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Abstract

Background—Rapid eye movement sleep Behavior Disorder occurs with idiopathic Parkinson
disease (PD), and often precedes PD. Its frequency in LRRK2-PD and utility as a pre-clinical
marker has not been established.

Methods—144 idiopathic PD, 142 LRRK2 G2019S mutation PD, 117 non-manifesting carriers,
93 related non-carriers, and 40 controls completed the Rapid eye movement sleep Behavior
Disorder Screening Questionnaire.

Results—30.6% idiopathic PD, 19.7% LRRK2-PD, 6% non-manifesting carriers, 20.4% related
non-carriers, and 15% controls met cut-scores. The likelihood of abnormal scores was decreased
in LRRK2-PD vs. idiopathic PD (OR=0.55, p=0.03), non-manifesting carriers vs. related non-
carriers (OR=0.25, p<0.01), and PD <3 years duration, 1/19 LRRK2-PD vs. 14/41 idiopathic PD
(p<0.05).

Conclusions—There is a lower frequency of abnormal Questionnaire scores in LRRK2-PD,
especially in early LRRK2-PD, and in non-manifesting carriers. Therefore, the Rapid eye
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movement sleep Behavior Disorder Questionnaire is unlikely to serve as a pre-clinical marker for
phenoconversion to PD.

Keywords
Parkinson’s disease; LRRK2; REM Behavior Disorder; RBDSQ; pre-clinical

INTRODUCTION

In the search for markers of pre-clinical parkinsonism, REM sleep behavior disorder (RBD)
holds promise, as it is highly specific for phenoconversion to parkinsonism. As many as
90% of RBD cases develop a synucleinopathy, either idiopathic PD (IPD), Parkinson
disease with dementia, dementia with Lewy bodies, or multiple system atrophy—4. The time
course to motor phenoconversion may exceed 10 years®: °, suggesting a long at-risk “pre-
clinical” period during which potential therapeutics might be applied to lessen pathologic
burden before development of full-fledged clinical disease® 7. The gold-standard assessment
for RBD is polysomnography (PSG). However, questionnaires regarding sleep behavior
have good correlation with cases diagnosed in sleep laboratories,8 and are more practical as
screening tools. Harboring the G2019S LRRK2 mutation is also a marker of pre-clinical
disease, but only a third of carriers develop PD in their lifetimes 2 10, Therefore, combining
a questionnaire marker for RBD with carriage of the LRRK2 mutation might detect
individuals who are at higher risk for phenoconversion. The REM Sleep Behavior Disorder
Screening Questionnaire (RBDSQ)8 is one such questionnaire. In a smaller group of
LRRK2-PD, there was a trend for RBDSQ abnormalities to be less frequent in LRRK2-PD
than IPD32, Further, in a subset of the population evaluated here, continuous RBDSQ scores
did not differ between carriers without PD (non-manifesting carriers (NMC)) and family
members without PD (non-carrier family members, NCF)1°. Herein we report the largest
group of G2019S mutation LRRK2-PD assessed with RBDSQ, and because of the sample
size, are able to report on a subgroup with early disease.

METHODS

536 participants from the LRRK2 Ashkenazi Jewish Consortium centers in Tel Aviv (Tel
Aviv Medical Center, TA n=249,) and New York (Mount Sinai Beth Israel, MSBI n=155,
and Columbia University Medical Center, CU n=155), self-administered the RBDSQ, a
questionnaire that evaluates frequency of dreams and nocturnal behavior, self and bed
partner injurious behavior, specific movements and activities during sleep, nocturnal
awakenings and overall sleep quality. Subjects included 144 PD without G2019S or any of
the eight major Ashkenazi Jewish GBA1 mutations (IPD), 142 G2019S mutation carriers
with PD (LRRK2-PD), 117 G2019S mutation carriers without PD (NMC), 93 non-PD, non-
mutation-carrying family members (NC-F), and 40 unrelated controls. Continuous scores
from a subset of the RBDSQ data comparing NMC to NC-F were previously reported.1®

Univariate demographic and RBDSQ comparisons were performed using Wilcoxon rank
sum and Fisher’s exact or Chi-squared tests both for the groups overall and evaluating
factors that might be related to RBD. Generalized estimating equation (GEE) logistic
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regression models evaluated likelihood of RBD by the RBDSQ cutoff-scores (defined as =6
for PD37 and =5 for non-PD8), and adjusted for age, gender, UPDRS-111, and site (NY or
TA), accounting for correlation between family members.

