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Study Objectives: REM sleep behavior disorder (RBD) is a parasomnia affecting 33% to 46% of patients with Parkinson’s disease (PD). The existence of a
unique and specific impaired cognitive profile in PD patients with RBD is still controversial. We extensively assessed cognitive functions to identify whether RBD

is associated with more severe cognitive deficits in nondemented patients with PD.

Methods: One hundred sixty-two participants, including 53 PD patients with RBD, 40 PD patients without RBD, and 69 healthy subjects, underwent
polysomnography, a neurological assessment and an extensive neuropsychological exam to assess attention, executive functions, episodic learning and

memory, visuospatial abilities, and language.

Results: PD patients with RBD had poorer and clinically impaired performance in several cognitive tests compared to PD patients without RBD and healthy
subjects. These two latter groups were similar on all cognitive measures. Mild cognitive impairment (MCI) diagnosis frequency was almost threefold higher in PD
patients with RBD compared to PD patients without RBD (66% vs. 23%, p < .001). Moreover, subjective cognitive decline was reported in 89% of PD patients

with RBD compared to 58% of PD patients without RBD (p = .024).

Conclusions: RBD in PD is associated with a more impaired cognitive profile and higher MCI diagnosis frequency, suggesting more severe and widespread
neurodegeneration. This patient subgroup and their caregivers should receive targeted medical attention to better detect and monitor impairment and to enable
the development of management interventions for cognitive decline and its consequences.
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Statement of Significance

This study shows that REM sleep behavior disorder is a major risk factor for poorer cognitive performance and mild cognitive impairment in Parkinson’s
disease (PD). Therefore, this subgroup of patients should be targeted in future clinical trials on the progression of cognitive decline in PD.

INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative condition char-
acterized by motor and nonmotor symptoms. Cognitive decline
and sleep dysfunction are among the most common of these
symptoms, with major consequences for patients as well as
relatives and caregivers.! The main cognitive domains affected
in PD are attention, executive functions, episodic learning and
memory, and visuospatial abilities.*® Cross-sectional studies
have reported a 30% prevalence of dementia in PD,> while lon-
gitudinal studies have shown that 75% to 80% of PD patients
may develop cognitive impairment within 15 to 20 years of dis-
ease onset.*® Clinical risk factors for dementia and cognitive
decline that have been identified in PD include age, disease
duration, mild cognitive impairment (MCI), subjective cogni-
tive decline (SCD), REM sleep behavior disorder (RBD), and
orthostatic hypotension.>”#

RBD is a parasomnia characterized by loss of REM sleep
muscle atonia, resulting in undesirable motor activity during
REM sleep as people “act out their dreams.” RBD prevalence
in PD ranges from 33% to 46% when diagnosed with polysom-
nography (PSG).”!° Although RBD is a risk factor for demen-
tia in PD,”!! there is a lack of consensus in the literature on
the existence of a distinct cognitive profile in nondemented PD
patients based on the presence of RBD.! Indeed, some studies
have associated the presence of RBD in PD with more severe
cognitive impairment and higher MCI frequency,'? ! whereas
others have not.2*2* However, most of these studies have meth-
odological limitations that could explain the divergent results,
including the use of screening tests with poor sensitivity to
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measure cognition,'!821"22 absence of PSG to diagnose
RBD’12,14,|6,18,19,21—23,25 Small Sample size’l3—15,l8,20,24 absence Of
MCI diagnosis,'>!3182026 or absence of a healthy control group
to better interpret the results,'214.16-1820-25

We previously reported neuropsychological findings in a
small sample cohort of PD patients."® In the present study, we
used an extensive neuropsychological assessment to investigate
cognition and PSG exams to confirm RBD in three PD cohorts
(original, replication, and combined), and we included a healthy
control group without cognitive impairment for comparison.
We also investigated MCI diagnosis frequency in the combined
PD cohort using the MCI diagnostic criteria proposed by the
Movement Disorder Society Task Force.?” Moreover, we per-
formed additional analyses to determine the frequency of SCD
in PD-RBD compared to PD-nRBD and to explore the associa-
tion between cognition, gender, and RBD onset in PD patients
with RBD.

