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ABSTRACT: BackgroundBackground: The conversion rate and estimated risk of neurodegenerative diseases vary with
idiopathic rapid eye movement sleep behavior disorder (IRBD).
MethodsMethods: This retrospective cohort study examined 273 patients (213 men, 60 women) with polysomnographic-
confirmed IRBD (192 and 81 patients in the Sleep Center [SC] cohort and Neurological Center [NC] cohort,
respectively) who were followed longitudinally. The date of diagnosis was determined as the onset of an overt
neurological syndrome. The conversion rate was calculated; the risk of developing an overt neurological syn-
drome was estimated using the Kaplan-Meier method.
ResultsResults: The estimated onset risk for a neurodegenerative syndrome from the time of IRBD diagnosis when
the SC and NC cohorts were combined was 11.9%, 20.3%, 33.2%, and 51.4% at three, five, seven, and ten
years, respectively. The phenoconversion rate (21.7% with a mean follow-up period from the time of IRBD diag-
nosis of 3.9 � 3.0 years) was lower than in prior studies, but the conversion risk increased progressively as
the follow-up period increased. The majority of patients developed Lewy body disease, while multiple system
atrophy was rare. The risk of developing Lewy body disease differed significantly between the SC and NC
cohorts (P = 0.02).
ConclusionsConclusions: In this first study of a large Asian IRBD population, the estimated conversion risk leading to
diagnosis differed between the two cohorts, which could be attributed to different evaluation results depending
on the observed population due to a referral bias and follow-up duration. Researchers should be aware of
potential selection bias in their clinical studies.

Introduction
Rapid eye movement sleep behavior disorder (RBD) is a para-
somnia that is characterized by dream-enacting behaviors,
unpleasant dreams, and lack of muscle atonia during rapid eye
movement (REM) sleep. RBD has historically been classified as
primary or idiopathic when it occurs in the absence of associated
comorbidities or provoking factors, and as secondary when it is
precipitated by medications (predominantly antidepressants) or is
associated with other neurological or neurodegenerative disor-
ders, autoimmune diseases, or brainstem lesions.1 Longitudinal
studies conducted in sleep centers demonstrated that patients

diagnosed with idiopathic RBD (IRBD) would eventually be
diagnosed with synucleinopathies (i.e., Parkinson’s disease [PD],
dementia with Lewy bodies [DLB], and multiple system atrophy
[MSA].2 IRBD is recognized as the prodromal stage of an
α-synucleinopathy.1 The estimated risk of subjects with IRBD
developing an overt neurodegenerative syndrome such as DLB,
PD, or MSA varies between different centers.3–9 These studies,
with increasing follow-up times, showed that >80% of such
patients eventually converted from IRBD to an overt neurologi-
cal syndrome.

The current retrospective cohort study aimed to provide an
estimated risk of developing a neurodegenerative syndrome, with
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medium- and long-term follow-up of Japanese patients with
IRBD, by investigating differences between cohorts from two
facilities, a Sleep Center and a Neurological Center.

Methods
A total of 273 patients with IRBD were examined in the current
study as follows: 192 patients (152 men, 40 women) who
attended the Center of Sleep Medicine of Dokkyo Medical Uni-
versity Hospital (Sleep Center cohort) between October 2005
and September 2017; and 81 patients (61 men, 20 women) who
attended the Neurological Department of Dokkyo Medical Uni-
versity Saitama Medical Center (Neurological Center cohort)
between June 2011 and September 2017 (Fig. 1). The neurolog-
ical and sleep centers are both parts of University Hospital but
are located in medical zones approximately 100 km away from
each other in the Kanto region of Japan. Therefore, they are
located in independent medical service areas, and patients do not
visit both facilities. Patients suspected of having RBD due to
abnormal behavior during sleep are referred to either center by a
primary care physician (home doctor). If a patient attends either
facility without a referral letter, they are instructed to bring a let-
ter of introduction from their personal physician before they are
examined.

