UCLA
UCLA Previously Published Works

Title
Validation of the RBD Symptom Severity Scale in the North American Prodromal Synucleinopathy
Consortium.

Permalink
https://escholarship.org/uc/item/7600h4fm

Journal
Neurology, 102(3)

Authors

Choudhury, Parichita
Lee-lannotti, Joyce
Busicescu, Andrea

Publication Date
2024-02-13

DOI
10.1212/WNL.0000000000208008

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/7600h4fm
https://escholarship.org/uc/item/7600h4fm#author
https://escholarship.org
http://www.cdlib.org/

RESEARCH ARTICLE

Validation of the RBD Symptom Severity Scale in the
North American Prodromal Synucleinopathy
Consortium

Parichita Choudhury, MD,* Joyce K. Lee-lannotti, MD,* Andrea O. Busicescu, BA, Pooja Rangan, MBBS, MPH, Correspondence
Maria Livia Fantini, MD, PhD, Alon Y. Avidan, MD, MPH, Donald L. Bliwise, PhD, Susan R. Criswell, MD, MSCI|, Dr. Choudhury
Emmanuel H. During, MD, Jonathan E. Elliott, PhD, Julie A. Fields, PhD, Jean-Francois Gagnon, PhD, parichita.choudhury@
Michael J. Howell, MD, Daniel E. Huddleston, MD, Jennifer McLeland, PhD, Emmanuel Mignot, MD, PhD, bannerhealth.com

Mitchell G. Miglis, MD, Miranda M. Lim, MD, PhD, Amélie Pelletier, PhD, Carlos H. Schenck, MD,
David Shprecher, DO, Erik K. St Louis, MD, Aleksandar Videnovic, MD, MSc, Yo-El S. Ju, MD,
Bradley F. Boeve, MD, and Ronald Postuma, MD, as the NAPS Consortium

Neuralogy® 2024;102:e208008. doi:10.1212/WNL.0000000000208008

Abstract

Background and Objectives

REM sleep behavior disorder (RBD) is a parasomnia characterized by dream enactment. The
International RBD Study Group developed the RBD Symptom Severity Scale (RBDSSS) to
assess symptom severity for clinical or research use. We assessed the psychometric and clini-
metric properties of the RBDSSS in participants enrolled in the North American Prodromal
Synucleinopathy (NAPS) Consortium for RBD.

Methods

NAPS participants, who have polysomnogram-confirmed RBD, and their bedpartners com-
pleted the RBDSSS (participant and bedpartner versions). The RBDSSS contains 8 questions
to assess the frequency and severity/impact of (1) dream content, (2) vocalizations, (3)
movements, and (4) injuries associated with RBD. Total scores for participant (maximum score
= 54) and bedpartner (maximum score = 38) questionnaires were derived by multiplying
frequency and severity scores for each question. The Clinical Global Impression Scale of
Severity (CGI-S) and RBD symptom frequency were assessed by a physician during a semi-
structured clinical interview with participants and, if available, bedpartners. Descriptive anal-
yses, correlations between overall scores, and subitems were assessed, and item response
analysis was performed to determine the scale’s validity.

Results

Among 261 study participants, the median (interquartile range) score for the RBDSSS-PT
(participant) was 10 (4-18) and that for the RBDSSS-BP (bedpartner) was 8 (4-15). The
median CGI-S was 3 (3-4), indicating moderate severity. RBDSSS-BP scores were significantly
lower in women with RBD (6 vs 9, p = 0.02), while there were no sex differences in RBDSSS-PT
scores (8 vs 10.5, p = 0.615). Positive correlations were found between RBDSSS-PT vs
RBDSSS-BP (Spearman r, = 0.561), RBDSSS-PT vs CGI-S (r, = 0.556), and RBDSSS-BP vs
CGI-S (r, = 0.491, all p < 0.0001). Item response analysis showed a high discriminatory value
(range 1.40-2.12) for the RBDSSS-PT and RBDSSS-BP (1.29-3.47).
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Glossary

CGI-S = Clinician Global Impression Scale of Severity; DSM-V = Diagnostic and Statistical Manual of Mental Disorders, Fifth
Edition; IRB = institutional review board; IRBDSG = International RBD Study Group; IRT = item response theory; NAPS =
North American Prodromal Synucleinopathy; OSA = obstructive sleep apnea; PCL-5 = PTSD Checklist for DSM-5; PHQ-9 =
Patient Health Questionnaire-9; PLMS = periodic limb movements of sleep; PTSD = posttraumatic stress disorder; RBD =
REM sleep behavior disorder; RBDSSS = RBD Symptom Severity Scale; RBDSSS-BP = RBDSSS-Bedpartner version;
RBDSSS-PT = RBDSSS-Participant version; RLS = restless leg syndrome; TBI = traumatic brain injury; vPSG = video
polysomnogram.

Discussion
We describe the RBDSSS with adequate psychometric and clinimetric properties to quantify RBD symptom severity and good
concordance between participant and bedpartner questionnaires and between RBDSSS scores and clinician-assessed global

severity.

Introduction

REM sleep behavior disorder (RBD) is a well-established
prodromal marker of a-synucleinopathies.”> Dream enact-
ment behaviors in RBD vary in dream content, the types of
behaviors,® and their impact on patients and bedpartners,
making RBD severity challenging to quantify. Whereas violent
behaviors and injuries are well documented and often lead to
patients seeking medical attention,* less injurious behaviors,
disruption of sleep quality, and the need for separate sleeping
arrangements can be just as distressing to patients and their
partners. There is currently no simple and readily useable
measure of RBD symptom severity for use in either clinical or
research settings. The lack of effective outcome measures
results in a lack of well-defined endpoints and challenges with
the prescription and titration of symptomatic therapy in RBD
in both clinical practice and interventional trials.

