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Abstract
Background and objectives To define the boundaries and the overlaps between fatigue, sleepiness and depression in patients 
with multiple sclerosis (MS) by using different tools for each dimension, including instrumental sleep analysis.
Methods In this cross-sectional, observational study, 71 MS patients (males/females: 20/51; mean age: 48.9 ± 10.5 years) 
filled in clinical questionnaires and performed polysomnography followed by maintenance of wakefulness test (MWT). 
Frequency and reciprocal overlap of sleepiness, fatigue and depression in MS were expressed by Eulero-Venn diagrams; 
standard multiple regression was used to assess the ability of symptoms to predict each other.
Results There was a high percentage of fatigued (70%), somnolent (45%) and depressed (27%) patients. Fatigue had the 
strongest overlap and correlated with both depression (beta: 0.52, p < 0.001) and sleepiness (beta: 0.74, p < 0.001). Somno-
lence and depression were nearly always accompanied by fatigue and were well differentiated from each other by MWT. Four 
MS subgroups were identified that had: (1) fatigue only; (2) fatigue and sleepiness (3) fatigue and depression; (4) fatigue, 
sleepiness and depression.
Discussion The subjective and objective tools are not able to clearly distinguish fatigue from sleepiness and depression, 
while only a test of vigilance can be helpful in separating somnolence and depression from each other.
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Introduction

Multiple Sclerosis (MS) is a chronic inflammatory disease of 
the central nervous system (CNS), causing a wide range of 
symptoms as consequence of an unpredictable focal as well 
as diffuse CNS involvement [1]. Beyond the focal neurologic 
deficits, related to the site of lesions, the quality of life of 
patients with MS can be highly compromised by systemic 
complaints like fatigue, depression [2] and excessive day-
time sleepiness (EDS) [3].

Fatigue affects between 60 and 90% of patients with 
MS, being sometimes the most debilitating symptom [4]. 
Depression is the most common psychiatric symptom in MS, 
with a prevalence up to 50% of patients. However, fatigue is 
also included among the diagnostic symptoms of the major 
depressive disorder. On the other hand, fatigue may cause 
depression by reducing vitality and daytime activities [5].

EDS refers to an abnormal likelihood of dozing dur-
ing normal waking hours and is a complaint endorsed 
by 19–34% of MS patients representing a potential 

*Chiara Zecca and Mauro Manconi contributed equally to this 
work.

 * Chiara Zecca 
 chiara.zecca@eoc.ch

1 Sleep Medicine Unit, Neurocenter of Southern Switzerland, 
Ospedale Civico, Lugano, Switzerland

2 Multiple Sclerosis Center, Neurocenter of Southern 
Switzerland, Ospedale Regionale di Lugano, EOC, Lugano, 
Switzerland

3 University Hospital of Psychiatry and Psychotherapy, 
University of Bern, Bern, Switzerland

4 Faculty of Biomedical Sciences, Università della Svizzera 
Italiana, Lugano, Switzerland

5 Neuropsychology and Behavioural Neurology Research Unit, 
Neurocenter of Southern Switzerland, Ospedale Civico, 
Lugano, Switzerland

http://orcid.org/0000-0002-6190-1633
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-022-11143-6&domain=pdf


4962 Journal of Neurology (2022) 269:4961–4971

1 3

confounding or overlapping factor [6–8]. Sleep disorders 
such as insomnia and restless legs syndrome are also very 
common in MS [9], and may result in or exacerbate EDS, 
but also fatigue and depression [10]. Moreover, sleep 
quality in terms of duration, efficiency, and macrostruc-
ture is decreased in MS patients compared to healthy 
controls [11].

Due to the high frequency of fatigue, depression, and 
EDS in MS and to their possible comorbid overlap, it is 
very difficult for clinicians to disentangle between these 
and finally to tailor the most proper treatment. Furthermore, 
patients may subjectively misinterpret their symptom, con-
founding one for another. In light of this, it is not surprising 
that the use of stimulants and antidepressants to contrast 
fatigue in MS [12–14] has shown controversial efficacy. In 
this complex scenario the definition of clinical phenotypes 
may guide the therapeutic choice and would prepare the 
ground for future trials.

In order to identify clinical MS subgroups and better 
personalize the management of fatigue, we defined the 
boundaries and the overlaps between fatigue, depression and 
EDS. Two different tools for each symptom were employed, 
including the MWT to test vigilance performance. We were 
interested in establishing whether clinical questionnaires 
could discriminate between the three symptoms, and the 
potential role of the MWT in the diagnostic algorithm of 
fatigued patients with MS.

Methods

Participants

A cross–sectional, observational, instrumental, single-
center study in a sample of 71 patients older than 18 and 
affected by MS according to McDonald criteria [15] or 
clinically isolated syndromes (CIS) [16] was carried out 
at the Neurocenter of Southern Switzerland in Lugano. 
Additional inclusion criterion was an Expanded Disability 
Status Scale (EDSS) score < 7.0 (range 0–10). Exclusion 
criteria were the following: Mini Mental Status Exami-
nation (MMSE) score lower than 24; recent (within the 
past 3 months) clinical MS relapse; radiologically isolated 
syndrome (RIS); history of drug and/or alcohol abuse; any 
serious general medical condition such as decompensated 
cardiopulmonary disease, cancer or decompensated renal 
failure, as well as any major neurological condition other 
than MS that could interfere with the correct execution 
of the study design. Based on its clinical course, MS was 
classified as primary progressive, secondary progressive, 
or relapsing remitting.

