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Sleep-related symptoms in multiple
 system atrophy: determinants
and impact on disease severity
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Abstract
Background: Sleep disorders are common but under-researched symptoms in patients with multiple system atrophy (MSA). We
investigated the frequency and factors associated with sleep-related symptoms in patients with MSA and the impact of sleep
disturbances on disease severity.
Methods: This cross-sectional study involved 165 patients with MSA. Three sleep-related symptoms, namely Parkinson’s disease
(PD)-related sleep problems (PD-SP), excessive daytime sleepiness (EDS), and rapid eye movement sleep behavior disorder (RBD),
were evaluated using the PD Sleep Scale-2 (PDSS-2), Epworth Sleepiness Scale (ESS), and RBD Screening Questionnaire (RBDSQ),
respectively. Disease severity was evaluated using the Unified MSA Rating Scale (UMSARS).
Results: The frequency of PD-SP (PDSS-2 score of ≥18), EDS (ESS score of ≥10), and RBD (RBDSQ score of ≥5) in patients with
MSA was 18.8%, 27.3%, and 49.7%, respectively. The frequency of coexistence of all three sleep-related symptoms was 7.3%.
Compared with the cerebellar subtype of MSA (MSA-C), the parkinsonism subtype of MSA (MSA-P) was associated with a higher
frequency of PD-SP and EDS, but not of RBD. Binary logistic regression revealed that the MSA-P subtype, a higher total UMSARS
score, and anxiety were associated with PD-SP; that male sex, a higher total UMSARS score, the MSA-P subtype, and fatigue were
associated with EDS; and that male sex, a higher total UMSARS score, and autonomic onset were associated with RBD in patients
withMSA. Stepwise linear regression showed that the number of sleep-related symptoms (PD-SP, EDS, and RBD), disease duration,
depression, fatigue, and total Montreal Cognitive Assessment score were predictors of disease severity in patients with MSA.
Conclusions: Sleep-related disorders were associated with both MSA subtypes and the severity of disease in patients with MSA,
indicating that sleep disorders may reflect the distribution and degree of dopaminergic/non-dopaminergic neuron degeneration in
MSA.
Keywords: Multiple system atrophy; Sleep disorders; Disease severity; Subtype
Introduction

Multiple system atrophy (MSA) is a neurodegenerative
disorder characterized by autonomic dysfunction in
combination with parkinsonism and/or cerebellar ataxia.
It has been pathologically confirmed to be an a-synuclein-
opathy based on the presence of a-synuclein in the glial
cytoplasmic inclusions (GCI). Once the misfolded
a-synuclein is released by oligodendrocytes, it may be
taken in by neighboring neurons to form neuronal
cytoplasmic inclusions, which cause neuronal death and
subsequent reactive astrogliosis. The spread of the toxic
a-synuclein leads to multisystem neuronal involvement,
which is typical of MSA.[1] MSA is categorised into a
parkinsonism subtype (MSA-P) and a cerebellar subtype
(MSA-C) according to the predominant motor symptom.[2]
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Besides motor symptoms, MSA is also characterized by
nonmotor symptoms such as urinary disorders, orthostatic
hypotension, erectile dysfunction in men, sleep disorders,
and constipation.[3] Among these nonmotor symptoms,
sleep disorders are common and even can arise before any
overt motor symptoms develop. Sleep disorders in patients
with MSA include rapid eye movement sleep behavior
disorder (RBD), excessive daytime sleepiness (EDS), and
nocturnal sleep disturbances.[4] Previous studies showed
that 69% to 100% of patients with MSA experience
RBD.[5-8] Additionally, EDS was reported in 28% of
Caucasian patients with MSA[9] and 24% of Japanese
patients with MSA.[10] The European Multiple System
Atrophy registry reported that 19% of patients with MSA
suffered from insomnia.[11] Previous studies have also
revealed that sleep disorders are related to poor quality of
life in patients with MSA.[12,13]
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However, few studies have focused on the factors associated
with sleep disorders in patients with MSA. To our
knowledge, two studies have shown that sleep-disordered
breathing (SDB)[9] and antiparkinson drugs[10] are associ-
ated with EDS in patients with MSA, respectively, while no
studyhas revealed factors associatedwithRBDornocturnal
sleep disturbances in patients with MSA. In addition, no
study has investigated whether sleep disorders would have
an impact on the severity of the disease.

Our previous study revealed that nonmotor symptoms are
more severe and common in patients with MSA-P than
MSA-C, and that sleep/fatigue symptoms are important
determinants of poor quality of life in patients withMSA-P
but not MSA-C.[12] A few studies have shown a higher
prevalence of restless legs syndrome (RLS) in patients with
MSA-P than in those with MSA-C.[9,14] The affected brain
areas vary between the two subtypes, with typically
olivopontocerebellar atrophy in MSA-C and striatonigal
degeneration in MSA-P. The different underlying neuro-
pathologies of the two subtypes might contribute to
specific sleep disorders. However, few studies have focused
on the association between specific sleep disorders and
MSA subtypes.[15] Therefore, studying the relationships
between sleep disorders and MSA subtypes will help to
achieve a better understanding of the underlying neuropa-
thology and improvements in clinical practice.