Quantification of RBD symptom severity has received limited
attention. Previously, the International RBD Study Group
(IRBDSG) recommended the standard Clinician Global
Impression Scale of Severity (CGI-S) as an estimate of RBD
severity for symptomatic clinical trials.” The CGIL-S is a widely
used 7-point scale that provides a clinician-determined sum-
mary measure for a given symptom (in this case, RBD se-
verity), which ranges from normal (1) to extremely ill (7).°
However, this scale can be highly subjective and challenging
to standardize between clinicians, may weigh more heavily
toward violent movements and potential for injury, and can be
influenced by other patient factors (frailty, anticoagulation
use, etc).” Scales for scoring RBD on video polysomnogram
(vPSG) have been developed, including the RBD severity
scale® and the RBD PSG score,” which record the frequency
and severity of motor and vocal episodes during REM sleep
captured on video. However, because vPSG-based scales re-
quire overnight in-laboratory vPSG recording and detailed,
time-consuming analyses, these tools are challenging and
costly to implement in routine clinical settings, especially
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when severity needs to be assessed repeatedly, such as during
medication titration.

To fill this gap, the IRBDSG developed and revised an 8-item
questionnaire, the RBD Symptom Severity Scale (RBDSSS),
to assess RBD severity from both patient and bedpartner
perspectives. An initial draft was created and presented to the
IRBDSG in 2016 (by R.P.) and revised over the next 3 years in
the clinical working group of the IRBDSG, followed by broad
consultation and eventual approval by membership and ex-
ecutive board of the IRBDSG. There are 2 versions of the
RBDSSS, one to be filled out by the patient (RBDSSS-PT)
and a bedpartner version (RBDSSS-BP) was created to obtain
information from a bedpartner independently. Because indi-
viduals with RBD are often unaware of events that occur while
they are asleep,'”"" they were encouraged to use the input of a
bedpartner/another informant, whenever available. This scale
is intended to be complementary to vPSG-based scales.
French and Italian translations of the RBDSSS are also
available with ongoing validation studies by M.L.F. (manu-
script in preparation).

No prior validation studies of the RBDSSS in clinical or re-
search settings have yet been described. The RBDSSS was
filled out by participants in the North American Prodromal
Synucleinopathy (NAPS) Consortium for RBD, a multisite
cohort of patients with vPSG-confirmed diagnosis of idio-
pathic RBD."” In this article, we describe the features and
scoring of the RBDSSS and its correlation to the CGI-S in
participants enrolled in the NAPS cohort.

Methods

Study Participants

The NAPS study (a longitudinal observational study) en-
rolled patients who had clinical overnight vPSG to confirm
the diagnosis of RBD (i.e., demonstrate REM sleep without

Neurology.org/N
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Figure 1 RBD Symptom Severity Scale—Patient Version

RBD Symptom Severity Scale - Patient Version (RBDSSS-PT)

You are answering this questionnaire because you have been diagnosed with REM sleep behavior
disorder{or RBD). Acting out dreams at night is often caused by RBD. Normally when we dream, we are
unable to move. However, in RBD, you are capable of moving during dreams. These questions are to
help us understand how severe your RBD is.

Because youmay notbe aware whatyou do while asleep, we encourage you to answer these questions
with the help of a bedpartner or someone who lives with you, if available.

A. Introductory questions

1. Do you live alone? Yes O NoO

If yes, skip to question 3. If no,

1a. Do you currently have a bedpartner (that is, someone
who sleeps most nights in the same bed as you)?
If yes, skip to question 2. If no,

Yes O NoO

1b. Did you used to sleep with a bedpartner and had to move

apart because of youracting out of dreams? Yes O NoO

2

Who is providing information for this questionnaire right now?
O Myself, with no other assistance
O Myself, with the assistance of my bed partner
O Myself, with someone who lives with me, but is not my bedpartner.

RBD symptoms. The following questions refer to the past month

3a. Over the past month, how often did you have disturbing dreams or nightmares?
O Never (skip to question 4)
O Rarely (<1/ week),
O Occasionally (1-2 per week),
O Frequently (3-7 times per week),
O Very frequently (>7 times per week; more than once per night)

3b. Overall, how distressing are these dreams/nightmares to you?
O Notatall
O Mild - They might be unpleasant, but they do not really bother me much
[0 Moderate - Enough to disturb my sleep or make me anxious about falling asleep
[ Severe - They are very bothersome, enough to disturb my function during the daytime

4a. Over the past month, how often have you talked loudly or yelled during your sleep? ('loudly' means
enough that you might wake an average person who is in the room with you).

O Never (skip to question 4)

O Rarely (<1/ week),

O Occasionally (1-2 per week),

O Frequently (3-7 times per week),
[ very frequently (>7 times per week; more than once per night)

4b. Overall, how distressing has sleep talking/yelling episode been to you and/or your bedpartner over
the past month

O Notatall

[ Mild - They might be unpleasant, but they do not really bother me much

O Moderate - Enough to disturb my sleep or make me anxious about falling asleep

[ Severe - They are very bothersome, enough to disturb my function during the daytime

5a. Over the past month, how often did you hit, kick, or thrash out during your sleep?
[ Never (skip to question 4)
O Rarely (<1/ week),
O Occasionally (1-2 per week),
O Frequently (3-7 times per week),
O Very frequently (>7 times per week; more than once per night)

Sb. Overall, how severe are the movements, over the past month?

O Not atall

O Mild - | may be temporarily wakened, but no impact on my/our sleep overall.

O Moderate - Bothersome enough to disturb the sleep of myself or my bedpartner

[ Severe - Very disruptive to the sleep of either myself or my bedpartner. It is severe enough to
cause significant impact during the day or is potentially dangerous.

