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Abstract
Objective
To evaluate sleepiness and central hypersomnia in multiple sclerosis (MS)–associated fatigue,
we performed long-term polysomnography in patients with MS and healthy controls.

Methods
Patients with MS and healthy controls completed questionnaires on sleep, fatigue, sleepiness,
and depression. They underwent nocturnal polysomnography, multiple sleep latency tests, and
bed rest 24-hour polysomnography. Patients were divided into 3 groups (fatigue and sleepiness,
fatigue and no sleepiness, neither fatigue nor sleepiness).

Results
Among 44 patients with MS, 19 (43.2%) had fatigue and sleepiness, 15 (34%) had only fatigue,
and 10 (22.7%) had neither fatigue nor sleepiness. Compared to 24 controls, patients with
fatigue and sleepiness had higher REM sleep percentages (median [interquartile range] 20.5%
[19.6–24.7] vs 18.1% [12.6–20.6]), lower arousal indexes (12.7 [7.5–17.0] vs 22.4
[14.3–34.4]), and shorter daytime mean sleep latencies (8.6 [6.3–14.3] vs 16.6 [12.6–19.5]
min). Restless leg syndrome, periodic leg movements, and sleep apnea had similar frequencies
between groups. Central hypersomnia was found in 10 (53%) patients with fatigue and
sleepiness (narcolepsy type 2, n = 2), in 2 (13%) patients with fatigue only, and in 3 (30%)
patients with neither fatigue nor sleepiness. Patients with central hypersomnia were younger
and sleepier than those without hypersomnia, but had similar levels of fatigue, disability,
depression, cognitive performance, and frequencies of the human leukocyte antigen
DQB1*0602 genotype. The severity of fatigue increased with higher depression scores, higher
sleepiness severity, and lower sleep efficacy.

Conclusion
Central hypersomnias are frequent in MS when fatigue and sleepiness are present. Screening
them through polysomnography studies is recommended.
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Fatigue is one of the most frequent symptoms in multiple
sclerosis (MS), affecting up to 80% of patients,1 more than
half of whom consider fatigue their most troublesome
symptom.2 Fatigue affects employability, physical activity, and
quality of life.3 It can be present early in the course of the
disease, even prior to diagnosis,4 and may persist throughout
the patient’s life. The mechanisms of fatigue have not been
completely elucidated. Some5,6 but not all7 studies suggest
that fatigue increases with disability and disease duration.

Fatigue may be the consequence of CNS dysfunction, thus
defined as “primary fatigue.” Secondary causes of fatigue in-
clude depression (both fatigue and depression being coun-
teractable by exercise),8 adverse effects of medication, pain,
nighttime voiding (which may in turn alter sleep quality), and
disordered sleep.9 Sleep disorders in MS may consist of in-
somnia, restless leg syndrome (different from MS sensory
discomfort),10-13 circadian sleep disorders,14 and rare hyper-
somnolence disorders (narcolepsy, central hypersomnia).10

Treating sleep disorders may reduce MS-related fatigue,15

supporting an intuitive hypothesis that they could trigger or at
least worsen fatigue. Sleep apnea and periodic leg movements
are incidentally observed in MS,16 but their clinical impor-
tance is debatable, in the absence of recorded symptoms and
comparison against control groups.12 At disease onset, the
frequency of sleep disorders appears similar among both pa-
tients with MS and healthy controls.17 Excessive daytime
sleepiness is one of the major manifestations of sleep disor-
ders. In MS, sleepiness without fatigue seems rare,18 sug-
gesting that fatigue and sleepiness frequently overlap.
However, it is unclear whether they have the same determi-
nants and whether their intensities are correlated.6

One of the reasons why the role of sleep disorders inMS-related
fatigue is not well defined is because they have not been sys-
tematically investigated, and rarely analyzed between patients
with and without fatigue or alongside healthy controls. Notably,
rare cases of symptomatic narcolepsy have been reported in
patients with MS,9,10 but the prevalence of the association of
these 2 diseases is unknown due to the lack of systematic
screening for narcolepsy. In addition to narcolepsy, hyper-
somnias of central origin, including idiopathic and symptomatic
hypersomnia, could be involved in MS-related fatigue.19 These
rare disorders are characterized by impaired alertness despite
normal or prolonged sleep. Their diagnosis is based on long,
complex procedures, not previously performed in MS.19,20

In this present study, we aim at exploring whether sleep and
central hypersomnolence disorders differ between patients

with MS with fatigue and those without. We specifically hy-
pothesize that only patients with sleepiness (rather than fa-
tigue) would have a central hypersomnolence disorder. For
this purpose, we recruited mildly disabled patients with MS
with and without fatigue, dividing the former into 2 sub-
groups: those with fatigue and sleepiness vs those with fatigue
but no sleepiness. We then systematically applied the proce-
dures of hypersomnia diagnosis as well as nighttime and
daytime bed-rest sleep monitoring during a 48-hour period.
Healthy controls provided normative measures in the 48-hour
sleep monitoring procedures.

