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Rapid Eye Movement Sleep Behavior Disorder Symptoms
Correlate with Domains of Cognitive Impairment in
Parkinson’s Disease
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Background: Rapid eye movement (REM) sleep behavior disorder (RBD) may be a risk factor for cognitive impairment in patients
with Parkinson’s disease (PD). However, little is known regarding the relation between the severity of RBD and the different domains of
cognitive impairment. The aim of this study was: (1) to investigate the domains of cognitive impairment in patients with PD and RBD,
and (2) to explore risk factors for PD-mild cognitive impairment (PD-MCI) and the relationship between RBD severity and impairment
in different cognitive domains in PD.

Methods: The participants were grouped as follows: PD without RBD (PD-RBD; n = 42), PD with RBD (PD + RBD; n = 32), idiopathic
RBD (iRBD; n = 15), and healthy controls (HCs; n = 36). All participants completed a battery of neuropsychological assessment of
attention and working memory, executive function, language, memory, and visuospatial function. The information of basic demographics,
diseases and medication history, and motor and nonmotor manifestations was obtained and compared between PD-RBD and PD + RBD
groups. Particular attention was paid to the severity of RBD assessed by the RBD Questionnaire-Hong Kong (RBDQ-HK) and the RBD
Screening Questionnaire (RBDSQ), then we further examined associations between the severity of RBD symptoms and cognitive levels
via correlation analysis.

Results: Compared to PD-RBD subjects, PD + RBD patients were more likely to have olfactory dysfunction and their Epworth Sleepiness
Scale scores were higher (P < 0.05). During neuropsychological testing, PD + RBD patients performed worse than PD-RBD patients,
including delayed memory function, especially. The MCI rates were 33%, 63%, 33%, and 8% for PD-RBD, PD + RBD, iRBD, and HC
groups, respectively. RBD was an important factor for the PD-MCI variance (odds ratio = 5.204, P = 0.018). During correlation analysis,
higher RBDSQ and RBDQ-HK scores were significantly associated with poorer performance on the Trail Making Test-B (errors) and
Auditory Verbal Learning Test (delayed recall) and higher RBD-HK scores were also associated with Rey—Osterrieth complex figure (copy)
results.

Conclusions: When PD-RBD and PD + RBD patients have equivalent motor symptoms, PD + RBD patients still have more olfactory
dysfunction and worse daytime somnolence. RBD is an important risk factor for MCI, including delayed memory. Deficits in executive
function, verbal delayed memory, and visuospatial function were consistently associated with more severe RBD symptoms.
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studies have shown that idiopathic RBD (iRBD) patients
may eventually be diagnosed with an a-synucleinopathy
such as Parkinson’s disease (PD), multiple system atrophy, or
dementia with Lewy bodies.'3! Additionally, approximately
35-50% of patients with PD have RBD (PD + RBD); these
patients tend to have the akinetic-rigid dominant subtype of
PD and exhibit severe nonmotor symptoms. !

PD with mild cognitive impairment (PD-MCI), as a
transitional stage, identifies those individuals at increased
risk for PD dementia.>”! Despite the lack of consensus
criteria, 19-38% of nondemented PD patients have MCI.[®]
Furthermore, in those individuals with PD for at least 10 years,
the cumulative prevalence of PD dementia is approximately
75-90%.°7 Of note, most studies have demonstrated that
the prevalence of MCl is significantly higher in PD + RBD
patients than in PD without RBD (PD-RBD) individuals.['
However, seldom study has investigated the relation between
the severity of RBD and the different domains of cognitive
impairment.

In this study, we performed extensive neuropsychological
assessments based on the recommendations from 2011
Movement Disorder Society (MDS) Task Force!'!! to
compare the cognitive level and prevalence of MCI in
PD + RBD patients, PD-RBD patients, iRBD patients, and
healthy control (HC) subjects. Furthermore, we assessed the
ability of clinical factors to predict MCI in PD patients and
explored the specific domains affected by RBD.

MeTtHoDS

This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Soochow University, and
all patients provided informed written consent before
participating. Overview of the methods has been described
in Supplementary Material 1.

Subjects

Atotal of 125 subjects, including 74 PD patients (32 PD+RBD
and 42 PD-RBD), 15 iRBD patients, and 36 age-, sex-, and
education level-matched HC subjects were recruited from
the Center of Parkinsonism and Movement Disorders from
February 2014 to May 2015 in the Second Affiliated Hospital
of Soochow University. The HC participants were partners
or friends of PD patients.