6a. Overthe past month, how many timesdid youinjure either yourself or your bedpartner because of
this acting out of your dreams?

O Never

O Rarely (Once)

O Occasionally {More than once})

6b. Rate the most severe injury over the past month to yourself or bedpartner

[0 Mild - Short duration pain, or a small cut or bruise, but no bothersome pain or impaired
function the following day

O Moderate - Enough to either cause bothersome pain that persisted into the next day or
impair the ability to function well in daily life the next day

O Severe - Enough to either require medical attention, cause persistent and bothersome pain

for more than a week or impair the ability to function well in daily life for more than one week

Scoring: The first two questions are not scored. Questions 3a-6b are scored based on a point value of 0-
4 for frequency items, and 1-4 for severity/impact items. Total severity score for participant
questionnaire should be calculated as: (3a*3b) + (4a*4b) + (5a*Sb) + (6a*6b)

The first 2 questions are not scored. Questions 3a-6b are scored based on a point value of 0-4 for frequency items and 1-4 for severity/impact items. Total
severity score for participant questionnaire was calculated as follows: (3a x 3b) + (4a x 4b) + (5a x 5b) + (6a x 6b).

atonia) across 10 sites in North America. All vPSG data were
reviewed by an NAPS investigator (E.S.L.) to ensure accurate
diagnosis of RBD was made through sleep study and to rule
out any mimics.'' Patients with a diagnosis of an overt par-
kinsonian syndrome, dementia, multiple system atrophy, or
other identifiable cause of RBD (e.g.,, narcolepsy, lesional
RBD) were excluded. This analysis is based on data from the
original NAPS cohort (“NAPS1”) only. Data from completed
RBDSSS-PT questionnaires were included in the analysis if
they had corresponding CGI-S scores available. RBDSSS-BP
scores were excluded for this analysis if they answered “I don’t
know” to questions about frequency of vocalizations, move-
ments, and injuries. Participants completed multiple ques-
tionnaires and a comprehensive, semistructured clinical
interview with questions related to RBD (including age at
onset) by board-certified neurologists using standard proto-
cols. Comorbidities such as history of concussion/traumatic
brain injury (TBI), obstructive sleep apnea (OSA), restless leg
syndrome (RLS), and posttraumatic stress disorder (PTSD)
were reported by participants in their medical history and
general health history. Participants also filled out several val-
idated health history questionnaires such as Patient Health
Questionnaire-9 (PHQ-9) and the PTSD checklist for DSM-
V (PCL-S). If available, bedpartners or an informant (family

Neurology.org/N

member or friend with knowledge of the participant’s day-to-
day functioning) also completed questionnaires and a semi-
structured interview. Information regarding current and pre-
vious medications, specifically medications that may be
associated with RBD symptoms and their temporal correla-
tions to RBD, was also captured in the study. Treatment
decisions for RBD symptoms were made by participants with
their treating physicians independent of their NAPS partici-
pation. A detailed description of the NAPS Consortium
(ClinicalTrials.gov NCT03623672) cohort can be found
here."?

Participants and their bedpartners, if available, completed the
RBDSSS-PT, and the RBDSSS-BP was independently com-
pleted by the bedpartner. A clinician completed the CGI-S on
a 7-point scale ranging from normal/none (1) to most se-
verely ill (7) based on an independent interview with the
participant * their bedpartners (i.e., the clinicians were blind
to the responses on the RBDSSS).

Description of the RBDSSS

Both the participant and bedpartner versions of the scale
consist of 3 core components, namely vocalizations, body
movements, and injury (Figures 1 and 2). In the RBDSSS-PT,

Neurology | Volume 102, Number 3 | February 13,2024
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Figure 2 RBD Symptom Severity Scale—Bedpartner Version

RBD Symptom Severity Scale- Bedpartner Version (RBDSSS-BP)

You are answering this questionnaire because your bedpartner/loved one has been diagnosed with REM sleep
behavior disorder (or RBD). Acting out dreams at night is often caused by RBD. Normally when we dream, we
are unable to move. However, in RBD, people are capable of moving during dreams. These questions are to
help us understand how severe their RBD is.

1a. Do you sleep in the same bed as the person with REM sleep behavior disorder? Yes 0 No O
If yes, skip to question 2. If no,

1b. Did you used to sleep with him/her, but had to move apart because of the sleep problems?
Yes O NoO

2a. Over the past month, how oftendoyou think he or she talked loudlyor yelled during sleep ('loudly’' means
loud enough that you might wake up because of it)?

O Never (skip to question 3)

[ Rarely (<1/ week),

O Occasionally (1-2 per week),

O Frequently {3-7 times per week),

O Very frequently (>7 times per week; more than once per night)

2b. Overall, how distressing is a typical sleep talking/yelling episode to both of you?

O Not at all distressing

O Mild - I/we may be temporarily wakened, but no impact on my/our sleep overall

O Moderate - It is distressing enough to disturb my/our sleep or make me/us anxious about
falling asleep

[ Severe-Theyare very bothersome, enough to disturb my/our function during the daytime

3a. Overthe past month, how often does he/she hit, kick, or thrash out during sleep?
O Never (skip to question 4)
O Rarely (<1/ week),
O Occasionally (1-2 per week),
O Frequently (3-7 times per week),
O very frequently (>7 times per week; more than once per night)

3b. Over the past month, how severe are the movements overall?
O Notatallsevere
O Mild - I/we may be temporarily wakened, but no impact on sleep overall.
O Moderate - It is bothersome enough to disturb my/our sleep
O Severe - Very disruptive to sleep (for either of us). It is severe enough to cause
significant impact during the day, or is potentially dangerous.