All patients had a history of recurrent behavior of acting out
dreams, which was confirmed by video-polysomnography. RBD
was diagnosed according to the International Classification of
Sleep Disorders, second edition.10 IRBD patients were followed
systematically every 1–3 months at the sleep center and neuro-
logical center by neurologists with expertise in both sleep disor-
ders and neurological disorders (TM, MM). At each visit, these

neurologists performed a comprehensive neurological examina-
tion and took a detailed clinical history, during which the
patients and their accompanying spouses and relatives were ques-
tioned systematically regarding cognition and motor problems. If
during these follow-up assessments, the appearance of symptoms
or signs suggestive of motor or cognitive impairment was
detected, these neurologists assessed the patients through a neu-
rological examination, including the Unified Parkinson’s Disease
Rating Scale III,11 and a neuropsychological test (Mini-Mental
State Examination12 and/or Montreal Cognitive Assessment).13

The onset of an overt neurodegenerative syndrome (PD, DLB,
and MSA) was determined as the date of diagnosis according to
the accepted clinical criteria,14–16 and was recorded in the
patient’s medical records. More detailed definitions of the overt
neurodegenerative syndromes are as follows. The occurrence of
parkinsonism was defined as the presence of bradykinesia that
impaired the activities of daily living in association with rigidity,
resting tremor, or postural instability. DLB was defined as the
presence of obvious visual hallucinations and progressive cogni-
tive impairments with fluctuating cognition with pronounced
variations in attention and alertness, which impaired the activities
of daily living. Follow-up duration was defined as the interval
from the diagnosis of IRBD to the time of the last visit or death.
If a new diagnosis of PD17 or DLB18 was made during the 2017
assessments, the date of the assessment was used as the onset of
the condition. The duration of any emerging overt neurodegen-
erative syndrome was defined as the interval between the time of
its diagnosis and that of the last follow-up assessment or death.
The conversion rate was calculated using the mean follow-up
period from the time of IRBD diagnosis. The risk of developing
an overt neurodegenerative syndrome from the time of IRBD
diagnosis was estimated using the Kaplan-Meier method.

FIG. 1. Study flow chart of the follow-up of patients with idiopathic rapid eye movement disorder (IRBD). MoCA, Montreal Cognitive Assess-
ment; MMSE, Mini-Mental State Examination; PD, Parkinson’s disease; pDLB, probable dementia with Lewy bodies; PSG,polysomnography;
UPDRS, Unified Parkinson’s Disease Rating Scale.
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This study was performed in accordance with the Declaration
of Helsinki, and the Ethics Review Committee of Dokkyo
Medical University approved it. Verbal informed consent was
obtained from each subject. We informed the subjects about this
research project and established a procedure for them to opt out
of the study if they did not wish to participate in it.

Results
The mean estimated onset age of RBD was 60.4 ± 9.2 years for
the sleep center cohort and 63.0 ± 8.3 years for the neurological
center cohort, and the mean age at the time of confirmed diag-
nosis was 67.6 ± 6.7 years and 68.1 ± 6.7 years, respectively.
The mean interval from the onset of IRBD to a confirmed diag-
nosis was 7.2 ± 7.2 and 5.1 ± 5.5 years for the sleep center
cohort and neurological center cohort, respectively. The mean
age at the time of study outcome was 71.6 ± 7.1 and 71.3 ±
6.7 years, respectively. The mean interval from the onset of
IRBD estimation to study outcome was 11.2 ± 7.7 years for the
sleep center cohort and 7.8 ± 6.1 years for the neurological

center cohort, while the average interval from the confirmation
of diagnosis to study outcome was 3.8 ± 3.2 and 2.7 ± 2.0 years,
respectively. The maximum time from diagnosis confirmation to
study outcome was 13.2 years and seven years for the sleep cen-
ter cohort and neurological center cohort, respectively. The
follow-up period from the onset of RBD estimation for the
Neurological Center cohort was shorter than that for the sleep
center cohort (Table 1).