All subjects were between 40 and 80 years old and had
at least 5 years of schooling. The diagnosis of PD was
established according to the clinical diagnosis criteria of
the United Kingdom PD Society. To reduce the influence
of confounding factors such as bradykinesia and tremor
on cognitive scores, we only included those patients
whose Hoehn-Yahr (H-Y) stage < 2.5 and Unified
Parkinson’s Disease Rating Scale (UPDRS) part III
score < 35. Clinical RBD in patients with PD was diagnosed
according to affirmative responses to the Mayo Sleep
Questionnaire (MSQ),">!3! as well as the RBD Screening
Questionnaire (RBDSQ) (a sensitivity of 0.842, and

specificity of 0.962 for detecting RBD).!'* A cut-off score of
7 on the RBDSQ was used to differentiate PD + RBD (> 7)
patients from PD-RBD patients (< 7). All iRBD patients
and 35 PD patients underwent video-polysomnography to
confirm or refute the diagnosis of RBD. The diagnosis of
RBD for these patients was determined using the clinical
criteria established by the American Academy of Sleep
Medicine (AASM), the International Classification of Sleep
Disorders third edition.

A total of 16 subjects were excluded because of the presence
of severe dementia (Mini-Mental State Examination [MMSE]
score < 24 and diagnosis of dementia according to the MDS
clinical diagnostic criteria).'! Patients were also excluded
if they had a major psychiatric disease (major depression or
anxiety) diagnosed according to the Diagnostic Statistical
Manual-IV criteria, or if they were unwilling to cooperate
with the cognitive tests.

Neuropsychological assessment

All subjects underwent a neuropsychological examination.
The PD patients completed the tests within 1-2 h after taking
their usual medications. Tests of global cognition included the
MMSE and montreal cognitive assessment (Beijing version).
The comprehensive tests were grouped into 5 cognitive
domains based on the MDS task force recommendations!!
and prior studies: (1) attention and working memory: Trail
Making Test-A (TMT-A), Digit Span Forward, and Symbol
Digit Modalities Test; (2) executive function: TMT-B, Digit
Span Backward, and Stroop Color-Word Test (SCWT);
(3) language: Semantic Verbal Fluency Test (SVFT) of
animal naming or similarities in the former 15 s and latter 45
s; (4) memory: Auditory Verbal Learning Test (AVLT) (word
list learning with immediate and delayed recall and
recognition conditions) and Recall of Rey-Osterrieth complex
figure (Rey-O figure); and (5) visuospatial function: Copying
Rey-O figure and Clock Drawing Test.

We classified patients as having MCI if they
scored > 1.5 standard deviations (SDs) below the age- and
education-corrected norms on at least two tests, either within
a single cognitive domain or across different cognitive
domains.[']

Clinical assessment

The information of basic demographics, diseases and
medication history, and comorbid diseases was obtained for all
subjects. Motor manifestations of PD patients were evaluated in
the “on” state. These manifestations included the UPDRS-total
and subscales I-1V, the H-Y stage, and the levodopa-equivalent
daily (LED) dose. Additionally, we defined the akinetic-rigid/
tremor (AR/T) ratio according to the Schiess classification!'®!
and the axial-limb ratio as the sum of UPDRS III items 18,
19, 22, and 27-30 divided by UPDRS III items 20-26. The
frequency of falls and freezing!'”! was measured according to
scores for questions 6 and 7 on part I of the UPDRS.

Nonmotor symptoms and quality of life were also assessed.
The nonmotor symptoms questionnaire!'®! was used as
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the screening instrument for hypersalivation, olfactory
dysfunction, constipation, and urinary urgency, with answers
recorded as “present” or “absent”. Daytime somnolence and
quality of life were evaluated using the Epworth Sleepiness
Scale (ESS) and the PD questionnaire (PDQ-39), respectively.

Manifestations of rapid eye movement sleep behavior
disorder

The severity of RBD symptoms was assessed using
the RBDQ-HK and the RBDSQ. For those patients
who completed an overnight video-polysomnography
study (Compumedics-E series, Australia) (35 PD and all iRBD
patients), we calculated the tonic chin electromyography
activity (tonic density) and the phasic chin electromyography
density activity (phasic density) according to a previously
published method"! and the criteria of the AASM.