4a. Over the past month, how many times was there an injury to either of you?
0O Never
0O Once
O More than once

4b. Rate the most severe injury over the past month

O Mild - Short duration pain, or a small cut or bruise, but no bothersome pain or impaired function

the following day

O Moderate - Enough to either cause bothersome pain that persisted into the next day or impair the

ability to function well in daily life the next day

O severe - Enough to either require medical attention, cause persistent and bothersome pain for

more than a week, or impair the ability to function well in daily life for more than one week

Scoring: The first question is not scored. Questions 2a-4b are scored based on a point value of 0-4 for
frequency items, and 1-4 for severity/impact items. Total severity score for bedpartner questionnaire
should be calculated as: (2a*2b) + (3a*3b) + (4a*4b)

The first question is not scored. Questions 2a-4b are scored based on a point value of 0-4 for frequency items and 1-4 for severity/impact items. Total severity
score for participant questionnaire was calculated as follows: (2a x 2b) + (3a x 3b) + (4a x 4b).

a fourth component of dream content/nightmares (by nature
less reliably reported by bedpartners) is also assessed. All
components use the time scale of the previous 4-week period.
Each component queries both the frequency of the behavior:
never, rarely (<1 per week), occasionally (1-2 per week),
frequently (3-7 per week), or very frequently (>7 per week,
i.e., more than once per night), and the severity/impact of the
behavior (none, mild, moderate, or severe). Additional
questions (not scored) asked whether there is a regular bed-
partner and if not, whether RBD symptoms required partic-
ipants to sleep apart. The scale takes less than 5 minutes to
complete. The English and French versions of the scale were
used in the NAPS Consortium.

Scoring and Validation of Scale

Each question was assigned a point value of 0-4 based on
frequency and 1-4 for severity/impact (none, mild, moderate,
or severe), with higher values representing higher frequency
or severity/impact. The exception to this scoring was for the
injury questions where, to account for the low overall fre-
quency of injury, the scoring range was between 0 and 2. Total
RBDSSS scores for RBDSSS-PT (max score = 54) and
RBDSSS-BP (max = 38) questionnaires were derived by
multiplying assigned point values for frequency and severity
(for each question) and summing them. Thus, the total se-
verity score for the RBDSSS-PT was calculated as follows:
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(3ax3b) + (4ax4b) + (Sax Sb) + (6a x 6b) (Figure 1), and
that for the RBDSSS-BP was calculated as follows: (2a x 2b)
+ (3a x 3b) + (4a x 4b) (Figure 2).

Both the RBDSSS-PT and RBDSSS-BP are free for use for
clinical purposes. They can also be freely used (without re-
striction or requirement for further permission) by not-for-
profit academic research that has been approved by a research
ethics board. Permission for use by for-profit organizations
can be obtained from the IRBDSG (or contact the corre-
sponding author).

Criterion Validity

Criterion validity refers to how well a test correlates with the
gold standard. In this case, this was limited by the lack of a
gold standard measure, so was indirectly assessed through
correlation with the CGI-S. Correlation between total scores
were assessed for the following dyads: RBDSSS-PT vs
RBDSSS-BP, RBDSSS-PT vs CGI-S, and RBDSSS-BP vs
CGI-S. Reliability between participant and bedpartner was
assessed for each question separately except for question 3
(dream content), which was not applicable to the bedpartner
questionnaire. Internal consistency was assessed by compar-
ing intake questions about the frequency of “RBD-related
behaviors” with the corresponding questions on the RBDSSS-
PT about dream content, vocalizations, and movement (each

Neurology.org/N
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Table 1 Characteristics of Participants and RBD Severity Scores

Total (n = 261) Male individuals (n = 210) Female individuals (n =51) p Value

Age, mean + SD 65.3 £9.96 65.6 £ 10.1 64.3+9.2 0.277
Age at symptom onset, mean + SD 51.9+15.7 52.3+15.3 49.9+17.0 0.410
Education, mean + SD 16.2+3.0 16.3+3.0 16.0+2.7 0.387
Medication use (lifetime), n (%)

Any 207 (80.5) 172 (83.1) 35(70.0) 0.046

Clonazepam 127 (49.0) 106 (51.0) 21 (41.2) 0.216

Melatonin 146 (55.9) 122 (58.1) 24 (47.1) 0.208

Other (dopamine agonists, etc.) 20(7.7) 16 (7.6) 4(7.8) 1.000
Current medication use, n (%)

Any 184 (71.0) 156 (74.6) 28 (56.0) 0.014

Clonazepam 106 (40.6) 90 (42.9) 16 (31.4) 0.154

Melatonin 117 (44.8) 100 (47.6) 17 (33.3) 0.084

Other 14 (5.4) 12(5.7) 2(3.9) 1.000
Presence of comorbidities, n (%)

OSA 124 (47.9) 109 (52.2) 15(30.0) 0.007

RLS 51 (20.0) 38 (18.6) 13(25.5) 0.327

PLMS 33(13.5) 26 (13.1) 7(15.2) 0.811

TBI 59 (22.7) 52 (24.9) 7(13.7) 0.096
Validated mental health questionnaires, median (IQR)

PHQ-9 3(1-8) 3(1-7) 4(2-9) 0.303

PCL-5 6 (1-15) 6 (1-15) 7 (1-18) 0.544
RBDSSS data, median (IQR)

RBDSSS-PT 10 (4-18) 10.5 (4-18) 8 (4-16) 0.615

RBDSSS-BP? 8 (4-15) 9 (4-15) 6 (3.5-10.5) 0.020

CGI-S 3(3-4) 3(3-4) 3(2-4) 0.037

Abbreviations: CGI-S = Clinical Global Impression Scale of Severity; IQR = interquartile range; OSA = obstructive sleep apnea; PCL-5 = Posttraumatic Stress
Disorder Checklist for DSM-5; PHQ-9 = Patient Health Questionnaire-9; PLMS = periodic limb movements of sleep; RBDSSS = RBD Symptom Severity Scale;
RBDSSS-BP = RBDSSS-Bedpartner version; RBDSSS-PT = RBDSSS-Participant version; RLS = restless leg syndrome; TBI = traumatic brain injury.

