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Predictive markers for early conversion of
iRBD to neurodegenerative
synucleinopathy diseases

ABSTRACT

Objective: To determine the predictive value of clinical assessment and dopamine transporter
(DAT) uptake for the early development of neurodegenerative synucleinopathy diseases from idi-
opathic REM sleep behavior disorder (iRBD) over 5 years in a Chinese population.

Methods: Forty-three patients with iRBD were administered clinical assessment tests, and 35
were examined by DAT-SPECT imaging during 2011. Cox proportional hazard and Kaplan-
Meier analyses were used to evaluate the predictive value of the markers in a follow-up study over
5 years.

Results: Eighteen patients (41.9%) developed neurodegenerative synucleinopathy diseases after
a median of 4.1 years of prospective follow-up (median interval of 10.5 years from the estimated
onset of iRBD symptoms). Patients with higher scores on the Nonmotor Symptom Questionnaire
(hazard ratio [HR] 3.11, 95% confidence interval [CI] 1.15–8.40, p 5 0.026) and Scale for Out-
comes in Parkinson Disease–Autonomic questionnaire (HR 4.46, 95% CI 1.64–12.10, p 5

0.003) were more likely to develop neurodegenerative synucleinopathy diseases. Furthermore,
the population with decreased 99mTc-TRODAT-1 binding in the left striatum (HR 2.7, 95% CI
1.02–7.14, p 5 0.046) and putamen (HR 3.23, 95% CI 1.16–8.33, p 5 0.024) had a relatively
higher risk of developing neurodegenerative synucleinopathy diseases.

Conclusions: Our findings elucidate the predictive value of autonomic dysfunction and DAT
uptake in identifying patients with iRBD at a high risk of progressing into neurodegenerative syn-
ucleinopathy diseases and could form a basis for future disease-prevention trials. Neurology®

2017;88:1493–1500

GLOSSARY
CI5 confidence interval;DAT5 dopamine transporter;DLB5 dementia with Lewy bodies;HAMD-175Hamilton Depression
Rating Scale-17; HR 5 hazard ratio; iRBD 5 idiopathic REM sleep behavior disorder; MMSE 5 Mini-Mental State Examina-
tion; MOCA 5 Montreal Cognitive Assessment; MSA 5 multiple systems atrophy; NMSQ 5 Nonmotor Symptom Question-
naire; PD 5 Parkinson disease; RBD 5 REM sleep behavior disorder; SCOPA-AUT 5 Scale for Outcomes in Parkinson
Disease–Autonomic; SS-16 5 Sniffin Sticks 16-item test.

Neurodegenerative synucleinopathy diseases such as Parkinson disease (PD), multiple systems
atrophy (MSA), and dementia with Lewy bodies (DLB) have a prodromal period of several years
before manifestation of parkinsonism or dementia symptom, during which neuropathologic
changes likely occur.1 Diagnostic markers for this period are therefore critical. Accumulating
symptoms of constipation, olfactory dysfunction, depression, and cardiac autonomic disorder
often appeared in the premotor phase of PD.2–4 However, these features are also common in the
general population and are not sufficient for a certain diagnosis.5,6 REM sleep behavior disorder
(RBD) is a distinct feature of the prodromal phase of parkinsonism diseases; a majority of
patients with an idiopathic form of RBD (iRBD) will develop synucleinopathy diseases over
several years.1,7–9 However, the median interval is quite long, ranging between 12 and 14
years,1,7,10 and factors leading to an increased short-term risk for developing neurodegenerative
synucleinopathy are not well known. iRBD has also been associated with nonmotor symptoms
of parkinsonism diseases and decreased dopamine transporter (DAT) uptake.11–13 However,
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there has been rare study to date of the role of
clinical assessment index with DAT-SPECT
imaging tests in patients with iRBD during
the conversion. The aim of our study was to
evaluate the predictive value of these markers
for conversion to neurodegenerative synu-
cleinopathy diseases in patients with iRBD
over an observation period of 5 years in a Chi-
nese population.