Methods
Standard Protocol Approvals, Registrations,
and Patient Consents
Participants signed written informed consent. The study re-
ceived approval from the Ile de France–06 ethics committee
and was registered on the clinicaltrials.gov database
(NCT00137904).

Participants
Patients with MS were consecutively enrolled from the out-
patient clinics in Pitié-Salpêtrière Hospital in Paris and Pur-
pan Hospital in Toulouse, France, over a 33-month period
from June 2003 to March 2006. Inclusion criteria were (1)
diagnosis of MS with relapsing-remitting or primary pro-
gressive course, (2) age between 18 and 65, and (3) disability
severity defined as a score ≤5.5 on the Expanded Disability
Status Scale (EDSS).21

To limit confounding factors, exclusion criteria included (1)
active depression,22 (2) cognitive decline attested by a score
<136 on theMattis Dementia Rating Scale,23 (3) epilepsy, (4)
obesity defined as a body mass index >30 kg/m2, and (5) use
of cannabis. Treatment with antidepressants (including tri-
cyclics, quadricyclics, and serotonin reuptake inhibitors), an-
tihistamines, hypnotics, or benzodiazepines had to be
discontinued 30 days before the sleep investigation, or for a
period of at least 5 half-lives of the molecule. Patients unable
to tolerate withdrawal were excluded from the study.

The original study was designed to compare polysomno-
graphic features among patients with and without fatigue and
sleepiness. Since comparison with healthy controls was rele-
vant in order to interpret the 48-hour polysomnographic
measurements, we further selected healthy controls recruited
between January 2006 and June 2008 from the Pitié-Sal-
pêtrière sleep disorders unit to generate a control group for

Glossary
EDSS = Expanded Disability Status Scale; ESS = Epworth Sleepiness Scale;HADRS =Hospital Anxiety and Depression Rating
Scale;MFIS = Modified Fatigue Impact Scale;MS = multiple sclerosis;MSL = mean daytime sleep latency;MSLT = multiple
sleep latency test; SOREMP = sleep onset in REM periods.
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parallel studies. All of the controls had previously received
financial compensation for participating in the original study.
All these control participants completed the same poly-
somnography and questionnaire procedures as the patient
group. A total of 24 controls were selected from a group of 35
participants in order to create an age profile of the group
similar to that of the MS group. Exclusion criteria for control
participants included sleep complaints such as excessive
daytime sleepiness (defined as an Epworth Sleepiness Scale
[ESS] score >10),24 shift or night work, severe medical illness,
chronic sleep deprivation, and use of medication known to
modify sleep or wakefulness.

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

Clinical Evaluation
The ranking on the EDSS was determined by a neurologist.
General cognitive functioning was assessed using the Mattis
Dementia Rating Scale; working memory and attention were
assessed using the Paced Auditory Serial Addition Test.25 The
level of fatigue was assessed using the global Modified Fatigue
Impact Scale (MFIS; 21 items, score range 0–84, scores in-
crease with fatigue),26 a shortened part of the French-
Canadian version of the Fatigue Impact Scale,27 which was
validated and recommended by the MS Council for Clinical
Practice Guidelines. Daytime sleepiness was measured using
the ESS, a subjective questionnaire evaluating the propensity
to fall asleep from 0 (none) to 3 (severe) in 8 everyday
conditions.24 Patients and controls were interviewed by a
psychiatrist to exclude participants with depression22 and they
completed the Hospital Anxiety and Depression Rating Scale
(HADRS).28

Groups
Patients with MS were sorted into 3 groups: patients with both
fatigue and sleepiness, patients with fatigue but no sleepiness,
and patients with neither fatigue nor sleepiness. They were
classified as fatigued if (1) they declared fatigue to be one of the
3 main symptoms of their disease and had an MFIS score ≥45
or (2) they considered fatigue to be the main symptom of their
disease regardless of theirMFIS score. Among the patients with
fatigue, 2 subgroups were defined per the presence of sleepi-
ness, according to an ESS score >10. Patients classified as
“without fatigue” did not complain of fatigue and had an MFIS
score <45. During the recruitment process, there were no pa-
tients with isolated excessive daytime sleepiness and no fatigue.
Hence, this group was not created.