In the current study, we aimed to explore the frequency of
three main sleep-related symptoms in patients with MSA
and with each MSA subtype, the factors associated with
different sleep-related symptoms in patients withMSA and
with each MSA subtype, and the impact of sleep-related
symptoms on the severity of MSA.
Methods

Patients evaluation

This cross-sectional study was approved by the Ethics
Committee of West China Hospital of Sichuan University
(No. 2015236). Written informed consent was obtained
from all recruited participants. Patients with MSA were
consecutively recruited from the Department of Neurology,
West China Hospital of Sichuan University from March
2018 to November 2019. All patients received a detailed
clinical evaluation including a medical history, physical
examination, and neurological examination with special
attention togait, coordination, andmuscle tone. Progression
ofmotor symptoms, response to antiparkinsonmedications,
and nonmotor features including symptoms of cardiovas-
cular, gastrointestinal, genitourinary, and sudomotor dys-
function were collected.[16] Patients were screened for
spinocerebellar ataxia (SCA) genes, including SCA1, 2, 3,
6, and 7, to exclude the common forms of SCA. Brain
magnetic resonance imaging was also performed to exclude
other neurological disorders. After excluding patients with
<6 years of education and those with incomplete data,
165 patients who met the clinical diagnostic criteria of
“probable” MSA were finally included in the study.[17]

All patients underwent a face-to-face interview by
experienced movement disorder specialists. Demographic
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and clinical data including sex, age, weight, height,
educational years, subtype (MSA-P or MSA-C), age at
onset, disease duration, symptom onset, medication use
(levodopa, dopamine agonist), and levodopa equivalent
daily doses (LEDD) were collected. Patients with MSA
were categorized into two subtypes (MSA-P and MSA-C)
according to whether they had predominantly parkinso-
nian or cerebellar symptoms. Age at onset referred to the
age at which symptoms appeared. Symptom onset referred
to the initial presentation of symptoms, including motor
symptoms (parkinsonian or cerebellar symptoms) and
autonomic symptoms. Disease severity was evaluated by
the total score of the Unified Multiple System Atrophy
Rating Scale (UMSARS).[18] Orthostatic hypotension was
defined as a 30mmHg decrease in systolic blood pressure
or 15 mmHg decrease in diastolic blood pressure after
standing from the recumbent position. Cardiovascular
disease was excluded as the cause of orthostatic hypoten-
sion. The body mass index (BMI) was calculated as body
weight (kg) divided by heights squared (m2). Overweight
was defined as a BMI of≥ 24 kg/m2. The LEDD was
calculated by the commonly used protocol.[19] Executive
function was assessed using the Frontal Assessment Battery
(FAB).[20] Global cognitive function was evaluated using
the Montreal Cognitive Assessment (MoCA), which
includes seven domains: visuospatial and executive
function, naming, attention, language, abstraction, delay
recall, and orientation.[21] The Hamilton Depression
Rating Scale-24 (HDRS-24) was used to screen for
depression, and a score of >20 indicated depression.[22]

The Hamilton Anxiety Rating Scale (HARS) was used to
screen for anxiety, and a score of > 14 indicated
anxiety.[23] The Fatigue Severity Scale (FSS) was used to
screen for fatigue,[24] and a score of ≥36 indicated fatigue.

In the current study, we focused on three sleep-related
symptoms: Parkinson’s disease (PD)-related sleep problems
(PD-SP), EDS, andRBD.PD-SPwere evaluated using the PD
Sleep Scale-2 (PDSS-2).[25] Patients who obtained a score of
≥18 were considered to have PD-SP. EDS was evaluated
using the Epworth Sleepiness Scale (ESS).[26] EDS was
definedas anESS score of≥10.RBDwas evaluatedusing the
RBD Screening Questionnaire (RBDSQ),[27] and patients
with a score of ≥5 were considered to have RBD. The
Chinese versions of these scales, which have shown good
validity and reliability, were used in this study.
Statistical analysis

First, we compared the demographic and clinical character-
istics betweenpatientswith the two subtypes ofMSA (MSA-
P andMSA-C). Because most of the data were not normally
distributed, the Mann–Whitney U test was used for
continuous variables. The Chi-squared test or Fisher exact
test was used for categorical variables.When comparing the
frequency of the three types of sleep disorders between
patientswithMSA-P andMSA-C, differenceswere adjusted
by age, disease duration, andLEDDusing logistic regression
analysis.[28] The demographic and clinical characteristics
were then compared between patients with and without
PD-SP, EDS, and RBD, respectively. The variables with
significant differences served as independent variables,
while the presence or absence of PD-SP, EDS, and RBD
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Table 1: Demographic and clinical features of the patients with MSA-P and MSA-C subtypes.