2@ Available for 214 participants.

domain of RBDSSS). To determine which RBDSSS symptom
best correlated with the CGI-S, each individual question was
correlated with the CGI-S separately for the participant and
bedpartner questionnaires.

Construct Validity Using Item Response Theory

Construct validity describes to what degree a test measures
what it was intended to measure. We used the item re-
sponse theory (IRT)"*'® to further assess RBDSSS prop-
erties and responses to individual questions on the
instrument. We used the Graded response model to reflect
the Likert scale-type questions in our scale'* to un-
derstand item properties and obtain adjusted weighted

Neurology.org/N

scores for each item/question. In brief, the IRT model
allows evaluation of each item on a questionnaire, based on
characteristics of the questions themselves and the person
completing it (in our case, overall RBD severity as reported
by participants or their bedpartners).'® Category charac-
teristic curves were generated for each question (separately
for frequency and severity). For each item, the 50%
probability of endorsing a particular choice for a question/
item is denoted by the variable “theta, 8” (referred to here
as RBD severity trait) or “difficulty parameter, b.” Param-
eters defining sensitivity to change in overall RBD severity
of an item are calculated as “discrimination parameter”
or “a.
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Figure 3 Violin Plots Showing RBD Severity Scores of (A) Patient (B) Bedpartner, and (C) CGI Scores by Medication Use
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Shape of violin plots show the probability density of RBD severity scores are concentrated around the median. The median RBD severity scores for both
patient and bedpartner were numerically higher in patients treated with medication but statistically not different. CGI-S = Clinical Global Impression Scale of
Severity; RBDSSS = RBD Symptom Severity Scale; RBDSSS-BP = RBD Symptom Severity Scale-Bedpartner version; RBDSSS-PT = RBD Symptom Severity

Scale-Participant version.

Statistical Analyses

Descriptive statistics were used to describe the cohort char-
acteristics. We reported continuous variables as medians and
interquartile range values, while categorical variables were
reported as numbers and percentages. The Fisher exact test
or x” test was used to compare categorical variables, and the
nonparametric Wilcoxon rank sum test was applied for
continuous variables. Nonparametric tests, including the
Spearman correlation (r,), were used to describe relation-
ships between the RBDSSS and CGI-S. The effect of pres-
ence of other sleep comorbidities such as OSA, RLS,
periodic limb movements of sleep (PLMS), TBI, and PTSD
on the RBDSSS were determined. The relationship between
the RBDSSS, CGI-S scores, and pharmacologic treatment
with melatonin and/or clonazepam was also evaluated. In-
ternal consistency between questions was measured by
Cronbach a. The IRT was applied to both participant and
bedpartner questionnaires. We used the Consensus-based
Standards for the selection of health status Measurement
Instruments reporting guidelines for studies on measure-
ment properties as a guide for reporting results.'” All sta-
tistical analyses were performed with the STATA version 17
(Statacorp., College Station, TX). A p value <0.05 was
considered significant.

Standard Protocol Approvals, Registrations,
and Patient Consents

All patients and/or their proxies provided written informed
consent before their participation at each enrollment site, all
of which received local institutional review board (IRB)
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approval. The University of Arizona IRB determined this
analysis to be exempt from additional review.

Data Availability

Anonymized data not published within this article will be
made available by the NAPS Consortium by request from
qualified investigators.'>

Results

The IRBDSG revised and developed the RBDSSS-PT and
RBDSSS-BP. The participant and bedpartner versions are
provided in Figures 1 and 2, respectively. Data from the first
261 NAPS consortium participants with completed RBDSSS-
PT are included. Of them, 214 had corresponding RBDSSS-
BP questionnaires completed, and 61 bedpartners had to
move out to a different room due to RBD-related behavior.
CGI-S scores were available for all 261 participants.

Characteristics of the RBDSSS

Our cohort was mostly male individuals (80.4%) and Cau-
casian (92.7%). Demographic characteristics for participants
included in this analysis are summarized in Table 1. The
median (interquartile range) score for the RBDSSS-PT was
10 (4-18) of possible 54 and that for the RBDSSS-BP was 8
(4-15) of possible 38. The median CGI-S was 3 (3-4), in-
dicating moderate severity. Approximately 80.5% of partici-
pants had been treated with a medication for their RBD
symptoms at some point, and 71% were receiving symp-
tomatic treatment medications during evaluation (Table 1).
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Figure 4 Distribution of RBDSSS-PT and RBDSSS-BP Scores by Sex and Age at RBD Symptom Onset

A RBDSSS-PT B RBDSSS-BP
Aggregate . Aggregate [ oo = Female
W Male
5 65 ] 65+ 1 [ —
5 5564 — 55-64 1 —
S ssd I 45-541 I R
€ sy I 25-44 I —
0-241 R B 0-241 [ —
T T T T T T T 1 <+ < 1T ___°r 1T 1 1

Score

20 15 10 5 0 5 10 15 20
Score

Sex differences in distribution of RBDSSS-PT (A) and RBDSSS-BP (B) for each decade of symptom onset. Red bars indicate women, and blue bars indicate men. RBDSSS
= RBD Symptom Severity Scale; RBDSSS-BP = RBD Symptom Severity Scale-Bedpartner version; RBDSSS-PT = RBD Symptom Severity Scale-Participant version.