Sleep Investigations
Patients with MS and healthy controls underwent a face-to-
face interview to identify cataplexy, severe morning inertia,
sleep paralysis, restorative naps, hypnagogic hallucinations,
and restless leg syndrome.19 The diagnosis of central hyper-
somnia was performed through the following:

(1) Ruling out more common causes of excessive daytime
sleepiness (insufficient sleep syndrome, sleep apnea syn-
drome, psychiatric hypersomnolence, long sleepers, circa-
dian rhythm disorders, arousal disorders) by interview, sleep
logs, and polysomnography; and
(2) Performing multiple sleep latency tests (MSLTs)
followed by long-term sleep monitoring to document an
abnormal daytime mean sleep latency (MSL) or a sleep
excess. Abnormal MSL was defined as <8 minutes onMSLT,
and sleep excess as a total sleep time >11 over 24 hours.

Participants were recommended to keep regular sleep rou-
tines 2 weeks prior to sleep study, allowing a minimum of 7½
hours of sleep time every day. Sleep monitoring lasted 48
hours, as previously described,20 and included the following:

1. An initial adaptation night from 23:00 to 6:30
2. Multiple sleep latency tests the following day, consisting of
5 nap opportunities at 8:00, 10:00, 12:00, 14:00, and 16:00,
with each being interrupted after 20 minutes if no sleep
occurred, and after 15 minutes asleep if sleep occurred
3. A second continuous sleep monitoring over the next 24
hours, allowing a determination of the 24-hour spontaneous
sleep duration in relaxed, quiet conditions with participants
allowed to sleep ad libitum (no interruption by the
technicians, proposal to lie down and sleep in the morning
and afternoon in the dark, as long as they could)

The sleep recordings included EEG, electro-oculograms, chin
and bilateral tibialis anterior EMG, nasal pressure, respiratory
efforts using thoracic and abdominal belts, ECG, position,
tracheal sounds, pulse rate, and transcutaneous oximetry
during the first night. Respiratory sensors were removed
during the daytime test and the 24-hour sleep monitoring.
The sleep stages, arousal, motor, and respiratory events were
scored visually according to standard criteria.29 Sleep onset in
REM periods (SOREMPs) were defined if REM sleep oc-
curred within 15 minutes after sleep onset. The indexes of
sleep fragmentation (arousal index, periodic leg movements,
apnea-hypopnea index) and minimal oxygen saturation dur-
ing sleep were measured during the first night. The human
leucocyte antigen DQB1*0602 genotype was investigated
only in patients withMS, as it was mostly interesting in case of
symptomatic narcolepsy.

Patients with abnormal polysomnography results meeting the
diagnostic criteria for either narcolepsy or hypersomnia were
classified as having “central hypersomnia on sleep tests.”They
were further subdivided into 2 distinct phenotypes:

1. Narcolepsy phenotype (MSL <8 minutes and ≥2
SOREMPs, including sleep onset at nighttime)
2. Hypersomnia phenotype (total sleep time >11 [660
minutes] over 24 hours during the long-term sleep
monitoring or MSL <8 minutes and <2 SOREMPs,
including sleep onset at nighttime)
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Finally, patients who had both a central hypersomnia on sleep
and a clinical complaint of sleepiness, with no better expla-
nation for these findings, were classified as having a central
disorder of hypersomnolence.

Statistical Analysis
The maximal value of MSL is 20 minutes, normative
value is 15 ± 5 minutes, and MSL < 8 minutes defines
abnormal daytime sleepiness.30 A 5-minute difference in

Figure 1 Patient Workflow

ESS = Epworth Sleepiness Scale; MFIS = Modified
Fatigue Impact Scale; MS = multiple sclerosis.

Table 1 Demographic and Clinical Characteristics of Patients With Multiple Sclerosis (MS) With and Without Fatigue

Patients with MS Fatigue and sleepiness Fatigue and no sleepiness Neither fatigue nor sleepiness pa

Total 19 15 10

Age, y 41.1 (36.1–47.9) 46.3 (41.6–49.6) 39.6 (34.2–40.4) 0.07

Sex, women 15 (79.0) 11 (73.3) 2 (20.0)b 0.005

Disease duration, y 7.9 (6.7–11.6) 9.1 (5.3–14.3) 9.5 (5.5–16) 0.91

Relapsing form 17 (89) 11 (73) 10 (100) 0.16

Expanded Disability Status Scale, 0–5.5 2.0 (2.0–3.0) 2.5 (1.5–3.0) 1.5 (1.0–2.0) 0.20