Variables MSA MSA-P MSA-C Statistical value P value

Number, n (male/female) 165 (96/69) 82 (44/38) 83 (52/31) 1.371† 0.242
Mean age (years) 62.05 (40.39–79.69) 62.69 (40.39–78.81) 60.48 (40.76–79.69) –1.421

∗
0.155

Age of onset (years) 59.60 (38.76–76.96) 60.04 (39.55–75.18) 59.43 (38.76–76.96) –1.178
∗

0.239
Disease duration (years) 2.31 (0.31–7.00) 2.65 (0.32–7.00) 2.22 (0.31–5.81) –1.465

∗
0.143

Educational year (years) 9.0 (6.0–20.0) 9.00 (6.0–20.0) 9.0 (6.0–19.0) –0.777
∗

0.437
Overweight, n (%) 27 (16.4) 14 (17.1) 13 (15.7) 0.060† 0.807
Motor onset/Autonomic onset 107/58 59/23 48/35 3.608† 0.058
Orthostatic hypotension, n (%) 60 (36.4) 24 (29.3) 36 (43.4) 3.546† 0.060
UMSARS-I 15.0 (2.0–35.0) 15.50 (2.0–34.0) 15.0 (2.0–35.0) –0.549

∗
0.583

UMSARS-II 18.0 (6.0–36.0) 18.0 (7.0–35.0) 18.0 (6.0–36.0) –1.111
∗

0.266
UMSARS-IV 2.0 (1.0–5.0) 2.0 (1.0–5.0) 2.0 (1.0–5.0) –1.403

∗
0.161

Total UMSARS score 35.0 (12.0–75.0) 36.0 (16.0–71.0) 35.0 (12.0–75.0) –1.014
∗

0.311
FAB score 15.0 (4.0–18.0) 15.0 (8.0–18.0) 14.0 (4.0–18.0) –1.839

∗
0.066

Total MoCA score 24.0 (8.0–30.0) 24.0 (8.0–30.0) 23.0 (8.0–30.0) –1.802
∗

0.071
FSS score 45.0 (9.0–63.0) 45.0 (9.0–63.0) 44.0 (9.0–63.0) –1.197

∗
0.231

HDRS-24 score 11.0 (0–41.0) 12.0 (0–41.0) 8.0 (0–32.0) –1.127
∗

0.260
HARS score 7.0 (0–33.0) 7.0 (0–33.0) 7.0 (0–28.0) –0.586

∗
0.558

Levodopa, n (%) 65 (39.4) 48 (58.5) 17 (20.5) 25.019† <0.001
Dopamine agonist, n (%) 32 (19.4) 28 (34.1) 4 (4.8) 22.694† <0.001
LEDD (mg/d) 0 (0–750.0) 225.0 (0–750.0) 0 (0–600.0) –5.608

∗
<0.001

∗
Mann-Whitney U test. †Chi-square test. FAB: Frontal Assessment Battery; FSS: Fatigue Severity Scale; HDRS-24: Hamilton Depression Scale; HARS:
Hamilton Anxiety Scale; MSA: Multiple system atrophy; MSA-P: Multiple system atrophy with predominately parkinsonism; MSA-C: Multiple system
atrophy with predominately cerebellar ataxia; LEDD: Levodopa equivalent daily doses; MoCA: Montreal Cognitive Assessment; PDSS-2: PD Sleep
Scale-2; PD-SP: PD-related sleep problems (PDSS-2≥ 18); RBDSQ: RBD Screening Questionnaire; RBD: Rapid eye movement behavior disorder
(RBDSQ≥ 5); UMSARS: Unified multiple system atrophy rating scale.
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served as dependent variables in the following binary
logistic regression exploring the factors associated with
these three sleep-related symptoms. Further, the demo-
graphic and clinical characteristics were compared between
patients with and without different sleep-related symptoms
regarding to MSA subtypes. Finally, a stepwise regression
analysis was performed to predict disease severity (total
UMSARS score) using the following independent variables:
sex, age, subtype, disease duration, fatigue, depression,
anxiety, MoCA score, and number of sleep-related
symptoms (0–3; PD-SP, EDS, or RBD). All analyses were
performed using the SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA). Two-tailed P values of <0.05 were
considered statistically significant.
Figure 1: Comparison of frequency sleep-related symptoms in two subtypes of patients
with multiple system atrophy (MSA). EDS: Excessive daytime sleepiness; MSA-C: Cerebellar
subtype of MSA; MSA-P: Parkinsonism subtype of MSA; PD-SP: Parkinson’s disease-
related sleep problems; RBD: Rapid eye movement sleep behavior disorder.
Results