METHODS

Participants

One hundred eighty-six subjects participated in the study.
PD patients were recruited at the Department of Neurology
of the Montreal General Hospital and the Unité des troubles
du mouvement André Barbeau of the Centre Hospitalier de
["Université de Montréal to participate in a study on sleep and
cognition in PD. All PD patients but five (all idiopathic RBD
patients seen in our sleep clinic who developed PD during
the follow-up) were consecutive patients seen at their annual
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assessment in a movement disorder clinic and were referred
by a neurologist (RBP, SC, or MP) for this study regardless of
the patient’s sleep and cognitive complaints. Inclusion criteria
for PD patients were: (1) a diagnosis of probable idiopathic
PD confirmed by a neurologist specialized in movement disor-
ders,?® (2) age from 40 to 80 years, and (3) at least 6 years of
schooling (completed elementary school). Exclusion criteria
were: (1) parkinsonism of other cause than PD; (2) presence of
dementia according to the neuropsychological assessment and
neurological exam; (3) a major psychiatric disorder (including
major depression, schizophrenia, bipolar disorder) according to
the criteria of the Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision;? (4) a respiratory
event index (apneas plus hypopneas) > 20; (5) history of head
injury, brain tumor, encephalitis, stroke, unstable hypertension,
diabetes, or chronic obstructive pulmonary disease; and (6)
abnormal electroencephalography (EEG) suggesting epilepsy.
Dopaminergic medication was converted to levodopa dose
equivalents. Details on medication are presented in Table 1.
Control subjects without PD or cognitive impairment were
recruited through a newspaper advertisement or by word of
mouth and were subject to the same inclusion and exclusion

criteria. The protocol was approved by a hospital-university
ethics committee and participants gave their written informed
consent to participate.

Procedure
All participants underwent one-night PSG recordings in the
sleep laboratory. Sleep was recorded using a polygraph com-
posed of two EEG electrodes: a central (C3/A2) and an occip-
ital (O2/A1). A left and right electro-oculogram were used to
measure eye movements and a submental electromyography
(EMG) to measure muscle activity. Oral and nasal airflow and
thoracic and abdominal movements were recorded, and oxi-
metry was performed to exclude sleep apnea and hypopnea
syndrome. Sleep stages were recorded according to a method
developed for RBD patients and described in detail elsewhere.*
RBD was diagnosed by a sleep specialist (JM) according to the
criteria of the International Classification of Sleep Disorders,
Second Edition and PSG criteria.**3! Percentages of REM tonic
and phasic EMG activity were calculated using a previously
published method.*°

All patients underwent a detailed neurological examination
(RBP), including administration of the Unified Parkinson’s

Table 1—Demographic, Clinical, and Mood Characteristics: Combined PD Cohorts and Controls.
Variables Combined PD-RBD (A) Combined PD-nRBD (B) | Controls (C) p value; post hoc
(n=53) (n=40) (n=69)
Sex men, n (%) 40 (75) 21(53) 38 (55) 03;A>B* A>C*
Age, years 68.0+ 8.4 63.2+85 63.3+10.3 .01;A>B*,A>C*
Education, years 145+3.9 15.1+£3.0 145+2.8 ns
RBD duration, years 41+35 — — —
PD duration since diagnosis, years 6.1+45 6.1+4.3 — ns
Hoehn and Yahr stage 25+08 22+09 — ns
UPDRS part Il “on” 23.1+95 20.3+9.8 — ns
REM tonic EMG, % 61.3+34.3 17.1£23.9 — .000
REM phasic EMG, % 31.6+£20.9 14.3+12.1 — .000
Levodopa equivalent dosage, mg 492.2 +402.3 383.7 £ 283.3 — ns
Levodopa use, n (%) 42 (79) 32 (80) — ns
Dopamine agonist use, n (%) 25 (46) 28 (78) — .004
Antidepressant use, n (%) 10 (19) 7(19) — ns
Antianxiolitic use, n (%) 19 (35) 7(19) — ns
ISI scores 11.6£6.2 108+7.8 6.6+44 .001;A>C** B>C*
ESS scores 93149 95+49 6.9+4.0 .008;A>C*,B>C*
BDI-Il scores 10.9+58 10.7£75 5957 .000; A>C**, B>C"™
BAI scores 114+87 96+6.3 54154 .001;A>C** B>C*
MMSE scores 28.0+19 292109 29.3+1.1 .000; A <B** A< C**
Results are expressed as mean + standard deviation.
BAI = Beck Anxiety Inventory; BDI-Il = Beck Depression Inventory second edition; EMG = electromyography; ESS = Epworth Sleepiness Scale; ISI =
Insomnia Severity Index; MMSE = Mini-Mental State Examination; ns = not significant; PD = Parkinson’s disease; PD-RBD = PD with RBD; PD-nRBD = PD
without RBD; RBD = REM sleep behavior disorder; UPDRS = Unified Parkinson’s Disease Rating Scale.
**p<.001;**=p<.01;*=p<.05.
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Disease Rating Scale.’> The Beck Depressive Inventory,
Second Edition,* and Beck Anxiety Inventory** were admin-
istrated to quantify depressive and anxiety symptom severity.
The Epworth Sleepiness Scale (ESS)* and Insomnia Severity
Index*® were used to assess daytime sleepiness and insomnia
symptom severity.

