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Neurologic and psychiatric features of impending neurodegeneration 
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A B S T R A C T   

Introduction: Idiopathic rapid eye movement (REM) sleep behavior disorder (iRBD) is linked to Parkinson’s 
disease and other alpha-synucleinopathies, but various subsets of iRBD may not carry equal risk (i.e., those with 
depression are at higher risk than those without). Here, we prospectively focus on neurologic and psychiatric 
aspects of subjects with iRBD, in an attempt to determine what factors are prominent in those who undergo 
phenoconversion as opposed to those who do not. 
Methods: We analyzed data from the “REM Sleep Behavior Disorder Associations with Parkinson’s Disease Study 
(RAPiDS)” cohort both at baseline and then at follow-up evaluations (1 to 3 years later) utilizing several 
neurologic batteries, including the Movement Disorder Society’s Unified Parkinson’s Disease Rating Scale (MDS- 
UPDRS), the Montreal Cognitive Assessment (MoCA), the Questionnaire for Impulsive-Compulsive Disorders in 
Parkinson’s Disease (QUIP), the 10-M Walk Test (10MWT), and the Epworth Sleepiness Scale. Determination of 
phenoconversion was ascertained from physical examination and medical chart review from the initial evalua-
tion onward. 
Results: Of those who completed both evaluations, there were 33 subjects with iRBD, with an average age of 63.1 
± 12.8 years, with 9 women and 24 men. Of these, 8 (24%) iRBD subjects developed neurodegenerative illness, 
and demonstrated multiple areas of neurologic and psychiatric signs and symptoms, such as speech and move-
ment problems as well as anxiety and depression. 
Conclusions: Our data adds to the literature regarding risk of phenoconversion in those with iRBD. Further study 
will be needed, but it is clear that not all subjects with iRBD present the same risk for neurodegeneration.   

1. Introduction 

Rapid eye movement (REM) sleep behavior disorder (RBD) consists 
of abnormally increased muscle tone during REM sleep (noted during 
polysomnogram [PSG] testing) combined with a history of recurrent 
nocturnal dream enactment behavior [1]. Idiopathic RBD (iRBD) occurs 
in the absence of conditions known to cause secondary RBD (i.e. auto-
immune or inflammatory disorders), and when other causes of possible 
abnormal nocturnal behavior have been ruled out (i.e. nocturnal sei-
zures) [2,3]. It is well-known that the development of iRBD is linked to 
Parkinson’s disease (PD) and other alpha-synucleinopathies, but there 

seems to exist a differential risk across various subsets of iRBD (i.e. those 
with depression are at higher risk than those without) [4]. 

Previously, we had reported (Fig. 1.) on the psychiatric, autonomic, 
and sleep impact of iRBD in a cross-sectional fashion [5]; here, we 
prospectively evaluate (Table 1) neurologic and psychiatric aspects of 
patients with iRBD, in an attempt to determine what factors are prom-
inent in those who undergo phenoconversion as opposed to those who 
do not. The aim is to add to the current literature, and to establish a more 
robust understanding of what signs and symptoms may be particularly 
important in both clinical and research settings. 

We analyzed data from the “REM Sleep Behavior Disorder 
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Associations with Parkinson’s Disease Study (RAPiDS)” cohort 
(described previously [5]) both at baseline and then at follow-up eval-
uations utilizing multiple neurologic batteries. Our report complements 
the current literature by confirming the utility of said batteries, exam-
ining the usage of additional, inexpensive testing, and demonstrating the 
unique differences among subjects with iRBD. 

2. Methods 

The institutional review board at Weill Cornell Medical College 
approved this protocol, and informed consent was provided by all par-
ticipants. Each author completed a Conflict-of-Interest Disclosure form. 
This study was funded through a private grant. 