The demographic and clinical characteristics of all patients
with MSA and of patients with the two subtypes of MSA
are shown in Table 1. The analysis included 165 patients
with probable MSA (96 male, 69 female) with a mean
disease duration of 2.56± 1.34 years. Eighty-two patients
(49.7%) hadMSA-P and 83 patients (50.3%) hadMSA-C.
The frequency of PD-SP, EDS, and RBD was 18.8%,
27.3%, and 49.7%, respectively. After adjusting for age,
disease duration, and LEDD, the frequencies of PD-SP and
EDS were significantly higher in patients with MSA-P than
in patients with MSA-C. The frequency of RBD was not
significantly different between patients with MSA-P and
MSA-C [Figure 1]. The frequency of overlap of two of the
three sleep-related symptoms varied from 4.2% to 8.5%.
The frequency of coexistence of all three sleep-related
symptoms was 7.3% [Figure 2].
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The demographic and clinical characteristics of patients
with MSA with and without the three sleep-related
symptoms (PD-SP, EDS, and RBD) are shown in Table 2.
Compared with patients without PD-SP, those with PD-SP
showed a higher frequency of the MSA-P subtype and had
higher UMSARS, FSS, HDRS-24, and HARS scores.
Compared with patients without EDS, those with EDS had
a higher frequency of the MSA-P subtype and male sex;
older age; older age at onset; higher UMSARS, FSS,
HDRS-24, and HARS scores; and a higher proportion of
dopamine agonist use. Compared with patients without
RBD, those with RBD had a higher frequency of male sex,

http://www.cmj.org


Figure 2: Prevalence and overlap of sleep-related symptoms in patients with multiple system atrophy (MSA). EDS: Excessive daytime sleepiness; PD-SP: Parkinson’s diseaserelated sleep
problems; RBD: Rapid eye movement sleep behavior disorder.
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overweight, and autonomic onset and higher UMSARS
and FSS scores.

Comparisons between patients with and without sleep-
related symptoms with respect toMSA subtypes are shown
in Tables 3 and 4. Among patients with MSA-P, patients
with PD-SP had higher UMSARS, FSS, HDRS-24, and
HARS scores and a lower score of the naming domain of
the MoCA than did patients without PD-SP. Among
patients with MSA-P, patients with EDS had higher
UMSARS, FSS, HDRS-24, and HARS scores and a higher
proportion of dopamine agonist use than did patients
without EDS. Among patients with MSA-P, patients with
RBD had higher UMSARS and FSS scores than did patients
without RBD. Among patients with MSA-C, patients with
PD-SP had higher HDRS-24 and HARS scores than did
patients without PD-SP. Among patients with MSA-C,
patients with EDS showed a higher frequency of male sex
than did patients without EDS. Among patients withMSA-
C, patients with RBD showed a higher frequency of male
sex, overweight, and autonomic onset and higher
UMSARS scores scores than did patients without RBD.

The binary logistic regression showed that the MSA-P
subtype (OR= 3.861; P= 0.005), a higher total UMSARS
score (OR= 1.042; P= 0.022), and anxiety (OR= 4.755;
P= 0.001) were associated with PD-SP; that male sex
(OR= 3.309; P= 0.005), a higher total UMSARS score
(OR= 1.036; P= 0.032), theMSA-P subtype (OR= 2.733;
P= 0.012), and fatigue (OR= 3.654; P= 0.005) were
associated with EDS; and that male sex (OR= 2.614;
P= 0.005), a higher total UMSARS score (OR= 1.052;
P= 0.001), and autonomic onset (OR= 0.486; P= 0.044)
were associated with RBD in patients with MSA [Table 5].

To investigate the impact of sleep disturbances on disease
severity, we performed a stepwise linear regression
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analysis. The total UMSARS score was used to represent
disease severity and acted as the dependent variable, while
the number of sleep-related symptoms (0–3; PD-SP, EDS,
or RBD) acted as the independent variable. Other
covariables included sex, age, subtype, disease duration,
fatigue, depression, anxiety, and MoCA score. The
tolerance of all independent variables was <0.2 and the
variance inflation factor was>5, suggesting that there was
no multicollinearity in the model. The final model showed
that the disease duration, depression, fatigue, total MoCA
score, and number of sleep-related symptoms (PD-SP,
EDS, and RBD) were significant predictors of disease
severity in patients with MSA [Table 6].
Discussion

In this cross-sectional study, the frequency of PD-SP, EDS,
and RBD was 18.8%, 27.3%, and 49.7%, respectively.
The type of sleep-related symptoms differed between the
two subtypes ofMSA. Sleep disturbances had an impact on
the severity of MSA.

The PDSS-2 is mainly used to evaluate the nocturnal sleep
quality of patients with parkinsonism. It evaluates
disorders including motor symptoms at night, insomnia,
RLS, and disturbed sleep. The European Multiple System
Atrophy registry reported that 19% of patients with MSA
suffered from insomnia.[11] Another study showed that
23.1% of patients with MSA had RLS.[29] The frequency
of PD-SP observed in our study (18.8%) is similar to those
observed in previous studies. The proportion of patients
with MSA who had EDS in our study (27.3%) is also
similar to that in previous studies (28% of Caucasian
patients with MSA[9] and 24% of Japanese patients with
MSA[10]). RBD was found to be the most common sleep
disorders,[30] comfirming the important role of RBD in
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Table 5: Factors associated with sleep-related symptoms in MSA patients.