Further secondary analyses were performed within groups to determine whether features
segregated with RBD in the LRRK2-PD and IPD groups, including duration of disease,
UPDRS-111, motor subtype (postural instability gait predominant, PIGD)16, Montreal
Cognitive Assessment (MoCA) and hyposmia (defined as <15t percentile for age and
gender with the 40-item University of Pennsylvania Smell Identification Test (UPSIT)).

RESULTS

Demographics (Table 1)

LRRK2-PD were more likely to be male than controls and NMC but not than IPD or NC-F.
Mean age of IPD (64.9 £ 11.3) was not different from LRRK2-PD (67.2 £ 9.8). Both IPD
and LRRK2-PD were older than NMC (53.3 + 15.9) and NC-F (52.8 + 18.5). IPD were
younger than controls (69.8 + 10.6) but LRRK2-PD were not. Age at onset did not differ
between IPD and LRRK2-PD (58.0 + 10.9 and 57.4 + 11.0), nor did UPDRS-III, but
duration of PD was longer in the LRRK2-PD group (7.36 + 7.53 vs. 9.98 + 7.10 years)
(p<0.01).Y7

RBDSQ Scores (Table 1)

30.6% of IPD met criteria for abnormal RBDSQ score vs. 19.7% of LRRK2-PD, 6.0% of
NMC, 20.4% of non-carrier family members and 15.0% of controls. In the main GEE model
adjusting for age, site (NY vs. TA) and gender, the likelihood of having abnormal RBDSQ
was decreased in LRRK2-PD vs. IPD (OR=0.55, p=0.03) and increased in LRRK2-PD vs.
NMC (OR=3.24, p=0.01) but not different in LRRK2-PD vs. controls (OR 1.50, p=0.42). It
was less in NMC than NC-F (OR=0.25, p<0.01), and did not differ between NMC and
controls (OR=2.17, p=0.21). Among subjects with early PD (<3 years duration), abnormal
scores were present in only 1/19 cases with LRRK2-PD and in 12/41 cases with IPD
(p<0.05). In post hoc univariate comparisons in IPD (Table 2), abnormal RBDSQ scores
were associated with worse UPSIT score, PIGD phenotype. In LRRK2-PD, duration of
disease and anxiety were significant.

There was no difference between the IPD and LRRK2-PD groups in current use of
medications implicated as triggers of RBD, such as MAO-B inhibitor, tricyclic
antidepressant (TCA), or selective serotonin reuptake inhibitor (SSRI) (IPD=82.6% vs.
LRRK2-PD=73.9%, p=0.07) or those used for treatment of RBD, such as clonazepam
(IPD=6.9% vs. LRRK2-PD=7.8%, p=0.80). In a GEE model limited to patients with PD
adjusting for reported current use of trigger or treatment medication, age, site, gender, and
disease duration, there was no change in the direction or the overall magnitude of the odds
ratio for abnormal RBDSQ between LRRK2-PD and IPD.
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DISCUSSION

RBD should meet several criteria to serve as a marker to detect a highly at-risk LRRK2-PD
subset: it should 1) have easily applied and relevant instruments that discern the marker and
these should 2) be abnormal in at least a subset of affected individuals in the disease of
interest (LRRK2-PD), 3) be abnormal early in disease, and 4) be present in at least a subset
of NMC prior to phenoconversion. While PSG is the gold-standard, the RBDSQ is readily
applied and inexpensive and, in our study, the proportion of IPD with RBD was similar to
another studyl8, However, while present in LRRK2 carriers, abnormal RBDSQ scores
occurred in only one of the 19 LRRK2-PD with early disease, compared with 14/41 IPD
(p=0.05). This supports that even in a cross-sectional LRRK2 study, abnormal RBDSQ is not
a frequent feature in early LRRK2-PD. Further, the paucity of NMC who meet criteria for
RBDSQ does not allow for assessment of a subcluster, which might be present in a small
subgroup of NMC close to phenoconversion.1?