METHODS Standard protocol approvals, registrations,
and patient consents. This study was approved by the ethics

committee of Ruijin Hospital, Shanghai Jiao Tong University

School of Medicine, Shanghai, China, and all participants or their

guardians provided written informed consent.

Participants. All study participants were recruited from the

Department of Neurology, Ruijin Hospital affiliated to Shang-

hai Jiao Tong University School of Medicine, in 2011. Fifty

patients with iRBD were enrolled in our study; 7 were lost during

the 5-year follow up. The diagnosis of definite iRBD met the

following International Classification of Sleep Disorder-II crite-

ria: history of problematic sleep behaviors that were disturbing to

self or sleep partner or disruptive of sleep continuity, excessive

tonic or phasic chin electromyographic activity during REM

sleep, and elaborate motor activities associated with dream con-

tent during REM sleep by video recordings (not associated with

periodic leg movement syndrome or respiratory events).14

Duration of iRBD symptoms was recorded by patient self-report.

Moreover, overnight video-polysomnograph examination was

done for every patient to confirm the diagnosis of iRBD with

a Compumedics E-Series EEG/PSG Recording System (Com-

pumedics Ltd, Melbourne, Australia).

Baseline neurologic examinations were performed for every

participant to exclude defined neurodegenerative diseases. Diag-

nosis of parkinsonism or cognitive impairment was made accord-

ing to current clinical diagnostic criteria by at least 2 movement

disorders specialists.15 Because some patients diagnosed earlier

with PD would slowly progress to other neurodegenerative dis-

eases later on, we recognized these patients as having neurode-

generative synucleinopathy diseases. Follow-up occurred annually

until the development of parkinsonism or cognitive impairment

symptoms.

Clinical assessment. A series of validated and comprehensive

questionnaires covering autonomic symptoms, depression,

olfactory testing, and cognitive function identically were

administered at baseline, including the Nonmotor Symptom

Questionnaire (NMSQ), REM sleep behavior disorder screen-

ing questionnaire, Scale for Outcomes in Parkinson Disease–

Autonomic (SCOPA-AUT), Hamilton Depression Rating

Scale-17 (HAMD-17), Mini-Mental State Examination

(MMSE), and Montreal Cognitive Assessment (MOCA).

NMSQ was used to evaluate nonmotor symptoms and SCOPA-

AUT to assess autonomic dysfunction.16 An olfaction test

(Sniffin Sticks 16-item test [SS-16]) was also performed to

assess the olfactory function through 16-item odor identifica-

tion.17,18 HAMD-17 was administered to measure depressive

symptoms,19 and MMSE and MOCA were performed to eval-

uate global cognitive functioning resulting from PD.20

99mTc-TRODAT-1 SPECT imaging. DAT-SPECT was per-

formed as we reported previously.21 Thirty-five patients par-

ticipated in the SPECT imaging study, and they did not take

any medications affecting experimental observation within

the 48 hours before the IV administration of 2 mL

solution, which contains 20 mCi 99mTc-TRODAT-1 prepared

from a preformulated lyophilized kit obtained from Jiangsu

Nuclear Medicine Institute (WuXi, China). Two hours later,

the binding to DAT was comprehensively assessed with

SPECT imaging by a double-headed gamma camera (Symb-

iaT16, Siemens, Munich, Germany). The energy window was

140 6 14 keV, with each head containing a matrix of 128 3

128 in circular orbit with step-and-shoot movements of 64

steps. The diameter and degree of rotation were 30 cm and

3608; acquisition time was 30 seconds; zoom was 1.45; and

slice thickness was 3 mm. Brain MRI (1.5T, Siemens) with

3-mm cuts was also performed for each patient at the level of

the basal ganglia to establish a reference to determine regions of

interest for the uptake of 99mTc-TRODAT-1. As we reported

before, the regions of interest (776 6 33 mm2) were placed

over the left and right striata to split them into the caudate

nucleus and putamen, respectively, with the reference back-

ground placed on same summed image of the cerebellum.21

The tracer uptake on both side of the putamen, caudate

nucleus, and striatum was calculated as follows with an average

value: BPND5 ST-CB/CB, where BPND is binding potential

of the nondisplaceable radioligand, ST is striatum (caudate and

putamen), and CB is cerebellum.

