 = mild fatigue,
and > 35 = severe fatigue."

Statistical Analysis

Statistical analysis was conducted using R software (R Foun-
dation for Statistical Computing, Vienna, Austria). Data are
represented as mean + standard deviation (SD) unless re-
ported otherwise. The parameters used in the main analy-
sis were AHI, ESS score, CIS20R, CISruigue; CISconcentrations
CISyotivation» and CISaciviy. Normality was tested using the
Shapiro-Wilk test. To evaluate the internal consistency of the
ESS and the CIS20R questionnaire in patients with OSA, we
used a Cronbach a test for the ESS, CIS20R, and CIS20R sub-
scales. In general, a Cronbach a reliability coefficient of .70 or
higher is considered acceptable and a value of .90 and above
is considered excellent. A complementary test to Cronbach o
is Gutman split-half, which randomly divides the test into two
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Table 1—Baseline characteristics (n = 39).

Parameter Mean * SD Range
BMI (kg/m?) 27.3+3.0 23.1-35.1
AHI (events/h) 288+175 15.0-75.4
ESS (score 0-24) 9+5 1-20
CIS20R (score 20-140) 81+34 21-137
ClSkaigue (score 8-56) 3715 8-56
ClSconcentration (SCOrE 5-35) 21+ 11 5-35
ClSogation (SCOTE 4-28) 1317 4-28
ClSacniy (score 3-21) 1M+5 3-19

Baseline characteristics of the patients with a full dataset. AHI = apnea-
hypopnea index, BMI = body mass index, CIS20R = Checklist Individual
Strength, ESS = Epworth Sleepiness Scale, SD = standard deviation.

halves, applies each half to the same group of people and then
gives the correlation between the two associated results.

The change from baseline to 3 months follow-up was tested
using a paired ¢ test for normally distributed parameters and a
Wilcoxon signed rank test for non-normally distributed param-
eters. A Spearman correlation test was used to assess the cor-
relation between ESS and CIS20R at baseline, 3 months after
treatment and the absolute difference between the two time-
lines (A). The same test was used to determine the correlation
among AAHI and all other parameters.

RESULTS

Study Population

A total of 58 patients in whom OSA was diagnosed were asked
to fill out ESS and CIS20R questionnaires at baseline and af-
ter 3 months of MAD treatment. Seventeen patients did not
complete the 3-month follow-up whereas two other question-
naires were incomplete. In 6 patients the CIS20R question-
naire was incomplete, whereas in 13 patients the data on OSA
severity under MAD therapy were not available. In total, 39
complete datasets were obtained. The baseline characteristics
of the patients are summarized in Table 1. The study popula-
tion included 29 men (74%) and 10 women (26%) with a mean
body mass index (BMI) at baseline of 27.3 + 3.0 kg/m?. On
average, the baseline AHI was 28.8 + 17.5 events/h indicating
moderate to severe OSA. The ESS showed a higher normal
hypersomnolence (ESS = 9/24), whereas the CIS20R indi-
cated that patients were at risk of prolonged absence at work
(CIS20R = 82/140) and the CISpe. indicated the presence
of severe fatigue (CISg,igue = 37/56) at baseline. The baseline
characteristics of the 19 patients with incomplete dataset did
not differ significantly from those of the 39 patients included
in the analysis, except for the AHI (P = .002) which can be
explained by the relatively large range for this group (3.2-75.6
events/h).

Internal Consistency and Reliability

Table 2 provides a summary of the Cronbach a. The CIS20R
questionnaire and its subscales on fatigue and concentration
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Table 2—Internal consistency analysis.

Parameter Cronbach a

(score range) Baseline 3-Month Follow-Up
ESS (0-24) .80 82
CIS20R (20-140) 97 97
ClSraigue (8-56) .96 94
ClSconcentration (5-35) .95 .94
ClSuotation (4-28) .89 92
ClShciuiy (3-21) 84 .83

Internal consistency analysis—Cronbach a—for the ESS, CIS20R,
and CIS20R subscales. CIS20R = Checklist Individual Strength,
ESS = Epworth Sleepiness Scale.

showed excellent internal consistency (Cronbach o > .90),
both at baseline and at 3-month follow-up. The results for
ESS showed a lower, but still acceptable, internal consistency
(Cronbach a = .80). Gutman split-half correlation in this patient
group also showed an excellent reliability for CIS20R both at
baseline (» = .97) and at 3-month follow-up (»=.97). For ESS a
marginally good reliability at baseline (» = .82) and with MAD
treatment (r = .83) was observed.