Statistical analysis

SPSS Software version 18.0 (SPSS Inc., Chicago, IL, USA)
was used for the statistical analyses. To reduce the influence
of confounding factors such as bradykinesia and tremor on
cognitive scores (e.g., on the TMT, SMT, and SCWT), we
controlled for age, education, H-Y stage, and UPDRS part II1
score before conducting the statistical analyses. Descriptive
data are presented as mean = SD, median (interquartile range),
or frequency (percentage). Comparisons were performed
using independent Student’s #-test and Chi-square test for
PD clinical variables after adjusting for age, education,
H-Y stage, and UPDRS part III score. One-way analysis of
variance and post-hoc comparisons were conducted for results
of demographics and neuropsychological test. Nonparametric
Kruskal-Wallis or Mann-Whitney U tests were applied for
variables that were not distributed normally. Associations
between clinical factors and the presence of MCI were
evaluated using binary logistic regression analyses. Pearson’s
and Spearman’s correlations were used to analyze correlations
between the severity of RBD and different cognitive tests.
Statistical significance was defined as a P < 0.05.

ResuLts

Demographics and clinical characteristics
Twenty-four subjects refused to undergo the
neuropsychological assessment, and 14 and 13 PD
patients were diagnosed with PD dementia and depression,
respectively. Thus, 125 subjects were ultimately included in
our study. Of these subjects, 73 were men and 52 were women,
with a mean age of 62.7 + 8.1 years (range: 4775 years)
and mean education duration of 9.8 + 2.7 years (range:
5-18 years). According to MSQ criteria and RBDSQ scores,
the participants were divided into four groups: PD + RBD,
PD-RBD, iRBD, and HC. Our RBD patients confirmed
by PSG showed behavior/vocalization in REM sleep,
or REM sleeps without atonia. The PD + RBD patients
exhibited higher percentages of tonic (17.70 £ 9.20%
vs. 3.73 + 3.56%, t = —=5.66, P < 0.05) and phasic EMG
activities (18.54 = 11.08% vs. 5.82 + 5.29%, t = —4.891,
P <0.05) than PD-RBD patients.

Table 1 shows the demographic variables and disease-related
information for the four groups. PD + RBD patients had a
higher frequency of olfactory dysfunction (48% vs. 75%,
P =0.017) and higher ESS scores (5.00 [1.00-7.00] vs.
6.00 [4.00-12.00], P = 0.035) than PD-RBD patients.
Compared to PD-RBD patients, PD + RBD patients
exhibited higher values for several other variables, although
the differences between groups did not achieve statistical
significance: UPDRS total score, AR/T ratio; axial/limb
ratio; frequency of falling, freezing, hypersalivation,
constipation, urinary urgency, and anxiety scores.

Neurological test scores

The neurological test scores and results of analyses are
presented in Table 2. MCI was diagnosed in 14 of the
42 PD-RBD patients (33%), 20 of the 32 PD + RBD
patients (63%), 5 of 15 iRBD patients (33%), and 3 of the
36 HC subjects (8%). MCI was significantly more frequent
in PD + RBD patients than in PD-RBD patients (> = 6.221,
P=0.013).

Univariate and multivariate binary logistic regression
analyses of clinical factors associated with minimal
cognitive impairment

Table 3 displays the results of the regression analyses of
factors associated with MCI. First, the colinearity among
clinical factors was determined, and it was subsequently
reduced by removing some factors. The remaining factors,
which are shown in Table 3, were entered into the univariate
regression analysis. Factors found to be significantly
associated with MCI during univariate logistic regression
analyses were included in the subsequent multivariate
analyses. After adjusting for covariates, significant
risk factors for MCI were education (8 = —0.372, odds
ratio [OR] [95% confidence interval (CI)]: 0.689 [0.523—
0.908], P=0.008), the presence of RBD (8=1.649, OR [95%
CI1: 5.204 [1.330-20.364], P =0.018) and higher UPDRS
III scores (8= 0.118, OR [95% CI]: 1.125 [1.040-1.217],
P=0.003).

Correlation analysis

We further examined associations between the severity
of RBD symptoms and cognitive levels via correlation
analysis. Table 4 shows that higher RBDSQ scores were
significantly associated with poorer performance on the
TMT-B (errors) (r = 0.267, P = 0.026) and AVLT (delayed
recall) (r = —0.313, P = 0.008). Higher RBD-HK scores
were associated with worse scores on the TMT-B (= 0.249,
P =10.038), AVLT (delayed recall) (» = —0.246, P = 0.040),
and Rey-O figure (copy) test (»=—0.290, P=0.015). These
effects were observed after controlling for age, education
duration, and UPDRS part III score.