Study design

Self‑report measures

At the screening visit, patients were interviewed concern-
ing their medical history and received a complete clini-
cal and neurological examination including the EDSS 
evaluation and a MMSE assessment. All patients filled 
in the following self-administered validated question-
naires: Epworth Sleepiness Scale (ESS) (range: 0–24; 
cutoff for normality: ≤ 10) [17], Beck Depression Inven-
tory—Second Edition (BDI-II) (range: 0–63; cutoff for 
normality: ≤ 9; cutoff for moderate depression ≥ 20) 
[18, 19], Montgomery-Åsberg Depression Rating Scale 
(MADRS) (range: 0–60; cutoff for normality: ≤ 13) [20], 
Fatigue Severity Scale (FSS) (range: 9–63; cutoff for nor-
mality: < 36) [21], Modified Fatigue Impact Scale (MFIS) 
(range: 0–84; cutoff for normality: < 38) [22], Multiple 
Sclerosis Quality of Life 54 (MSQoL-54) (range: 0–00) 
[23], Pittsburgh Sleep Quality Index (PSQI) (range: 0–21; 
cutoff for normality: < 5) [24].

Polysomnography and maintenance of wakefulness test

Within 1 week from the screening visit, participants under-
went a full night polysomnography (PSG) by a portable 
device (Embletta ST + Proxy), and a Maintenance of Wake-
fulness Test (MWT) the following day.

The PSG montage included the following: EEG, elec-
trooculogram, electromyogram (EMG) of chin and both 
tibialis anterior muscles, electrocardiogram, body position; 
oro-nasal airflow (nasal pressure cannula), thoracic and 
abdominal movements, and oxygen saturation.

The MWT explores objectively the ability to remain 
awake in sleep-promoting environmental conditions [25]. 
The montage included the following signals: EEG (6 chan-
nels); electrooculogram (2 channels); electromyogram 
(EMG) of the submentalis muscle. The MWT was carried 
out in a dim room, with patients instructed to stay awake 
as long as possible. Four sessions were recorded every 
two hours, each lasting until the patient fell asleep or up 
to 40 min. Sleep latency was assessed in each of the four 
recordings based on the first epoch of sleep. The final result 
consisted of the mean of sleep latency calculated over the 
four sessions. Two pathological thresholds were defined, one 
corresponding to low-moderate severity at 30 min, and at 
20 min for severe cases [26].

Statistical analysis

Descriptive statistics were used in the first instance. 
Correlations were subsequently assessed by means of the 
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Pearson’s correlation coefficient. Following the indica-
tions by Cohen, we considered correlations 0.10, 0.30, 
and 0.50 as corresponding to small, medium, and large 
sizes, respectively [27]. Standard multiple regression 
was used to assess the ability of sleepiness, fatigue and 
depression to predict each other, after preliminary analy-
ses to ensure no violation of the assumptions of normality, 
linearity, multicollinearity. Primary outcomes were the 
scores of FSS, MFIS, ESS, BDI, MADRS and the mean 
sleep latency at the MWT. Finally, a one-way between-
groups analysis of variance (ANOVA), with post-hoc 
comparisons using the Tukey–Kramer test (unequal 
sample sizes) and Bonferroni correction to avoid Type I 
error, was conducted to compare clinical and paraclini-
cal parameters among the 4 different phenotypes of MS 
patients with fatigue. The level for statistical significance 
was set at p < 0.05.

Results

Mean age of patients was of 48.9 ± 10.5  years. Fifty-
one (71.8%) were women, mean disease duration was 
10.6 ± 8.1 years, 61 (85.9%) patients had relapsing remit-
ting MS, and 9 (12.7%) had a moderate–severe disability 
(EDSS ≥ 4). Table 1 reports anthropometrics and clinical 
data.

Forty-nine (69%) and 59 (70.4%) patients were fatigued 
according to the FSS and MFIS respectively (mean FSS 
score: 41.3 ± 17.0; mean MFIS score 44.4 ± 21.7).

Nineteen (26.8%) and 22 (31%) had an at least moder-
ate depression according to BDI-II and MADRS scores, 
respectively.

Sleep quality was reduced in 64 (91.5%) patients 
(PSQI ≥ 5, mean PSQI score 9.2 ± 4.0).

Subjective EDS, as assessed by ESS (ESS > 10), affected 
32 (45%) patients. At the MWT, 8 (11.2%) patients showed 
a mean sleep latency < 20  min (severely sleepy), 18 
(25.4%) had the pathological threshold at < 30 min (mod-
erately sleepy). Among patients with an ESS score > 10 
points, 7 (9.4%) had a mean sleep latency < 20 min, 20 
(28.1%) < 30 min, and the remaining 71.9% resulted nor-
mal at the MWT.

Measures of fatigue, sleepiness and depression

There was a strong correspondence between the two meas-
ures of fatigue FSS score and MFIS (r = 0.850, p < 0.001) 
(Fig. 1b).

The two measures of sleepiness ESS score and sleep 
latency at the MWT were not correlated (r = 0.097, p not 
significant) (Fig. 1a).

There was a significant linear correlation between the 
two measures of depression BDI-II and MADRS (r = 0.606, 
p < 0.001) (Table 2).

Overlap between fatigue, sleepiness, 
and depression

As illustrated in Fig. 2a, there was a consistent overlap 
between depression, fatigue and subjective sleepiness.

Almost all depressed patients (BDI-II ≥ 20) were also 
fatigued (94.8%) according to FSS, and 45 (63%) were 
subjectively drowsy according to ESS. Sixty-three percent 
of patients had both subjective EDS and fatigue. Less than 
one-third (28.1%) of patients presented only one out of 
fatigue, depression or sleepiness. The degree of overlap 
between fatigue and sleepiness was slightly reduced when 
defining sleepiness by means of pathological MWT (cut-
off 20 min) compared to ESS (75% and 87.6% of drowsy 
patients with fatigue, respectively) (Fig. 2b). All patients 

Table 1  Demographic and clinical parameters

MS: multiple sclerosis; CIS: clinical isolated syndrome; RR-MS: 
relapsing–remitting multiple sclerosis; SP-MS: secondary progressive 
multiple sclerosis; PPMS: primary progressive multiple sclerosis; 
EDSS: expanded disability status scale; MSQoL-54: multiple sclero-
sis quality of life 54; ESS: Epworth Sleepiness Scale; MWT: mainte-
nance of wakefulness test; SL: sleep latency; FSS: Fatigue Severity 
Scale; MFIS: modified fatigue impact scale; BDI-II: Beck Depression 
Inventory—Second Edition; MADRS: Montgomery–Åsberg Depres-
sion Rating Scale; PSQI: Pittsburgh sleep quality index; SD: standard 
deviation
a 20 minutes cutoff (25.4% for 30 min cutoff)
Bold values: statistically significant (p < 0.05)