Consecutive adult study participants with iRBD confirmed on poly-
somnogram (PSG) according to American Academy of Sleep Medicine 
Criteria [6] were prospectively recruited from the Weill Cornell Center 
for Sleep Medicine. Individuals with an existing diagnosis of any 
neurodegenerative disorder were excluded. Those with other serious -
neurological disorders including stroke, epilepsy, and a history of brain 
tumor, hydrocephalus, encephalitis and other disorders were excluded. 
Additional exclusion criteria were existence of conditions that would 
confound autonomic and other neurological testing, such as cardiac 
disease, uncontrolled thyroid disease or diabetes, autoimmune condi-
tions, and specific medications. 

Following confirmation of iRBD and recruitment into the study, all 
participants were evaluated with the battery of assessments, both at 
baseline and then at follow-up visits (1 to 3 years). The assessments 
included the Movement Disorder Society’s Unified Parkinson’s Disease 
Rating Scale (MDS-UPDRS) [7], The Montreal Cognitive Assessment 

(MoCA) [8], the Questionnaire for Impulsive-Compulsive Disorders in 
Parkinson’s Disease (QUIP) [9], the 10-M Walk Test (10MWT) [10], and 
the Epworth Sleepiness Scale [11] This battery was chosen as there is a 
precedent of their usage in the literature for subjects with RBD and/or 
PD. Although the MDS-UPDRS, MoCA, and Epworth Sleepiness Scale 
have been well-studied in those with iRBD, this is the first time, to our 
knowledge, that QUIP [9,12] and 10MWT [13,14] have been utilized in 
these subjects. Determination of phenoconversion to a neurodegenera-
tive illness was ascertained through physical examination and medical 
chart review of subjects. 

The Linear Mixed Effects Models [15] was used to obtain associa-
tions/trends going from baseline (V00) to V01 in any parameter. There 
are two outputs: coefficient value and p-value. The coefficient value 
implies the increase (Positive coefficient) or decrease (Negative coeffi-
cient) relationship from baseline to visit 1 (V01). The p-value roughly 
indicates whether the positive or negative correlation is statistically 
significant (p value less than 0.05) or not. During computing, the median 
value was used to fill in missing values. In addition, the p-value (T-test/ 
Mann–Whitney U test) was provided, which is used to test whether there 
is the difference between baseline and V01 in any parameter. The p- 
value (T-test/ Mann–Whitney U test) is obtained by t-test or Man-
n–Whitney U test that is nonparametric test. The Bonferroni correction 
was utilized in the ND + RBD versus ND-RBD group comparison 
regarding data from the MDS-UPDRS Parts I-III and QUIP. 

Adjustment for age, sex, race, education, antidepressant use, 
caffeine, alcohol, and smoking usage was performed for each variable, 
Race included self-identification as Asian, Black, Hispanic, White, or 
Mixed; education was defined as either high school, some college, 
bachelor’s degree, Master’s degree, or Doctoral degree; antidepressant 

Fig. 1. Flowchart of subjects analyzed. iRBD, Idiopathic REM behavior; ND, neurodegenerative disease; PSG, polysomnogram; V00, visit 00 (baseline); V01, follow- 
up visit 01. 
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use was defined as positive or negative, regardless of whether the usage 
was current or former; smoking status included never, former, or cur-
rent; and alcohol use was defined as either none, some (less than 3 drinks 
per day).or excessive (3 or more drinks per day). 

3. Results 

For baseline testing, 65 subjects with iRBD were recruited; of those 
who completed both baseline and V01 evaluations, 33 remained and 
were analyzed (see Figure). During the time frame of this study, various 
factors played into the large attrition rate, most notable being the 
COVID-19 pandemic and the resultant lack of subject’s ability and 
willingness to participate. The average age was 63.1 ± 12.8 years, with 
9 women and 24 men. Based on physical examination and electronic 
medical record data, 8 iRBD subjects, which were all men, developed 
neurodegenerative illness, which included PD, parkinsonism, Lewy body 
dementia, and other forms of dementia and/or cognitive impairment; 
these were labeled the “ND + RBD” group (i.e., neurodegeneration +
RBD). The 25 iRBD subjects who did not phenoconvert were labeled the 
“ND-RBD” group (see Table). The raw data and full results for the 
following sections can be found in Supplementary Data. 