Efficacy of MAD Treatment
Figure 1 summarizes the evolution of the AHI, ESS, and
CIS20R and its subscales during MAD treatment. There was a
statically significant decrease in AHI at the follow-up PG with
the MAD in situ as compared to baseline: AHI decreased from
28.9 + 17.6 events/h at baseline to 10.0 + 11.8 events/h with
MAD (P =.00002).

The ESS score significantly  decreased from
9 + 5 at baseline to 6 + 4 at 3-month follow-up (P = .003)
(Figure 1). Furthermore, the CIS20R reduced from 82 + 34
at baseline to 63 + 31 with MAD (P = .024). The severe fa-
tigue (CISyaigue = 37 £ 15) at baseline was significantly reduced
to mild fatigue (CISpuigue = 27 = 13) upon MAD treatment
(P = .007). CISconcentration and CISciviy Subscales significantly
reduced under MAD treatment as well, but the CISyivation did
not. Patient weight and BMI did not significantly change dur-
ing MAD treatment.

Correlation Between Changes in AHI and Changes in
ESS or CIS20R and its Subscales

Correlation analyses between the changes in the different pa-
rameters (AAHI, AESS, ACIS20R, and the changes in its sub-
scales) are depicted in Figure 2. These correlation analyses
revealed a significant correlation between the AESS and the
ACIS20R (P =.001, ;= .5), the AESS and ACISgyieu. (P =.0006,
ry = 43), and AESS with ACISconcentration (P = 005, ry = .43),
Figure 2. The analysis failed to demonstrate a correlation be-
tween AESS and ACISyivation (P = .035, r;=.33) and AESS and
ACIS pciivity (P = .086, = .27).

Despite observing a significant reduction in AHI, ESS, and
CIS20R after 3 months of MAD therapy compared to their
baseline values according to the comparison analysis, no sig-
nificant correlation was found between the AAHI following
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Figure 1—Summary of the efficacy of MAD treatment.
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rs=—.259) or its subscales.

—.1), ACIS20R (P= 72,

DISCUSSION

OSA is a chronic disorder with important socioeconomic con-
sequences due to the related daytime symptoms and comorbid
disorders. Hypersomnolence and fatigue are two of the main
self-reported complaints of patients with an OSA diagnosis
and the current study offers a way to differentiate between
these two distinct but not necessarily mutually exclusive symp-
toms. The CIS20R questionnaire is already validated and used
in the follow-up of various chronic diseases where it proved
to be a valid and reliable tool for the assessment of fatigue in
those patient groups. Now, the CIS20R is introduced into the
follow-up of OSA treatment with MAD. This paper focuses
on the internal consistency and reliability of the CIS20R and
the ESS in patients treated with MAD (before and after the
treatment implementation), on the efficacy of the therapy using
both questionnaires and on the OSA severity as well as on the
correlation between the decrease in AHI, the decrease in ESS,
and CIS20R and its subscales.

Internal Consistency and Reliability

A good questionnaire should show reliability and internal con-
sistency in any patient group. Cronbach o offers an easy way
to measure whether or not a questionnaire is reliable. It is used
under the assumption that a questionnaire has multiple ques-
tions, all asking different aspects, for example, about fatigue,
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Figure 2—Correlation plot.
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The correlations coefficients are shown on the lower left side, and
range from -1 to 1. Negative correlations are shown in blue and positive
correlations in red. The P values are shown on the upper right side of the
correlation plot. A = absolute difference between baseline and 3-month
follow-up, AHI = apnea-hypopnea index, CIS = Checklist Individual
Strength, ESS = Epworth Sleepiness Scale.

but when combined, it can measure the overall fatigue. In a
study on patients with rheumatoid arthritis,'® the CIS20R was
compared with 12 questionnaires on fatigue. The results of that
study confirmed CIS20R to be a reliable instrument for iden-
tification of cognitive and physical fatigue with an excellent
internal consistency and reliability."® The internal consistency
scores in our study population were very high, with Cronbach
a = .97 for CIS20R and Cronbach o ranging from .83 to .96
for the subscales, both at baseline and after 3 months of MAD
treatment.

Efficacy of MAD Treatment

The current study showed that MAD treatment yields to a sig-
nificant improvement in AHI, ESS, and CIS20R scores and all
its subscales, except for CISygvaion. However, the Cronbach o
did show a high internal consistency for the motivation sub-
scale, indicating that motivational complaints are not primor-
dial in patients with OSA.

The total CIS20R score at baseline showed that the patients
were at risk for prolonged absence at work (CIS20R = 82/140).
This score was significantly reduced under MAD treatment,
alleviating this risk after 3 months. The fatigue subscale could
be reduced from severe fatigue (CISpuigue = 37 £ 15) to mild
fatigue (CISguigue = 27 £ 13) upon MAD treatment.

