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Sleep abnormality in neuromyelitis optica
spectrum disorder

ABSTRACT

Objectives: We investigated the sleep structure of patients with neuromyelitis optica spectrum
disorder (NMOSD) and the association of abnormalities with brain lesions.

Methods: This was a prospective cross-sectional study. Thirty-three patients with NMOSD and
20 matched healthy individuals were enrolled. Demographic and clinical characteristics of pa-
tients were collected. Questionnaires were used to assess quality of sleep, daytime sleepiness,
fatigue, and depression. Nocturnal polysomnography was performed.

Results: Compared with healthy controls, patients with NMOSD had decreases in sleep efficiency
(7%; p 5 0.0341), non-REM sleep N3 (12%; p , 0.0001), and arousal index (6; p 5 0.0138).
REM sleep increased by 4% (p 5 0.0423). There were correlations between arousal index and
REM% or Epworth Sleepiness Scale (r 5 20.0145; p 5 0.0386, respectively). Six patients with
NMOSD (18%, 5 without infratentorial lesions and 1 with infratentorial lesions) had a hypopnea
index .5, and all of those with sleep apnea had predominantly the peripheral type. The periodic
leg movement (PLM) index was higher in patients with NMOSD than in healthy controls (20 vs 2,
p 5 0.0457). Surprisingly, 77% of the patients with PLM manifested infratentorial lesions.

Conclusions: Sleep architecture was markedly disrupted in patients with NMOSD. Surveillance of
nocturnal symptoms and adequate symptomatic control are expected to improve the quality of life
of patients with NMOSD. Neurol Neuroimmunol Neuroinflamm 2015;2:e94; doi: 10.1212/

NXI.0000000000000094

GLOSSARY
AQP45 aquaporin-4; BDI-II5 Beck Depression Inventory-II; ESS5 Epworth Sleepiness Scale; FQ5 Fatigue Questionnaire;
MS 5 multiple sclerosis; NMO 5 neuromyelitis optica; NMOSD 5 NMO spectrum disorder; PLM 5 periodic limb movement;
PSG5 polysomnography; PSQI5 Pittsburgh Sleep Quality Index; SE5 sleep efficiency; SL5 sleep latency; TIB5 total time
in bed; TST 5 total sleep time; WASO 5 wake after sleep onset.

Neuromyelitis optica (NMO) is an inflammatory demyelinating condition of the CNS with a
predilection for attacking the optic nerves and spinal cord. NMO spectrum disorder (NMOSD)
is a term used to encompass NMO (with both optic neuritis and myelitis) and limited pheno-
types such as recurrent optic neuritis or myelitis. The aquaporin-4 (AQP4) water channel, the
presumed autoantigen in most patients with NMOSD, is found throughout the CNS but par-
ticularly in the optic nerve and spinal cord. In the brain, AQP4 is preferentially expressed in
periventricular organ regions1,2 that are critically involved in the generation of sleep.3,4 A cor-
relation was evident between brain abnormalities identified by MRI and AQP4 localizations in
periependymal regions surrounding the third ventricle and cerebral aqueduct.1,2 Although cor-
tical abnormality as revealed mostly by MRI studies5 is a matter of interest and controversy in
NMOSD,6 other brain lesions can already be visualized in a substantial proportion of patients
with NMOSD at the onset of disease.7 Possible brain involvement, particularly adjacent to
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ependymal regions surrounding the third ven-
tricle and cerebral aqueduct, leads to a hypoth-
esis that patients with NMOSD would have
sleep disturbances. In this study, we aimed to
characterize sleep patterns of patients with
NMOSD using a full-night nocturnal poly-
somnography (PSG)-based approach focusing
on (1) polysomnographic characteristics in
NMOSD, and (2) polysomnographic charac-
teristic variations associated with brain lesions.
We then conducted a case-control study to
compare PSG sleep aspects between patients
with NMOSD and healthy controls.