Statistical analysis. Categorical variables were compared with

the x2 or Fisher exact test to assess the difference of baseline

parameters between the disease-free and disease-developed

group. The primary endpoint, predicted progression-free sur-

vival, was defined as the time from the establishment of iRBD

to disease progression of neurodegenerative synucleinopathy

diseases. We estimated the rates of progression-free survival by

using the Kaplan-Meier method to analyze disease risk. To test

prodromal markers, Cox proportional hazards were performed,

and for stratification, predictive markers were classified by

relative points as cutoff values: 7 for RBD, 12 for NMSQ, 8 for

SS-16, 8 for HAMD-17, 11 for SCOPA-AUT, 25 for MOCA,

and 27 for MMSE. Constipation index was classified binary,

and DAT tracer uptake values were classified with the use of

median cutoff values in our study. Each variable was assessed

with Cox regression, with hazard ratios (HRs) adjusted for age

and sex. Two-tailed values of p , 0.05 were considered sta-

tistically significant differences. All statistical analyses were

performed with SPSS statistical software (version 22.0, SPSS

Inc, Chicago, IL).

RESULTS Demographic data. Demographic and life-
style factors of the patients are shown in table 1.
Average age was 65 years, and 34 patients (79%)
were male. There were no differences in age, sex,
smoking history, or constipation between the non-
converters and converters. Over follow-up until
April 2016, 18 of 43 patients (41.9%) developed
defined neurodegenerative synucleinopathy diseases
(DLB 5 2, MSA 5 3, PD/mild cognitive impair-
ment 5 4, and PD 5 9) after a median of 4.1 years
of prospective follow-up (median interval of 10.5
years from the estimated onset of iRBD symptoms)
(figure 1). Median iRBD duration was 6.9 years in
neurodegenerative synucleinopathy converters and
5.9 years in nonconverters; there was no statistical
difference between the 2 groups.
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Potential predictors of disease progression from iRBD to

neurodegenerative synucleinopathy diseases. All partici-
pants were evaluated with the olfaction test (SS-16),
RBD, NMSQ, SCOPA-AUT, HAMD-17, MMSE,
and MOCA questionnaire, and 35 patients under-
went DAT-SPECT. All subsequent analyses were
adjusted for age and sex (table 2). Patients with higher
scores on the NMSQ (HR 5 3.11 95% confidence
interval [CI] 1.15–8.40, p5 0.026) and SCOPA-AUT
questionnaire (HR 5 4.46, 95% CI 1.64–12.10,
p 5 0.003) were more likely to develop neurode-
generative synucleinopathy diseases. For the olfac-
tion, depression, MMSE, and MOCA questionnaire,
although the converter group had slightly higher scores,
no statistical difference was observed. Furthermore,

DAT tracer uptake in the 2 groups showed that
the population with decreased 99mTc-TRODAT-1
binding in the left striatum (HR 2.7, 95% CI
1.02–7.14, p 5 0.046; table 3) and putamen (HR
3.23, 95% CI 1.16–8.33, p 5 0.024; table 3),
especially the left putamen (HR 3.7, 95% CI 1.27–
11.11, p 5 0.017; table 3), had a higher risk
of developing neurodegenerative synucleinopathy
diseases.

Furthermore, Kaplan-Meier analysis indicated
median progression-free survival times of 4.4 years
in the group with scores,12 in NMSQ and 3.1 years
in the remaining population (p 5 0.0064; figure 2).
Patients with scores ,11 on the SCOPA-AUT ques-
tionnaire appeared to have longer progression-free
survival than patients with scores .11 (p 5

0.0072). Moreover, patients with higher DAT tracer
uptake in the putamen ($1.1925) exhibited longer
progression-free survival than the remaining patients
(3.7 vs 4.3 years, p 5 0.039).