MS (n = 71) % pathological

Age, mean, SD 48.9 ± 10.5
Male, n, % 20 (28.2%)
Female, n, % 47 (71.8%)
CIS, n, % 5 (7.0%)
RR-MS, n, % 61 (85.9%)
SP-MS, n, % 3 (4.2%)
PP-MS, n, % 2 (2.8%)
Disease duration (years), mean, 

SD
10.6 ± 8.1

EDSS, mean, SD 2.6 ± 1.4
MSQoL-54, mean, SD 60.0 ± 21.3
FSS, mean, SD 41.3 ± 17.0 69
MFIS, mean, SD 44.4 ± 21.7 70.4
ESS, mean, SD 9.2 ± 4.8 45
MWT mean SL, SD 34.0 ± 8.8 11.2a

BDI-II, mean, SD 14.1 ± 11.1 26.8
MADRS, mean, SD 9.9 ± 6.0 31
PSQI, mean, SD 9.2 ± 4.0 91.5
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with pathological scores at both ESS and MWT were 
fatigued, but none was depressed (Fig. 2c). The employ 
of MFIS instead of FSS as a measure of fatigue, did not 
change the overlap of the three symptoms (Fig. 2a vs. 
Fig. 3a, b).

Correlation between sleepiness, fatigue 
and depression

Standard multiple regression was used to assess the abil-
ity of sleepiness and depression, as measured by ESS and 

Fig. 1  Linear correlations 
between Epworth Sleepiness 
Scale (ESS) and mean sleep 
latency at the Maintenance of 
Wakefulness Test (MWT) (a) 
(black line). Linear correlation 
between Fatigue Severity Scale 
and Modified Impact Fatigue 
Scale (b). The red line illus-
trates the correlation between 
ESS and MWT only in patients 
with a pathological MWT (red 
spots)
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BDI-II, to predict levels of fatigue (FSS). The total variance 
explained by the model as a whole was 56.3%. ESS and 
BDI-II were statistically significant, with BDI-II record-
ing a higher beta value (beta = 0.59, p < 0.001) than ESS 
(beta = 0.32, p < 0.001). Very similar results were obtained 
for categorical BDI-II (cut off: 20 points), MADRS, and 
categorical ESS (cut off: 10 points).

The levels of fatigue, as measured by FSS or MFIS, 
were independently correlated to BDI-II (FSS: beta = 0.70, 
p < 0.001; MFIS: beta = 0.74, p < 0.001) and sleepiness 
(FSS: beta = 0.52, p < 0.001; MFIS: beta = 0.51, p < 0.001). 
Subjective drowsiness and depression, as measured with 
MADRS or BDI-II, were uncorrelated.

Sleep latency at MWT, alone or in combination with 
ESS, did not independently correlate to depression and 
fatigue (either FSS or MFIS), even if adopted as a cat-
egorical variable (cut off: either 20 or 30 min).

Clinical subtypes

Fatigue as measured by either FSS or MFIS was the most 
overlapping symptom as 28 (87.5%) sleepy (ESS) and 18 
(94.8%) depressed (BDI-II) patients also complained about 
fatigue, but not vice versa. Subjects with isolated depression 
or drowsiness were rare (1.4% and 5.6% respectively). We 
accordingly defined the following four main phenotypes of 
fatigued patients: (1) fatigue alone; (2) fatigue + sleepiness; 
(3) fatigue + depression; (4) fatigue + sleepiness + depres-
sion. These phenotypes did not differ in terms of age, dis-
ease duration, disability status, subjective sleep quality, 
sleep latency at the MWT, periodic limb movements during 
sleep, sleep-related breathing disorders, and PSG param-
eters. Patients belonging to phenotype 4 had a worse physi-
cal quality of life than those belonging to phenotype 1 or 2 
(Table 3), even after applied Bonferroni correction.

Table 2  Correlations between sleepiness (ESS, MWT), fatigue (FSS, MFIS), and depression (BDI-II, MADRS) assessed by standard multiple 
regression

ESS: Epworth Sleepiness Scale; MWT: maintenance of wakefulness test; FSS: Fatigue Severity Scale; MFIS: modified fatigue impact scale; 
BDI-II: Beck Depression Inventory—Second Edition; MADRAS: Montgomery-Åsberg Depression Rating Scale; vs.: versus
Bold values: statistically significant (p < 0.05)

FSS Multiple 
regres-
sion

vs. Beta p < 

ESS BDI-II 0.32 0.001
BDI-II ESS 0.59 0.001
MADRS ESS 0.42 0.001
MWT BDI-II n.s.
MWT + ESS BDI-II n.s.

ESS Multiple 
regres-
sion

vs. Beta p < 

BDI-II FSS n.s.
MADRS FSS n.s.
FSS BDI-II 0.52 0.001
MFIS BDI-II 0.51 0.001

BDI-II Multiple 
regres-
sion

vs. Beta p < 

ESS FSS n.s.
MWT FSS n.s.
FSS ESS 0.70 0.001
MFIS ESS 0.74 0.001
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Discussion

This present study evaluated, by using different assessment 
tools, the overlaps and correlations between three critical 
systemic symptoms reported by patients with MS: fatigue, 
somnolence, and depression.

Each of these symptoms was investigated in our study 
by means of two different tools and diagnosed in case of 
pathological findings in at least one of these two. We found 
a high percentage of fatigued (70%), somnolent (45%), and 
depressed (27%) patients in our sample, according to FSS, 
ESS, and BDI-II, respectively. While the two question-
naires used to measure fatigue (FSS, MFIS) as well as the 
two used to measure depression (BDI-II, MADRAS) were 

correlated with a large size effect, MWT and ESS did not. 
As the Eulero-Venn diagrams illustrate (Fig. 2), the overlap 
between depression, fatigue and subjective sleepiness was 
very consistent. Fatigue overlapped the most and showed 
an independent correlation with the other two symptoms. 
Sleepiness and depression overlapped much less each other 
when MWT instead of ESS was used (Fig. 3b) and just in 
very few cases were not associated with fatigue.

