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SUMMARY - To our knowledge, there is no study investigating whether fatigue and depression
as the most commonly reported symptoms in multiple sclerosis (MS) and obstructive sleep apnea
(OSA) patients have arisen from primary mechanisms of MS or from secondary associated conditions
such as OSA in MS patients. The aim of our survey study was to determine whether depression and
fatigue in MS patients were associated with clinical features of OSA or with MS. We conducted
a self-administered survey using four validated questionnaires (STOP-BANG, Epworth Sleepiness
Scale, Fatigue Severity Scale and The Center for Epidemiologic Studies Depression Scale-Revised)
in 28 consecutive outpatients with proven IMS. The prevalence of MS patients at an increased risk of
OSA was 29% and age was positively correlated with this risk (p=0.019). None of the clinical features
of MS patients (subtype, disability status, disease duration, modifying therapy, other medication) was
correlated with depression and fatigue. On the contrary, excessive daytime sleepiness as a hallmark
of OSA was significantly and positively associated with the level of depressive symptoms (p=0.004)
and level of fatigue (p=0.015). Also, depression was significantly and positively correlated with the
increased risk of OSA (p=0.015) and age of MS patients (p=0.016). Finally, a significant positive
correlation was found between fatigue severity and level of depressive symptoms (p=0.003). OSA is
a common disorder in MS patients. The clinical features and risk factors for OSA in MS patients are
associated with the two most commonly reported symptoms of depression and fatigue, thus support-

ing the hypothesis that both symptoms are due to a secondary condition in IMS.
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Introduction

The most commonly reported symptoms of fatigue
and depression are features of many diseases, especial-
ly chronic ones such as multiple sclerosis (MS) and
obstructive sleep apnea (OSA)'*. More recent articles

indicate a high prevalence of OSA in MS patients. It
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is unknown whether fatigue and depression are due
to primary pathophysiological mechanisms that have
an impact in the development of MS or to secondary
mechanisms associated with other conditions such as
sleep-disordered breathing (SDB), in this case OSA.
Studies on the link between MS and the aforemen-
tioned symptoms are controversial and it remains a
matter of debate!™.

To our knowledge, there is no study investigating
whether fatigue and depression have arisen from pri-
mary MS mechanisms (immune system or sequels of
the central nervous system damage, modifying therapy,
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etc.) or from secondary associated conditions such as

OSA in MS patients.

Subjects and Methods

'The study was approved by the appropriate institu-
tional research ethics committee and was performed in
accordance with ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. All procedures per-
formed in studies involving human participants were
in accordance with ethical standards of the institutional
and/or national research committee (Bioethics Com-
mittee of the Split University Hospital Center, No.
2181-147-01/06/M.S.-18-2) and with the 1964 Hel-
sinki Declaration and its later amendments or compa-
rable ethical standards. All participants in the study pro-
vided informed consent prior to inclusion in the study.

Following approval of the Bioethics Committee of
the Split University Hospital Center and written con-
sent of the patients, we conducted a self-administered
survey that comprised of questions on elevated risk of
OSA (STOP-BANGY)’, evaluation of excessive daytime
sleepiness (Epworth Sleepiness Scale)’, presence and
severity of fatigue (Fatigue Severity Scale)®, and symp-
toms of depression (CESD-R-20)". The questionnaires
were administered to 28 out of 46 recruited consecu-
tive MS outpatients with clinically and paraclinically
(magnetic resonance imaging, visually evoked poten-
tials, somatosensory evoked potentials, motor evoked
potentials (MEPs), and analysis of cerebrospinal fluid
for oligoclonal banding and IgG-index) proven MS
(McDonald criteria, 2017 Revision)® at the Split Uni-
versity Hospital Center during routine follow-up visits
between April 13 and August 5,2018. MS patients who
had concomitant neurological disorders that could in-
crease OSA risk and who partially completed the ques-
tionnaires were excluded from the survey.