METHODS Study population. This was a prospective study.
The patients were enrolled based on the following criteria: (1)

diagnosis of NMOSD, as defined by Wingerchuk et al. in

20078; (2) in a stable state; and (3) .18 years of age. Patients

were excluded if they had (1) history of serious head trauma or

neuropsychiatric disease; (2) dependence on psychoactive sub-

stances, such as alcohol; or (3) intake of hypnotic or sedative

drugs during the preceding 2 weeks. Healthy controls were re-

cruited to match the patients for age, sex, and body mass index.

None of the patients had a history of neurologic and/or psychi-

atric disease or other significant medical conditions. From August

2013 to May 2014, 33 patients with NMOSD and 20 healthy

controls who met the criteria were consecutively enrolled. The

NMOSD group included 30 patients with NMO, and 3 patients

with longitudinally extensive transverse myelitis with positive

AQP4 antibodies (figure e-1 at Neurology.org/nn). Treating

neurologists used the Expanded Disability Status Scale to assess

current neurologic function at each visit. Serum AQP4 antibodies

were tested with an in-house fluorescence-activated cell sorting

assay, as described previously9 (details in appendix e-1), and

subsequently verified by cell-based assay using the M23 isoform

(Euroimmun, Lübeck, Germany). 3T GE MR scanners were

used with the standardized MRI protocol, including T1, T2,

fast fluid-attenuated inversion recovery, and contrast-enhanced

T1-weighted imaging of brain and spinal cord.

Standard protocol approvals, registrations, and patient
consents. Informed consent was obtained from all participants,

and the study was approved by the Tianjin Medical University

General Hospital Institutional Review Boards and Ethics

Committee.

PSG examination. Overnight video PSG examinations were

performed for all participants using the sleep laboratory digital

system (Nicolet v32, Natus Medical Incorporated, Pleasanton,

CA). Participants were asked to sleep at their usual bedtimes.

All PSG sessions were monitored by trained technicians who

scored the results visually according to standardized criteria.10 The

following PSG sleep parameters were recorded and systematically

evaluated: (1) total time in bed (TIB); (2) total sleep time (TST);

(3) sleep efficiency (SE; the TST/TIB ratio expressed as a per-

centage); (4) sleep latency (SL; the length of time to sleep onset);

(5) wake after sleep onset (WASO; the number of minutes of

wakefulness after the onset of persistent sleep to the end of the

PSG recording); (6) non-REM sleep stages 1, 2, and 3 and REM

sleep stages N1, N2, N3, and REM; (7) the apnea-hypopnea

index; (8) periodic leg movements (PLMs) per hour of sleep

(PLMs/h .5 was used as the standard to indicate PLMs in sleep

PSG; and (9) mean oxygen saturation SpO2 and nadir SpO2.

These parameters were analyzed by a specialist in a blinded fash-

ion before comparisons were made between groups. International

Classification of Sleep Disorders-2 was used to diagnose and clas-

sify sleep abnormalities.11

Sleep questionnaires. Sleep quality was measured by the Pitts-

burgh Sleep Quality Index (PSQI). The Chinese version of the

PSQI has an overall reliability coefficient of 0.82–0.83 and an

acceptable test–retest reliability coefficient of 0.77–0.85.12 Sleep-

iness was measured by the Epworth Sleepiness Scale (ESS). The

Chinese version of the ESS has satisfactory psychometric proper-

ties, and scores greater than 10 indicate sleepiness.13 Depression

was measured by the Beck Depression Inventory-II (BDI-II), and

a total score of 20 or higher on the BDI-II was indicative of

depression in the Chinese population.14 The Fatigue

Questionnaire (FQ), which consists of 14 items that were

tested for validity and reliability in a Chinese population,15 was

used to measure physical and mental fatigue during the previous

months.

Statistical analysis. SPSS for Windows version 17.0 software

(SPSS Inc, Chicago, IL) was used for the statistical analyses.