In line with our study, the literature reports a prevalence 
of fatigue in MS patients between 60 and 90% [28–31]. 
Most studies show a frequency of depression in MS simi-
lar to ours, ranging between 5 and 60% (mean 27%) [32], 
but usually a lower prevalence of subjective sleepiness 
(19–34%) [6–8, 33].

Table 3  Comparison of clinical and paraclinical parameters between the four different phenotypes of MS patients with fatigue

EDS: excessive daytime sleepiness; MS: multiple sclerosis; PSQI: Pittsburgh sleep quality index; SD: standard deviation; MWT: maintenance of 
wakefulness test; TST: total sleep time; SOL: sleep onset latency; FRL: first REM latency; SS-h: stage shift per hour; AWN-h: awakening index 
per hour; SE: sleep efficiency; WASO: wake after sleep onset; PLMSI: periodic limb movements during sleep index; RDI: respiratory distur-
bance index; T90: percentage of sleep time with an  SpO2 < 90%; ODI: oxygen desaturation index
* Difference in mean scores statistically significant (p < 0.05) between two groups after post-hoc analysis (Tukey–Kramer Test)
† Not significant after Bonferroni correction
Bold values: statistically significant (p < 0.05)

Phenotype 1 
Fatigue only
(n = 15)

Phenotype 2 
Fatigue + EDS
(n = 16)

Phenotype 3 
Fatigue + depression
(n = 6)

Phenotype 4 
Fatigue + EDS + depres-
sion
(n = 12)

One-way ANOVA

Mean SD Mean SD Mean SD Mean SD p (between groups)

Age 51.20 10.94 49.06 12.30 49.50 7.15 47.92 12.07 0.96
MS duration from diag-

nosis
8.37 6.10 12.68 10.06 9.75 8.22 12.71 8.97 0.61

Expanded disability 
status scale

2.83 1.32 3.06 1.21 3.00 1.52 2.96 1.10 0.81

PSQI 10.10 4.07 8.75 3.17 12.7 2.80 10.78 4.41 0.27
MS quality of life physi-

cal
60.68* 16.05 55.93* 15.26 44.39 9.67 35.25* 10.55  < 0.01

MWT, min 33.15 7.50 33.59 10.59 35.30 7.39 33.97 8.56 0.94
TST, min 356.60 65.53 364.00 66.41 341.33 53.79 393.18 64.33 0.45
SOL, min 28.13 27.85 21.86 21.30 33.17 28.71 14.09 15.51 0.43
FRL, min 110.67 65.96 98.93 63.05 169.50 84.75 81.45 78.25 0.19
SS-h 19.13* 5.63 20.71 4.71 26.33* 4.89 19.45* 4.23 0.03†

AWN-h 5.40 2.53 6.07 2.06 8.00 2.45 6.82 2.93 0.15
SE, % 79.07 12.23 81.21 9.14 80.00 9.08 83.36 7.89 0.86
WASO, % 13.40 11.50 13.71 9.86 12.33 6.92 12.45 6.47 0.95
S1, % 9.20 3.63 11.36 4.85 13.33 5.13 9.91 3.02 0.29
S3, % 17.33 8.23 18.50 7.44 20.00 5.22 16.82 5.96 0.92
REM, % 17.07 8.04 17.07 6.07 14.83 7.20 19.82 6.82 0.61
PLMSI 24.47 41.79 9.07 17.28 28.17 35.71 16.82 20.35 0.60
RDI 6.71 11.88 9.91 18.46 7.00 9.06 6.00 4.63 0.95
T90 0.08 0.28 2.00 4.67 0.00 0.00 1.70 3.16 0.49
ODI 1.00 1.47 4.82 7.13 0.00 0.00 5.00 7.12 0.24
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Depressed MS patients develop fatigue 3.6 times more 
than non-depressed ones, according to Alarcia et al. find-
ings [34]. In two distinct studies Beata LR et  al. [35] 
showed a linear correlation between MADRS and FSS 
scores, confirming the findings of previous works [36, 
37]. Differently, Vercoulen et al. [38] found no significant 
association between fatigue and depression in patients 
with MS. However, they employed a different scale for 
fatigue assessment (Checklist of Individual Strength) and 
recruited far more patients with PP-MS (38% vs. 2.8%). 
This is relevant, since a recent study [39] found a correla-
tion between FSS and BDI-II in RR-MS but not in PP-MS.

In line with the present study, Stanton et al. [6] found 
that FSS and ESS scores were significantly, although weakly 
(p = 0.02), correlated. A relationship between fatigue and 
sleepiness in MS remains controversial, being supported by 
some studies [7, 33, 40, 41], but not others [8, 42–45]. For 
instance, Kaynak et al. [8] using both subjective (ESS) and 
objective (sleep latency at the MSLT) measures of sleepi-
ness, showed conflicting results: FSS did not correlate with 
ESS nor sleep latency, while Fatigue Impact Scale did so. 
Remarkably, 53% of drowsy and fatigued patients with MS 
have been diagnosed with central hypersomnia by means of 
24-h PSG and MSLT [40].

Three studies [35, 46, 47] concluded for a positive cor-
relation between BDI-II and ESS; nevertheless, they did not 
consider fatigue as a confounder. In fact, we did not find 
the same association after a multiple regression analysis 

including fatigue as independent variable. In line with our 
results, Ghajarzadeh et al. performed multiple linear regres-
sion analyses including fatigue, sleepiness and depression, 
finding both ESS and BDI-II as predictors of fatigue (MFIS). 
No studies are available on the reciprocal overlap between 
the three symptoms. Only three small studies [8, 40, 46] (32, 
37, 44 patients) included a vigilance test (MSLT), but none 
used the MWT. According to our findings, sleep latency did 
not correlate with fatigue or subjective sleepiness (ESS). 
The discrepancy between MWT and ESS is not surprising 
and described also in other disorders, such as OSAS and 
narcolepsy [48].