DMT at inclusion 13 (72.2) 5 (33.3)c 8 (80) 0.037

Mattis dementia score, 0–144 143 (141–143) 141 (140–142) 143 (143-143) 0.09

Paced Auditory Serial Addition Test, 0–60 48.0 (43.0–53) 48.0 (38.0–53.5) 48.0 (44.5–52.0) 0.78

MFIS, 0–84 56.0 (46.0–63.0) 55.0 (49.0–57.0) 20.5a (16.5–35.8) <0.0001

ESS, 0–24 14.0a (12.0–16.0) 8.0 (5.5–10.0) 8.0 (5.5–9.0) <0.0001

HADRS–anxiety 8.0 (5.0–10.0) 5.0 (3.0–8.0) 4.0 (4.0–5.8) 0.08

HADRS–depression 6.0 (3.0–7.0) 6.0 (4.5–7.5) 1.0 (0.3–3.5)a 0.007

Abbreviations: DMT = disease-modifying treatment; ESS = Expanded Disability Status Scale; HADRS = Hospital Anxiety and Depression Rating Scale; MFIS =
Modified Fatigue Impact Scale.
Data are expressed as median (interquartile range) or n (%).
a p for a difference among the 3 MS groups using Kruskal-Wallis test.
b p < 0.015 for a post hoc difference with each other subgroup of patients.
c p did not reach significance for post hoc comparisons with other subgroups (0.08 and 0.04 for comparison with fatigue and sleepiness and no fatigue no
sleepiness groups, respectively).
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MSL was therefore considered as clinically relevant
and the sample size required to demonstrate this differ-
ence was calculated as previously shown in patients
with MS with fatigue vs controls.31 Consequently, for a
comparison among 3 MS groups, with power 80%, the
required number of patients per subgroup was equal
to 16.

Measures were expressed as the median (interquartile range)
or n (%), due to the reduced sample size. Kruskal-Wallis
tests were used to compare quantitative measures between
groups. For categorical measures, we used Fisher exact test.
When the global significance was <0.05, pairwise compari-
sons were performed. To adjust for multiple comparisons,

Pearson correlations were performed using a significance
<0.005. Analyses were performed using SAS version 9.3
(SAS Institute).

Results
Characteristics of the Participants
Fifty-one patients with MS took part in the study, 44 of
whom were retained for final analysis. Seven patients were
excluded for depression (n = 1), consent withdrawal (n =
1), inability to withdraw from selective serotonin reuptake
inhibitors before sleep investigations (n = 3), and absent
or incomplete sleep measures (n = 2) (figure 1). Six

Table 2 Sleep Architecture in Patients With Multiple Sclerosis (MS) With and Without Fatigue and in Healthy Controls
(HCs)

MS, pooled
MS, fatigue,
sleepiness

MS, fatigue, no
sleepiness

MS, no fatigue, no
sleepiness HCs

p
Valuea

Participants 44 19 15 10 24

Age, y 41.7
(38.5–48.6)

41.7 (34.1–48.2) 46.3 (40.7–46.3) 39.6 (33.5–40.5) 49.0
(33.5–59.0)

0.12

Sex, women 28 (64) 15 (79) 11 (73) 2 (20) 10 (42) 0.0043

Total sleep period, min 477 (442–511) 477 (449–521) 472 (413–513) 478 (433–509) 453 (420–489) 0.18

Sleep efficacy, % 87 (79–93) 82 (76–94) 84 (79–93) 89 (85–92) 86 (79–90) 0.83

Wakefulness after sleep onset,
min

65 (31–113) 89 (49–147) 48 (20–117) 47 (38–104) 57 (43–96) 0.29

Latency to, min

Sleep onset 19 (8–41) 21 (2–42) 27 (17–55) 13 (8–15) 27 (14–38) 0.12

REM sleep 82 (58–131) 81 (57–148) 84 (62–118) 63b (50–88) 123 (79–205) 0.043

Total sleep time, min 405 (366–453) 404 (363–464) 405 (325–430) 407 (388–470) 394 (349–417) 0.42

Sleep stages, % of total sleep
time

N1 5.6 (3.1–9.1) 6.2 (2.9–10.8) 6.3 (3.5–11.0) 4.7 (2.3–7.6) 5.3 (2.1–8.6) 0.57

N2 47.8
(41.9–52.2)

47.8 (42.0–54.2) 43.1 (40.0–50.3) 49.6 (46.3–52.8) 51.4
(44.6–56.2)

0.17

N3 23.3
(18.8–29.4)

22.0 (17.1–28.0) 25.8 (20.8–30.1) 25.1 (18.8–29.4) 24.6
(21.6–30.2)

0.43

REM 21.4
(19.4–25.4)