Two-sample t tests (for normal continuous data), Mann-

Whitney tests (for discontinuous data), and x2 tests (for

dichotomized data) were used to compare baseline

characteristics between patients with NMOSD and healthy

controls. Questionnaire scores and PSG parameters of interest

(SE, N1%, N2%, N3%, REM%, SL, arousal index, and

apnea-hypopnea index) were tested by one-way analysis of

variance accompanied by post hoc test. A difference between 2

groups regarding PLMs/h was analyzed using the Mann-Whitney

test. Spearman correlation tests were used to examine associations

between PSG parameters and ESS scores. Statistical significance

was defined as p , 0.05. Due to the exploratory nature of this

pilot study, no adjustment for multiple comparisons was made.

RESULTS Baseline data for the patients with NMOSD.

Baseline characteristics for patients with NMOSD
and matched healthy controls are shown in table 1.
The mean disease duration of patients with NMOSD
was 4.7 years, and 23 of the 33 patients (70%) were
positive for AQP4 antibodies. Among the patients
with NMOSD, MRI analyses showed that 15 had
no lesions in the brain, 15 had infratentorial lesions
(3 patients with hypothalamic periventricular and
brainstem lesions and 12 patients with only brainstem
lesions) and 3 had supratentorial lesions. No patients
were completely blind. The median number of
affected spinal cord segments, defined as the cumu-
lative length of all lesions present in the same spinal
cord T2 MRI, was 9 (range 2–19). No significant
differences with regard to involvement of spinal cord
segments were noted between subgroups (table 1).

Patients with NMOSD enrolled in this study were
in remission. Due to special circumstances in China
(i.e., fewer available disease-modifying medications
and lack of insurance coverage),16 a large proportion
of patients in this cohort did not receive medications
while in remission. Twenty-seven of 33 had not taken
any medication in the past 4 weeks, 5 of 33 received
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rituximab for 3–6 months and remained in remission,
and 1 of 33 received bimonthly IV immunoglobulin
treatment.

Decreased sleep quality in patients with NMOSD. Com-
pared with controls, patients with NMOSD had
decreased levels of SE (79% vs 86%, p 5 0.0341),
a 13-minute decrease in TST (367 minutes vs
380 minutes, p 5 0.0471), a 5-minute increase in
SL (17 minutes vs 12 minutes, p 5 0.3479), and a
44-minute increase in WASO (78 minutes vs
34 minutes, p , 0.0001) according to PSG
assessment (figure 1, A–D).

Disturbed sleep structure in patients with NMOSD. As
figure 2, A–E depicts, compared with healthy con-
trols, patients with NMOSD had a 12% decrease in
N3 sleep (8% vs 20%, p , 0.0001), a 4% increase
in REM sleep (16% vs 12%, p5 0.0423), and a 7%
increase in N1 sleep (17% vs 10%, p 5 0.0013).
Durations of N2 sleep were similar for the 2 groups.
Moreover, a decreased arousal index was found in
patients with NMOSD compared to controls (6 vs
12, p5 0.0138). Fatigue scores were markedly high-
er in patients with NMOSD than in healthy controls
(FQ 9.0 vs 5.4, p5 0.0009). However, there was no
correlation between fatigue score and arousal index
(r 5 20.1566, p 5 0.3921) (figure 2F) and no
association between ESS and fatigue (r 5 0.0080,
p5 0.9660). However, scores for REM sleep and ESS
were associated with arousal index by Spearman corre-
lation tests (r520.4217, p5 0.0145; r520.3617,
p 5 0.0386, respectively) (figure 2, G and H).This

result indicates that NMOSD patients with low arousal
index experienced increases in REM during nocturnal
sleep and felt drowsy during their daytime hours.

Prevalence of PLM in patients with NMOSD. The num-
ber of PLMs/h for patients with NMOSD (mean 20,
median 0, interquartile range 0–31, range 0–177) was
higher than that of their healthy counterparts (mean
2, median 0, interquartile range 0–0, range 0–24)
(p 5 0.0199, Mann-Whitney test). Evaluated by
sleep PSG, a value of PLMs/h .5 was used to
diagnose PLM. Using that criterion, an increase in
PLMs was found in 13 of 33 patients with
NMOSD compared with 2 of 20 healthy controls
(39% vs 10%, p 5 0.0284). Patients with
infratentorial lesions also had more PLMs/h than
those without such lesions (41 vs 3, p 5 0.0013,
Mann-Whitney test) (figure 3). Ten of 15
NMOSD patients (67%) with infratentorial lesions
had PLM. Those without infratentorial lesions had
PLMs/h levels and PLM percentages that were similar
to those of the healthy group (3 vs 2, p 5 0.61 and
17% vs 10%, p 5 0.6525, respectively). No
difference in PLMs/h levels and PLM percentage
was found between patients with or without AQP4
antibodies. None of the 33 patients with NMOSD
fulfilled diagnostic criteria11 for restless legs
syndrome.