We believe the consistent overlap between fatigue, sleepi-
ness, and depression might likely have one or more of the 
following explanations: (1) comorbidity: the three symp-
toms are frequently and truly concurrent; (2) accuracy: 
the assessments used are inadequate to differentiate among 
these three conditions; (3) misunderstanding: MS patients 
tend to confuse/misrecognize fatigue from drowsiness and 
depression, while better distinguishing between bad mood 
and sleepiness; (4) dependency: there is a causal relation-
ship among the three symptoms, meaning that one favours 
the occurrence of another or both. For example, depressive 
symptoms can result in secondary fatigue, namely cognitive 
fatigue. The implementation of MWT reduces the “misun-
derstanding” hypothesis, being much less dependent from 
the subjective evaluation. Despite the use of different tools to 
identify the three symptoms, “accuracy” remains an issue, 

Fig. 2  Frequency and recip-
rocal overlap of sleepiness, 
fatigue and depression in MS, 
as expressed by Eulero-Venn 
diagrams. MS: multiple scle-
rosis; BDI-II: Beck Depression 
Inventory—Second Edition; 
ESS: Epworth Sleepiness Scale; 
FSS: Fatigue Severity Scale. 
All the digits are expressed in 
percentages



4968 Journal of Neurology (2022) 269:4961–4971

1 3

mainly in the assessment of fatigue rather than the two other 
dimensions. Finally, the border between “comorbidity” and 
“dependency” is blurred and both address to a real overlap, 
which remains the best hypothesis until proven otherwise.

Our approach allows the identification of the following 
four main sub-groups of fatigued patients: (1) those with 
fatigue only; (2) those with fatigue and EDS; (3) those with 
fatigue and depression; (4) those with fatigue, EDS and 
depression (Fig. 4). Very few patients are in fact sleepy or 
depressed but not fatigued (7%) (Fig. 2). This phenotyping 
might help in clinical practice: stimulants are preferable in 
case of fatigue and somnolence without depression (pheno-
type 2), while antidepressants should be considered if fatigue 
is only accompanied by bad mood (phenotype 3). However, 
it remains hard to manage those patients with fatigue alone, 

i.e. not affected by neither depression nor EDS (phenotype 
1; ~ 20%), and those in whom the three symptoms are con-
comitant (phenotype 4; ~ 17%). In the latter situation, a test 
of vigilance is recommended to better distinguish sleepiness 
from depression and chose the proper therapy. The diag-
nostic diagram proposed in Fig. 4 allows to categorize in a 
specific sub-group every patient who reaches the outpatient 
clinic suffering from fatigue.

This study has some limitations. First of all, the exclu-
sion of subjects with an EDSS ≥ 7 and the relatively low 
median EDSS (2.6) in this MS population limits the gen-
eralizability of our results. The absence of an age/sex-
matched control group, to compare symptoms’ overlap/
correlations between MS and healthy subjects. The linear 
multiple regression included only fatigue, sleepiness and 

Fig. 3  Frequency and reciprocal overlap of sleepiness, fatigue, and 
depression in MS, as expressed by Eulero-Venn diagrams. MS: mul-
tiple sclerosis; MFIS: modified fatigue impact scale; BDI-II: Beck 
Depression Inventory—Second Edition; MADRS: Montgomery–

Åsberg Depression Rating Scale; ESS: Epworth Sleepiness Scale; 
FSS: Fatigue Severity Scale; MWT: maintenance of wakefulness test; 
All the digits are expressed in percentages
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depression, without considering other possible confounders 
like sleep disturbances (especially RLS) and symptomatic 
therapy. According to cross-sectional design of this study 
we could not conclude about the causality direction among 
fatigue and depression/sleepiness in MS patients. Finally, 
the small sample size decreases the statistical power and, 
therefore, reduces the possibility of reliably characterizing 
each sub-group.

In conclusion, there is a remarkable overlap between 
fatigue, depression, and EDS, which requires further 
research to understand the causality and the physiology 
behind the demonstrated associations, and to evaluate the 
effects of specific symptomatic treatment. New trials may 
profit from the proposed phenotyping.

Acknowledgements The authors want to thank all the patients and 
participants involved in the study. Special thanks are due to Ente Ospe-
daliero Cantonale (EOC), Swiss MS Society and Swiss National Sci-
ence Foundation, for the financial support.

Author contributions MM, CG, CZ contributed to study concept and 
design. DS drafted the text for intellectual content and prepared figures/
tables. DS, AC, GCR, GD, contributed to data acquisition and analysis. 
MM, CG, CZ, AC and DS contributed to interpretation of data and 
revised the manuscript for intellectual content.

Funding Open access funding provided by Università della Svizzera 
italiana. Grant ABREOC from Ente Ospedaliero Cantonale (EOC); 
Grant Swiss MS Society (SMSS); Swiss National Science Foundation, 
grant number: 320030_160250.

Data availability The data that support the findings of this study are 
available from the corresponding author, upon reasonable request.

Declarations 

Conflicts of interest The authors declare that they have no conflict of 
interest.