The decreased frequency of abnormal RBDSQ scores in LRRK2-PD compared with IPD is
consistent with its infrequency in certain genetic forms of PD. RBD is more common in IPD
with neuropsychological deficits,20-24 akinetic-rigid disease,25-27 orthostatic changes,3: 28
and greater heart-rate variability2°. With the exception of MoCA, which did not correlate
with abnormal RBDSQ scores in this cohort, we observed similar trends suggesting possible
subgroups relating RBD and non-motor features in both IPD and LRRK2-PD. In the IPD
group, RBDSQ was associated with worse olfaction and PIGD phenotype. In the LRRK2-
PD group, RBD was associated with more prominent trait (p<0.01) and state (p=0.03)
anxiety, 30.31.19

There are several limitations to our study. Measurement of RBD by questionnaire does not
capture RBD in the same manner as the gold standard polysomnography, and the RBDSQ is
just one of several validated questionnaires, each with their respective strengths.
Additionally, we did not require sleep partners to participate in all questionnaires, and the
information regarding whether a bed partner participated in the questionnaire was not
consistently noted, so that a proportion of cases might be underestimated or mis-classified.
However, in support of our methodology and findings, our results are consistent with the
trends seen using other assessment methods, where the rates of RBD were lower in LRRK2-
PD (range: 11.1-21.2%) compared to IPD (range: 29 to 42%)32-34, Further, the RBDSQ
performs well overall, particularly with normal volunteer controls, with 96% sensitivity and
92% specificity®. This group is more similar to NMC, NC-F and controls than a
symptomatic RBD group would be. Only one study reports the gold standard for RBD, PSG,
and reports six cases of LRRK2-PD with RBD4. However rates were not compared
between LRRK2-PD and IPD. Further, PSG is time-intensive and expensive. We cannot
exclude that rates might differ were PSG utilized, as clinical reports may underreport as
many as half of the cases36: 37,

In summary, RBD, as measured by RBDSQ, is not a common feature of early LRRK2 PD
and LRRK2 gene carrier status overall. Longitudinal study with PSG will facilitate a more
precise assessment of the association between RBD and LRRK2 expression over time.

Mov Disord. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saunders-Pullman et al. Page 6

Acknowledgments

Funding: This study was funded by the Michael J Fox Foundation for Parkinson’s Research, the National Institute
of Health (through Grant Numbers K02-NS073836, R56NS036630, KO2NS080915, NS050487, NS060113, UL1
TR000040, UL1 RR024156 and NINDS 10628097) as well as by grants from the Tel Aviv Sourasky Medical
Center Grant of Excellence, Khan Foundation, and the Israel Science Foundation Heritage Legacy. The funding
sources had no involvement in the design, interpretation or writing of this manuscript.

We thank the participants of this project for their invaluable participation and the staff of the AJ LRRK2 consortium
for their contribution:

Mount Sinai Beth Israel Medical Center, New York, NY : Vicki Lynn Shanker, MD; Mark Groves, MD;
Christine Palmese, PhD; Erin Deegan, MD; Adam Drobnis, MD; Jeffrey Ratliff, MD; Lawrence Severt, MD;
Naomi Lubarr, MD; Rivka Sachdev, MD; Amanda Pomerantz, BA

Columbia University, Columbia Presbyterian Medical Center, New-York, NY: Stanley Fahn, MD; Lucien
Cote, MD; Paul Greene, MD; Cheryl Waters, MD; Pietro Mazzoni, MD, PhD; Blair Ford, MD; Elan Louis, MD
MSc; Oren Levy, MD PhD; Ming Xin Tang, MD; Brian Rakitin, PhD; Ernest Roos, MD; Martha Orbe Riley, MD;
Llency Rosado, MD; Carol Moskowitz, RNC; Tsvyatko Dorovski; Xinmin Liu, PhD; Sergey Kisselev, MS; Itsik
Peer, PhD; Vladimir Vacic, PhD

Tel Aviv Sourasky Medical Center, Tel Aviv, Israel: Yaacov Balash, MD; Shabtai Hertzel, MD; Ariella Hillel,
RN; Ziv Gan Or, PhD; Hila Kobo, MSc; Noa Bregman, MD; Meir Kestenbaum, MD; Talma Hendler, MD, PhD;
Hedva Lehrman, MD; Einat Even Sapir, MD, PhD; Maayan Zelis, DMD; Michal Shtaigman, RN; Eti Shimony;
Michaela Victor; Marina Grumberg; Ora Assais