Sleep-disordered breathing in patients with NMOSD. Six
of 33 (18%) patients with NMOSD had an apnea-
hypopnea index .5. Among them, 4 patients had
mild sleep apnea, 1 had moderate sleep apnea, and

Table 1 Characteristics of patients with NMOSD and healthy controls

Characteristics
Healthy
(n 5 20)

NMOSD
(n 5 33) p

NMOSD patients

p
Without infratentorial
lesions (n 5 18)

With infratentorial
lesions (n 5 15)

Age, y 45.5 6 10.2 46.9 6 14.9 0.75 51.7 6 14.7 45.6 6 13.2 0.27

Female, n (%) 16 (80) 26 (79) 1.00 14 (78) 12 (80) 1.00

BMI, kg/m2 25.7 6 5.2 25.6 6 2.7 0.95 26.6 6 4.6 23.8 6 5.3 0.14

NMO/NMOSD-ON/NMOSD-LETM NA 30/0/3 — 15/0/3 15/0/0 0.11

AQP4 antibody positive, n (%) NA 23 (70) — 13 (72) 10 (67) 1.00

Annual relapse rate, median (range) NA 1.0 (0.2–2) — 0.9 (0.2–2) 1.0 (0.3–2) 0.72

EDSS score, median (range) NA 3 (1–8.5) — 3.3 (1–8.5) 3 (1–7) 0.47

Disease duration, y NA 4.7 6 3.4 — 4.6 6 3.1 4.5 6 3.7 0.93

Normal brain, n (%) NA 15 (45.5) — 15 (33) 0 (0) —

Infratentorial lesion, n (%) NA 15 (45.5) — 0 (0) 15 (100) —

Supratentorial lesion, n (%) NA 3 (9) — 3 (17) 0 (0) —

Segments of affected spinal cord on MRI, median (range)a NA 9 (2–19) — 10.0 (4–19) 7.0 (2–17) 0.27

Abbreviations: AQP4 5 aquaporin-4; BMI 5 body mass index; EDSS 5 Expanded Disability Status Scale; LETM 5 longitudinally extensive transverse
myelitis; NA 5 not applicable; NMOSD 5 neuromyelitis optica spectrum disorder; ON 5 optic neuritis.
Data are mean 6 SD unless otherwise noted.
aDefined as cumulative length of all lesions present in the same spinal cord T2 MRI.
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1 had severe sleep apnea (figure e-2C). All 6 of these
patients had obstructive sleep apnea, and 5 of them
(83%) had no infratentorial lesions. The rate of sleep-
disordered breathing in the NMOSD group exceeded
that in the healthy controls (18% vs 5%, p5 0.0067).

The mean SpO2 and nadir SpO2 in patients with
NMOSD were lower than in controls (94% vs 96%,
p 5 0.0111 and 89% vs 92%, p 5 0.0391, respec-
tively). Among patients with NMOSD, 3 had mean
SpO2 levels lower than 88%, but only 1 of these 3
patients had sleep apnea. No difference in mean SpO2

and nadir SpO2 was found between patients with or
without infratentorial lesions and with or without
AQP4 antibodies (figure e-2, A and B).