There was no difference in reported median RBDSSS-PT with
the presence of other sleep comorbidities such as OSA (9 vs
11, p = 0.21), RLS (12 vs 9, p = 0.14), and PLMS (12 vs 9,
p = 0.29). By contrast, the presence of PTSD was associated
with higher RBDSSS-PT scores (13 vs 9, p = 0.02). Figure 3
shows that median RBDSSS-PT and RBDSSS-BP scores were
similar between participants who were treated with medica-
tions (clonazepam or melatonin) over their lifetime compared
with those who were not (RBDSSS-PT of 10 vs 8, p = 0.22
and RBDSSS-BP 9 vs 6, p = 0.14, respectively). Of 261
participants, 145 (56.9%) had been on an antidepressant at
some point in their lifetime, 30 (11.5%) felt that their RBD
symptoms began after they started antidepressants, and 41
(16.1%) felt that they had been on a medication that worsened
their symptoms in the past. Only 7 (2.7%) were attributed
to any medications by clinicians during their independent
evaluation.

Sex Differences in RBD Severity Scores

The RBDSSS-PT median score for men in our cohort were
similar to that for women (10.5 vs 8, p = 0.615). However,
RBDSSS-BP median scores in women (i.e., reported scores by
bedpartners of a female participant) were significantly lower
compared with those in men (9 vs 6, p = 0.02). Similarly, the
CGI-S for women was lower compared with that for men (p =
0.04). This pattern was true for all ages at onset of symptoms,
as depicted in Figure 4, A and B. Among comorbidities, men
had a higher frequency of OSA (p = 0.007). No sex differences
were observed in other comorbidities, PHQ-9 scores, or PCL-
5 scores (Table 1).

Correlation Analysis

A moderate correlation was observed between participant and
bedpartner questionnaire (r, = 0.56, p < 0.0001). The CGI-S
correlated moderately with both the RBDSSS-PT and
RBDSSS-BP (r, = 0.56 vs r, = 0.49, both p < 0.001), with a
slightly stronger correlation for the participant version
(p < 0.001). Figure S, A-C depicts the correlation between
each dyad. RBDSSS-PT and RBDSSS-BP individual items
demonstrated a moderate correlation for frequency of
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vocalization, movements, and injury (r, = 0.64, 0.50, and 0.42
respectively, p < 0.0001). Similarly, for severity/impact of
vocalization, movements, and injuries, correlation between
the RBDSSS-PT and RBDSSS-BP demonstrated Spearman p
values of 0.24 (p = 0.002), 0.10 (p = 0.203), and 0.42 (p <
0.0001), respectively. The RBDSSS-PT version demonstrated
good internal consistency with a Cronbach a of 0.83, while the
RBDSSS-BP had an acceptable internal consistency with a
corresponding Cronbach a of 0.75.

Questions about frequency of dream content, vocalization,
and movement correlated moderately with RBD-related
behavior frequency on the intake interview with a Spear-
man p coeflicient of 0.47, 0.51, and 0.46, respectively (all
p < 0.0001). Frequency of injury was directly correlated to
intake items about injury with Spearman p correlation of
0.41 (p < 0.0001).

In the RBDSSS-PT questionnaire, the item on movements
(question S) correlated best with the CGI-S (r, = 0.54,
p <0.0001), followed by dream content (r, = 0.4S, p < 0.0001)
and vocalizations (r, = 0.44, p < 0.0001). The component on
injuries (question 6) RBDSSS-PT seemed to correlate least
with the CGI-S (r, = 0.28, p < 0.0001). In the RBDSSS-BP,
the questions on vocalization (question 2) and movement
(question 3) had similar correlations to CGI-S (r, = 0.45 and
0.44, p < 0.0001, respectively). The RBDSSS-BP component
on injuries (question 4) also correlated less strongly with the
CGLS (021, p < 0.002).

Analysis of Validity Using the IRT

The category characteristic curve for the frequency and se-
verity of each component/question is depicted in eFigure 1
(RBDSSS-PT, links.lww.com/WNL/D316) and eFigure 2
(RBDSSS-BP, links.lww.com/WNL/D317). The frequency
and severity within each category (question/component on
the questionnaire) do not share the same pattern in parameter
distribution. The IRT analysis determined that increase in
component scores correctly described increasing levels of
RBD severity trait (0), but the rate of increment is
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Figure 5 Correlations Between the RBDSSS-PT, RBDSSS-BP,
and CGI-S
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(A) Correlation between the RBDSSS-PT and RBDSSS-BP, r = 0.5608, n = 214.
(B) Correlation between the RBDSSS-PT and CGI-S, r = 0.5558, n = 261. (C)
Correlation between the RBDSSS-BP and CGI-S, r = 0.4906, n = 214, All cor-
relations are significant with p < 0.0001. Solid line represents linear re-
gression with dashed lines representing 95% Cls. CGI-S = Clinical Global
Impression Scale of Severity; RBDSSS = RBD Symptom Severity Scale;
RBDSSS-BP = RBD Symptom Severity Scale-Bedpartner version; RBDSSS-PT
= RBD Symptom Severity Scale-Participant version

inconsistent across the different components. That is to say, as
the overall RBD severity trait increases (6 on x-axis), there is
increasing probability of endorsing a higher frequency or
higher impact/severity score on individual components on
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the scale. However, the increase in RBD severity is not linearly
related to increase in frequency or impact. For example, at
higher levels of overall RBD severity, only a slight increase in
severity correlated with a greater impact due to movements or
vocalizations, whereas in the milder ranges, a relatively larger
increase in severity was required for participants to feel more
impact (Table 2, denoted by difficulty parameter (b)). The
difficulty parameters were not evenly distributed around zero
and demonstrated a considerable level of fluctuation between
different thresholds across components. If behaviors were less
frequent (on the multiple choice), for example, the following
components: dreams < vocalizations < movements < injury
(from least severe to most severe) were reflective of increasing
RBD severity trait in that order. This trend did not hold true
for the highest frequency choice. There were no consistency
in the severity/impact item categories such that for each
category chosen, either movement or dream content may
depict higher RBD severity. This meant that, for a given
overall RBD severity trait, impact/severity of individual be-
haviors (vocalizations or movements) may be variable and
may not necessarily be higher in movements than vocaliza-
tions or dream content. If, however, the highest category of
impact was selected for injury questions, this was indicative of
very high overall RBD severity showing that all participants
consistently associated injuries with high severity trait. The
detailed properties of the RBDSSS-PT questionnaire, difli-
culty (b) and discrimination (a), are described in Table 2.