20.5a (19.6–24.7) 23.2 (18.9–27.0) 19.9 (14.1–24.1) 18.1
(12.6–20.6)

0.024

Sleep fragmentation, events/h

Arousal index 12.3
(7.2–18.9)

12.7b (7.5–17.0) 10.5b (4.4–18.8) 12.5 (6.8–22.5) 22.4
(14.3–34.4)

0.0044

PLM index 0.4 (0.0–3.5) 0.2 (0–3.9) 1.1 (0–3.4) 0.4 (0.1–4.2) 0.2 (0.04–0.5) 0.65

Apnea/hypopnea index 1.1 (0.4–4.2) 1.4 (0.3–3.0) 1.0 (0.3–4.9) 3.5 (0.5–8.0) 3.1 (1.2–9.5) 0.13

Minimal SaO2, % 92.0 (89–93) 91.0 (89–93) 91 (87–94) 92.5 (91.0–95) 91.8 (87–93) 0.52

Abbreviation: PLM = periodic leg movements.
Data are expressed as median (interquartile range) or n (%).
a p for a difference among the 3 MS subgroups and HCs using Kruskal-Wallis test (quantitative values) or χ2 test (categories).
b p < 0.0125 for post hoc tests (Fisher exact test or Mann-Whitney) showing a difference with HCs.
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patients had primary progressive MS, whereas the
remaining 38 had relapsing-remitting MS (table 1).
Twenty-six patients were treated by disease-modifying
therapies at inclusion (including 20 with interferons, 3
with glatiramer acetate, 2 with azathioprine, and 1 un-
specified). Age and disease course were similar among the
3 MS subgroups, but the proportion of women was lower
in the group without fatigue. Cognitive performances
were within norms and similar among the groups. Patients
with fatigue had higher depression symptoms than those
without fatigue: HADRS depression scale scores (median,
IQ range) were 6.0 (3.0–7.0), 6.0 (4.5–7.5), and 1.0
(0.3–3.5) for patients with both fatigue and sleepiness,
fatigue but no sleepiness, and neither fatigue nor sleepi-
ness, respectively (p = 0.007 and p < 0.015 for post hoc
comparisons of patients with neither fatigue nor sleepi-
ness vs the 2 other groups). The proportion of patients
undergoing disease-modifying treatment tended to be
lower among patients with fatigue but no sleepiness
(table 1).

The healthy control group had a comparable mean age to the
MS group. The proportion of women was lower compared to
patients as a whole, but was in-between the values of the 3 MS
groups.

Sleep and Sleepiness Measures
The 4 groups differed in the latency and percentage of REM
sleep as well as the arousal index (table 2). Compared to
healthy controls, patients with fatigue and sleepiness had higher
REM sleep percentages (median 20.5% [interquartile range
19.6–24.7] vs 18.1% [12.6–20.6], p = 0.005) and lower arousal
indexes (12.7 [7.5–17.0] vs 22.4 [14.3–34.4], p = 0.002). The
MSL and percentage of participants with an abnormal MSL
were also different amongst groups (table 3). In particular,
patients with both fatigue and sleepiness had a shorter MSL
(8.6 [6.3–14.3] minutes) than controls (16.6 [12.6–19.5] mi-
nutes, p = 0.0002) and more frequently (42% vs 9%) dem-
onstrated abnormal (<8 minutes) latencies. Notably, the
apnea-hypopnea and periodic leg movement indexes were
within normal values and not different among groups.

Table 3 Daytime Sleepiness Measures and 48 Hours Sleep Monitoring Among Patients With Multiple Sclerosis (MS) With
and Without Fatigue and Healthy Controls (HCs)

MS, pooled
MS, fatigue,
sleepiness

MS, fatigue, no
sleepiness

MS, no fatigue, no
sleepiness HCs

p
Valuea

Participants 44 19 15 10 24

Daytime MSLT

MSL, min 11.3
(7.7–15.1)

8.6b (6.3–14.3) 14.6 (9.1–17.3) 11.3 (9.114.5) 16.6
(12.6–19.5)

0.0014

MSL less than 8 minutes 12 (27) 8 (42) 2 (13) 2 (20) 2 (9) 0.049

2 or more daytime SOREMPs 6 (14) 4 (21) 1 (7) 1 (10) 0 (0) 0.07

Nighttime SOREMPs 3 (7) 1(5) 1 (7) 1 (10) 0 (0) 0,43

2 or more night and daytime
SOREMPs

6 (14) 4 (21) 1 (7) 1 (10) 0 (0) 0.07

Bed rest sleep monitoring

Total sleep time per 24 hours 552
(461–624)