4. Neurologic factors 

4.1. MDS-UPDRS part II 

There were no significant differences between the groups at baseline. 
For the ND + RBD group there was a significant increase in speech 
problems over time (p = 0.003); however, following adjustment for age, 
sex, race, education, antidepressant use, caffeine, alcohol, and smoking 
usage, this change was not significant. Additionally, the ND + RBD 
group reported significantly more drooling at V01 as compared to the 
ND-RBD group (p = 0.013); following adjustment, this comparison 

remained significant (p = 0.027). 

4.2. MDS-UPDRS part III 

At baseline, there was more rigidity in the right upper extremity (p =
0.013), more difficulty with pronation-supination movement of the left 
hand (p = 0.05), and more problems with posture (p = 0.012) in the ND 
+ RBD group as compared to the ND-RBD group. There were several 
significant differences in the ND + RBD group compared to the ND-RBD 
group both at V01 and over time. However, following adjustment, only 
finger tapping at baseline (right finger) was worse for ND + RBD group 
as compared to the ND-RBD group (p = 0.028). 

4.3. MoCA 

There were no significant differences between the groups at baseline. 
At V01, the scores in the ND + RBD group were significantly lower than 
ND-RBD group (p = 0.024). Following adjustment, this difference 
remained significant (p = 0.038). Additionally, the scores of ND + RBD 
group did not change over time, whereas the scores of the ND-RBD 
improved significantly (p = 0.002). This improvement remained sig-
nificant following adjustment for age, sex, race, antidepressant use, 
caffeine, alcohol, and smoking usage. 

4.4. Quip 

There were no significant differences between the groups at baseline, 
nor were there any significant differences at V01. 

4.5. 10MWT 

There were no significant differences between the groups at baseline. 
The ND + RBD group was slower than the ND-RBD group, which was 

Table 1 
Demographics.  

Subjects with iRBD Completing both Baseline and V01 Evaluations, n = 33  
ND + RBD, n = 8 ND-RBD, n = 25 

Avg age (years) 72.0 ± 6.6 60.3 ± 13.1 
Sex (# of women) 0 9 
Antidepressant use (#) 2 14 
Race Hispanic (1), White (7), Hispanic (1), Black 

(2), White (22) 
Education Master (6) or Bachelor (2) Doctoral (1), Master 

(15), Bachelor (7), 
Some college (1), 
High school (1) 

Caffeinated drinks per day (#) 3.6 4.3 
Smoking status former smoker (3), never (5) former smoke (9), 

never (16) 
Alcohol use some (7), excessive (1) excessive (2), some 

(20), none (3) 
Development of PD and Other 

Neurodegenerative disease (all subjects 
were formally diagnosed within the 1 to 
3 year follow up window of the study) 

1.Early PD with cognitive impairment or DLB 
———————————————————————————————————————————————— 
2. Multidomain MCI that may represent prodromal DLB 
———————————————————————————————————————————————— 
3. Amnestic MCI 
———————————————————————————————————————————————— 
4. PD 
———————————————————————————————————————————————— 
5. MCI (likely AD) 
———————————————————————————————————————————————— 
6. DLB 
———————————————————————————————————————————————— 
7. Strongly suggestive of a Parkinsonian syndrome 
———————————————————————————————————————————————— 
8. PD, MCI  

N/A 

iRBD, Idiopathic REM behavior; ND, neurodegenerative disease PD: Parkinson’s disease; DLB: dementia with Lewy bodies; MCI: mild cognitive impairment; AD: 
Alzheimer’s disease. 
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significant at V01. Following adjustment, this finding approached sig-
nificance (p = 0.067). 

4.6. Epworth Sleepiness Scale 

There were no significant differences between the groups at baseline. 
At V01 the ND-RBD group was sleepier than the ND + RBD group, and 
this maintained following adjustment (p = 0.049). Additionally, the ND 
+ RBD group became significantly less sleepy over time, which 
remained significant following adjustment. 