References

1. Ahmed Z, Asi YT, Sailer A, et al. The neuropathology, pathophysiology and genetics of multiple
system atrophy. Neuropathology and applied neurobiology. 2012; 38:4-24. [PubMed: 22074330]

2. Iranzo A, Tolosa E, Gelpi E, et al. Neurodegenerative disease status and post-mortem pathology in
idiopathic rapid-eye-movement sleep behaviour disorder: an observational cohort study. The Lancet
Neurology. 2013; 12:443-453. [PubMed: 23562390]

3. Postuma RB, Gagnon JF, Vendette M, Fantini ML, Massicotte-Marquez J, Montplaisir J.
Quantifying the risk of neurodegenerative disease in idiopathic REM sleep behavior disorder.
Neurology. 2009; 72:1296-1300. [PubMed: 19109537]

4. Schenck CH, Boeve BF, Mahowald MW. Delayed emergence of a parkinsonian disorder or
dementia in 81% of older men initially diagnosed with idiopathic rapid eye movement sleep
behavior disorder: a 16-year update on a previously reported series. Sleep medicine. 2013; 14:744—
748. [PubMed: 23347909]

5. Boeve BF, Silber MH, Ferman TJ, et al. Clinicopathologic correlations in 172 cases of rapid eye
movement sleep behavior disorder with or without a coexisting neurologic disorder. Sleep medicine.
2013; 14:754-762. [PubMed: 23474058]

6. Postuma RB, Aarsland D, Barone P, et al. Identifying prodromal Parkinson’s disease: pre-motor
disorders in Parkinson’s disease. Movement disorders : official journal of the Movement Disorder
Society. 2012; 27:617-626. [PubMed: 22508280]

7. Postuma RB, Gagnon JF, Montplaisir J. Rapid eye movement sleep behavior disorder as a
biomarker for neurodegeneration: the past 10 years. Sleep medicine. 2013; 14:763-767. [PubMed:
23058689]

8. Stiasny-Kolster K, Mayer G, Schafer S, Moller JC, Heinzel-Gutenbrunner M, Oertel WH. The REM
sleep behavior disorder screening questionnaire--a new diagnostic instrument. Movement
disorders : official journal of the Movement Disorder Society. 2007; 22:2386-2393. [PubMed:
17894337]

9. Marder K, Tang M, Alcalay R, et al. Age Specific Penetrance of the LRRK2 G2019S Mutation in
the Michael J Fox Ashkenazi Jewish (AJ) LRRK2 Consortium (S17.002). Neurology. 2014;
82:517.002.

Mov Disord. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saunders-Pullman et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 7

Ozelius LJ, Senthil G, Saunders-Pullman R, et al. LRRK2 G2019S as a cause of Parkinson’s
disease in Ashkenazi Jews. The New England journal of medicine. 2006; 354:424-425. [PubMed:
16436782]

Stiasny-Kaolster K, Sixel-Doring F, Trenkwalder C, et al. Diagnostic value of the REM sleep
behavior disorder screening questionnaire in Parkinson’s disease. Sleep medicine. 2015; 16:186—
189. [PubMed: 25534709]

The Parkinson Progression Marker Initiative (PPMI). Progress in neurobiology. 2011; 95:629-635.
[PubMed: 21930184]

Mahajan A, Rosenthal LS, Gamaldo C, et al. REM Sleep Behavior and Motor Findings in
Parkinson’s Disease: A Cross-sectional Analysis. Tremor and other hyperkinetic movements (New
York, NY). 2014; 4:245.

Healy DG, Falchi M, O’Sullivan SS, et al. Phenotype, genotype, and worldwide genetic penetrance
of LRRK2-associated Parkinson’s disease: a case-control study. The Lancet Neurology. 2008;
7:583-590. [PubMed: 18539534]

Mirelman A, Alcalay RN, Saunders-Pullman R, et al. Non-motor symptoms in healthy Ashkenazi
Jewish carriers of the G2019S mutation in the LRRK2 gene. Movement disorders : official journal
of the Movement Disorder Society. 2015 In Press.