The neuropsychological assessment was divided into two
90-minute sessions and included measures of five cognitive
domains: attention, executive functions, episodic verbal and
nonverbal learning and memory, visuospatial abilities, and lan-
guage (neuropsychological tests, variables, and normative data
are presented in Supplementary Table 1). Test administration
and scoring followed standard procedures.?” All patients took
their usual medications prior to neuropsychological assessment.
MCI diagnosis was established by a consensus between the
neurologist and neuropsychologist according to the Movement
Disorder Society Task Force criteria?’ as: (1) a subjective cog-
nitive complaint during the interview with the participant
or spouse/caregiver, or a score > 25, or the response 3 (quite
often) or 4 (very often) on at least one item on the Cognitive
Failure Questionnaire (CFQ);*® (2) objective evidence of cog-
nitive decline defined by performance at 1.5 standard devia-
tions below the standardized mean on at least two variables in
the same cognitive domain (Supplementary Table 1); and (3)
the cognitive impairment does not significantly alter daily liv-
ing activities and functioning. Impaired daily functioning was
determined during the interview with patients and their rela-
tives. Impairment was assessed in terms of decline in several
activities, including managing finances, performing chores,
preparing meals, shopping, driving, and using public transpor-
tation. MCI subtypes were defined as: amnestic MCI-single
domain, nonamnestic MCI-single domain, amnestic MCI-mul-
tiple domain, or nonamnestic MCI-multiple domain. SCD was
identified in PD patients without MCI by a subjective cognitive
complaint during the interview with the participant or spouse/
caregiver, or a score > 25, or the response 3 (quite often) or 4
(very often) on at least one item on the CFQ.%

Statistical Analysis

We first divided PD patients with and without RBD (PD-RBD
and PD-nRBD) into the original cohort (previously published
study),'® a replication cohort (new patients), and a combined
cohort. Independent sample ¢-tests or nonparametric U Mann-
Whitney tests (for not normally distributed variables) were
applied to compare demographic, clinical, and mood variables
between PD-RBD and PD-nRBD participants in the original,
replication, and combined cohort, and univariate analyses of
variance were applied to compare demographic, clinical, and
mood variables between PD-RBD, PD-nRBD, and healthy
controls. Subsequent univariate analyses of covariance with
Bonferroni post hoc set at p <.05 were performed to assess cog-
nitive performance between PD-RBD and PD-nRBD patients
(original and replication cohorts) and between patients and con-
trols in the combined cohort. Univariate analyses of covariance
were also performed for additional analyses in the combined
PD-RBD group to compare cognitive performance between
gender (men vs. women), and RBD onset (prior vs. same time/
after PD diagnosis), and in the combined cohorts to compare
cognition between men only (PD-RBD vs. PD-nRBD vs.
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controls) and between women only (PD-RBD vs. PD-nRBD
vs. controls). Certain cognitive variables were log transformed
to ensure normality of distribution. Age and sex were included
as covariates in the analysis of cognitive performance, for all
three-cohort comparisons, given that they differed significantly
between PD groups and were related to cognitive perfor-
mance. Pearson’s or the nonparametric Spearman’s correla-
tions were conducted between the percentages of REM sleep
EMG activity (tonic or phasic) and cognitive variables in all
PD patients. Pearson 7 tests were used to compare proportions
of men, medication users (levodopa, dopamine agonist, anx-
iolytic, and antidepressant), patients with clinically impaired
cognitive performance (> 1.5 standard deviations below the
standardized mean in PD-RBD vs. PD-nRBD), MCI diagnosis
(PD-RBD vs. PD-nRBD), and SCD (PD-RBD without MCI
vs. PD-nRBD without MCI). The association between RBD
and each cognitive variable was defined as highly probable if
all three cohorts (original, replication, and combined) showed
a significant association with p < .05 for each cohort, probable
if in two of three cohorts p < .05, possible if one cohort showed
a significant association with p < .05, and probably not associ-
ated if all p values were p > .05. All analyses were computed
using Statistical Package for the Social Sciences version 21
(Chicago, Illinois).

RESULTS

From the initial sample, 24 participants were excluded: 4
PD-RBD patients, 8 PD-nRBD patients, and 12 controls.
Reasons for exclusion included sleep apnea (4 PD-RBD, 4
PD-nRBD, 3 controls), lower education (4 controls), atypical
PD (4 PD-nRBD), and presence of MCI or dementia (5 con-
trols). Of the remaining 162 participants, 53 were classified as
PD-RBD, 40 were PD-nRBD, and 69 were healthy controls.