Variable OR 95% CI P value

PD-SP
∗

Subtype (MSA-P= 1, MSA-C= 0) 3.861 1.499–9.941 0.005
Total UMSARS score 1.042 1.006–1.080 0.022
Anxiety 4.755 1.833–12.336 0.001

EDS†

Sex (male = 1, female= 0) 3.309 1.441–7.602 0.005
Total UMSARS score 1.036 1.003–1.070 0.032
Subtype (MSA-P= 1, MSA-C= 0) 2.733 1.251–5.973 0.012
Fatigue 3.654 1.493–8.943 0.005

RBD‡

Total UMSARS score 1.052 1.021–1.083 0.001
Sex (male = 1, female= 0) 2.614 1.331–5.132 0.005
Symptom onset (Motor onset= 1, Autonomic onset= 0) 0.486 0.241–0.980 0.044

∗
P value was calculated by a binary logistic regression model, with subtype, total UMSARS score, anxiety, depression, fatigue were included as co-
variables. †P value was calculated by a binary logistic regression model, with subtype, sex, age, total UMSARS score, anxiety, depression, fatigue were
included as co-variables. ‡P value was calculated by a binary logistic regression model, with sex, overweight, symptom onset, total UMSARS score,
fatigue were included as co-variables. EDS: Excessive daytime sleepiness (ESS≥ 10); MSA: Multiple system atrophy; PD-SP: Parkinson’s disease-related
sleep problems (PDSS-2≥ 18); RBD: Rapid eye movement behavior disorder (RBDSQ≥ 5); UMSARS: Unified multiple system atrophy rating scale.

Table 6: Stepwise linear regression analysis of the Total UMSARS score in patients with MSA.

Variable Standardised regression coefficient Standard error P value

Disease duration 0.228 (0.096 to 0.359) 0.603 0.001
Depression 0.197 (0.062 to 0.333) 2.437 0.004
Fatigue 0.147 (0.008 to 0.286) 1.749 0.038
Total MoCA score –0.281 (–0.411 to –0.151) 0.164 <0.001
Number of sleep problems 0.251 (0.114 to 0.389) 0.931 <0.001

MSA: Multiple system atrophy; MoCA: Montreal Cognitive Assessment; Number of sleep-related symptoms (PD-SP, EDS or RBD); UMSARS: Unified
multiple system atrophy rating scale.
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a-synucleinopathies.[31] The frequency of RBD observed in
our patients with MSA (49.7%) was the highest among
different the various sleep-related symptoms, also con-
firming the above-mentioned role of RBD. In addition,
overlap exists among the three sleep-related disorders.
Among all patients with MSA, 7.3% developed all three
sleep-related symptoms simultaneously, which has never
been studied. The findings of our study and previous
studies suggest that sleep-related symptoms are common in
patients with MSA. Such symptoms should receive more
attention in clinical practice.

Few studies have focused on the differences in sleep-related
symptoms between the twoMSA subtypes. For example, a
higher prevalence of RLS was found in MSA-P than in
MSA-C,[9,14] while no differences in the prevalence or
severity of RBD were observed between the two MSA
subtypes.[8,32-34] However, whether EDS differs between
the two MSA subtypes has never been studied. After
adjusting for age, disease duration, and LEDD, the current
study showed that patients with the MSA-P subtype had a
higher frequency of PD-SP and EDS, but not RBD, than
patients with the MSA-C subtype. Our findings suggest
that different sleep-related symptoms are associated with
differentMSA subtypes, and these different symptomsmay
be related to the underlying pathophysiological character-
istics of each subtype.
696
No studies have investigated the factors associated with
PD-SP and RBD in patients with MSA, and few studies
have investigated the factors associatedwith EDS in patients
with MSA. One study showed that EDS in Caucasian
patients with MSA was associated with a decreased sleep
duration and SDB.[9] Another study of Japanese patients
withMSA found no relationship between EDS and SDB but
revealed a dose-dependent effect of antiparkinson drugs.[10]

The current study revealed that a higher total UMSARS
score (ie, greater disease severity) was associated with PD-
SP, EDS, and RBD. Moreover, the MSA-P subtype was
associated with PD-SP and EDS, and male sex was
associated with RBD and EDS. In addition, RBD was more
likely to develop in patients with than without anxiety and
in patients with than without autonomic onset, and EDS
was more likely to develop in patients with than without
fatigue. The stepwise linear regressionmodel showed that in
addition to the disease duration, depression, fatigue, and
total MoCA score, an increased number of sleep-related
symptoms (PD-SP, EDS, and RBD) was significantly
correlated with the disease severity. Our study is the first
to demonstrate that an increased number of sleep-related
symptoms (PD-SP, EDS, and RBD) has a significant impact
on the severity of MSA.