Jankovic J, McDermott M, Carter J, et al. Variable expression of Parkinson’s disease: a base-line
analysis of the DATATOP cohort. The Parkinson Study Group. Neurology. 1990; 40:1529-1534.
[PubMed: 2215943]

Alcalay RN, Mejia-Santana H, Mirelman A, et al. Neuropsychological performance in LRRK2
G2019S carriers with Parkinson’s disease. Parkinsonism & related disorders. 2015; 21:106-110.
[PubMed: 25434972]

Hu Y, Yu SY, Zuo LJ, et al. Parkinson disease with REM sleep behavior disorder: features, alpha-
synuclein, and inflammation. Neurology. 2015; 84:888-894. [PubMed: 25663225]

Saunders-Pullman R, Mirelman A, Wang C, et al. Olfactory identification in LRRK2 G2019S
mutation carriers: a relevant marker? Annals of clinical and translational neurology. 2014; 1:670—
678. [PubMed: 25493281]

Gagnon JF, Vendette M, Postuma RB, et al. Mild cognitive impairment in rapid eye movement
sleep behavior disorder and Parkinson’s disease. Annals of neurology. 2009; 66:39-47. [PubMed:
19670440]

Marion MH, Qurashi M, Marshall G, Foster O. Is REM sleep behaviour disorder (RBD) a risk
factor of dementia in idiopathic Parkinson’s disease? Journal of neurology. 2008; 255:192-196.
[PubMed: 18217187]

Naismith SL, Terpening Z, Shine JM, Lewis SJ. Neuropsychological functioning in Parkinson’s
disease: differential relationships with self-reported sleep-wake disturbances. Movement
disorders : official journal of the Movement Disorder Society. 2011; 26:1537-1541. [PubMed:
21469205]

Sinforiani E, Zangaglia R, Manni R, et al. REM sleep behavior disorder, hallucinations, and
cognitive impairment in Parkinson’s disease. Movement disorders : official journal of the
Movement Disorder Society. 2006; 21:462-466. [PubMed: 16228998]

Vendette M, Gagnon JF, Decary A, et al. REM sleep behavior disorder predicts cognitive
impairment in Parkinson disease without dementia. Neurology. 2007; 69:1843-1849. [PubMed:
17984452]

Kumru H, Santamaria J, Tolosa E, Iranzo A. Relation between subtype of Parkinson’s disease and
REM sleep behavior disorder. Sleep medicine. 2007; 8:779-783. [PubMed: 17904419]

Lee JE, Kim KS, Shin HW, Sohn YH. Factors related to clinically probable REM sleep behavior
disorder in Parkinson disease. Parkinsonism & related disorders. 2010; 16:105-108. [PubMed:
19716333]

Postuma RB, Gagnon JF, Vendette M, Charland K, Montplaisir J. REM sleep behaviour disorder
in Parkinson’s disease is associated with specific motor features. Journal of neurology,
neurosurgery, and psychiatry. 2008; 79:1117-1121.

Mov Disord. Author manuscript; available in PMC 2016 November 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Saunders-Pullman et al.

28

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 8

Postuma RB, Gagnon JF, Vendette M, Charland K, Montplaisir J. Manifestations of Parkinson
disease differ in association with REM sleep behavior disorder. Movement disorders : official
journal of the Movement Disorder Society. 2008; 23:1665-1672. [PubMed: 18709686]

Postuma RB, Lanfranchi PA, Blais H, Gagnon JF, Montplaisir JY. Cardiac autonomic dysfunction
in idiopathic REM sleep behavior disorder. Movement disorders : official journal of the Movement
Disorder Society. 2010; 25:2304-2310. [PubMed: 20669316]

Poulopoulos M, Cortes E, VVonsattel JP, et al. Clinical and pathological characteristics of LRRK2
G2019S patients with PD. Journal of molecular neuroscience : MN. 2012; 47:139-143. [PubMed:
22194196]

Kalia LV, Lang AE, Hazrati LN, et al. Clinical Correlations With Lewy Body Pathology in
LRRK2-Related Parkinson Disease. JAMA neurology. 2015; 72:100-105. [PubMed: 25401511]

Gaig C, Vilas D, Infante J, et al. Nonmotor symptoms in LRRK2 G2019S associated Parkinson’s
disease. PloS one. 2014; 9:¢108982. [PubMed: 25330404]