A total of 48 patients (21.7%) from the combined sleep center
and neurological center cohort with a mean follow-up period
from the time of IRBD diagnosis of 3.9 ± 3.0 years, consisting
of 31 patients (20.9%) from the sleep center cohort and
17 patients (23.3%) from the neurological center cohort, devel-
oped an overt neurodegenerative syndrome, with a mean
follow-up period from the time of IRBD diagnosis of 4.3 ±
3.2 years and 2.8 ± 2.0 years, respectively (excluding the dropout
cases). In the sleep center cohort and neurological center cohort,
a total of 15 (48.4%) and 13 (76.5%) patients developed PD,
respectively, while 15 (48.4%) and four (23.5%) patients devel-
oped probable DLB, respectively, both of which were Lewy
body disease (LBD). One patient in the Sleep Center cohort
developed unknown cerebellar ataxia (Table 1).

TABLE 1 This study of IRBD showing conversion to a defined overt neurodegenerative disease

Sleep Center cohort
between 2005–2017

Neurological Center cohort
between 2011–2017

Combined Sleep Center
and Neurological center

cohort

Number of patients 192 81 273
Men /Women 152/40 (79.2%, men) 61/20 (75.3%, men) 213/60 (78.0%, men)
Mean age at RBD estimated
onset, years (mean ± SD)

60.4 ± 9.2 63.0 ± 8.3 61.1 ± 9.0

Mean age at IRBD diagnosis,
years (mean ± SD)

67.6 ± 6.7 68.1 ± 6.7 67.7 ± 6.6

Mean age at the time of the
study outcome, years
(mean ± SD)

71.5 ± 7.1 71.3 ± 6.7 71.4 ± 6.9

Mean follow-up time from IRBD
estmated onset, years
(mean ± SD)

11.1 ± 7.7 7.8 ± 6.1 10.2 ± 7.4

Mean follow-up time from IRBD
diagnosis, years (mean ± SD)

3.8 ± 3.2 2.7 ± 2.0 3.5 ± 3.0

Mean follow-up time from IRBD
diagnosis, excluded dropout
cases, years (mean ± SD)

4.4 ± 3.3 2.8 ± 2.0 3.9 ± 3.0

Conversion rate (%), excluded
dropout cases

20.9 23.3 21.7

Risk for conversion from IRBD
diagnosis

10.3% at 3 years; 15.8%
at 5 years; 26.4% at
7 years; 46.5% at
10 years

17.4% at 3 years; 31.2%
at 5 years; 74.2% at
7 years

11.9% at 3 years; 20.3%
at 5 years; 33.2% at
7 years; 51.4% at
10 years

Number of patinets with
emergining ND

15 patients with PD;
15 patients with DLB;
1 patient with unknown
cerebellar ataxia

13 patients with PD;
4 patients with DLB

28 patients with PD;
19 patients with DLB;
1 patient with
unknown cerebellar
ataxia

Mean time interval between
RBD estimated onset and ND
diagnosis, years (mean ± SD)

11.8 ± 8.1 7.2 ± 5.3 10.2 ± 7.5

Mean time interval between
IRBD diagnosis and ND
diagnosis, years (mean ± SD)

4.4 ± 3.3 3.0 ± 2.0 3.9 ± 3.0

Mean age at ND diagnosis,
years (mean ± SD)

73.1 ± 6.6 70.0 ± 9.0 72.0 ± 7.6

IRBD = idiopathic rapid eye movement disorder. RBD = rapid eye movement disorder. ND = neurodegenerative disease. PD = Parkinson dis-
ease. DLB = dementia with Lewy bodies.
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The estimated onset risk for an overt neurodegenerative syn-
drome from the time of IRBD diagnosis for the combined sleep
center and neurological center cohort was 11.9%, 20.3%, 33.2%,
and 51.4% at three, five, seven, and ten years, respectively
(Fig. 2). The estimated onset risk for an overt neurodegenerative
syndrome from the time of IRBD diagnosis for the sleep center
cohort alone at three, five, seven, and ten years was 10.3%,
15.8%, 26.4%, and 46.5%, respectively, while for the Neurologi-
cal Center cohort it was 17.4%, 31.2%, and 74.2% at three, five,
and seven years, respectively. The risk of developing an overt
neurodegenerative syndrome was significantly different between
the 192 patients of the sleep center cohort and the 81 patients of
the neurological center cohort (P = 0.02; Fig. 3).