Discussion
In this study, we used the standard diagnostic criteria for
PD-MCI proposed by the MDS. Our results indicated that

cognitive function, including delayed memory, was worse in
PD + RBD patients than in PD-RBD patients. The number
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Table 1: The demographics and clinical characteristics of all subjects in this study

ltems PD—-RBD (n =42) PD+RBD (n=32) iRBD(n=15) HC(n=36) Statistical values P
Male, n (%) 20 (48) 23 (72) 11 (73) 19 (53) 6.246* 0.1007
Age (years) 62.2+£8.3 64.9+£5.2 61.7+12.7 62.7 £8.1 1.0728 0.3641
Education duration (years) 9.8+2.6 95+23 10.4+3.7 9.9+2.6 0.723% 0.5407
PD duration (years) 42427 4.0+25 - - - -
RBD duration (years) - 6.1 £4.8 124+ 145 - - -
Hoehn-Yahr stage 2.0 (1.5-2.5) 2.0 (1.5-2.5) - - —-0.920! 0.358
UPDRS part III score 20.02 +£9.57 19.84 +12.01 — — 0.072* 0.943
UPDRS total score 32.83 £ 15.60 35.03+17.41 — — —0.569* 0.571
LED (mg/d) 298.2 +£237.2 292.3+210.2 - - 0.019% 0.913
AR/T, n (%) 30 (71) 27 (84) - - 1.7207 0.190
Axial/limb ratio 0.64 (0.51-0.89) 0.85 (0.51-1.00) - - -1.107! 0.268
Falling, n (%) 6(14) 7(22) - - 0.722* 0.395
Freezing, n (%) 14 (33) 14 (44) - - 0.838* 0.360
Hypersalivation, n (%) 6(14) 8(25) - - 1.359* 0.244
Olfactory dysfunction, n (%) 20 (48) 24 (75) - - 5.649* 0.017
Constipation, 7 (%) 20 (48) 22 (69) - - 0.304* 0.069
Urinary urgency, n (%) 16 (38) 17 (53) - - 1.660* 0.198
Depression score 7.03£5.37 7.15+5.68 - - 0.088* 0.930
Anxiety score 2.00 (1.00-6.00) 4.00 (2.00-7.00) - - —1.442! 0.155
ESS score 5.00 (1.00-7.00) 6.00 (4.00-12.00) - - —2.109! 0.035
PDQ-39 score 9.00 (4.00-24.00) 10.00 (5.00-19.00) — — —0.233! 0.815

Values are shown as mean + SD, n (%), or median (interquartile range). "These P values were calculated between four groups, others between PD—
RBD and PD+RBD groups. These analyses were performed using *Chi-square test; ‘Independent Student’s #-test; One-way analysis of variance,
and Nonparametric tests. “—: Not applicable. AR/T: Akinetic rigid/tremor + mixed (Schiess classification); ESS: Epworth Sleepiness Scale; HC:
Healthy controls; iRBD: Idiopathic rapid eye movement sleep behavior disorder; LED: Levodopa equivalent daily dose; PDQ-39: Quality of life
questionnaire; RBD: Rapid eye movement sleep behavior disorder; PD-RBD: Parkinson’s disease patients without rapid eye movement sleep behavior
disorder; PD+RBD: Parkinson’s disease patients with rapid eye movement sleep behavior disorder; UPDRS: Unified Parkinson’s Disease Rating Scale;

SD: Standard deviation.

of PD + RBD patients who screened positive for MCI was
high, and our results indicated that RBD was a significant
independent risk factor for MCI. We also observed clear
associations between RBD symptoms and different domains
of PD-MCI.