Demographic, Clinical, and Mood Characteristics

Results for the combined cohort are presented in Table 1,
and results for the original and the replication cohorts are
presented in the Supplementary Table 2. In both the original
and combined cohort, the proportion of men was significantly
higher in PD-RBD patients compared to PD-nRBD patients
and controls. PD-RBD patients were also significantly older
and had lower MMSE scores than PD-nRBD patients in the
replication cohort, the combined cohort, and versus con-
trols. In both the replication and combined cohorts, the pro-
portion of PD-nRBD patients using a dopaminergic agonist
was higher compared to PD-RBD patients. Of the three PD
cohorts, PD-RBD patients had the highest REM tonic and
phasic EMG activity. In the replication cohort, PD-RBD
patients had a more advanced stage of PD. No significant
between-group differences were found for education, PD
duration (diagnosis), motor symptom severity, levodopa use
and dosage, or antidepressant and anxiolytic use. No signifi-
cant differences were found in the sleep and mood question-
naires between the two PD groups. However, both PD groups
scored higher than controls on all questionnaires. No corre-
lation was observed between questionnaire scores and cogni-
tive test performance. The results were similar between the
original and replication PD cohorts except for a younger age
for the replication PD-nRBD cohort.
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Neuropsychological Assessment

Cognitive Performance

Results for the three PD cohorts are presented in Table 2.
PD-RBD patients performed worse than PD-nRBD in at least
three cohorts (highly probable impaired) on tests assessing atten-
tion (Stroop Color-Word Test [III-1II, time]), executive functions
(Trail Making Test [part B, time and B—A, time]), and episodic
verbal learning and memory (Rey Auditory-Verbal Learning
Test [immediate recall]). PD-RBD patients performed worse
than PD-nRBD in at least two cohorts (probable impaired) on

tests assessing attention (Digit Span subtest [scaled score] and
Stroop Color-Word Test [III-II, errors]), executive functions
(Stroop Color-Word Test [IV-III, errors] and Verbal Fluency
[semantic]), episodic verbal learning and memory (Rey
Auditory-Verbal Learning Test [sum of trials 1 to 5]), and visu-
ospatial abilities (Rey-O Complex Figure Test [copy] and Block
Design subtest [scaled score]). PD-RBD patients also per-
formed worse than PD-nRBD patients in only one cohort (pos-
sible impaired) on tests assessing executive functions (Verbal
Fluency [letter]) and episodic verbal learning and memory (Rey

Table 2—Cognitive Performance: All PD Cohorts and Controls.
Cognitive Original Original p value | Replication | Replication| p value] Combined Combined Controls p value;
domains and tests PD-RBD PD-nRBD PD-RBD PD-nRBD PD-RBD (A) | PD-nRBD (B) | (C) post hoc
(n=21) (n=16) (n=32) (n=24) (n=53) (n=40) (n=69)
Attention
Digit Span, scaled 9.7+23 118124 .01 9623 11.0+3.0 | ns 9623 113127 114132 .003; A< B*,
score A< Cw
Trail Making Test 57.3+252 428+16.8 ns? 54.8+24.0 | 46.1+£20.0| ns® 55.8424.3 448+ 18.6 3741146 | .001%
part A, time, sec A > Cme**
Stroop Color-Word Test
I1I-II time, sec 74.8+38.2 458+ 14.2 032 82.8+38.7 | 495+19.4| .003* | 79.5+38.2 480174 47.4+38.7 | .000%
A > Bm‘w***,
A > Cm***
l1l-Il errors 34142 08+23 042 3.0t5.1 11429 | ns? 32147 1.0£27 06+2.1 .007% A> B,
A>Cm*
Executive functions
Trail Making Test 157.6+92.0 | 97.0+£59.3 012 170.4£89.2| 99.3+87.9| .04 165.3+89.6 | 98.4176.8 95.9+43.8 | .000%
part B, time, sec A > Bmwe
A > Cm***
Part B—part A, 100.3+79.0 | 54.2+49.0 022 1154 +724| 532+77.9| .001 | 10941747 | 53.6+67.1 58.5+37.8 | .000%
time, sec A > B
A>Cm*
Stroop Color-Word Test
IV-IIl time, sec 31.2+£10.9 22.3+16.7 ns 3194337 | 2214233 | ns 31.84+29.3 22+217 142+36.8 | ns?
IV-Il, errors 40+43 29+48 ns? 6.2+59 21+40 | .03 57+56 23142 19437 .003%
A>B",
A > Cw**
Verbal fluency
Semantic 26.7+6.8 353+6.9 .000 288+7.8 36.9+10.1| ns 21974 36.3+8.9 36.5+6.8 .000;
A < Bm***,
A < Cm'w***
Letter 320+124 383194 ns 309+11.0 | 394+10.7| ns 31.3+115 38.9+£10.0 37.2+11.1 | .008; A<B*,
A<C*
Episodic learning and memory
Verbal
RAVLT
Sumof trials 1to 5 | 38.0 + 8.6 455%59 .04 37.3+125 | 47.3+128| ns 37.5+11.1 46.6+10.5 49318.6 .000;
A < Bm**,
A < G
List B 48+15 51114 ns 38+19 51120 | ns 42+18 51+18 56+19 .002; A < C
Immediate recall 6.4+3.0 91+26 .03 70+35 10.3+4.1 | .04 6.8+3.3 98+36 10427 .000;
A < Bmin\-Y
A < Cm'w***
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Table 2—Continued