Some studies focusing on the patterns of dopamine
transporter (DAT) imaging have shown uneven, asymmet-
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ric, and more pronounced striatonigral degeneration in
patients with MSA-P than MSA-C[35] and more diffuse
DAT loss in patients with MSA-C than MSA-P.[36] In
addition, neurodegenerative changes may affect the central
autonomic nervous system, including the hypothalamus,
noradrenergic and serotoninergic brainstem nuclei, nucleus
ambiguus, dorsal nucleus of the vagus nerve, and Onuf’s
nucleus.[1] Sleep disorders have been found to be associated
with the brainstem and hypothalamus. Both dopaminergic
and non-dopaminergic mechanisms may be involved in the
underlying mechanism. EDS is reportedly correlated with
loss of hypocretin/orexin neurons in the lateral hypothala-
mus,[37] cholinergic neurons in the laterodorsal tegmental
and pedunculopontine tegmental nuclei in the pons,[38]

putative wake-active dopaminergic neurons in the ventral
periaqueductal gray matter,[39] and serotonergic neurons of
the rostral raphe[40]; therefore, the positive correlation
between the MSA-P subtype and EDS may indicate the
underlying aetiology and neuropathology of subtype
formation of MSA, such as a wider range of areas affected
in MSA-P or a different distribution of brain neuron
degeneration. Our finding that an increased number of
sleep-related symptoms had a significant impact on the
severity of MSA may reflect the degree of brain neuron
degeneration, which is consistent with the findings of
previous studies: RBD has been shown to be correlated with
the degree of loss of striatal monoaminergic neurons,[41] but
not with the degree of loss of mesopontine cholinergic
neurons.[38]

The strengths of this study include its large sample size,
comprehensive evaluation of demographic and clinical
characteristics, and amultiple study design. In addition, this
is the first study to systematically investigate the factors
associatedwith three common sleep problems (PD-SP, EDS,
and RBD) in patients with MSA and their impact on MSA
subtypes and disease severity. The findings imply a potential
association between sleep disorders and the distribution and
degree of dopaminergic/non-dopaminergic neuron degen-
eration, which may give inspiration to future aetiology
studies.Despite these strengths, however, several limitations
should be acknowledged. First, the patients’ diagnoses of
MSAwere not confirmed by autopsy. However, all patients
included in the current study were diagnosed according to
strict diagnostic criteria,[17] and patients who met the
criteria for a “possible” diagnosis of MSA were excluded
from thefinal analysis. The second limitationwas the lack of
polysomnography for objective assessment of RBD, SDB
disorders, and periodic limb movements. As a result, SDB
disorders such as nocturnal stridor and obstructive sleep
apneas as well as periodic limb movements were not
included in the analysis. Because the occurrence of stridor
might contribute to shortened survival,[42] future studies
that include patientswith stridor are needed. Third, this was
a cross-sectional study, which can only offer correlations
rather than causality. Further prospective studies are needed
to confirm the impact of sleep-related disorders on disease
severity or survival.
Conclusions

Our study showed that the MSA-P subtype, male sex,
autonomic onset, anxiety, fatigue, and a higher total
697
UMSARS score tended to be associated with sleep-related
symptoms in patients with MSA. This study also indicated
that there may be a link between MSA subtypes and
specific sleep disorders, which may reflect the underlying
differences in the neuropathologies of the two MSA
subtypes. In addition, a higher number of sleep-related
symptoms was found to have an impact on the disease
severity in patients with MSA, which emphasizes the
importance of clinical assessment and management of
sleep-related symptoms in patients with MSA.
Acknowledgements

The authors thank the patients and their families for their
participation in the study.
Funding

This study was supported by a grant from the 1.3.5 project
for disciplines of excellence–Clinical Research Incubation
Project, West China Hospital, Sichuan University (No.
2019HXFH016)
Conflicts of interest

None.
References
1. Fanciulli A, Wenning GK. Multiple-system atrophy. N Engl J Med

2015;372:249–263. doi: 10.1056/NEJMra1311488.
2. Wenning GK, Colosimo C, Geser F, Poewe W. Multiple system

atrophy. Lancet Neurol 2004;3:93–103. doi: 10.1016/s1474-4422
(03)00662-8.

3. Colosimo C. Nonmotor presentations of multiple system atrophy.
Nat Rev Neurol 2011;7:295–298. doi: 10.1038/nrneurol.2011.5.

4. Abbott SM, Videnovic A. Sleep disorders in atypical parkinsonism.
Mov Disord Clin Pract 2014;1:89–96. doi: 10.1002/mdc3.12025.

5. Plazzi G, Corsini R, Provini F, Pierangeli G,Martinelli P,Montagna
P, et al. REM sleep behavior disorders in multiple system
atrophy. Neurology 1997;48:1094–1097. doi: Doi 10.1212/
Wnl.48.4.1094.

6. Vetrugno R, Provini F, Cortelli P, Plazzi G, Lotti EM, Pierangeli G,
et al. Sleep disorders in multiple system atrophy: a correlative video-
polysomnographic study. Sleep Med 2004;5:21–30. doi: 10.1016/j.
sleep.2003.07.002.