DISCUSSION The present analysis reveals the fol-
lowing results: (1) the sleep architecture was disrupted
in patients with NMOSD, as indicated by decreased
SE, increased SL, increased WASO, decreased N3,
increased REM sleep, and decreased arousal index;
(2) the arousal index was notably lower in patients
with NMOSD despite events that should disturb
sleep, including PLMs and the expected discomfort

induced by neurologic dysfunction; (3) NMOSD pa-
tients with low arousal indexes and increased REM
during nocturnal sleep reported daytime sleepiness;
(4) the sleep apnea experienced by patients with
NMOSD was the obstructive type, but it was not
more common in the group with infratentorial le-
sions; (5) patients with NMOSD had lower O2 satu-
ration than controls during sleep; and (6) patients
with NMOSD exhibited more PLMs than controls,
and NMOSD patients with infratentorial brain le-
sions engaged in more PLMs than those without such
lesions.

Sleep is a physiologic function of the human brain
with obvious biological rhythms. Cortical neurons
spontaneously generate slow oscillations in mem-
brane potential, which appear as slow-wave activity
of ,4 Hz in EEGs during sleep, called slow-wave
sleep.17 Aberrance of slow-wave activity, as reflected
by stage N3, may signify synaptic changes in neu-
rons.17 In addition, focal or global inflammation
may induce instability of synaptic connections in
the cortex.18 Decreases in the N3 stage have been
reported in several neurologic diseases, such as

Figure 1 Comparative analysis of sleep architecture by groups

Patients with neuromyelitis optica spectrum disorder (NMOSD) were divided into 4 groups and compared. Group 1: healthy
controls, n 5 20; group 2: patients with NMOSD, n 5 33; group 3: NMOSD without infratentorial lesions, n 5 18; group 4:
NMOSD with infratentorial lesions, n 5 15. Sleep quality categories are: (A) total sleep time (TST), (B) sleep efficiency (SE),
(C) sleep latency (SL), and (D) wake time after sleep onset (WASO). TST, SE, SL, and WASOwere tested by one-way analysis
of variance accompanied by Bonferroni post hoc test; statistical significance is defined as p , 0.05.
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Parkinson disease, multiple sclerosis (MS), and
Alzheimer disease,19,20 with documented cortical atro-
phy or other brain changes. Cortical alterations have

been investigated in patients with NMOSD: some
studies have identified gray matter volume reduction
in patients with NMO,21–24 whereas 2 studies failed

Figure 2 Comparison of sleep stages by groups and correlation analysis

Graphs show the percentage of time patients spent in each sleep stage: non-REM sleep stages N1 (A), N2 (B), and N3 (C),
and REM sleep stage (D). (E) Arousal index: the average number of arousals in a 1-hour period. (F) Epworth Sleepiness Scale
(ESS). (G) Fatigue Questionnaire (FQ). Groups 1–4 are those cited in figure 1. (A–E) Comparison of sleep stages and arousal
index by group. (F–H) Arousal index with FQ, ESS, and REM% correlation analyses. N1, N2, N3, and REM were tested by
analysis of variance accompanied by Bonferroni post hoc tests, and Spearman correlation tests were used to examine
associations among arousal index, FQ, ESS, and REM. Statistical significance is defined as p , 0.05.
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to confirm these findings.25,26 Moreover, both a neu-
ropathologic study and an in vivo ultra-high-field
MRI study did not detect cortical demyelination or
focal cortical lesions in NMO.6,27 Nevertheless, the
possibility of subtle gray matter alterations, or gray
matter connections with adjacent structures, coupled
with focal inflammation, may underlie the decreases
in stage N3 in our patients.

According to a definition by the American Sleep
Disorders Association, EEG arousal is an abrupt shift
in EEG frequency, such as theta, alpha, or beta
exceeding 16 Hz but not spindles, lasting between
3 and 15 seconds.28 Abnormalities in arousal fre-
quently manifest following respiratory disturbances
such as apneas and hypopneas.29 Excessive arousals
likely contribute to sleep fragmentation. Neverthe-
less, our study provided evidence that the arousal
index was decreased in patients with NMOSD
despite events that could cause arousal, including
PLMs and the discomfort of neurologic dysfunction.
REM sleep and ESS were significantly associated with
arousal index. A plausible interpretation for this find-
ing is the possible involvement of neuronal dysfunc-
tion in the arousal- and sleep-promoting areas of the
brain, for instance, the tuberomammillary nucleus of
the posterior hypothalamus and brainstem nuclei that
corresponded to regions of high AQP4 expression in
the brain. Several case reports of symptomatic narco-
lepsy in NMOSD patients with periventricular third
ventricle lesions concur with this explanation.30,31