595 (481–647) 498 (449–612) 488 (401–579) 504
(444–567)

0.11

Total sleep time >660 minutes 6 (14) 4 (21) 1 (7) 1 (10) 1 (4) 0.33

Final sleep disorder diagnosis

Central hypersomnia on sleep
tests

15 (34) 10 (53)b 2 (13) 3(30) 3 (13) 0.017

Narcolepsy phenotype 3 (7) 2 (11) 0 1 (10) 0 0.14

Hypersomnia phenotype 12 (27) 8 (42) 2 (13) 2(20) 3 (13) 0.11

Central disorder of
hypersomnolence

10 (23) 10 (53) 0 0 0 NA

Abbreviations: MSL = multiple sleep latency; MSLT = multiple sleep latency test; SOREMPs = sleep onset in REM periods.
Central hypersomnia on sleep tests: presence of narcolepsy (MSLT latency <8 minutes and SOREMPs ≥2) or hypersomnia (MSLT latency <8 minutes and
SOREMP <2 or total sleep time >11 hours during bed rest monitoring) phenotype in polysomnographic study, irrespective of clinical complaint. Central
disorder of hypersomnolence: association of a complaint of daytime sleepiness and central hypersomnia on sleep tests. Data are expressed as median
(interquartile range) or n (%).
a p for a difference among the 3 MS groups and HC using Kruskal-Wallis test (quantitative values) or Fisher exact test (categories).
b p < 0.0125 for post hoc tests (Fisher exact test or Mann-Whitney) showing a difference with HCs.
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Central Hypersomnia
In the fatigue and sleepiness group, 10 (53%) patients had a
central disorder of hypersomnolence (defined as a complaint
of daily sleepiness lasting for more than 3 months associated
with abnormal MSL or abnormally long sleep time). This
number included 2 with narcolepsy type 2 and 8 with a non-
narcoleptic, central hypersomnia (table 3). The other, non-
sleepy MS and control subgroups had occasional abnormali-
ties on the various tests, with narcolepsy-like or hypersomnia-
like phenotypes in 12%–30% of participants, but no complaint
of sleepiness. Consequently, they did not meet the criteria of a
sleep disorder. The 15 patients (regardless of the subgroup)
with abnormal tests (abnormal MSL or abnormally long sleep
time/24 hours) were younger and had higher sleepiness
scores but no other difference compared to the 29 patients
without hypersomnia (table 4). No patient had hypnagogic
hallucination, sleep paralysis, or cataplexy. There was no dif-
ference in the frequency of human leukocyte antigen
DQB1*0602 genotype between patients with and without
central hypersomnia (table 4).

Correlations Among Fatigue, Subjective
Sleepiness, and Sleep Measures
The severity of fatigue (measured by MFIS 1) increased with
higher scores at the depression scale (R = 0.55; p= 0.0001), higher
sleepiness score (R = 0.42, p = 0.005), and lower sleep efficacy (R
= −0.42; p= 0.006) (figure 2). Conversely, therewas no significant
correlation with nighttime sleep measures (including total sleep
time per night and per 24 hours, arousal index, apnea-hypopnea
index, or periodic leg movement index) or with MSL (table 5).
There was no significant correlation between the sleepiness score
(or the MSL) and MS markers, cognitive performance, psycho-
logical scores, or any sleep measures, including arousal, apnea-
hypopnea, or periodic legmovement indexes (supplemental tables
1 and 2 at doi.org/10.5061/dryad.hqbzkh1dq).

Discussion
In this study, more than half of the patients complaining of
fatigue and sleepiness were diagnosed with symptomatic

Table 4 Clinical Characteristics and Sleep Measures in Patients With Multiple Sclerosis (MS) With and Without Central
Hypersomnia Phenotype on Sleep Tests

With central hypersomnia phenotype Without central hypersomnia phenotype p Valuea