7. Tachibana N, Kimura K, Kitajima K, Shinde A, Kimura J, Shibasaki
H. REM sleep motor dysfunction in multiple system atrophy: with
special emphasis on sleep talk as its early clinical manifestation. J
Neurol Neurosurg Psychiatry 1997;63:678–681. doi: 10.1136/
jnnp.63.5.678.

8. Palma JA, Fernandez-Cordon C, Coon EA, Low PA, Miglis MG,
Jaradeh S, et al. Prevalence of REM sleep behavior disorder in
multiple system atrophy: a multicenter study and meta-analysis. Clin
Auton Res 2015;25:69–75. doi: 10.1007/s10286-015-0279-9.

9. Moreno-Lopez C, Santamaria J, Salamero M, Del Sorbo F, Albanese
A, Pellecchia MT, et al. Excessive daytime sleepiness in multiple
system atrophy (SLEEMSA study). Arch Neurol 2011;68:223–230.
doi: 10.1001/archneurol.2010.359.

10. Shimohata T, Nakayama H, Tomita M, Ozawa T, Nishizawa M.
Daytime sleepiness in Japanese patients withmultiple system atrophy:
prevalence and determinants. BMC Neurol 2012;12:130. doi:
10.1186/1471-2377-12-130.

11. Stefanova N, Bucke P, Duerr S, Wenning GK. Multiple system
atrophy: an update. Lancet Neurol 2009;8:1172–1178. doi: 10.1016/
S1474-4422(09)70288-1.

12. Zhang L, Cao B, Ou R, Wei QQ, Zhao B, Yang J, et al. Non-motor
symptoms and the quality of life in multiple system atrophy with
different subtypes. Parkinsonism Relat Disord 2017;35:63–68. doi:
10.1016/j.parkreldis.2016.12.007.

http://www.cmj.org


Chinese Medical Journal 2021;134(6) www.cmj.org
13. Schrag A, Geser F, Stampfer-Kountchev M, Seppi K, Sawires M,
Kollensperger M, et al. Health-related quality of life in multiple
system atrophy. Mov Disord 2006;21:809–815. doi: 10.1002/
mds.20808.

14. Ghorayeb I, Dupouy S, Tison F, Meissner WG. Restless legs
syndrome in multiple system atrophy. J Neural Transm (Vienna)
2014;121:1523–1527. doi: 10.1007/s00702-014-1232-0.

15. Ferini-Strambi L, Marelli S, Combi R. Does the type of multisystem
atrophy, parkinsonism, or cerebellar ataxia impact on the nature of
sleep disorders? Curr Neurol Neurosci Rep 2016;16:105. doi:
10.1007/s11910-016-0704-z.

16. Miki Y, Foti S, Asi Y, Tsushima E, Quinn N, Ling H, et al. Improving
diagnostic accuracy of multiple system atrophy: a clinicopathological
study 2019;142:2813–2827. doi: 10.1093/brain/awz189.

17. Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ,
Trojanowski JQ, et al. Second consensus statement on the diagnosis
of multiple system atrophy. Neurology 2008;71:670–676. doi:
10.1212/01.wnl.0000324625.00404.15.

18. Wenning GK, Tison F, Seppi K, Sampaio C, Diem A, Yekhlef F, et al.
Development and validation of the unified multiple system atrophy
rating scale (UMSARS). Mov Disord 2004;19:1391–1402. doi:
10.1002/mds.20255.

19. TomlinsonCL, StoweR,Patel S,RickC,GrayR,ClarkeCE. Systematic
review of levodopa dose equivalency reporting in Parkinson’s disease.
Mov Disord V 25 2010;2649–2653. doi: 10.1002/mds.23429.

20. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal
assessment battery at bedside. Neurology 2000;55:1621–1626. doi:
10.1212/wnl.55.11.1621.

21. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead
V, Collin I, et al. TheMontreal Cognitive Assessment, MoCA: a brief
screening tool for mild cognitive impairment. J Am Geriatr Soc
2005;53:695–699. doi: 10.1111/j.1532-5415.2005.53221.x.

22. Hamilton M. Development of a rating scale for primary depressive
illness. Br J Soc Clin Psychol 1967;6:278–296. doi: 10.1111/j.2044-
8260.1967.tb00530.x.

23. Hamilton M. The assessment of anxiety states by rating. Br J Med
Psychol 1959;32:50–55. doi: 10.1111/j.2044-8341.1959.tb00467.x.

24. Schwartz JE, Jandorf L, Krupp LB. The measurement of fatigue: a
new instrument. J Psychosom Res 1993;37:753–762. doi: 10.1016/
0022-3999(93)90104-n.

25. Trenkwalder C, Kohnen R, Hogl B, Metta V, Sixel-Doring F,
Frauscher B, et al. Parkinson’s disease sleep scale–validation of the
revised version PDSS-2. Mov Disord 2011;26:644–652. doi:
10.1002/mds.23476.

26. Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 1991;14:540–545. doi: 10.1093/
sleep/14.6.540.