Cognitive Original Original p value | Replication | Replication| p value] Combined Combined Controls p value;
domains and tests PD-RBD PD-nRBD PD-RBD PD-nRBD PD-RBD (A) | PD-nRBD (B) | (C) post hoc
(n=21) (n=16) (n=32) (n=24) (n=53) (n=40) (n=69)
Delayed recall 71131 9.81+2.1 ns 74135 10.1+4.0 | ns 73+33 100+ 34 10.0+3.1 .008; A< B*,
A < C**
Recognition 128126 139412 ns 127423 140+13 | ns 127124 139+13 141112 .009;
A < Cm**
Nonverbal
Rey-O Complex Figure Test
Immediate recall 11.616.0 14.3+6.1 ns? 142169 174171 | ns? 13.216.6 16.1+6.8 15.3+6.1 ns
Delayed recall 114152 129+6.4 ns? 128+7.0 164+79 | ns? 122+6.3 15074 155+6.0 ns
Visuospatial
Rey-O Complex 265171 301134 .04 282450 | 31.0+40 | ns 275459 306+3.7 30.3+4.0 .02; A<B*
Figure Test, copy
Block Design, 81+19 120+24 .000 95+32 102+38 | ns 89128 109+34 11.5+32 .000; A <B*,
scaled score A< Cme
Bells test, 41+28 32+47 ns? 28+29 27+37 | ns? 34+29 29+4.1 22+28 ns?
omissions
Language
Boston Naming — — — 287+18 294+08 | ns 287+1.8 29408 — ns
Test
Vocabulary, — — — 102+2.0 116+24 | ns 10220 116124 — ns
scaled score
MMSE 78105 79105 ns 7.7+07 80+02 | ns 7.7+06 79104 8.0+0.1 01;A<C*
language score

Results are expressed as mean # standard deviation. ®log transformations.

without RBD; RAVLT = Rey Auditory-Verbal Learning Test.
*p<.001;*=p<.01;*=p<.05.

Also statistically significant when comparing Men™ and Women* only in the combined cohorts.
MMSE = Mini-Mental State Examination; ns = not significant; PD = Parkinson’s disease; PD-RBD = PD with REM sleep behavior disorder; PD-nRBD = PD

Auditory-Verbal Learning Test [delayed recall]). No significant
association was found between RBD and impaired cognitive
performance for episodic nonverbal learning and memory and
language. The results were similar between the original and rep-
lication PD cohorts except for poorer performance on visuospa-
tial abilities for the original PD-RBD cohort.

Additional analyses on the PD-RBD group revealed that
men performed worse than women on the Rey Auditory-Verbal
Learning Test (sum of trials 1 to 5, delayed recall, and rec-
ognition) and Bells test (Supplementary Table 3). Moreover,
PD-RBD patients with RBD onset prior to PD diagnosis per-
formed worse than PD-RBD patients with RBD onset at the
same time/after PD diagnosis on the Verbal Fluency (letter) and
Boston Naming Test (Supplementary Table 4). In addition, a
higher proportion of RBD-PD patients had clinically impaired
performance compared to PD-nRBD patients on the following
cognitive tests: the Stroop Color-Word Test (III-II, time and
errors; [IV-IIL, time and errors), Trail Making Test (part B, time),
Verbal Fluency (semantic), Rey Auditory-Verbal Learning Test
(sum of trials 1 to 5, immediate recall), and Rey—O Complex
Figure Test (copy) (Figure 1).
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Comparing combined PD cohort to healthy subjects (Table 2),
PD-RBD patients performed worse than controls on tests
assessing attention (all tests), executive functions (Trail Making
Test [part B, time], Stroop Color-Word Test [IV-III, errors], and
Verbal Fluency [semantic and letter]), episodic verbal learn-
ing and memory (Rey Auditory-Verbal Learning Test [all var-
iables]), visuospatial abilities (Block Design subtest [scaled
score]), and language (Mini-Mental State Examination [lan-
guage score]). No significant differences were found between
PD-nRBD patients and controls for all cognitive tests. Overall,
most of the previous results remained significant when compar-
ing men and women only but with slightly lower effects when
comparing women, probably due to the smaller sample size
(Table 2).