Standard protocol approvals, registrations, and patient con‑
sents According to the regulatory requirements of Switzerland, the 
protocol of the study was approved by the local Independent Ethics 
Committee (IEC): Comitato etico cantonale (Bellinzona, 6501 Switzer-
land). Eligible patients signed a written informed consent to participate 
to the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visithttp:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Thompson AJ et al (2018) Diagnosis of multiple sclerosis: 2017 
revisions of the McDonald criteria. Lancet Neurol 17(2):162–173. 
https:// doi. org/ 10. 1016/ S1474- 4422(17) 30470-2

 2. Boeschoten RE et al (2017) Prevalence of depression and anxiety 
in Multiple Sclerosis: A systematic review and meta-analysis. J 
Neurol Sci 372:331–341. https:// doi. org/ 10. 1016/j. jns. 2016. 11. 
067

Fig. 4  Diagnostic diagram to 
assess clinical phenotype in 
patients with multiple sclerosis 
suffering from fatigue. Whether 
a patient with MS complains of 
fatigue, clinical interview and 
questionnaires are advisable to 
exclude somnolence, bad mood, 
as well as major sleep disorders. 
A test of vigilance is recom-
mended to better distinguish 
somnolence from depression if 
the two symptoms coexist (phe-
notype 4). Whether the patient 
is depressed, a psychiatric 
counselling is recommended. In 
case of drowsiness or pathologi-
cal MWT, a sleep evaluation 
at the sleep lab is suggested to 
exclude specific sleep disorders. 
MWT: maintenance of wakeful-
ness test (cutoff: sleep latency 
of 30 min); EDS: excessive 
daytime sleepiness; F: fatigue; 
D: depression; min: minutes

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1016/j.jns.2016.11.067
https://doi.org/10.1016/j.jns.2016.11.067


4970 Journal of Neurology (2022) 269:4961–4971

1 3

 3. Sparasci D et al (2021) Restless legs syndrome and periodic 
limb movements in 86 patients with multiple sclerosis. Sleep 
44(9):zsab066. https:// doi. org/ 10. 1093/ sleep/ zsab0 66

 4. Krupp LB (2003) Fatigue in multiple sclerosis: Definition, patho-
physiology and treatment. CNS Drugs 17(4):225–234. https:// doi. 
org/ 10. 2165/ 00023 210- 20031 7040- 00002

 5. Penner I-K et al (2007) Fatigue in multiple sclerosis: Relation to 
depression, physical impairment, personality and action control. 
Mult Scler 13(9):1161–1167. https:// doi. org/ 10. 1177/ 13524 58507 
079267

 6. Stanton BR, Barnes F, Silber E (2006) Sleep and fatigue in multi-
ple sclerosis. Mult Scler 12(4):481–486. https:// doi. org/ 10. 1191/ 
13524 8506m s1320 oa

 7. Merkelbach S et al (2011) Fatigue, sleepiness, and physical activ-
ity in patients with multiple sclerosis. J Neurol 258(1):74–79. 
https:// doi. org/ 10. 1007/ s00415- 010- 5684-3

 8. Kaynak H et al (2006) Fatigue and sleep disturbance in multi-
ple sclerosis. Eur J Neurol 13(12):1333–1339. https:// doi. org/ 10. 
1111/j. 1468- 1331. 2006. 01499.x

 9. The Italian REMS Study Group et al (2008) Multicenter case-
control study on restless legs syndrome in multiple sclerosis: the 
REMS study. Sleep 31(7):944–952. https:// doi. org/ 10. 5665/ sleep/ 
31.7. 944

 10. Caminero A, Bartolomé M (2011) Sleep disturbances in multiple 
sclerosis. J Neurol Sci 309(1–2):86–91. https:// doi. org/ 10. 1016/j. 
jns. 2011. 07. 015

 11. Ferri R et al (2021) Leg movement activity during sleep in mul-
tiple sclerosis with and without RLS. J Clin Sleep Med. https:// 
doi. org/ 10. 5664/ jcsm. 9466

 12. Mohr DC, Hart SL, Goldberg A (2003) Effects of treatment for 
depression on fatigue in multiple sclerosis. Psychosom Med 
65(4):542–547. https:// doi. org/ 10. 1097/ 01. PSY. 00000 74757. 
11682. 96

 13. Nourbakhsh B et al (2021) Safety and efficacy of amantadine, 
modafinil, and methylphenidate for fatigue in multiple sclerosis: a 
randomised, placebo-controlled, crossover, double-blind trial. Lan-
cet Neurol 20(1):38–48. https:// doi. org/ 10. 1016/ S1474- 4422(20) 
30354-9

 14. Shangyan H, Kuiqing L, Yumin X, Jie C, Weixiong L (2018) Meta-
analysis of the efficacy of modafinil versus placebo in the treatment 
of multiple sclerosis fatigue. Mult Scler Relat Disord 19:85–89. 
https:// doi. org/ 10. 1016/j. msard. 2017. 10. 011

 15. Polman CH et al (2011) Diagnostic criteria for multiple sclerosis: 
2010 Revisions to the McDonald criteria’. Ann Neurol. https:// doi. 
org/ 10. 1002/ ana. 22366

 16. Miller DH, Chard DT, Ciccarelli O (2012) Clinically isolated syn-
dromes. Lancet Neurol. https:// doi. org/ 10. 1016/ S1474- 4422(11) 
70274-5

 17. Johns MW (1991) A new method for measuring daytime sleepi-
ness: the Epworth Sleepiness Scale. Sleep J Sleep Res Sleep Med 
14(6):540–545. https:// doi. org/ 10. 1093/ sleep/ 14.6. 540

 18. Sacco R et  al (2016) Psychometric properties and validity of 
Beck Depression Inventory II in multiple sclerosis. Eur J Neurol 
23(4):744–750. https:// doi. org/ 10. 1111/ ene. 12932

 19. Beck AT, Epstein N, Brown G, Steer RA (1988) An inventory for 
measuring clinical anxiety: psychometric properties. J Consult Clin 
Psychol 56(6):893–897. https:// doi. org/ 10. 1037// 0022- 006x. 56.6. 
893

 20. Davidson J, Turnbull CD, Strickland R, Miller R, Graves K (1986) 
The Montgomery-Åsberg Depression Scale: reliability and valid-
ity. Acta Psychiatr Scand 73(5):544–548. https:// doi. org/ 10. 1111/j. 
1600- 0447. 1986. tb027 23.x

 21. Krupp LB (1989) The fatigue severity scale: application to patients 
with multiple sclerosis and systemic lupus erythematosus. Arch 
Neurol 46(10):1121. https:// doi. org/ 10. 1001/ archn eur. 1989. 00520 
46011 5022