For discrimination (sensitivity to changes in overall severity),
question Sb (movement severity) demonstrated the highest
value (2.12) while 4a (vocalizations frequency) demonstrated
the lowest (1.40). This means that questions about severity/
impact of movements performed best at discriminating be-
tween participants with different RBD severity. The
descending sequence of the questions’ discrimination power
(“a”) was Sb (movement severity), 4b (vocalization severity),
Sa (movement frequency), 3a (dream frequency), 6a (injury
frequency), 3b (dream content severity), 6b (injury severity),
and 4a (vocalization frequency). The discrimination param-
eters for all the questions, however, fell within high
(1.35-1.69) to very high (>1.70), indicating a modest varia-
tion in item discrimination.

The properties of the RBDSSS-BP questionnaire, difficulty
(b) and discrimination (a), are described in eTable 1 (links.
lww.com/WNL/D318). For difficulty parameters, within the
same frequency category, injuries > movements > vocaliza-
tions were related to higher RBD severity trait (in that order).
For discrimination, item 3b (movements distress) demon-
strated the highest value (3.60) like the RBDSSS-PT ques-
tionnaire, while 4b (distress with Injuries) demonstrated the
lowest (1.29). In the bedpartner questionnaires, the dis-
crimination power of the movement severity question was
higher than the corresponding component of participant
questionnaire. Of interest, the severity/impact of injuries had
poorer discriminatory power between participants with
varying RBD severity trait, perhaps because of a ceiling effect.
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Table 2 Item Response Theory Parameters of Each RBDSSS-Patient Questionnaire Item and Its Rank of Information

Amount
Discrimination Difficulty ®)

ID Items (a) 21 22 23 4
Dream
content

3a Over the past month, how often did you have disturbing dreams or nightmares? 1.94 -1.69 -0.16 1.03 2.3

3b Overall, how distressing are these dreams/nightmares to you? 1.76 -1.35 0.71 2.39
Vocalizations

4a Over the past month, how often have you talked loudly or yelled during sleep? 1.40 -1.33 0.07 1.23 2.59

4b Overall, how distressing are talking/yelling episodes been to you over the past month? 2.07 -0.77 091 2.27
Movements

5a Over the past month, how often did you hit, kick, or thrash out during your sleep? 2.00 -1.18 0.17 1.28 2.50

5b Overall, how severe are the movements over the past month? 212 -1.21 0.61 2.19
Injuries

6a Over the past month, how many times did you injure either yourself or your bedpartner 1.78 0.87 2.00

because of movements during sleep?

6b Rate the most severe injury over the past month to yourself or bedpartner related to 1.63 0.83 229 351

movements during your sleep

The difficulty parameter (“b") represents the 50% probability that an individual with a certain RBD severity endorses a category choice or higher in a question/
item. The numbers 1, 2, 3, and 4 are the choices in each question (none—very frequent for frequency items and mild-severe for severity/impact items).
Discrimination parameter (“a”) represents overall sensitivity of an item in detecting overall RBD severity.

The discrimination parameters for all the questions, however,
fell within moderate (0.65-1.34) to very high (>1.70).

Discussion

In this study, we describe the development and psychometric
and clinimetric properties'® of a participant-reported and
informant-observed measure of RBD symptom severity for
use in clinical and research settings. Our findings show that
the RBDSSS demonstrates good internal consistency, ade-
quate validity, and sensitivity/discriminatory value to measure
RBD severity in participants with PSG-confirmed idiopathic
RBD. Among individual items, questions about movement
impact/severity were most sensitive at discriminating overall
RBD severity between participants. Items inquiring about
frequency and impact of injury were most indicative of the
highest overall RBD severity, as shown by our IRT analysis.
Because the RBDSSS takes less than S minutes for
participants/patients and/or bedpartners to complete, it can
be efficiently used to provide estimates of RBD symptom
severity in both clinical and research settings.