Correlations were performed for PD patients as one group
between the percentage of REM sleep EMG activity and the
cognitive variables (Table 3). Higher tonic EMG activity was
associated with poorer performance on the Stroop Color-
Word Test (III-1I, time), Trail Making Test (part B, time and
B—A, time), Rey Auditory-Verbal Learning Test (sum of trials
1 to 5), and Block Design subtest (scaled score). On the other
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% of patients with performance > 1.5 standard deviations below the standardized mean
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Digit span (scaled score)
Trail Making Test, part A
Stroop III-1II, time
Stroop III-I1I, errors

Trail Making Test, part B
Stroop VI-III, time

Stroop VI-III, errors
Verbal fluency (semantic)
Verbal fluency (phonetic)
RAVLT, sum of trails 1 to 5
RAVLT, List B

RAVLT, immediate recall
RAVLT, delayed recall
RAVLT, recognition
ROCEF, copy

Block design (scaled score)
Bells test, omissions
Boston Naming Test
Vocabulary (scaled score)
MMSE language

Figure 1—Percentage of patients with clinically impaired performance on neuropsychological tests. **p <.001; **p < .01; *p < .05. MMSE =
Mini-Mental State Examination; PD-RBD = Parkinson’s disease with REM sleep behavior disorder; PD-nRBD = PD without RBD; RAVLT = Rey
Auditory-Verbal Learning Test; ROCF = Rey-O Complex Figure; Stroop components: I = Naming, Ill = Interference, IV = Flexibility.
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hand, higher phasic EMG activity was related to poorer per-
formance on the Stroop Color-Word Test (III-11, time), Trail
Making Test (part B, time), Verbal Fluency (semantic), Rey
Auditory-Verbal Learning Test (List B), and Block Design
subtest (scaled score).

Mild Cognitive Impairment and Subjective Cognitive Decline
MCI diagnosis frequency and subtypes are presented in
Table 4. MCI diagnosis was more frequent in PD-RBD patients
(66%) compared to PD-nRBD patients (23%) (p <.001). Of the
PD-RBD patients, 24% had MCl-single domain (9% amnes-
tic MCI, 15% nonamnestic MCI), and 42% had MCI-multi-
ple domain (23% amnestic MCI, 19% nonamnestic MCI).
Of the PD-nRBD patients, 8% had the MCl-single domain
subtype (3% amnestic MCI, 5% nonamnestic MCI) and 15%
had MCl-multiple domain (7.5% amnestic MCI, 7.5% non-
amnestic MCI). Three (33%) of the 9 PD-nRBD patients with
MCI diagnosis had excessive REM sleep muscle tone without
history or presence of movements during REM sleep during
PSG (prodromal RBD). Moreover, SCD frequency was higher
in PD-RBD patients without MCI (16 out of 18, 89%) com-
pared to PD-nRBD patients without MCI (18 out of 31, 58%)
(p =.024).
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DISCUSSION