27. Stiasny-Kolster K, Mayer G, Schafer S, Moller JC, Heinzel-
Gutenbrunner M, Oertel WH. The REM sleep behavior disorder
screening questionnaire–a new diagnostic instrument. Mov Disord
2007;22:2386–2393. doi: 10.1002/mds.21740.

28. Normand S, Sykora K, Li P, Mamdani M, Rochon P, Anderson GJB.
Readers guide to critical appraisal of cohort studies: 3 Analytical
strategies to reduce confounding. BMJ 2005;330:1021–1023. doi:
10.1136/bmj.330.7498.1021.

29. Gama RL, Tavora DG, BomfimRC, Silva CE, de Bruin VM, de Bruin
PF. Sleep disturbances and brain MRI morphometry in Parkinson’s
disease, multiple system atrophy and progressive supranuclear palsy -
698
a comparative study. Parkinsonism Relat Disord 2010;16:275–279.
doi: 10.1016/j.parkreldis.2010.01.002.

30. Ferini-Strambi L, Marelli S. Sleep dysfunction in multiple system
atrophy. Curr Treat Options Neurol 2012;14:464–473. doi:
10.1007/s11940-012-0189-2.

31. St Louis EK, Boeve AR, Boeve BF. REM sleep behavior disorder in
Parkinson’s Disease and other synucleinopathies. Mov Disord
2017;32:645–658. doi: 10.1002/mds.27018.

32. MunteanML, Sixel-Doring F, Trenkwalder C. No difference in sleep
and RBD between different types of patients with multiple system
atrophy: a pilot video-polysomnographical study. Sleep Disord
2013;2013:258390. doi: 10.1155/2013/258390.

33. Coon EA, Sletten DM, Suarez MD, Mandrekar JN, Ahlskog JE,
Bower JH, et al. Clinical features and autonomic testing predict
survival in multiple system atrophy. Brain 2015;138:3623–3631. doi:
10.1093/brain/awv274.

34. De Cock VC, Debs R, Oudiette D, Leu S, Radji F, Tiberge M, et al.
The improvement of movement and speech during rapid eye
movement sleep behaviour disorder in multiple system atrophy.
Brain 2011;134:856–862. doi: 10.1093/brain/awq379.

35. Bu LL, Liu FT, Jiang CF, Guo SS, Yu H, Zuo CT, et al. Patterns of
dopamine transporter imaging in subtypes of multiple system
atrophy. Acta Neurol Scand 2018;138:170–176. doi: 10.1111/
ane.12932.

36. Kim HW, Kim JS, OhM, Oh JS, Lee SJ, Oh SJ, et al. Different loss of
dopamine transporter according to subtype of multiple system
atrophy. Eur J Nucl Med Mol Imaging 2016;43:517–525. doi:
10.1007/s00259-015-3191-6.

37. Benarroch EE, Schmeichel AM, Sandroni P, Low PA, Parisi JE.
Involvement of hypocretin neurons in multiple system atrophy. Acta
Neuropathol 2007;113:75–80. doi: 10.1007/s00401-006-0150-0.

38. Schmeichel AM, Buchhalter LC, Low PA, Parisi JE, Boeve BW,
Sandroni P, et al. Mesopontine cholinergic neuron involvement
in Lewy body dementia and multiple system atrophy. Neurology
2008;70:368–373. doi: 10.1212/01.wnl.0000298691.71637.96.

39. Benarroch EE, Schmeichel AM, Dugger BN, Sandroni P, Parisi JE,
Low PA. Dopamine cell loss in the periaqueductal gray in multiple
system atrophy and Lewy body dementia. Neurology 2009;73:106–
112. doi: 10.1212/WNL.0b013e3181ad53e7.

40. Benarroch EE, Schmeichel AM, Sandroni P, Parisi JE, Low PA.
Rostral raphe involvement in Lewy body dementia and multiple
system atrophy. ActaNeuropathol 2007;114:213–220. doi: 10.1007/
s00401-007-0260-3.

41. Gilman S, Koeppe RA, Chervin RD, Consens FB, Little R, AnH, et al.
REM sleep behavior disorder is related to striatal monoaminergic
deficit in MSA. Neurology 2003;61:29–34. doi: 10.1212/01.
wnl.0000073745.68744.94.

42. Cortelli P, Calandra-Buonaura G, Benarroch EE, Giannini G, Iranzo
A, Low PA, et al. Stridor in multiple system atrophy: Consensus
statement on diagnosis, prognosis, and treatment. Neurology
2019;93:630–639. doi: 10.1212/wnl.0000000000008208.

How to cite this article: Lin JY, Zhang LY, Cao B,Wei QQ, Ou RW, Hou
YB, Liu KC, Xu XR, Jiang Z, Gu XJ, Liu J, Shang HF. Sleep-related
symptoms in multiple system atrophy: determinants and impact on
disease severity. Chin Med J 2021;134:690–698. doi: 10.1097/
CM9.0000000000001211

http://www.cmj.org

	Sleep-related symptoms in multiple system atrophy: determinants and impact on disease severity
	Introduction
	Methods
	Patients evaluation
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding
	Conflicts of interest
	References