 22. Rottoli M, La Gioia S, Frigeni B, Barcella V (2017) Pathophysiol-
ogy, assessment and management of multiple sclerosis fatigue: an 
update. Expert Rev Neurother 17(4):373–379. https:// doi. org/ 10. 
1080/ 14737 175. 2017. 12476 95

 23. Vickrey BG, Hays RD, Harooni R, Myers LW, Ellison GW (1995) 
A health-related quality of life measure for multiple sclerosis. Qual 
Life Res 4(3):187–206. https:// doi. org/ 10. 1007/ BF022 60859

 24. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ (1989) 
The Pittsburgh Sleep Quality Index: a new instrument for psychiatric 
practice and research. Psychiatry Res 28(2):193–213. https:// doi. org/ 
10. 1016/ 0165- 1781(89) 90047-4

 25. Doghramji K et al (1997) A normative study of the maintenance 
of wakefulness test (MWT). Electroencephalogr Clin Neurophysiol 
103(5):554–562. https:// doi. org/ 10. 1016/ S0013- 4694(97) 00010-2

 26. Littner MR et al (2005) Practice parameters for clinical use of the 
multiple sleep latency test and the maintenance of wakefulness test. 
Sleep 28(1):113–121. https:// doi. org/ 10. 1093/ sleep/ 28.1. 113

 27. Cohen J (1998) Statistical power analysis for the behavioral sciences. 
In: Cox BJ, Endler NS, Swinson RP (eds) 2nd ed. Erlbaum, Hillsdale

 28. Rooney S, Wood L, Moffat F, Paul L (2019) Prevalence of fatigue 
and its association with clinical features in progressive and non-
progressive forms of multiple sclerosis. Multiple Scler Relat Disord 
28:276–282. https:// doi. org/ 10. 1016/j. msard. 2019. 01. 011

 29. Broch L et al (2021) High prevalence of fatigue in contemporary 
patients with multiple sclerosis. Multiple Scler J Exp Transl Clin 
7(1):205521732199982. https:// doi. org/ 10. 1177/ 20552 17321 999826

 30. Weiland TJ et al (2015) Clinically significant fatigue: prevalence and 
associated factors in an international sample of adults with multi-
ple sclerosis recruited via the internet. PLoS ONE 10(2):e0115541. 
https:// doi. org/ 10. 1371/ journ al. pone. 01155 41

 31. Wood B et  al (2013) Prevalence and concurrence of anxiety, 
depression and fatigue over time in multiple sclerosis. Mult Scler J 
19(2):217–224. https:// doi. org/ 10. 1177/ 13524 58512 450351

 32. Mustač F et al (2021) Anxiety and depression as comorbidities of 
multiple sclerosis. Psychiatr Danub 33(Suppl 4):480–485

 33. Attarian HP, Brown KM, Duntley SP, Carter JD, Cross AH (2004) 
The relationship of sleep disturbances and fatigue in multiple scle-
rosis. Arch Neurol 61(4):525. https:// doi. org/ 10. 1001/ archn eur. 61.4. 
525

 34. Alarcia R, Ara JR, Martín J, Bertol V, Bestué M (2005) Importance 
and factors related to chronic fatigue in multiple sclerosis. Neurolo-
gia 20(2):77–84

 35. Łabuz-Roszak B, Kubicka-Bączyk K, Pierzchała K, Machowska-
Majchrzak A, Skrzypek M (2012) Fatigue and its association with 
sleep disorders, depressive symptoms and anxiety in patients with 
multiple sclerosis. Neurol Neurochir Pol 46(4):309–317. https:// doi. 
org/ 10. 5114/ ninp. 2012. 30261

 36. Bamer AM et al (2010) Beyond fatigue: assessing variables associ-
ated with sleep problems and use of sleep medications in multi-
ple sclerosis. Clin Epidemiol 2:99. https:// doi. org/ 10. 2147/ CLEP. 
S10425

 37. Kotterba S, Eren E, Fangerau T, Malin JP, Sindern E (2003) Differ-
enzierung von Müdigkeit und Fatigue bei Multipler Sklerose - Ver-
gleich unterschiedlicher Messinstrumente. Fortschr Neurol Psychiatr 
71(11):590–594. https:// doi. org/ 10. 1055/s- 2003- 43464

 38. Vercoulen JHMM (1996) The measurement of fatigue in patients 
with multiple sclerosis: a multidimensional comparison with 
patients with chronic fatigue syndrome and healthy subjects. Arch 
Neurol 53(7):642. https:// doi. org/ 10. 1001/ archn eur. 1996. 00550 
07008 0014

 39. Braga DM, do Prado GF, Bichueti DB, de Oliveira EML (2016) 
Positive correlation between functional disability, excessive daytime 
sleepiness, and fatigue in relapsing-remitting multiple sclerosis. Arq 
Neuro-Psiquiatr 74(6):433–438. https:// doi. org/ 10. 1590/ 0004- 282x2 
01600 69