Subgroup analysis of potential predictors. According to
the baseline characteristics, 34 patients (79%) were
male, 26 (60%) had constipation, and 19 (44%)
experienced dysosmia. We therefore investigated the
potential predictors of disease progression in specific
subgroups. First, we found that male patients with
higher SCOPA-AUT scores (HR 4.67, 95% CI
1.52–14.28, p 5 0.007; table e-1 at Neurology.org)
were more likely to develop neurodegenerative syn-
ucleinopathy diseases. Simultaneously, male patients
with lower 99mTc-TRODAT-1 binding values in the
left putamen had a higher risk of developing neuro-
degenerative synucleinopathy diseases (HR 3.7, 95%
CI 1.11–12.5, p 5 0.033).

Moreover, we found that patients without olfac-
tory disorders who presented higher NMSQ (HR
5.51, 95% CI 1.16–26.16, p 5 0.032) and
SCOPA-AUT (HR 6.99, 95% CI 1.42–14.37, p 5

0.017; table e-2) scores were more likely to develop
neurodegenerative synucleinopathy diseases than the
remaining patients. In those with dysosmia, no sig-
nificant difference was found between the 2 groups.

In patients with constipation, those who obtained
higher SCOPA-AUT scores were more likely to
develop neurodegenerative synucleinopathy diseases
than the others (HR 5.35, 95% CI 1.85–15.44,
p5 0.025; table e-3). Furthermore, the patients with
constipation with lower 99mTc-TRODAT-1 binding
values in both left putamen and left striatum showed
higher risks of developing neurodegenerative synu-
cleinopathy diseases (HR 4.17, 95% CI 1.27–12.5,
p 5 0.018).

Subsets analysis of NMSQ and SCOPA-AUT. Because
the NMSQ is a composite score and SCOPA-AUT
contains several specific domains, we further

Figure 1 Development of defined
neurodegenerative synucleinopathy
diseases in patients with iRBD

Kaplan-Meier plot of disease-free survival of patients with
idiopathic REM sleep behavior disorder (iRBD). Conversion
time wasmeasured from iRBD diagnosis time. Ticks indicate
censoring events.

Table 1 Demographics of the 2 patient groups

Disease-free (n 5 25) Developed disease (n 5 18) p Value

Age, y 65.2 6 5.6 65.1 6 5.4 0.952

iRBD symptom duration, y 5.92 6 4.6 6.94 6 4.6 0.474

Sex, n (%) 0.571

Female 6 (24.0) 3 (16.7)

Male 19 (76.0) 15 (83.3)

Smoking, n (%) 0.398

Yes 7 (28.0) 3 (16.7)

No 18 (72.0) 15 (83.3)

Constipation, n (%) 0.492

Yes 14 (56.0) 12 (33.3)

No 11 (44.0) 6 (66.7)

Abbreviation: iRBD 5 idiopathic REM sleep behavior disorder.
iRBD symptom duration is the time interval from the onset of iRBD to the baseline collection
time.
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performed a secondary, exploratory analysis to screen
for potential factors. For the 30 items of NMSQ, we
performed the Cox proportional hazards analysis and
found that patients with iRBD with urgency (HR
2.62, 95% CI 1.03–6.66, p 5 0.043), nocturia (HR
3.97, 95% CI 1.48–10.63, p 5 0.006), daytime
sleepiness (HR 2.73, 95% CI 1.06–7.05, p5 0.038),
and sweating (HR 4.78, 95% CI 1.76–12.98, p 5

0.002) were more likely to develop neurodegenerative
synucleinopathy diseases (table e-4). For domains of
the SCOPA-AUT, we found that the converters had
higher scores in the gastrointestinal (p 5 0.024),
urinary (p 5 0.006), and cardiovascular (p 5 0.037)
subsets than the nonconverters (table e-5).