Many investigators have studied the clinical characteristics
of patients with PD + RBD. Some studies found that RBD
in PD was associated with a higher LED.% A recent study
reported that PD + RBD was a special type of disease
characterized by less of a tremor, higher frequency of
falls, and a lower amplitude of response to medications
dose.! Nonetheless, other studies reported different results.
Rolinski et al.?Vl found that PD + RBD patients did not
differ from PD-RBD patients with respective to motor
phenotype and scored comparably on objective motor
scales; however, PD + RBD patients exhibited greater
sleepiness, depression, and cognitive impairment. Given
the influence that confounding factors such as bradykinesia
and tremor can have on cognitive tests, we adjusted for age,
education duration, PD duration, and UPDRS part III score
in the current study. After these adjustments, we found that
PD + RBD patients were more likely to have only olfactory
dysfunction and daytime somnolence. The discrepancy
between our results and those of previous studies was
likely attributable to our adjustments because we found
more akinetic rigid subtypes in the PD + RBD group before
adjustment. Thus, when PD-RBD and PD + RBD patients

have equivalent motor symptoms, those with PD +RBD have
a greater prevalence of olfactory dysfunction and daytime
somnolence.

Previous studies examining associations between RBD
and cognition in patients with PD used different tests and
cut-offs to measure MCI, and not surprisingly, these studies
have produced discrepant results. In most studies, PD
patients performed worse in tasks of attention/executive
functions.?? In our results, we additionally found the lower
performance on one of two tests of visuospatial function in
PD-RBD patients compared to HC. Importantly, we found
a verbal and visuospatial memory (Rey-O figure, recall)
deficiency in PD + RBD patients, but not in PD-RBD
patients, which was opposite to the findings reported by
Gagnon et al." Qur results were consistent with those
of previous studies, which indicated that verbal memory
impairment plus executive dysfunction are associated
with the development of dementia in patients with PD.!
As the cognitive tests are inextricably linked, we did not
observe dysfunction in one single domain in PD + RBD,
but these patients are more likely to have delayed memory
impairment.

The pathophysiological mechanism responsible for our
findings of impaired cognitive function in PR + RBD patients
is unclear. The pedunculopontine nucleus (PPN) plays an
important role, providing the majority of cholinergic input
to the thalamus, as well as cholinergic input to various other
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Table 2: Cognitive performance on neurological test scores among the four groups

Items PD—-RBD (n =42) PD+RBD(n=32) iRBD(n=15) HC(n=36) Statistical values P
MMSE 27.59 + 1.75*% 27.22 +1.867 28.20+1.27 28.42+1.03 3.738 0.013
MOCA 24.59 +£3.29 23.09 +2.981 25.00 +2.63 25.03+2.13 2.586 0.056
Attention and working memory

TMT-A, time 55.62+19.11* 68.68 +25.121% 4530+ 11.03 44.25 +10.66 10.989 <0.001

Digit span forward 11.88 £ 1.90* 11.84 +1.927 1247+ 1.85 12.64 +1.10 1.853 0.141

SDMT 3522+ 11.39* 30.66 + 8.3478 42.60 +£9.42 42.94+9.62 11.558 <0.001
Executive function

TMT-B, time 86.52 +£29.73%* 105.31 +45.89% 78.40 +23.51 69.88 +£20.01 5.302 0.002

TMT-B, errors 0.00 (0.00-0.00) 0.00 (0.00-2.00) 0.00 (0.00-1.75)*  0.00 (0.00-0.00) 15.594 0.001

Digit span backward 5.78 £2.29% 5.52 +£2.367 6.53+2.13 7.11 £2.36 3.556 0.017

SCWT, time 14.07 +£7.31 14.33 £7.90 12.31 +8.39 12.29 £ 6.46 0.765 0.516

SCWT, errors 0.00 (0.00-3.00) 0.00 (0.00-3.00) 0.00 (0.00-2.75)  0.00 (0.00-1.00) 3.771 0.287
Language

SVFT, former 15 s 8.05+1.53 7.72 +1.55 8.08+1.93 8.19+1.83 0.485 0.693

SVFT, latter 45 s 7.10£2.51 6.72 £ 2.54% 8.00 +2.89 8.03+2.71 1.799 0.151
Memory

AVLT, immediate recall 20.95+3.79 19.16 = 4.18" 20.25+5.53 21.31+3.98 1.758 0.159

AVLT, delayed recall 7.18 £2.03 5.78 £2.147 6.87+2.77 7.28 £1.45 4.542 0.005

AVLT, recognition 10.83 +1.77 10.44 £ 1.567 10.33 + 1.44 11.31 £ 1.01 2.379 0.073

Rey-O figure, recall 15.96 £ 5.89 13.77 £ 4.60™ 18.80+6.13 19.60 +3.98 9.085 <0.001
Visuospatial function