The RBDSSS-PT and RBDSSS-BP are participant/patient—
reported and observer-reported, overlapping measures of
impact of disease,'® which could be helpful toward improving
shared decision-making.'® Symptom reporting is also in-
creasingly used in clinical trials.'” We demonstrate moderate
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correlations between participants’” and bedpartners’ percep-
tion of RBD severity. Of note, these scales were filled out
during enrollment into the study and not during diagnosis or
at onset of symptoms; correlations between the RBDSSS-PT
and RBDSSS-BP may differ when measured at different time
points in the disease. The RBDSSS-PT demonstrated slightly
greater internal consistency than the bedpartner version,
suggesting that addition of the dream content item improves
the questionnaire. In our cohort, participant scores showed
modest correlations with the CGI-S, whereas the correlation
with bedpartner scores was relatively weaker. This maybe
reflective of the NAPS protocol, where the clinician primarily
used the participant intake interview to determine the CGI-S.
The CGI-S, although subjective, is considered the current
“gold standard” for clinical trials and was previously recom-
mended by the IRBDSG for use in trial settings.” However,
negative clinical trials for symptomatic treatments' has fueled
discussion regarding the need for more standardized end-
points for RBD severity. The CGI-S is also limited by 7-point
distribution range. Participants with similar CGI-S scores
demonstrate a wider distribution of RBDSSS scores as noted
in Figure S, which may permit detection of more nuanced
changes in severity. This needs to be evaluated further in the
future with longitudinal assessments using this scale. Fur-
thermore, patient-reported outcomes and clinician perception
of severity can differ substantially,”® and participant/patient
and bedpartner perception maybe more useful in determining
need for intervention.
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The RBDSSS can be considered as a nonoverlapping in-
strument to PSG measures of severity, including RBD severity
scores and quantification of REM sleep muscle activity
(i.e, REM sleep without atonia).”*'*® Whereas PSG-based
scales would have an important advantage in minimizing recall
bias, analyses of dream enactment on video demonstrate
considerable intraindividual variability in quality and quantity
of RBD-related behaviors between each night.*” If multiple
nights are required, PSG-based severity scales will have cost
and tolerability limitations when applied to clinical settings or
in clinical trials requiring repeated assessments. The RBDSSS
addresses the severity and frequency of RBD episodes over a
month, providing a broader time frame than PSG-based scores,
and may be conveniently repeated during multiple visits during
follow-ups or throughout the course of a clinical trial to track
the progression and effect of treatment. Another key feature of
the RBDSSS is that it weighs both frequency and impact to
assess severity, whereas other overlapping questionnaire-based
scales may only assess one of these aspects.

The IRT has been used successfully in several neurologic
conditions to develop and validate patient-reported scales.””*
The IRT can assess relationships between item scores and latent
trait (6, overall RBD severity in this study) in a sample-invariant
manner making the outcome more reliable and valid.'**'
Analysis using graded response theory (specific subtype of IRT
used in this study) showed that the RBDSSS assesses RBD
severity effectively across a range of overall RBD severity (-4 to
+4). Specifically, a higher frequency of RBD behavior was as-
sociated with higher RBD severity. Furthermore, all items
presented high to very high (a >1.70) discriminatory properties
to RBD severity with appropriate scaling to overall RBD se-
verity, where a >1 is usually desirable.' Although the RBDSSS
is multidimensional and items reflect multiple behaviors noted
in dream state, questions about movements during sleep seem
to correlate best with the CGI. There was relatively low cor-
relation between the RBDSSS-PT and RBDSSS-BP in the
movement impact item, which may be related to the fact that
most movements do not waken patient, although frequently
disturb their bedpartner. In the graded response model, ques-
tions about movement impact also had the highest discrimi-
natory value for both bedpartner and participant questionnaires.
This component is most sensitive to slight changes in overall
RBD severity and therefore maybe helpful in longitudinal
monitoring. The injury-specific component, while not sensitive
to slight changes, does seem to correlate with highest RBD
severity and is therefore more specific for higher overall RBD
severity. This is likely because injuries are a significant factor in
decreased quality of life for patients and bedpartners, leading to
the need to sleep apart with reduced intimacy between part-
ners.> The individual items of frequency and severity/impact
assess RBD severity trait adequately. This means symptomatic
treatments may use individual item response as an outcome
measure for treatment efficacy in future clinical trials.

Idiopathic RBD is more commonly diagnosed in men than

32 .
women”” as has been consistently demonstrated across
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multiple studies.*® This is also reflected in our cohort because
more men were enrolled than women. We noted sex differ-
ences in overall RBD severity reported by bedpartners and
clinicians, although the participant-reported RBD severity
scores were no different between sexes. Accordingly, there
was a trend for women to be less likely to be treated with
medications compared with men in their lifetime (bedpartner
impact is the most common driver of treatment decisions in
clinical practice). Whether this difference has a biological
underpinning is not known. A study in Japan has directly
assessed RBD severity between sexes using the RBD
questionnaire—Japanese version, and found no differences in
severity>* based on sex. One study reported that women with
RBD may have greater REM sleep phasic muscle activity.*>>*
Studies of clinical RBD severity and injury have found in-
consistent differences between sexes; while some studies have
found that men seem to have more vigorous dreams with
injuries and potential for injury*>**; another study focused
primarily on injury in patients with RBD found similar
reported injury between sexes.* Injuries and violent dream
enactment behaviors could lead to greater perceived severity
of RBD by bedpartners. On the contrary, women tend to live
longer and may therefore be less likely to have a bedpartner,
leading to difficulty in ascertaining the true severity of RBD in
women.

The strength of this study is that it evaluated a large cohort of
well-defined, vPSG-confirmed RBD. However, the use of the
RBDSSS is currently limited to population with idiopathic
RBD. The RBDSSS requires validation in larger clinical
practice cohorts with idiopathic RBD and symptomatic RBD
occurring in association with established neurodegenerative
synucleinopathies and other neurologic diseases where RBD
is very common. While the scale demonstrates good proper-
ties, longitudinal assessments to determine minimal clinically
meaningful change and association with fluid biomarkers will
be beneficial. Future investigations should also correlate scale
scores with RBD symptoms objectively detected through
portable home-monitoring devices. The RBDSSS also does
not address the measurement of REM sleep without atonia in
the absence of overt clinical manifestations and the unknown
risk of progression to full RBD that may be associated with it.
Finally, it is of note that the NAPS cohort is predominantly
Caucasian, male, and based in North America, thereby limit-

ing generalizability.

In conclusion, we describe the validity of the RBDSSS, an
easy-to-administer participant-reported and bedpartner-
reported RBDSSS in idiopathic RBD. Of note, the RBDSSS
is free for use in clinical practice and can be used without
restriction for not-for-profit academic research. The RBDSSS
demonstrates reliable clinimetric properties for measuring
RBD severity and good concordance with the CGI-S. While
further studies are required, the RBDSSS has potential for use
in clinical and research setting for monitoring both natural
progression and response to treatment and thus assist in
understanding this important sleep condition.
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