DISCUSSION In our study, the median interval from
the estimated onset of iRBD to the manifestation of
defined neurodegenerative synucleinopathy diseases

was 10.5 years, and the median interval from the
diagnosis time was 4.1 years. Patients with iRBD with
more nonmotor symptoms (especially autonomic dis-
turbances) were more likely to develop neurodegener-
ative synucleinopathy diseases. Furthermore, patients
with higher NMSQ and SCOPA-AUT scores ex-
hibited shorter progression-free survival time, while
patients with lower DAT uptake of the left striatum
and putamen showed longer median progression-free
survival time.

In some cases, iRBD could be the initial mani-
festation and a prodromal symptom of PD accord-
ing to the Braak staging system,1,22,23 similar to
mild cognitive impairment for Alzheimer disease.
However, the long median time for conversion lim-
its the feasibility of designing future preventive tri-
als; thus, basic markers for those at risk of early
conversion are required. A study in Spain last year
reported that patients with iRBD frequently exhibit
nonmotor symptoms that occur in prodromal PD,
particularly hyposmia and constipation.24 In our
study, the overall nonmotor symptoms scores were
consistent with it. Patients with iRBD with higher
NMSQ scores are more likely to develop neurode-
generative synucleinopathy diseases, and for single
items of NMSQ, urgency, nocturia, daytime sleep-
iness, and sweating acted as specific items. This
finding is in agreement with a previous study that
showed that patients with PD had significantly
higher scores for complaints of many nonmotor
symptoms such as urinary urgency, sweating,25

and daytime sleepiness, which have been shown to
be predictors of more rapid conversion to parkin-
sonism/dementia.26 Thus, the predictive value of
nonmotor symptoms and their specific items in
the conversion progress was highlighted.

Among the typical nonmotor symptoms occur-
ring in patients with parkinsonism, autonomic dys-
function is frequently observed and often precedes
the onset of motor symptoms.27 Moreover, patients
with iRBD often present with impaired autonomic
functions and higher SCOPA-AUT scores.28 In
this study, the severity of autonomic disturbances
was evaluated by the SCOPA-AUT questionnaire
(including the urinary, gastrointestinal, cardiovascu-
lar, and thermoregulation systems), and the results
showed that patients with higher scores more fre-
quently developed neurodegenerative synucleinop-
athy diseases. During further analysis of these 4
domains of SCOPA-AUT (sexual disorder being
excluded because most information about it could
not be collected as a result of Chinese cultures), we
found that the converters had higher scores for uri-
nary, gastrointestinal, and cardiovascular systems.
This is in agreement with several previous reports that
indicated that patients with iRBD had more severe

Table 2 Evaluation of the converters and nonconverters

Disease-free
(n 5 25), n (%)

Developed disease
(n 5 18), n (%)

HR (95% CI,
adjusted) p Value

NMSQ

<12 23 (92.0) 12 (66.7) 1 0.026

‡12 2 (8.0) 6 (33.3) 3.11 (1.15–8.40)

SCOPA-AUT

<11 18 (80.0) 6 (33.3) 1 0.003

‡11 7 (20.0) 12 (66.7) 4.46 (1.64–12.10)

SS-16

‡8 14 (56.0) 10 (55.6) 1 0.671

<8 11 (44.0) 8 (44.4) 1.22 (0.48–3.11)

RBD

<7 11 (44.0) 11 (61.1) 1 0.297

‡7 14 (56.0) 7 (38.9) 0.60 (0.23–1.56)

HAMD-17

<8 23 (92.0) 15 (83.3) 1 0.44

‡8 2 (8.0) 3 (16.7) 1.55 (0.52–3.81)

MMSE

<27 4 (16.0) 3 (16.7) 1 0.687

‡27 21 (84.0) 15 (83.3) 1.29 (0.37–4.51)

MOCA

<25 10 (40.0) 5 (27.8) 1 0.248

‡25 15 (60.0) 13 (83.3) 1.85 (0.65–5.28)

Constipation

No 11 (44.0) 6 (33.3) 1 0.433

Yes 14 (56.0) 12 (66.7) 1.48 (0.55–3.98)