Rey-O figure, copy 30.04 +3.98 28.36 +4.027 30.20 £2.44 30.33+£2.74 2.560 0.058

Clock Drawing Test 2441 £4.57* 23.95 +3.561 26.37+2.27 26.42+2.76 3.852 0.011

Values are shown as mean + SD or median (interquartile range). The P value reflects differences among the four groups. The TMT-B (errors) and
SCWT (errors) were nonparametric tests. *Significant difference between PD-RBD and HC groups; Significant difference between PD+RBD and
HC groups; *Significant difference between iRBD and HC groups; $Significant difference between PD-RBD and PD+RBD groups. AVLT: Auditory
Verbal Learning Test; HC: Healthy controls; iRBD: Idiopathic rapid eye movement sleep behavior disorder; MMSE: Mini-Mental State
Examination; MOCA: Montreal cognitive assessment; PD—RBD: Parkinson’s disease patients without rapid eye movement sleep behavior disorder;
PD+RBD: Parkinson’s disease patients with rapid eye movement sleep behavior disorder; Rey-O figure: Rey-Osterrieth complex figure; SCWT: Stroop
Color-Word Test; SDMT: Symbol Digit Modalities Test; SVFT: Semantic Verbal Fluency Test; TMT-A: Trail Making Test-A; TMT-B: Trail Making

Test-B; SD: Standard deviation.

Table 3: Univariate and multivariate binary logistic regression analyses of clinical factors associated with mild

cognitive impairment

Iltems Univariate analysis Multivariate analysis

B P OR (95% CI) B P OR (95% CI)
Gender 0.065 0.892 1.067 (0.419-2.716) —0.361 0.570 0.697 (0.201-2.420)
Age 0.004 0.897 1.004 (0.948-1.062) —0.002 0.961 0.998 (0.920-1.083)
Education -0.212 0.027 0.809 (0.670-0.976) -0.372 0.008 0.689 (0.523-0.908)
UPDRS part IIT 0.087 0.002 1.091 (1.032-1.154) 0.118 0.003 1.125 (1.040-1.217)
AR/T 1.275 0.045 3.577 (1.029-12.433) 1.735 0.059 5.669 (0.939-34.238)
Axial/limb ratio 0.041 0.902 1.042 (0.544-1.933) - - -
Hypersalivation 0.309 0.595 1.363 (0.436-4.263) - - -
Olfactory dysfunction 0.161 0.738 1.175(0.457-3.023) - - -
Constipation 0.606 0.210 1.833(0.710-4.732) - - -
Urinary urgency —0.131 0.782 0.877 (0.346-2.222) - - -
Depression 0.052 0.252 1.054 (0.963-1.152) - - -
RBD 1.303 0.009 3.682 (1.390-9.752) 1.649 0.018 5.204 (1.330-20.364)

AR/T: Akinetic rigid/tremor + mixed (Schiess classification); CI: Confidence interval; RBD: Rapid eye movement sleep behavior disorder; UPDRS: Unified
Parkinson’s Disease Rating Scale; “—”: Not applicable; OR: Odds ratio.

structures, including the nucleus basalis of Meynert (nbM),
striatum, substantia nigra, subthalamic nucleus, globus
pallidus interna, cerebellum, and the spinal cord.*¥
Cholinergic output is sent to the cerebral cortex and thalamic
nuclei by the nbM. Degeneration of the PPN and nbM occurs

in PD, with the degree of degeneration correlating with motor
and cognitive impairment, respectively.*! Furthermore, the
PPN is involved in the influence of sleep-wake cycles by the
basal ganglion,?! and acetylcholine is released in areas of the
brain related to consciousness and conscious awareness.*!

.Chinese Medical Journal | February 20,2016 | Volume 129 | Issue 4

383




Table 4: Correlation analysis of cognitive scores with
severity of rapid eye movement sleep behavior disorder

ltems RBDSQ score  RBD-HK score
r P r P

MMSE —0.063  0.603 0.019 0.874
MOCA -0.208 0.083 —0.151 0.211
Attention and working memory