Correlation Between Changes in AHI and Changes in
ESS or CIS20R and its Subscales

A significant correlation was found between the changes in
ESS and changes in CIS20R scores following MAD treatment.
However, no correlation between the improvement in AHI and
the changes in any of the two questionnaires, CIS20R and ESS,
or the CIS20R subscales could be demonstrated. This suggests
that the objective improvement in AHI is not always reflected
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in a comparable reduction in self-reported complaints or vice
versa. Further research and analysis are needed to reveal pos-
sible causes and/or explanations for this phenomenon, because
the current study reports on a limited group of patients for a
relatively short period of time. Long-term follow- up on larger
study populations will be required to further delineate the ap-
plication of CIS20R in OSA treatment.

Clinical Implications

Because fatigue is one of the main complaints of OSA, this
paper focused on the CISp,... subscale. This fatigue subscale
showed a high consistency both at baseline (Cronbach o = .96)
and at 3-month follow-up (Cronbach a = .94) and as such in-
dicates that the CISpe subscale is an accurate tool in the
follow-up of the symptom fatigue in patients with OSA treated
with MAD.

A prominent finding of the current study is that the ESS
questionnaire failed to express the severe fatigue as indicated
by the CIS20R and CISyee scores in the OSA study popula-
tion at baseline. This conclusion stresses that fatigue and hy-
persomnolence are two distinct symptoms of OSA. Fatigue is
defined as the self-reported feeling of tiredness or exhaustion
whereas hypersomnolence describes the tendency to fall asleep
during normal daytime activities. In order to differentiate be-
tween fatigue and hypersomnolence in patients with OSA, the
Fatigue Severity Scale and the Multiple Sleep Latency Test
were investigated in another study. The results showed that
perceived severe fatigue was a common feature among many
sleep disorders including OSA, but there was no correlation
with the severity of the sleep disorder or with hypersomno-
lence.’ This all points out the necessity to routinely combine
the ESS questionnaire with a more specific tool for exploring
fatigue, such as the CIS20R questionnaire, in order to be able
to more accurately assess this complaint, both at baseline as
well as during treatment.

Another important finding is the high score on fatigue in
patients with OSA at baseline, with a CIS20R = 82/140, indi-
cating that these patients were at risk for prolonged absence at
work.!" This score is higher than the one reported in patients
with multiple sclerosis (CIS20R = 79/140)" as well as above
the cutoff point of 76/140 for severe problematic fatigue.'”
This alarming finding is also reflected in the CISg,g score of
37 £ 15 at baseline, which is 2 points above the cutoff point of
35 reflecting severe fatigue.'” The obtained score is in the same
order of magnitude as scores obtained regarding the physical
and psychosocial aspects of fatigue in rheumatoid arthritis®
and in patients with multiple sclerosis,' among others. The
presence of such high levels of fatigue has been proven to cause
serious hazardous effects on economy, occupation, and health
and should not be neglected. In a large-scale study 12,000
employees from various organizations were evaluated with a
follow-up period of 3 years, studying physical, psychological,
behavioral and work-related aspects of fatigue, burnout, sick
leave, and recovery requirement. In this study it was shown
that employees with, for example, a somatic reason for fatigue
scored higher on CIS20R with 89.7/140 and all its subscales
(CISgatigue = 39.6/58) while also showing a higher percentage of
sick leave and lower working hours compared to other groups
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of employees." It must be noted, however, that there is one re-
port that warns for the risk of false-positive results in CIS20R:
17% of a group that was considered not fatigued as based on
other clinical measures, was categorized in the severely fa-
tigued group using CIS20R.

Overall, the current findings indicate that both the overall
CIS20R score as well as the subscale CISpy, reveal an ex-
cellent consistency and reliability. Three months after start of
the MAD treatment, the AHI, the ESS, and the CIS20R were
significantly reduced. Although both ESS and CIS20R sig-
nificantly improved following MAD treatment, no correlation
could be demonstrated between the changes in AHI and the
changes in either questionnaire scores.

The current results indicate that CIS20R is a reliable tool to
demonstrate treatment efficacy and improvement in health out-
come characteristics upon MAD treatment. It could be of inter-
est to use CIS20R in combination with the routinely used ESS
in future studies evaluating treatment outcome among various
available therapies for OSA.

ABBREVIATIONS

AHI, apnea-hypopnea index

CIS20R, Checklist Individual Strength
ESS, Epworth Sleepiness Scale

MAD, mandibular advancement device
OSA, obstructive sleep apnea

PSG, polysomnography
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