Patients 15 29

Age, y 39.0 (32.0–43.6) 42.7 (39.7–49) 0.02

Sex, women 11 (73.3) 17 (58.6) 0.11

Body mass index, kg/m2 23.1 (20.0–24.4) 23.4 (20.4–25.3) 0.76

MS characteristics

Age at MS onset, y 26.6 (24.2–35.4) 33.2 (27.9–41.1) 0.08

Disease duration, y 9.1 (7.3–11.6) 7.9 (5.1–16.2) 0.81

Expanded Disability Status Scale, 0–5.5 2.0 (1.5–2.0) 2.0 (1.0–3.0) 0.31

Modified Fatigue Impact Scale, 0–76 54.0 (36.0–63.5) 52.0 (38.0–57.0) 0.40

Hospital Anxiety and Depression Rating Scale

Depression score, 0–21 3.0 (1.0–7.5) 5.0 (3.0–7.0) 0.35

Anxiety score, 0–21 6.0 (4.5–10.0) 5.0 (3.0–9.0) 0.36

Sleep symptoms

Sleepiness score, 0–24 12.0 (10.0–15.5) 10.0 (7.0–11.0) 0.04

Usual sleep time, h 8.0 (7.0–9.0) 8.0 (7.0–8.0) 0.94

Hallucination, % 0 (0) 0 (0) NA

Sleep paralysis, % 0 (0) 0 (0) NA

Cataplexy, % 0 (0) 0 (0) NA

Restless legs syndrome 0 (0) 3 (9.7) 0.61

HLA DQB1a 06:02 positive 6 (40) 13 (45) 0.80

Abbreviation: HLA = human leukocyte antigen.
Data are expressed as median (interquartile range) or n (%).
a p for Kruskal-Wallis test (quantitative measures) or χ2 test (categories).
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narcoleptic or a non-narcoleptic central hypersomnia. This
previously unknown finding advocates performing poly-
somnography, MSLT, and 24-hours bed rest sleep recording
in patients with MS complaining of fatigue with sleepiness. In
patients without sleepiness (i.e., only fatigue or neither one),
sleep tests occasionally revealed hypersomnia phenotypes.
Younger age and increased score on the ESS were the only
predictors of central hypersomnia phenotypes in MS. Sur-
prisingly, nocturnal sleep disturbances (including sleep frag-
mentation, restless leg syndrome, and sleep apnea) were just
as frequent in patients with MS as healthy controls. Further-
more, they did not correlate with the level of fatigue or
sleepiness, but just with sleep efficacy.

Central hypersomnias have been previously reported in patients
withMS,mostly in case reports or small, uncontrolled series.9,10,32

In a published study, one-third of the 25 patients with MS and
fatigue had short latencies on MSLT.6 However, most of them
were treated with psychotropic drugs,6 which are known to affect
sleep and sleepiness measurements. Compared to this study, we

strictly excluded such drugs and this may explain differences in
results. Among symptomatic narcolepsies, MS-associated narco-
lepsy ranks fourth in frequency after genetic disorders, tumors,
and head trauma.33 Here, we found a higher than previously
expected frequency of central hypersomnias (whether narcoleptic
or not) in MS and explored their clinical indicators.

Several mechanisms may contribute to central hypersomnias
among patients with MS. An increased susceptibility to au-
toimmune disorders could promote the co-occurrence of MS
and narcolepsy type 2.34 The human leukocyte antigen
DQB1*0602 (a marker of immune vulnerability to narco-
lepsy) was found in 43% of the patients, a frequency higher
than the 18% reported in the French population.35 In our
study, this antigen had a similar frequency in patients both
with and without central hypersomnias. Moreover, the most
frequent clinical phenotype identified was non-narcoleptic
central hypersomnia (mostly characterized by short MSL and,
to a lower extent, by sleep excess), which is not associated
with any comorbid autoimmune disorders.34 These findings
are in favor of central narcoleptic and non-narcoleptic
hypersomnias being secondary to MS rather than an in-
cidental co-occurrence. Indeed, MS lesions can directly alter
the arousal systems (including hypocretin-1, histamine, nor-
adrenalin, glutamate, and serotonin neurons). Narcolepsy
type 1 is caused by a hypocretin-1 deficiency in the hypo-
thalamus, but apart from a single case of narcolepsy symp-
tomatic of an MS relapse with low CSF hypocretin-1 levels,
CSF hypocretin-1 and histamine levels are normal in patients
with MS with fatigue.33,36-38 Nonetheless, neuropathologic
studies in MS have consistently identified lesions within the
hypothalamus, as well as histaminergic neuronal loss or nor-
adrenergic neuronal loss in the locus ceruleus.39,40 These
findings and the various phenotypes observed in our study
suggest that several arousal networks can be altered in MS,
with a high heterogeneity among patients.

Previous studies suggested sleep disruption and other sleep
disorders as potential causes of fatigue and sleepiness in
MS.6,10,13,18 However, they were often conducted without
control groups, despite sleep disorders being frequent in the
general population. In contrast, the nocturnal sleep distur-
bances of our participants (including sleep fragmentation,
restless leg syndrome, periodic leg movements, and sleep-
related breathing disorders) were as frequent in MS as in
control groups, and did not correlate with the level of fatigue or
sleepiness. Nonetheless, the level of fatigue increased as sleep
efficacy decreased, suggesting that some symptoms (including
nocturia, pain, spasticity, anxiety, and, as found in this study,
depression)6,10,13,18 unrelated to sleep disorders may prolong
awakenings during the night and contribute to fatigue.