There is a lack of consensus in the literature on a cross-sectional
association between RBD and poorer cognitive performance
in nondemented individuals with PD.! This is mainly due to
methodological differences and limits between the studies. In
the present study, we compared performance on a broad range
of cognitive tests in two different cohorts of nondemented PD
patients with and without RBD confirmed by PSG. We found
highly probable or probable associations between the presence
of RBD in PD and poorer performance on cognitive tests meas-
uring attention, executive functions, episodic verbal learning
and memory, and visuospatial abilities. Preliminary results
in the PD-RBD group also show that men and patients with
RBD onset prior to PD diagnosis are at higher risk of poorer
cognitive performance. In the analyses using the combined PD
cohort, we included a healthy control group to better interpret
the results. We found that, in addition to the above-mentioned
cognitive deficits, compared to controls, PD-RBD patients
had poorer performance on cognitive test measuring delayed
recall and recognition of verbal information, and language.
PD patients without RBD had similar cognitive performance
to controls on all cognitive tests. Two PSG manifestations of
RBD, that is, excessive tonic and phasic EMG activity during
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Table 3—Correlations Between Cognitive Measures and REM Sleep
EMG Features in all PD Patients.
Neuropsychological tests EMG tonic | EMG phasic
Attention
Digit Span, scaled score 0.027 -0.138
Trail Making Test part A, time, 0.169 0.213
sec?
Stroop Color-Word Test
11, time, sec? 0.366™ 0.288"
II-11, errors® 0.176 0.113
Executive functions
Trail Making Test part B, 0.277" 0.222*
time, sec?
Part B-part A, time, sec? 0.286" 0.205
Stroop Color-Word Test
IV-I1l time, sec? 0.098 -0.108
IV-Ill, errors? 0.156 0.134
Verbal fluency
Semantic -0.217 -0.279*
Letter -0.181 -0.115
Episodic learning and memory
Verbal
RAVLT
Sum of trials 1to 5 -0.226* -0.183
List B -0.107 -0.272*
Immediate recall -0.174 -0.209
Delayed recall -0.161 -0.184
Recognition -0.118 0.028
Nonverbal
Rey-O Complex Figure Test
Immediate recall -0.167 -0.197
Delayed recall -0.130 -0.184
Visuospatial
Rey-O Complex Figure Test, copy | -0.194 -0.163
Block Design, scaled score -0.324" -0.251*
Bells test, omissions® 0.120 0.029
Language
Boston Naming Test -0.123 -0.037
Vocabulary, scaled score 0.054 -0.115
MMSE language score -0.096 -0.087
aSpearman correlations.
EMG = electromyography; MMSE = Mini-Mental State Examination;
PD = Parkinson’s disease; RAVLT = Rey Auditory-Verbal Learning Test.
**p<.001;**=p<.01;*=p<.05.
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REM sleep, were associated with poorer performance on sev-
eral cognitive tests in PD. Moreover, using the proposed criteria
for MCI diagnosis in PD,”” we found almost threefold higher
frequency of MCI diagnosis in PD-RBD patients compared to
PD patients without RBD. Taken together, these results indi-
cate that RBD is strongly associated with cognitive impairment
in PD.

Our results are consistent with other longitudinal studies sug-
gesting that the presence of RBD in individuals with PD is an
important clinical risk factor for the development of demen-
tia.>!13%4% Another clinical risk factor for cognitive decline and
dementia in the general population is SCD, which is character-
ized by a self-perception of a decline in cognitive performance
in daily life in the absence of objective cognitive impairment
measured by neuropsychological assessment.*! In PD, the pres-
ence of SCD has been poorly studied. One study reported that
SCD in PD with normal cognition predicts future cognitive
decline.! We found a higher frequency of SCD in PD-RBD
patients. Although this result should be validated in a larger
cohort and its predictive value determined in a longitudinal
design, our results strengthen the link between RBD and the
risk of cognitive decline in PD, even in patients with normal
cognition. Consequently, PD patients with cognitive impair-
ment should be carefully screened clinically for the presence of
RBD. This subgroup of patients should also be targeted in future
clinical trials on the progression of cognitive decline in PD.

Cognitive impairment, determined by poorer cognitive per-
formance or by the presence of MCI or dementia, is a well-
known nonmotor feature in PD.>?” Two distinct patterns of
cognitive deficits have been identified in PD.?’#* The first pat-
tern is more related to posterior cortically based cognitive defi-
cits, probably reflecting nondopaminergic cortical dysfunction
associated with explicit memory and visuospatial deficits.
The second pattern is related more to frontostriatal cognitive
deficits, reflecting dopaminergic dysfunctions associated with
attention and executive deficits. It has been suggested that the
dementia incidence in patients with PD was associated with
posterior cortical deficits, whereas frontostriatal deficits were
not.?”*? Nevertheless, patients with PD are commonly charac-
terized by a range of heterogeneous cognitive impairments,
even in early stage, suggesting that 15% of patients with PD
can present with both patterns of cognitive deficits.*? In the
present study, PD-RBD patients had poorer performance on
cognitive tasks measuring working memory, visual search,
mental flexibility, processing speed, cognitive inhibition, word
retrieval and delayed recall of verbal information, and visu-
ospatial organization compared to PD patients without RBD.
Their cognitive profile reflects both frontostriatal and posterior
cortical deficits.

The mechanisms underlying the association between cog-
nitive impairment and RBD in PD remain to be determined.
RBD has been associated with lesions of the brainstem regions
involved in muscle atonia and motor control during REM
sleep.” However, much evidence now suggests that RBD is
more than a simple sleep disorder, and that patients having
RBD are at high risk for developing dementia.** Moreover,
cortical dysfunctions such as cortical hypometabolism, EEG
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Table 4—Mild Cognitive Impairment Diagnosis Frequency in PD
Patients.