Abbreviations: CI 5 confidence interval; HAMD-17 5 Hamilton Depression Rating Scale-17;
HR 5 hazard ratio; MMSE 5 Mini-Mental State Examination; MOCA 5 Montreal Cognitive
Assessment; NMSQ 5 Nonmotor Symptom Questionnaire; RBD 5 REM sleep behavior dis-
order; SCOPA-AUT 5 Scale for Outcomes in Parkinson Disease–Autonomic; SS-16 5

Sniffin Sticks 16-item test.
All results were adjusted for age and sex.
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autonomic disturbances, including constipation,
erectile dysfunction, impaired orthostatic blood pres-
sure regulation, and reduced tracer uptake in cardiac
iodine-123-metaiodobenzylguanidine scintigra-
phy.29–31 Thus, the results showed the predictive
value of autonomic symptoms in the conversion
of iRBD to neurodegenerative synucleinopathy dis-
eases and indicated that patients with iRBD with
higher SCOPA-AUT scores would develop neuro-
degenerative synucleinopathy faster. Furthermore,
patients with iRBD who had constipation were
more likely to develop neurodegenerative synu-
cleinopathy diseases; however, this finding was
not statistically significant, which may be due to
the small sample size.

Previous studies have shown the predictive value
of olfactory function during the progression from

iRBD to Lewy body diseases.32 In our study, patients
with olfactory disorders were more likely to develop
Lewy body diseases (even excluding patients with
MSA; table e-6); however, this finding was not sig-
nificant, likely because of racial variation and limited
population. Because the SS-16 test was designed pri-
marily for the routine clinical assessment of olfactory
performance in Americans,17 it may not perfectly fit

Table 3 Evaluation of DAT intake between the converters and nonconverters

DAT intake
score

Disease-free
(n 5 16), n (%)

Developed disease
(n 5 18), n (%)

HR (95% CI,
adjusted) p Value

Caudate

‡1.3235 11 (64.7) 7 (38.9) 1 0.107

<1.3235 6 (35.3) 11 (61.1) 2.17 (0.84–5.55)

Putamen

‡1.1925 12 (70.6) 6 (33.3) 1 0.024

<1.1925 5 (29.4) 12 (66.7) 3.23 (1.16–8.33)

Striata

‡2.3731 11 (64.7) 6 (33.3) 1 0.092

<2.3731 6 (35.3) 12 (66.7) 2.33 (0.87–6.25)

Left caudate

‡0.6897 11 (64.7) 6 (22.2) 1 0.130

<0.6897 6 (35.3) 11 (40.7) 2.17 (0.79–5.88)

Left putamen

‡0.6145 12 (70.6) 6 (33.3) 1 0.017

<0.6145 5 (29.4) 12 (66.7) 3.7 (1.27–11.11)

Left striatum

‡1.2631 12 (70.6) 6 (33.3) 1 0.046

<1.2631 5 (29.4) 12 (66.7) 2.70 (1.02–7.14)

Right caudate

‡0.7180 11 (64.7) 7 (38.9) 1 0.27

<0.7180 6 (35.3) 11 (61.1) 1.69 (0.66–4.35)

Right putamen

‡0.5122 11 (64.7) 6 (33.3) 1 0.083

<0.5122 6 (35.3) 12 (66.7) 2.38 (0.89–6.25)

Right striatum

‡1.1942 12 (70.6) 6 (33.3) 1 0.058

<1.1942 5 (29.4) 12 (66.7) 2.56 (0.97–7.14)

Abbreviations: CI 5 confidence interval; DAT 5 dopamine transporter; HR 5 hazard ratio.
All results were adjusted for age and sex.

Figure 2 Predictive markers of
neurodegenerative synucleinopathy
diseases in iRBD

Kaplan-Meier plot of disease-free survival of patients with
idiopathic REM sleep behavior disorder (iRBD), stratified ac-
cording to presence of baseline questionnaires: (A) Nonmo-
tor SymptomQuestionnaire (NMSQ), (B) Scale for Outcomes
in Parkinson Disease–Autonomic (SCOPA-AUT), and (C)
dopamine transporter (DAT) tracer uptake of putamen.
Conversion time was measured from iRBD diagnosis time.
Solid line indicates patients with less or equal relevant
scores; dashed line, higher scores.