5. Psychological factors 

5.1. MDS-UPDRS part I 

There were no significant differences between the groups at baseline, 
nor were there any significant differences at V01. There was a significant 
increase in both depressed mood and anxious mood over time in the ND 
+ RBD group. And these changes remained significant (p = 0.018 for 
depressed mood, and p = 0.048 for anxious mood) following adjustment. 

6. Discussion 

Variables predicting phenoconversion to neurogenerative disease in 
those with iRBD have been previously studied and categorized [4]; our 
present analysis validates those findings and may allow for other po-
tential signs and symptoms to become relevant in future work. Of 
import, the ND + RBD group was significant older than the ND-RBD 
group, which is a factor which cannot be overlooked and may play a 
major role in the data that follows. It has been shown that age predicts 
phenoconversion [4]. 

7. Neurologic factors 

7.1. MDS-UPDRS part II 

A recent meta-analysis demonstrated that dysphagia occurs in more 
than one-third of PD patients and was associated with decreased quality 
of life and more severe motor symptoms [16]. Additionally, it has been 
shown that PD patients with dysphagia were significantly more 
depressed than patients without dysphagia [17]. In our ND + RBD 
group, there was a significant increase in speech problems over time; 
and as compared to the ND-RBD group, there was a significant increase 
in drooling at V01. While not dysphagia per se, these symptoms point to 
a bulbar dysfunction that is in agreement with these prior data. Thus, 
perhaps screening for dysphagia and drooling in iRBD patients might be 
useful both clinically and in future studies. 

7.2. MDS-UPDRS part III 

It has been found that in those with PD and RBD, the MDS-UPDRS 
part III score progressed faster than in those with PD alone. [7] In our 
cohort, there were many significant differences in the ND + RBD group 
compared to the ND-RBD group. For example, it is known that motor 
functions are diminished in PD with probable RBD, particularly gait and 
pronation–supination movements [18], and our ND + RBD group 
demonstrated more difficulty with pronation/supination movement L 
hand at baseline as compared to the ND-RBD group. 

Previous reports have revealed that falls and gait freezing were more 
frequent in PD with than without RBD. [19] Notably, were several in-
stances of increased rigidity in our ND + RBD group as compared to the 
ND-RBD group, bolstering the hypothesis that increased rigidity in the 
context of iRBD is associated with risk of phenoconversion. 

Other findings include postural changes, in which the ND + RBD 
group reported worse postural problems at both baseline and V01 as 
compared to the ND-RBD group. The worse posture in the ND + RBD 

group is not surprising, as those with RBD may exhibit unrefined sway, 
probably due to rigidity [20]; those with RBD may also demonstrate 
alternations in forward trunk acceleration [21], which also may affect 
posture. 

While the above data is in agreement with prior work, following 
adjustment only finger tapping at baseline was worse for ND + RBD 
group as compared to the ND-RBD group. Literature has shown that 
finger tapping can be used to show differences between healthy controls 
and patients with PD and between medication states (on/off).[22] This 
is in alignment with ND + RBD group demonstrating a worse perfor-
mance at baseline, but it is not clear why this effect did not persist upon 
re-evaluation at V01. 

7.3. MoCA 

Patients with PD plus RBD exhibit mild cognitive impairment mainly 
in the areas of visual space construction, executive function and word 
memory impairment [23]. Other studies have found that the decision- 
making ability and feedback learning ability of RBD patients are 
significantly reduced in a complex environment, and other cognitive 
areas are relatively late affected [24]. RBD is considered a risk factor for 
dementia in PD patients, but whether RBD predisposes nondemented PD 
patients to cognitive impairment remains unclear [25], with some 
studies suggesting greater susceptibility to severe cognitive impair-
ment and other studies contradicting this view. [26–28] Surprisingly, in 
our cohort, both the ND + RBD and ND-RBD groups demonstrated 
increased MoCA scores over time; however, the values at V01 were 
significantly lower in the ND + RBD group than those in the ND-RBD 
group, reflecting more profound cognitive impairment. 