MCI subtypes Combined | Combined
PD-RBD PD-nRBD
n=53 n=40

MClI total, n 35 9

MCl-single domain, n 13 3

Amnesic MCl-single domain, n 5 1
Nonamnesic MCl-single 8 2
domain, n
Executive, n 8 2
MCl-multiple domain, n 22 6
Nonamnesic MCl-multiple 10 3
domain, n
Attention and executive, n 3 1
Attention and visuospatial, n 0 0
Executive and visuospatial, n 2 2
Attention, executive and 4 0
visuospatial, n
Attention, executive and 1 0
language, n
Amnesic MCl-multiple 12 3
domain, n
+ Attention, n 1 0
+ Executive, n 3 0
+ Attention and executive, n 4 0
+ Attention and visuospatial, n 0 1
+ Executive and visuospatial, n 4 2
MCI = Mild cognitive impairment; PD-RBD = Parkinson’s disease with
REM sleep behavior disorder; PD-nRBD = PD without RBD.

slowing, and cortical thickness have also been identified in
RBD patients without PD.**’ Individuals with concomitant PD
and RBD have more specific brain anatomical and functional
changes compared to PD patients without RBD. In deed, sev-
eral studies using quantitative EEG, event-related potentials,
magnetic resonance imaging (voxel-based morphometry), and
positron emission tomography ([11C] methylpiperidyl propi-
onate acetylcholinesterase) have reported brain dysfunctions
associated with the presence of RBD in PD.*2 Ford et al.*
reported subtle changes in white matter integrity (widespread)
and reductions in gray matter volume (posterior areas) in PD
with clinical RBD. Recently, a study also found smaller vol-
umes in the pontomesencephalic tegmentum, medullary retic-
ular formation, hypothalamus, thalamus, putamen, amygdala,
and anterior cingulate cortex in PD patient with clinical RBD.>!
In a functional neuroimaging study, Kotagal et al.> showed
that the presence of clinical RBD in PD could be accounted
for by progressive neocortical, limbic, cortical, and thalamic
cholinergic denervation. Dysfunctions of cholinergic systems,
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namely the nucleus basalis of Meynert and pedunculopon-
tine nucleus, and their projections to subcortical and cortical
regions have been related to cognitive impairment in PD.%35

Other studies have identified a distinct clinical subtype in
PD related to the presence of RBD, with higher risk for dysau-
tonomia, hallucinations, freezing and falls, symmetric disease,
and a nontremor dominant subtype.>*>’ Some of these non-
motor features have also been related to cholinergic impair-
ment in PD.* This suggests a common cholinergic mechanism
between RBD, cognitive decline, and other nonmotor features
in this population.

Interestingly, some of these previous studies reported that PD
patients without RBD were similar to healthy controls except
for motor impairment.*3*53¢ This is similar to our results show-
ing normal cognitive functioning in PD patients without RBD,
suggesting that the presence of RBD in individuals with PD
is associated with a more severe subtype of the disease, with
a strong negative prognostic.*’ Therefore, PD-RBD patients
should be considered as a distinct PD subgroup, not only for
neuroprotective trials or for examinations of the underlying
pathophysiological mechanisms but also for the development
of animal models of PD. It remains to determine whether RBD
onset in the course of PD is the starting point for more rapid
and pronounced neurodegeneration. Follow-up of these patients
will be important to detect the emergence of cognitive decline,
dysautonomia, hallucinations, and gait and balance difficul-
ties and to provide medical attention and management to the
patients and their caregivers.

This study includes certain limitations. First, the PD-RBD
group was older and contained a higher proportion of men
compared to the PD-nRBD and control groups. Although we
controlled for age and gender and performed additional analy-
ses with gender as the independent variable, we cannot discount
potential age or gender effects on some of our results. Moreover,
the proportion of patients taking dopaminergic agonists was
also higher in the PD-nRBD compared to the PD-RBD group.
The chronic cognitive effects of dopaminergic agonists in PD
remain controversial,’® and further studies are needed to better
understand their impacts on PD in terms of cognition and RBD
status. Second, there is neither a systematic definition of SCD
nor a standardized method to measure SCD in PD populations.
Our results should therefore be confirmed in larger PD pop-
ulations using appropriate SCD assessment methods. Finally,
although cognitive performance was similar between PD-nRBD
and healthy subjects, future studies may find differences in larg-
er-sized samples, or differences in cognitive functions that were
not deeply examined in the present study (eg, language, plan-
ning, working memory, and procedural learning).

In conclusion, RBD in PD is associated with higher risks
for cognitive deficits. In addition, the presence of RBD in PD
increases the risk of a MCI diagnosis and SCD, which are asso-
ciated with cognitive decline and dementia development in PD.
Future studies attempting to identify a distinct cognitive profile
in PD with RBD should use a greater variety of tests to more
deeply assess all the language components (ie, naming, reading,
writing, understanding, and pragmatism) and higher executive
functions (ie, planning, problem solving) as well as procedural
learning.
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