A significantly higher prevalence of PLM was
found in the NMOSD group compared with the
healthy controls. The neurophysiologic mechanisms
and location of PLM pathology are unclear. Authors

of a recent study noted that PLM can be generated
in the spinal cord.32 However, a supraspinal origin
was also suggested by other studies.33,34 Our data
support this latter hypothesis since (1) we found
that NMOSD patients with infratentorial lesions
had more PLM than their lesion-free cohorts and
that 10 of 13 NMOSD patients with PLM (77%)
had infratentorial lesions; (2) the PLM index and
PLM occurrence rate in NMOSD patients without
infratentorial lesions were similar to those in the
healthy group; and (3) the number of segments of
injured spinal cord of NMOSD patients with PLM
was similar to that of NMOSD patients without
infratentorial lesions (table 2). Some have suggested
that PLM causes insomnia owing to the sleep frag-
mentation it induces. However, others found no
evidence that PLM induces arousal.35 Our data sup-
port the latter conclusion, considering our patients
with PLM had similar TST and arousal indexes as
patients without PLM.

A study reported a predisposition for obstructive
sleep apnea and accompanying central apneas among
patients with MS, particularly those with brainstem
involvement.36 They pointed out that regional brain-
stem dysfunction due to MS plaque formation might
contribute to the severity of both obstructive and
central sleep apnea. Patients with NMOSD, which
affects the brainstem, particularly medullary reticular
formation, may be at increased risk for central ap-
neas.37,38 However, in our study, 83% of NMOSD
patients with an abnormal apnea-hypopnea index did
not have infratentorial lesions, and all those with sleep
apnea had the peripheral obstructive type. The reason
is not well-understood but might involve incomplete
actions of the respiratory muscles owing to spinal
injury in NMOSD-associated myelitis, which in-
volves more severe spinal cord injuries than MS. In
addition, it is notable that mean SpO2 values were
significantly lower in patients with NMOSD than
in controls. Chronic hypoxemias are treatable risk
factors that affect patients’ quality of life39; conse-
quently, our findings underscore the importance of
screening patients with NMOSD for hypoxemia in
sleep and referring for PSG.

Sleep disorders and their potential contributions
to fatigue in MS have gained increased attention in
the past several years.40243 Specific sleep disorders that
may affect patients with MS disproportionately
include PLM disorder, sleep-disordered breathing,
and circadian rhythm disturbances.40243 In our study,
we found some of the abovementioned sleep prob-
lems in patients with NMOSD, but they had no sig-
nificant influence on fatigue severity. The lack of
association between sleep and fatigue is due in part
to the complex nature of fatigue as well as the small
sample size of this study, which is a limitation.

Figure 3 Comparison of periodic leg movements by groups

Periodic leg movements per hour of sleep (PLMs/h) are shown. PLMs/h were statistically
examined by Mann-Whitney test. Statistical significance is defined as p , 0.05. HC 5

healthy controls; NMOSD 5 neuromyelitis optica spectrum disorder.
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Further limitations of the study include an insuf-
ficient number of participants to allow for analysis
of the relationship between sleep abnormalities and
the presence of anti-AQP4 antibodies. In addition,
several Chinese counterparts of English question-
naires need more rigorous validation. Nevertheless,
our results will raise awareness of sleep disorders in
patients with NMOSD. This recognition is expected
to improve symptomatic control of a disease that re-
quires surveillance of nocturnal symptoms, thereby
improving the quality of life of patients with
NMO. Although the exact neural structural abnor-
mality leading to sleep disturbances in NMO is
unknown, clarification of the structural damage and
biochemical pathways underlying sleep disorders in
NMOSD may shed light on disease pathogenesis
and yield better symptomatic management of these
patients.
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