7.4. Quip 

Previously, a global screening instrument titled the Questionnaire for 
Impulsive-Compulsive Disorders in Parkinson’s Disease (QUIP) was 
developed and validated to assess impulse control disorders (ICD) and 
related disorders (punding, hobbyism, and dopamine dysregulation 
syndrome) in PD [9]. Impulse control behaviors have been found to be 
common in the early stages of PD; however, iRBD, in the absence of PD 
or another neurodegenerative disorder, was not in itself associated with 
a greater risk of ICD. Although the mechanisms for ICD are not yet fully 
understood, the primary driver is thought be dopaminergic medication 
[12]; as this type of medication was not used in our cohort, the lack of 
symptoms of ICD is not unexpected. 

7.5. 10MWt 

The 10MWT is widely used and recommended as a measure of gait 
speed in those with PD, and it can be used to identify changes in gait 
speed in response to therapeutic interventions.[10] In another study of 
those with PD, it was found that increased level of RSWA (determined 
via PSG analysis) were correlated with worse gait impairment. [13] 
Prior work has demonstrated balance and gait having significant cor-
relations with some cognitive features in parkinsonian patients [14]; 
and exercise is among the potential protective lifestyle factors identified 
in delaying progression of cognitive deficits [29]. Unsurprisingly, the 
ND + RBD group was slower than the ND-RBD group, which was sig-
nificant at V01. It is known that in patients with PD, the 10MWT and 
similar tests will show impairment, but perhaps all iRBD patients should 
be tested in this regard, both for quality of life impact as well as moni-
toring for potential phenoconversion. 

7.6. Epworth Sleepiness Scale 

Prior work has demonstrated that those with iRBD and symptomatic 
RBD were sleepier than controls, and that sleepiness in iRBD predicted 
earlier conversion to Parkinson disease; this suggests that sleepiness, as 
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measured by the Epworth Sleepiness Score, may be an early marker of 
neuronal loss in brainstem arousal systems. [30] Whereas the ND-RBD 
group actually became sleepier over time, the ND + RBD group 
became less sleepy. These results do not fit with prior work as above; 
thus, it is possible that fatigue, not sleepiness, is the main factor in both 
quality of life and risk for phenoconversion in those with iRBD. Future 
work should attempt to parcel out the differences between fatigue and 
sleepiness in those with iRBD. 

8. Psychiatric factors 

8.1. MDS-UPDRS part I 

Phenoconversion to neurodegenerative disease includes the poten-
tial prodromal markers such as autonomic abnormalities, olfactory loss, 
cognitive changes, depression, and anxiety [31]; however the 2019 
study by the International RBD Study Group did not find any predictive 
value in daytime somnolence, insomnia, restless legs syndrome, sleep 
apnea, urinary dysfunction, orthostatic symptoms, depression, or anxi-
ety.[4] In our cohort, there was a significant increase in depressed mood 
and anxious mood over time in the ND + RBD group. A recent meta- 
analysis demonstrated that subjects with depression subjects had a 2.06- 
fold higher risk of developing RBD compared to those without depres-
sion [32], and a previous study has shown that depression may be 
associated with longer disease duration, more severe symptoms, and 
more severe illness in patients with PD and probable RBD. [33]. 

The most extensively studied neuropsychiatric prodromal symptoms 
of PD are depression and anxiety [34]; these are very common symptoms 
in the general population aged over 55 years of age as 14% suffers from 
depression [35]. In one meta-analysis, a diagnosis of depression at 
baseline was associated with an increased the risk of later developing PD 
[36]. 

In a recent study [34] almost 9% of subjects had signs of an anxiety 
disorder, corresponding to the prevalence reported by Fung et al [37]; 
similar to depression, anxiety disorders are also associated with the risk 
of developing PD [38]. Furthermore, it has been demonstrated in those 
with anxiety disorder an odds ratio of 2.2 for developing PD, of 1.9 for 
depression and even higher for the combination of both (odds ratio 2.4) 
[39]. While there are conflicting data in the literature, our study seems 
to point in favor of mood disorders as a major factor in phenoconversion 
in those with iRBD. 