Neurology 88 April 18, 2017 1497

ª 2017 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.



in other countries and cultural biases, and smell famil-
iarity could influence the test results.33 For the Chi-
nese population, several odors among the items such
as cinnamon and cloves are not appropriate. More-
over, a study in China has shown the importance of
using SS-12 instead of SS-16 in screening people at
high risk of PD.34 A more feasible test of olfaction to
screen its predictive value in a large cohort is needed
in the future.

DAT imaging is a useful method for the diagnosis
of parkinsonism. Patients in the early stages of PD
usually show decreased striatal DAT uptake, which
indicates substantia nigra dopaminergic dysfunction,
particularly in the putamen rather than in the caudate
nucleus.35 In a 2.5-year follow-up study in 2010,
a combination of transcranial sonography and
DAT-SPECT was used to identify 5 patients with
iRBD who developed classic features of PD and
DLB with a specificity of 55%.12 In 2011, a prospec-
tive study showed that 3 patients in whom iRBD
progressed to PD had the lowest [123I]-N-v-fluoro-
propyl-2b-carbomethoxy-3b-(4-iodophenyl)nortro-
pane uptake at baseline and a significant reduction,
particularly in the putamen, in a 3-year follow-up
prospective study.36 In the present study, we postu-
lated that neuroimaging changes could occur in
a proportion of patients with iRBD who might be
at risk of developing neurodegenerative synucleinop-
athy diseases and found that 18 patients with iRBD
with decreased DAT uptake in the putamen (espe-
cially the left side) rather than the caudate converted
to neurodegenerative synucleinopathy diseases,
which was consistent with the previous results of
postmortem studies in parkinsonism.37 However,
we supposed that it was the coincidence of which
side was more affected. Furthermore, Kaplan-Meier
analysis showed that patients with lower DAT
uptake in the putamen exhibited a shorter
progression-free survival time compared to the pop-
ulation with higher DAT uptake, indicating that
serial DAT-SPECT could be used to monitor the
progression of nigrostriatal damage in patients with
iRBD. Aside from a study in 2010, our work is the
second published study to prove the value of DAT
imaging in predicting the risk of PD diseases in
iRBD.

Our study had a few potential limitations. First,
although a 5-year follow-up was performed, the time
of the final event was difficult to define, and the pri-
mary outcome was based on clinical diagnosis with-
out pathologic confirmation. Moreover, as for the
conversion time, we agreed that the conversion mea-
sured from iRBD symptoms onset would be “softer”
than the time of diagnosis. Thus, we also calculated
the conversion rate starting with the diagnosis of
iRBD by polysomnograph as listed in table e-7,

showing that the NMSQ and SCOPA-AUT were still
significant. However, the iRBD diagnosis was also
based on clinical history, especially the score on the
iRBD questionnaires, and our latest study showed
good coherence between iRBD questionnaires and
polysomnograph-based diagnosis of RBD.38 Simulta-
neously, a statistic bias may have occurred if the poly-
somnograph diagnosis time was used because the
duration time of iRBD was actually longer than the
polysomnograph diagnosis time, and particular atten-
tion had been paid to the clinical history regarding
onset time. Finally, for the subgroup analysis, higher
SCOPA-AUT scores and decreased DAT uptake in
the left putamen showed predictive value in male
patients and those with constipation. We did not
perform the analysis in the female subgroup because
of the limited sample size.

It is very likely that SCOPA-AUT, a simple and
useful tool for evaluating autonomic symptoms,
together with DAT uptake, could be used to
identify patients with iRBD who are at a high risk
of disease conversion into neurodegenerative synu-
cleinopathy diseases, which could also provide
a cue for the criteria of prodromal PD. This study,
which used Cox proportional hazards and Kaplan-
Meier analyses to evaluate the value of clinical
assessment with imaging examination to predict
iRBD developing into neurodegenerative synu-
cleinopathy diseases, could form a basis for
disease-prevention trials and the development of
neuroprotective therapies in the future.
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