https://doi.org/10.1093/sleep/zsab066
https://doi.org/10.2165/00023210-200317040-00002
https://doi.org/10.2165/00023210-200317040-00002
https://doi.org/10.1177/1352458507079267
https://doi.org/10.1177/1352458507079267
https://doi.org/10.1191/135248506ms1320oa
https://doi.org/10.1191/135248506ms1320oa
https://doi.org/10.1007/s00415-010-5684-3
https://doi.org/10.1111/j.1468-1331.2006.01499.x
https://doi.org/10.1111/j.1468-1331.2006.01499.x
https://doi.org/10.5665/sleep/31.7.944
https://doi.org/10.5665/sleep/31.7.944
https://doi.org/10.1016/j.jns.2011.07.015
https://doi.org/10.1016/j.jns.2011.07.015
https://doi.org/10.5664/jcsm.9466
https://doi.org/10.5664/jcsm.9466
https://doi.org/10.1097/01.PSY.0000074757.11682.96
https://doi.org/10.1097/01.PSY.0000074757.11682.96
https://doi.org/10.1016/S1474-4422(20)30354-9
https://doi.org/10.1016/S1474-4422(20)30354-9
https://doi.org/10.1016/j.msard.2017.10.011
https://doi.org/10.1002/ana.22366
https://doi.org/10.1002/ana.22366
https://doi.org/10.1016/S1474-4422(11)70274-5
https://doi.org/10.1016/S1474-4422(11)70274-5
https://doi.org/10.1093/sleep/14.6.540
https://doi.org/10.1111/ene.12932
https://doi.org/10.1037//0022-006x.56.6.893
https://doi.org/10.1037//0022-006x.56.6.893
https://doi.org/10.1111/j.1600-0447.1986.tb02723.x
https://doi.org/10.1111/j.1600-0447.1986.tb02723.x
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1080/14737175.2017.1247695
https://doi.org/10.1080/14737175.2017.1247695
https://doi.org/10.1007/BF02260859
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1016/S0013-4694(97)00010-2
https://doi.org/10.1093/sleep/28.1.113
https://doi.org/10.1016/j.msard.2019.01.011
https://doi.org/10.1177/2055217321999826
https://doi.org/10.1371/journal.pone.0115541
https://doi.org/10.1177/1352458512450351
https://doi.org/10.1001/archneur.61.4.525
https://doi.org/10.1001/archneur.61.4.525
https://doi.org/10.5114/ninp.2012.30261
https://doi.org/10.5114/ninp.2012.30261
https://doi.org/10.2147/CLEP.S10425
https://doi.org/10.2147/CLEP.S10425
https://doi.org/10.1055/s-2003-43464
https://doi.org/10.1001/archneur.1996.00550070080014
https://doi.org/10.1001/archneur.1996.00550070080014
https://doi.org/10.1590/0004-282x20160069
https://doi.org/10.1590/0004-282x20160069


4971Journal of Neurology (2022) 269:4961–4971 

1 3

 40. Dubessy A-L et al (2021) Association of central hypersomnia and 
fatigue in patients with multiple sclerosis: a polysomnographic 
study. Neurology 97(1):e23–e33. https:// doi. org/ 10. 1212/ WNL. 
00000 00000 012120

 41. Mills RJ, Young CA (2011) The relationship between fatigue and 
other clinical features of multiple sclerosis. Mult Scler 17(5):604–
612. https:// doi. org/ 10. 1177/ 13524 58510 392262

 42. Moreira NCV et al (2008) Restless leg syndrome, sleep quality 
and fatigue in multiple sclerosis patients. Braz J Med Biol Res 
41(10):932–937. https:// doi. org/ 10. 1590/ S0100- 879X2 00800 10000 
17

 43. Pokryszko-Dragan A et al (2012) Stimulated peripheral production 
of interferon-gamma is related to fatigue and depression in multiple 
sclerosis. Clin Neurol Neurosurg 114(8):1153–1158. https:// doi. org/ 
10. 1016/j. cline uro. 2012. 02. 048

 44. Stankoff B et al (2005) Modafinil for fatigue in MS: a randomized 
placebo-controlled double-blind study. Neurology 64(7):1139–1143. 
https:// doi. org/ 10. 1212/ 01. WNL. 00001 58272. 27070. 6A

 45. Hossain JL, Ahmad P, Reinish LW, Kayumov L, Hossain NK, 
Shapiro CM (2005) Subjective fatigue and subjective sleepiness: 
two independent consequences of sleep disorders? J Sleep Res 
14(3):245–253. https:// doi. org/ 10. 1111/j. 1365- 2869. 2005. 00466.x

 46. Sater R, Gudesblatt M, Kresa-Reahl K, Brandes D, Sater P (2015) 
The relationship between objective parameters of sleep and meas-
ures of fatigue, depression, and cognition in multiple sclerosis. Mul-
tiple Scler J Exp Transl Clin 1:205521731557782. https:// doi. org/ 
10. 1177/ 20552 17315 577828

 47. Whibley D, Goldstein C, Kratz AL, Braley TJ (2021) A multidi-
mensional approach to sleep health in multiple sclerosis. Multiple 
Scler Relat Disord 56:103271. https:// doi. org/ 10. 1016/j. msard. 2021. 
103271

 48. Erman M, Emsellem H, Black J, Mori F, Mayer G (2017) Correla-
tion between the Epworth Sleepiness Scale and the Maintenance of 
Wakefulness Test in patients with narcolepsy participating in two 
clinical trials of sodium oxybate. Sleep Med 38:92–95. https:// doi. 
org/ 10. 1016/j. sleep. 2017. 07. 015

https://doi.org/10.1212/WNL.0000000000012120
https://doi.org/10.1212/WNL.0000000000012120
https://doi.org/10.1177/1352458510392262
https://doi.org/10.1590/S0100-879X2008001000017
https://doi.org/10.1590/S0100-879X2008001000017
https://doi.org/10.1016/j.clineuro.2012.02.048
https://doi.org/10.1016/j.clineuro.2012.02.048
https://doi.org/10.1212/01.WNL.0000158272.27070.6A
https://doi.org/10.1111/j.1365-2869.2005.00466.x
https://doi.org/10.1177/2055217315577828
https://doi.org/10.1177/2055217315577828
https://doi.org/10.1016/j.msard.2021.103271
https://doi.org/10.1016/j.msard.2021.103271
https://doi.org/10.1016/j.sleep.2017.07.015
https://doi.org/10.1016/j.sleep.2017.07.015

	Fatigue, sleepiness and depression in multiple sclerosis: defining the overlaps for a better phenotyping
	Abstract
	Background and objectives 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Participants
	Study design
	Self-report measures
	Polysomnography and maintenance of wakefulness test

	Statistical analysis

	Results
	Measures of fatigue, sleepiness and depression
	Overlap between fatigue, sleepiness, and depression
	Correlation between sleepiness, fatigue and depression
	Clinical subtypes

	Discussion
	Acknowledgements 
	References