Ruiz-Martinez J, Gorostidi A, Goyenechea E, et al. Olfactory deficits and cardiac 123I-MIBG in
Parkinson’s disease related to the LRRK2 R1441G and G2019S mutations. Movement disorders :
official journal of the Movement Disorder Society. 2011; 26:2026-2031. [PubMed: 21611983]
Trinh J, Amouri R, Duda JE, et al. Comparative study of Parkinson’s disease and leucine-rich
repeat kinase 2 p.G2019S parkinsonism. Neurobiology of aging. 2014; 35:1125-1131. [PubMed:
24355527]

Alcalay RN, Mirelman A, Saunders-Pullman R, et al. Parkinson disease phenotype in Ashkenazi
Jews with and without LRRK2 G2019S mutations. Movement disorders : official journal of the
Movement Disorder Society. 2013; 28:1966—1971. [PubMed: 24243757]

Eisensehr I, v Lindeiner H, Jager M, Noachtar S. REM sleep behavior disorder in sleep-disordered
patients with versus without Parkinson’s disease: is there a need for polysomnography? Journal of
the neurological sciences. 2001; 186:7-11. [PubMed: 11412865]

Gagnon JF, Bedard MA, Fantini ML, et al. REM sleep behavior disorder and REM sleep without
atonia in Parkinson’s disease. Neurology. 2002; 59:585-589. [PubMed: 12196654]

Nomura T, Inoue Y, Kagimura T, Uemura Y, Nakashima K. Utility of the REM sleep behavior
disorder screen questionnaire (RBDSQ) in Parkinson’s disease patients. Sleep Medicine. 2011,
12:711-713. [PubMed: 21700495]

Mov Disord. Author manuscript; available in PMC 2016 November 01.



Page 9

Saunders-Pullman et al.

Author Manuscript

100> T90-0T" G20 4-ON 'SA DIAIN
¢s0 69'T-0r° 080  dd-¢Xdd1 'SA4-ON
100 GL0-€T°  T1€0  dd-ecHddT 'SADAN
€00 8T'€-G0" €81 add-eHddT saadl
Suos!edwod dnoJB Jeyring
S¢0 196-99° 6871 4-ON
1¢0 yST-¥T° 9v'0 OWNN
44\ YOv—99° 09T ad-exdd
700 Ge'/-€0" Gl'¢ adi
(484) Jo13u0D
:dnouo
100 v9'¢-L6"  LST (AN) 8us
900 10T-17° %90 (uswiopn) xas
950  20'T-66" T0T by
d 1D%S6 HO 9e§=u
1 SANOID IV

buowy $8103S OSAGY [ew0uqy 10 soley sppo

%0'GT %102 pae%0°9 %L 6T apoq¥%9°0€ % +aay
@O70T)0Z ql0r-0T)02Z qe(0€-0T)0C osp(0G-02)0€  apo(02-02) 07  (4OI) UeIPaW 91095 OSAFY
- - - eT'LF00T GLFVL sIeak uolreang ad
- - - 0TT+¥'LS 60T ¥0'89 19suU0 aby
@ EFTT ®SEFGT ®SEFGT ol €TFTTC  op8TIFT0C 11-sdadn
e 0T F 869  oge G8T F8ZG  oqe 6'GT F €S pB8B6FTLY € TTF69 sieak aby
pae%S 2L %505 qe%8 65 2%8'Sy apo%¥'SE % UBLIOAN
o €6 11T i T u

a103U0D pd-ON DOWN  qad-2XddT eQdl

$2109S (OSAgy) areuuonsand Bulusalos Japlosiq Joineyag das|s INIY pue solydeibowaq

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Mov Disord. Author manuscript; available in PMC 2016 November 01.