The questionnaires were administered by physi-
cians (Z], GV, ACK, ARB) blinded to subject clinical
history. Patients had opportunities to discuss question-
naire responses and symptoms with physicians.

Validated Croatian versions of the questionnaires
were used in the survey. The STOP-BANG ques-
tionnaire consists of 8 (yes/no, score: 1/0) questions
and measures that form the acronym (Snoring, Tired,
Observed Apnea, Blood Pressure, BMI, Age, Neck

circumference, Gender). STOP-Bang scores 23 sug-
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gest an increased risk of OSA”.

The Epworth Sleepiness Scale (ESS) is an 8-item
questionnaire that uses 4-point Likert scale items to
quantify the likelihood of dozing in sedentary situ-
ations; scores 210 are consistent with excessive day-
time sleepiness’. The Fatigue Severity Scale (FSS) is a
9-item questionnaire that uses a 7-point Likert scale
to assess the severity of fatigue. Average FSS scores
>36 are suggestive of fatigue®.

The Center for Epidemiologic Studies Depression
Scale-Revised (CESD-R-20) is a 20-item question-
naire that uses 4-point Likert scales (0-3) to quanti-
fy the presence and severity of depression symptoms;
score 216 (0-60) indicates an increased risk of clinical
depression’.

The Expanded Disability Status Scale (EDSS)
quantifies disability of MS patients in eight function-
al systems (pyramidal, cerebellar, etc.) by assigning a
Functional System Score (6-point scale) in each of
these and monitors changes in MS. EDSS score (0-
10) up to 2.5 is considered mild disability, 3-6.5 mod-
erate disability, 26.5 very severe disability,and 10 death
due to MS’. EDSS was evaluated and filled out by an
experienced neuroimmunologist (MM).

Statistics

Categorical variables were expressed as numbers
and proportions (%) and were examined using the x*-
test. Continuous variables were expressed as median
and interquartile range (IQR). Scores on the ques-
tionnaire scales were analyzed as continuous scores
and with scores dichotomized into mild and moder-
ate groups according to the diagnostic cut-oft value
for EDSS questionnaire. Results were presented using
nonparametric Mann-Whitney U test. Bivariate asso-
ciations between continuous variables were examined
with Spearman’s rank correlation due to ordinal rank
values on questionnaires. All tests were 2-tailed, and
the level of significance was set at p<0.05. All analyses
were conducted using the SPSS version 17 computer

program (SPSS Inc., Chicago, IL, USA).

Results

The study included 28 MS patients, 11 (39%) men
and 17 (61%) women. There were no gender differences
in disease duration (z=0.945; p=0.345), age (2=0.283;
p=0.777) or disability (rho=0.365; p=0.056). The prev-
alence of MS patients with an increased risk of OSA

Acta Clin Croat, Vol. 61, No. 4, 2022



M. Mihalj ez al.

Depression and fatigue in multiple sclerosis

Table 1. Demographic and clinical findings of multiple sclerosis (MS) patients

) All MS patients STOP-Bang

Variable

(n=28) >3 (n=8) <3 (n=20)
Age (years, median (IQR)) 47 (39.5-52) 51 (48.5-52.7) 43 (38.2-49.5)
Female, n (%) 17 (61%) 3(11%) 14 (50%)
Male, n (%) 11 (39%) 5 (18%) 6 (21%)
Body mass index (kg/m?) 25.4 (24.2-29.7) 31.3(30.7-32.9 25.1(23.8-25.4)
Disease duration 8.5 (6-12.8) 9.5 (7-12.7) 8.5 (4.2-13)
MS subtype
Relapsing-remitting, n (%) 21 (75%) 5 (18%) 16 (57%)
Secondary progressive, n (%) 3 (11%) - 3 (11%)
Primary progressive, n (%) 4 (14%) 3 (11%) 1 (3%)
Disease modifying therapy
Beta-interferon 8 (29%) 5 (18%) 3 (11%)
Glatiramer acetate 11 (39%) 3 (11%) 8 (29%)
Natalizumab 2 (7%) - 2 (7%)
Other 7 (25%) - 7 (25%)
EDSS
Overall 2(1-3.5)
Mild (0-2.5) 16 (57%) 6 (21%) 10 (36%)
Moderate (3-6.5) 12 (43%) 3 (11%) 9 (32%)
Severe >6.5* - - -