TMT-A, time 0.025  0.061 0.176  0.144

Digit span forward —0.001  0.992 0.015  0.903

SDMT -0.148 0.220 —0.172 0.154
Executive function

TMT-B, time 0.210  0.081 0.141  0.245

TMT-B, errors 0.267  0.026 0.249  0.038

Digit span backward —0.048 0.694 —0.052 0.671

SCWT, time -0.060 0.620 —0.032  0.790

SCWT, errors -0.074 0.540 —0.123  0.309
Language

SVFT, former 15 s 0.001 0991 -0.050 0.684

SVFT, latter 45 s 0.022 0.859 -0.029 0.814
Memory

AVLT, immediate recall -0.164 0.176  —-0.119  0.328

AVLT, delayed recall —0.313  0.008 —0.246 0.040

AVLT, recognition -0.112 0357 -0.173  0.151

Rey-O figure, recall -0.131 0278 -0.171  0.156
Visuospatial function

Rey-O figure, copy -0.160 0.185 —-0.290 0.015

Clock Drawing Test 0.033  0.789 0.045  0.710

Adjusted for age, education duration, Hoehn-Yahr stage, and UPDRS
part III score. AVLT: Auditory Verbal Learning Test; MMSE: Mini-
Mental State Examination; MOCA: Montreal cognitive assessment;
RBD-HK: Rapid eye movement sleep behavior disorder questionnaire-
Hong Kong; RBDSQ: Rapid eye movement sleep behavior disorder
Screening Questionnaire; Rey-O figure: Rey-Osterrieth complex figure;
SDMT: Symbol Digit Modalities Test; SCWT: Stroop Color-Word Test;
SVFT: Semantic Verbal Fluency Test; TMT-A: Trail Making Test-A;
TMT-B: Trail Making Test-B.

The prevalence of MCI in our four groups ranged from
highest in the PD + RBD group, followed in descending
order by the PD-RBD, iRBD, and HC groups. Unlike
some cohort studies, the prevalence was not high in those
with iRBD.'Y In a recent study, MCI and depression did
not clearly predict clinical neurodegeneration in iRBD,?!
but indicated transition to dementia. In our multivariate
binary logistic regression analyses, except for education
duration, scores on the UPDRS part III and RBD were the
only risk factors for PD-MCI. The association between
AR/T + mixed subtype and MCI did not quite achieve
statistical significance (P = 0.059), and it is possible that
this would have been significant with a larger number of
subjects. In our study, patients with major depression and
anxiety were excluded, which may have explained why we
detected no association between MCI and depression during
the multivariate logistic regression analysis. Our findings
thus suggested that cognitive function could be aggravated
by RBD and the severity of the motor manifestations.

In our study, correlation analysis showed that the severity
of RBD symptoms was associated with impaired executive

function and delayed memory. Poorer visuospatial
function correlated with RBD-HK but not RBDSQ. The
current leading two explanations for decreased cognitive
performance in patients with PD and concomitant RBD
are as follows: One explanation states that REM sleep
is associated with memory consolidation and long-term
stabilization,?” therefore, disruptions of REM sleep could
directly perturb memory function;** the other explanation
states that interrupted REM sleep can lead to cholinergic
deficits in PD patients. Our findings were consistent with
the hypothesis that the severity and frequency of RBD could
exacerbate cognitive impairments of executive function,
verbal delayed memory, and visuospatial function.

Several limitations of this study should be taken into
consideration. For example, the study had a relatively small
sample size and a cross-sectional design. Second, many of
the subjects did not undergo polysomnography. Third, the
neuropsychological tests used to represent function within
cognitive domains varied to some extent from those used in
previous studies. For example, the SVFT was divided into
language function in our study.

In conclusion, we confirmed that RBD may be a marker
of a specific subtype of PD, which is more likely to be
characterized by olfactory dysfunction and daytime
somnolence, when patients have equivalent motor
symptoms. Moreover, RBD is a crucial risk factor for MCI,
including delayed memory function. Furthermore, the
clinical severity of RBD correlates with poorer performance
in executive function, delayed memory, and visuospatial
function.

Supplementary information is linked to the online version of
the paper on the Chinese Medical Journal website.
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Supplementary Material 1: Flowchart of this study. RBDQ-HK: Rapid eye movement sleep behavior disorder Questionnaire-Hong Kong; RBDSQ:
Rapid eye movement sleep behavior disorder Screening Questionnaire; PD—RBD: Parkinson’s disease patients without rapid eye movement sleep
behavior disorder; PD+RBD: Parkinson’s disease patients with rapid eye movement sleep behavior disorder; iRBD: Idiopathic rapid eye movement
sleep behavior disorder; HC: Healthy controls; MCI: Mild cognitive impairment.