9. Limitations 

There were some important limitations in our study, including 
pandemic-related lack of follow-up and possible bias in terms of which 
subjects presented for evaluation. Small sample size may have affected 
the impact of our findings, as did the relatively short period from 
baseline to follow-up, although the follow-up period of 1 to 3 years is 
typical for this type of project. Ideally, continued testing of the recruited 
subjects over a longer timeframe, as well as re-recruitment of those lost 
to follow-up would garner further important data; to this point, the ND 
+ RBD group was significantly older than the ND-RBD group. Addi-
tionally, there was no control group, as even subjects in the ND-RBD 
group did have iRBD. Finally, subjects were enrolled from a single 
sleep center, presenting the possibility of referral bias, and the cohort is 
derived from an urban setting thus limiting its generalizability. 

10. Conclusions 

In summary, it is clear that iRBD is a risk for phenoconversion to 
neurodegenerative illness, but how and why this occurs is still a mystery. 
With our data, and those of other groups, it is hopeful that we will 
discover the answers to these questions. While the MDS-UPDRS, MoCA, 
and Epworth Sleepiness Scale have been studied in those with iRBD [4], 
this is the first time, to our knowledge, that QUIP and 10MWT have been 

utilized in these subjects. The findings of our cohort lend credence to the 
notion that subjects with iRBD are not all the same; the presence of 
additional signs and symptoms (i.e. “RBD+” as was previously described 
[5]) may aid in future efforts to determine which of these subjects might 
benefit the most from potential neuroprotection. 

CRediT authorship contribution statement 

Daniel A. Barone: Conceptualization, Data curation, Formal anal-
ysis, Funding acquisition, Investigation, Methodology, Project admin-
istration, Resources, Software, Supervision, Validation, Visualization, 
Writing – original draft, Writing – review & editing. Harini Sarva: Data 
curation, Validation, Writing – review & editing. Natalie Hellmers: 
Data curation. Fei Wang: Formal analysis, Resources, Software. 
Zhenxing Wu: Formal analysis, Resources, Software. Ana C. Krieger: 
Validation, Writing – review & editing. Claire Henchcliffe: Conceptu-
alization, Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.prdoa.2023.100216. 

References 

[1] C.H. Schenck, S.R. Bundlie, M.G. Ettinger, M.W. Mahowald, Chronic behavioral 
disorders of human REM sleep: a new category of parasomnia, Sleep 9 (2) (1986) 
293–308. 

[2] A. Iranzo, J. Santamaria, Severe obstructive sleep apnea/hypopnea mimicking 
REM sleep behavior disorder, Sleep 28 (2005) 203–206. 

[3] J. Peever, P.-H. Luppi, J. Montplaisir, Breakdown in REM sleep circuitry underlies 
REM sleep behavior disorder, Trends Neurosci. 37 (5) (2014) 279–288. 

[4] Postuma RB, Iranzo A, Hu M, et al. Risk and predictors of dementia and 
parkinsonism in idiopathic REM sleep behaviour disorder: a multicentre study. 
Brain. 2019;142:744-759. 

[5] D.A. Barone, F. Wang, L. Ravdin, M. Vo, A. Lee, H. Sarva, N. Hellmers, A.C. Krieger, 
C. Henchcliffe, Comorbid neuropsychiatric and autonomic features in REM sleep 
behavior disorder, Clinical Parkinson. Related Disord. 3 (2020), 100044. 

[6] International Classification of Sleep Disorders (3rd ed.), American Academy of 
Sleep Medicine, Darien, IL (2014). 

[7] A. Barasa, J. Wang, R.B. Dewey, Probable REM Sleep Behavior Disorder Is a Risk 
Factor for Symptom Progression in Parkinson Disease, Front. Neurol. 12 (2021). 

[8] Z.S. Nasreddine, N.A. Phillips, V. BÃ©dirian, S. Charbonneau, V. Whitehead, 
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