Data are presented as median (interquartile range, IQR) for age, body mass index, disease duration, overall disability measured by the EDSS
and frequency; n (%) for other variables; *“EDSS (Expanded Disability Scale Scores) 26.5 = those who are unable to walk without constant

bilateral assistance (canes, crutches, braces).

was 29% and age was positively correlated with this
risk (rho=0.442, p=0.019). We defined two dichoto-
mous groups of MS patients according to cut-oft value
for EDSS scores, with mild (EDSS <2.5; n=16) and
moderate (EDSS=3-6.5; n=12) disability (Table 1).
We found no association among the clinical vari-
ables of MS (subtype, disability, disease duration,
modifying therapy, other medication, demographic
features) and excessive daytime sleepiness as the most
prominent symptom of OSA (z=0.255, p=0.798), or
with the risk of OSA (z=0.186, p=0.853).
Interestingly, no significant correlations among the
variables of M, especially disability status and fatigue
severity (z=0.394, p=0.693) and depression (z=0.255,
p=0.798) were detected. Moreover, depression and
fatigue as common MS symptoms were significantly

Acta Clin Croat, Vol. 61, No. 4, 2022

and positively correlated with excessive daytime sleep-
iness as a hallmark of OSA (rho=0.529, p=0.004; and
rho=0.456, p=0.015, respectively) (Fig. 1).

Also, depression was significantly and positively
correlated with the increased risk of OSA (rho=0.453,
p=0.015) and age of MS patients (rho=0.450, p=0.016)
(Fig. 2).

Finally, a significant positive correlation was
found between fatigue severity and level of depressive

symptoms (rho=0.545, p=0.003) (Fig. 3).

Discussion

Despite the fact that SDB is common in MS, as
well as fatigue and depression in MS and OSA™, this
is the first study to investigate the relationship among
fatigue and depression and clinical features of M'S and
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Fig. 1. Relationship between severity of daytime sleepiness (ESS) and level of depressive symptoms (CESD-R-20) in
multiple sclerosis patients (rho = Spearman’s rank correlation coefficient, p-value).
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Fig. 2. Relationship between the risk of OSA (STOP-BANG) and level of depressive symptoms (CESD-R-20) in mul-

tiple sclerosis patients (rho = Spearman’s rank correlation coefficient, p-value).

OSA in MS patients. It is unknown whether fatigue  other conditions such as SDB, in this case OSA™.

and depression are due to primary pathophysiological ~ In our study, the prevalence of OSA in MS was 29%,
mechanisms that have an impact in the development mainly in older males with greater body mass index,
of MS or to secondary mechanisms associated with ~ which is consistent with previously published studies®*.
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Fig. 3. Relationship between the severity of fatigue (FSS) and level of depressive symptoms (CESD-R-20) in multiple
sclerosis patients (rho = Spearman’s rank correlation coefficient, p-value).

We did not find correlation among any clinical fea-
tures of MS (subtype, disability status, disease dura-
tion, modifying therapy, localization of lesions) with
excessive daytime sleepiness as the hallmark of OSA,
or with the risk of OSA, which is inconsistent with
recently published studies®*.

In accordance with the results of published stud-
ies"?, we found no correlation among disability status
and fatigue and depression; however, a recent study
suggests a positive correlation®. It could be partially ex-
plained by the absence of severely disabled/immobile
MS patients with comorbidities who were excluded
according to exclusion criteria.

A relationship between fatigue and sleepiness is
still controversial and unclear. Despite the fact that
fatigue and excessive daytime sleepiness are distinct
symptoms, we found a significant positive correlation.