Page 10

Saunders-Pullman et al.

woly DIAIN 18y} 3d00X8 w1 10 AN Jayua wouy siuedionied 0} paliwi] USYM PaUTBIUIEL 819M [3POLU UIBL 3U} WOJJ S3OUBISLIP [[8 ‘S90UBIBHIP SMIS SSasse 0} [apow J39 urew ays Buisn sisAfeue soy-1sod uj
«

“(67°0=d ‘€2°0=40) AdI 'SA Ad-ZHYH
u paonpas Apuediiubis 1ou sem @gy JO SPPO dY} VL Ul ‘paurelurew sem HO ay o apnitubew ayi ybnousre ‘pue (90°0=d '0€'0=40) 4-ON 40 (£0°0=d '¥€'0=H0O) Ad-ZHHY T W01} JUSIHIP JoU 31am AN

*

'(ad) 9 < 2103s OSAGY [€101 pue (Qd-uou) G 2 8109s OSAGY [L101=+AgY ‘a4reuuonsand) Buiusalos Japlosiq
Jo1neyag das|S INTH=0SAGY ‘2100S I010|A 9]eaS Buiey asessiq uosuiied paiun=111-S4AdN ‘Slaquiaw Ajiwey JaLiured-uou=-4-JN ‘dd INOYNM SIaLLIED uoieINW ZYHYT1=JIN :ad d1yredoipi=ad|
‘Ad YUM SI81IRD UOIRINW SET0ZD 2 1=ad-ZYHYT :suomuigaq diysiaquia Ajiwey pue Japualb ‘(jaes| 'sA AN) a1Is ‘afe 1o) paisnlpe sjppow 339 woly sYO ‘(50°0>d) dnoib pardiiosiadns ayy

w0} saouaiaylip Juedlyubis a1ousp sidiiosiadng (palels asimiay1o ssajun ‘areridoidde se ‘Qs F ueaw 1o (%) Jaquinu aJe papiaoid senfe {[apoW Urew ay) WoJj psonpap aiam suostiedwos dnoif feuonippy
M

020 20T-6 660 111-s4adn
100> VTT-€0° 80T uopeang
€0 ¢5T-SL LT (AN) sus
G600 00T-6 VS0 (uswopn) xes
v€0 Y0166 10T aby
700> 8¢v-62 887  Ad-ZXYYT'sAQdI

d 1D%56  dO Glz=u

sdnoJ9 dd 01 paidIIsay OSAGY 404 soiey sppo

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Mov Disord. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Saunders-Pullman et al.

Features associated with RBDSQ Cut-scores in Parkinson disease

RBDSQ+ RBDSQ- P
LRRK2-PD (n=142) 28(19.7%) 114 (80.3%)  ---
Women 9 (32.1%) 56 (49.1%) 0.14
Age 68.2+9.1 67.0+10.0 0.72
Duration 146+7.6 8.8+6.5 <0.01
UPSIT Score (125) 209+8.6 235+8.6 0.19
Hyposmia 15 (60.0%) 53 (53.0%) 053
UPDRS-I11 (135) 242+129 203131 0.07
PIGD phenotype (133) 22 (81.5%) 67 (63.2%) 0.1
MoCA Score (131) 248 +3.6 254+28 0.67
STAI (42)
State 434+118 33.7+134 0.03
Trait 488+ 146 334+117 <0.01
IPD (n=144) 44 (30.6%) 100 (69.4%)  ---
Women 11 (25.0%) 40 (40.0%)  0.08
Age 67.5+10.1 638117 0.06
Duration 7.8+6.6 72+79 0.48
UPSIT Score (117) 171+76 19.5+6.9 <0.05
Hyposmia 26 (86.7%) 65(74.1%) 0.21
UPDRS-I111 (142) 212+120 19.7+11.8 0.51
PIGD phenotype (141) 31 (70.5%) 45 (46.4%) <0.01
MoCA Score (134) 247+32 251+39 0.28
STAI (36)
State 402+7.1 34.6 +10.5 0.06
Trait 38.6+9.8 36.9+12.6 0.48

Values provided are number (%) or mean + SD, as appropriate, unless otherwise stated.

Table 2

Page 11

RBD+=total RBDSQ score =5 (non-PD) and total RBDSQ score 26 (PD).; LRRK2-PD = LRRK2 G2019S mutation carriers with PD; IPD =
idiopathic PD; UPSIT = University of Pennsylvania Smell Identification Test; Hyposmic = UPSIT percentile score < 15; UPDRS-111 = Unified
Parkinson Disease Rating Scale Motor Score; PIGD = Postural Instability and Gait Disorder subtype; MoCA = Montreal Cognitive Assessment;
STAI = State-Trait Anxiety Inventory

Mov Disord. Author manuscript; available in PMC 2016 November 01.