Fatigue and sleepiness partially overlapped in our patients, but
MFIS and sleepiness scores correlated with distinct sleep
measures. Sleepiness tended to correlate with a longer (and
not a shorter) total sleep time, which is consistent with the
hypothesis that sleepiness is caused by a central hypersomnia,

Figure 2 Relationship Between Fatigue and Depression,
Sleepiness and Sleep Efficacy

Correlation between fatigue scores on (A) the Modified Fatigue Impact Scale
(MFIS) and depression subscore of the Hospital Anxiety and Depression
Scale (HAD-D) (R = 0.55; p = 0.0001) and (B) scores on the Epworth Sleepiness
Scale (ESS) (R = 0.42; R = 0.005).
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rather than being the consequence of disrupted or shortened
sleep. Disentangling specific factors underlying fatigue vs
sleepiness inMSwould require an additional group of patients
with sleepiness but no fatigue. However, among the numerous
patients screened for this study, none presented isolated
sleepiness, which suggests that sleepiness contributes to fa-
tigue rather than the opposite. The distinction between fa-
tigue and sleepiness is particularly appropriate in the context
of therapeutic strategies to alleviate fatigue and sleepiness.41,42

The wake-promoting agent modafinil has previously been
ineffective against fatigue in patients withMS, except for those
with high sleepiness scores, arguing for a differential effect on
fatigue and sleepiness.42 Together with our findings, these
results suggest that the score on the ESS would be an ap-
propriate means to select patients for further therapeutic trials
aiming at promoting alertness rather than targeting fatigue.

A major limitation of our study is the reduced size of the
analyzed population, as fewer than 20 patients were evaluated
per group. However, this is counterbalanced by the homo-
geneity of the population (absence of drugs, depression, mild
motor disability) and the extended sleep protocols.

Central hypersomnias are frequent in MS in the context of
sleepiness and fatigue, provided that they are investigated with
long-term sleep monitoring. Better identification of patients
with MS with excessive daytime sleepiness could lead to
pharmacologic trials of stimulants focused on patients with
central hypersomnias rather than fatigue.
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Table 5 Comparisons Between Fatigue Severity and
Multiple Sclerosis (MS) Markers, Cognitive
Performance, Sleep, and PsychologicalMeasures
in the 44 Patients With MS

Measures

Fatigue
(MFIS score)

R p Value

Quantitative measures

Age, y 0.26 0.09

Body mass index, kg/m2 −0.18 0.23

Disease markers `

Disease course, y −0.04 0.82

Relapses in the last 2 years, n −0.04 0.77

EDSS total score, 0–5.5 0.32 0.044

Cognition

Mattis scale, 0–144 −0.37 0.02

Paced Auditory Serial Addition Test, 0–60 −0.0877 0.57

Psychological scale (Hospital and
Depression Rating Scale)

Anxiety score, 0–21 0.1981 0.20

Depression score, 0–21 0.55 0.0001

Daytime sleepiness measures

Epworth Sleepiness Score, 0–24 0.42 0.005

Daytime mean sleep latency, min −0.0220 0.88

Nighttime sleep measures (night 2)

Sleep efficacy, % −0.41 0.006

Total sleep time, min 0.07 0.66

N1 stage, % of total sleep time −0.3269 0.03

N2 stage, % of total sleep time −0.08 0.56

N3 stage, % of total sleep time −0.10 0.51

REM sleep, % of total sleep time 0.19 0.22

Arousal index 0.06 0.72

Apnea/hypopnea index 0.07 0.63

Periodic leg movement index 0.04 0.77

Total sleep time/24 hours, min −0.02 0.88

Median (1st–3rd quartile) p

Categorical measures

Sex 0.05

Women 55 (39.5–59.5)

Men 39 (28.5–53.5)

Form of MS

Table 5 Comparisons Between Fatigue Severity and
Multiple Sclerosis (MS) Markers, Cognitive
Performance, Sleep, and Psychological Measures
in the 44 Patients With MS (continued)

Median (1st–3rd quartile) p

Progressive 54 (51.5–56.5) 0.47

Remittent 49 (32.5–59)

Abbreviations: EDSS = Expanded Disability Status Scale; MFIS = Modified
Fatigue Impact Scale.
Quantitative measures are correlated using Spearman correlation; cate-
gories (presented as median [1st–3rd quartiles]) are compared by Kruskal-
Wallis test. p is considered as significant if lower than 0.005.
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