Moreover, depression as a common IMS symptom was
positively correlated with excessive daytime sleepiness as
a hallmark of OSA and with age as an independent risk
factor for OSA. Depression and fatigue have various and
multiple biological mechanisms and risk factors with
mutual effect, suggesting a potential multidirectional as-
sociation among them™. In our study, as expected, fatigue
and depression were significantly and positively correlat-

ed, probably due to partially overlapping symptoms.
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These findings highlight that only the clinical fea-
ture and risk factor for OSA in MS patients are associ-
ated with the two most commonly reported symptoms
such as fatigue and depression, favoring the hypothesis
that both symptoms are due to a secondary mecha-
nism.

Limitations of the study included the lack of re-
gression analysis due to the small sample and absence
of MS patients with severe disability (those who are
unable to walk without constant bilateral assistance).
It is well known that severely impaired and/or immo-
bile patients are more prone to develop depression and
fatigue even with mild physical and mental exertion.
We hypothesize that in such MS patients, the preva-
lence of OSA would be similar, if not higher. In this
study, MS patients with comorbidities (stroke, extra-
pyramidal and neuromuscular diseases) that may cause
OSA were excluded. Among the limitations of our
study, OSA in MS patients was excluded only based
on negative personal and family history and validated
questionnaires. Polysomnography was not performed
because of additional costs, so it is possible that milder
forms of OSA and other SDB that could be associated
with depression and fatigue in MS patients were not
detected. Therefore, further studies are needed to con-
firm these preliminary results.
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Sazetak

DEPRESIJA T UMOR UZROKOVANI OPSTRUKCIJSKOM APNEJOM TIJEKOM SPAVANJA U MULTIPLOJ
SKLEROZI

M. Mihalj, Z. Jankovic E. Jadrijevic Kodzoman, G. Veselica, A. Katic Curkovic, A. Repic Bulicici M. Matijaca

Sukladno na$im saznanjima nema studije koja je istrazivala nastaju li umor i depresija kao najucestaliji simptomi kod
bolesnika s multiplom sklerozom (MS) i opstrukcijskom apnejom tijekom spavanja (OSA) primarnim mehanizmima MS ili
iz sekundarnih povezanih stanja kao §to je OSA kod bolesnika s MS. Cilj nase anketne studije bio je utvrditi jesu li depresija
iumor u bolesnika s MS povezani s klini¢kim obiljezjima OSA ili MS. Proveli smo anketu pomocu Cetiri validirana upitnika
(STOP-BANG, Epworthova ljestvica pospanosti, ljestvica teZine umora i revidirana ljestvica depresije Centra za epidemi-
ologke studije) u 28 uzastopnih ambulantnih bolesnika s klinicki i paraklinic¢ki dokazanom MS. Uéestalost bolesnika s MS
s poveéanim rizikom od nastanka OSA bila je 29%, a dob je bila u pozitivnoj korelaciji s tim rizikom (p=0,019). Nijedna
od klinickih znacajka bolesnika s MS (podtip, status invaliditeta, trajanje bolesti, modificirajuca terapija, drugi lijekovi) nije
bila u korelaciji s depresijom i umorom. Naprotiv, pretjerana pospanost tijekom dana kao obiljezje OSA bila je znacajno i
pozitivno povezana s razinom simptoma depresije (p=0,004) i razinom umora (p=0,015). Takoder, depresija je znacajno i
pozitivno korelirala s pove¢anim rizikom od OSA (p=0,015) i dobi bolesnika s MS (p=0,016). Kona¢no, utvrdena je znaca-
jna pozitivna korelacija izmedu teZine umora i simptoma depresije (p=0,003). OSA je Cest poremecaj kod bolesnika s MS.
Klini¢ke znacajke i ¢imbenici rizika za OSA u bolesnika s MS povezani su s dva najcesce prijavljivana simptoma depresije i
umora, podupirudi tako hipotezu da su oba simptoma posljedica sekundarnog stanja u MS.

Kljuéne rije¢i: Depresija; Umor; Multipla skleroza; Opstrukcijska apneja tijekom spavanja
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