Discussion
In this first study of a large population of Asian IRBD subjects,
the estimated conversion risk leading to diagnosis differed
between the two IRBD cohorts. The results of the current study
corroborated those of a study conducted by a Canadian sleep dis-
orders laboratory, in which 26 of 93 (28%) patients with IRBD
developed a neurodegenerative disease after a mean follow-up
period of five years. The following neurodegenerative diseases
were observed: PD in 14 patients, DLB in seven patients,
dementia that met the clinical criteria for Alzheimer’s disease in
four patients, and MSA in one patient.6 Other cross-sectional
studies demonstrated comorbid mild cognitive impairment
(MCI),6,17,19 where patients with IRBD demonstrated a similar
cognitive dysfunction to that observed in LBD with regard to
visuospatial ability.6 IRBD is a known risk factor for developing

MCI.20 A substantial number of patients with IRBD progres-
sively develop overt synucleinopathy features over time, and
those who develop MCI and subsequent dementia have clinical
features that are most consistent with DLB.21 In the current
study, there was no significant difference in the progression rate
of neurocognitive outcome between patients with dementia with
and without IRBD.22 However, unlike a previous Spanish
study,5 MCI was not considered a disease outcome in the current
study, in keeping with the Canadian study.6 Some of this varia-
tion or limitation may be due to differences in disease definition,
and we used strict criteria that may exclude patients with RBD-
MCI and mild parkinsonian signs, which could have influenced
the conversion rate.

FIG. 4. Comparison of the age at diagnosis between
28 patients with Parkinson’s disease and 19 patients with
dementia with Lewy bodies (DLB). The P-value was determined
using the Mann-Whitney U-test.

FIG. 2. Rates of neurological disease-free survival, according to
the time of idiopathic rapid eye movement sleep behavior dis-
order (IRBD) diagnosis in the 273 patients.

FIG. 3. Rates of neurological disease-free survival according to
the time of IRBD diagnosis in the 192 and 81 patients from the
sleep center and neurological center cohorts, respectively.

MOVEMENT DISORDERS CLINICAL PRACTICE 2018; 5(5): 506–511. doi: 10.1002/mdc3.12647 509

T. MIYAMOTO AND M. MIYAMOTO RESEARCH ARTICLE



A total of 44 patients (22.9%) in the Sleep Center cohort were
lost to follow-up, and two patients were excluded due to the onset
of stroke. Therefore, a total of 148 patients (77.1%) completed the
study, with a high dropout rate. Although the patients who were
lost to follow-up were disease-free at the time of dropout, it is
unknown whether or not they later developed an overt neurode-
generative syndrome. Patients who developed an overt neurode-
generative syndrome after dropout could affect the conversion rate
and increase the estimated risk of developing an overt neurodegen-
erative syndrome. The conversion rate of the 148 patients (exclud-
ing the dropout cases) with IRBD in the sleep center cohort was
lower than that of previous studies.5,6 The Spanish sleep center
IRBD cohort, who were closely followed for a median period of
four years, showed survival curves indicating an estimated risk of a
defined neurodegenerative disease from the time of IRBD diagno-
sis of 33.1%, 75.7%, and 90.9% at five, ten, and 14 years, respec-
tively.9 A total of 65 (37.4%) patients were clinically diagnosed
with PD (n = 22), DLB (n = 29), MSA (n = 2), and MCI (n = 12).
The conversion rate of our combined Japanese RBD cohort was
similar to that reported from South Korea.8 Differences between
the studies, however, could be attributed to racial differences
between Asians and Caucasians. However, given the similar life-
styles and living environments of the two RBD cohorts in the cur-
rent study, other factors must be taken into consideration when
comparing the cohorts to clarify significant differences in the con-
version rate. Overall, for a short-term follow-up period, the risk of
developing an overt neurodegenerative syndrome was less than the
risk reported in previous American, Canadian, and Spanish studies.
However, as the duration of the follow-up period increased, the
risk of developing a neurodegenerative disease progressively
increased.2 For PD, the mean age at the time of study outcome was
71.2 years; however, the mean age at the time of study outcome
for patients with DLB was 73.5 years (Fig. 4). In a previous pro-
spective study, compared to PD without dementia, PD patients
who developed dementia were older at baseline, Kaplan-Meier
analysis estimated a 15%, 29%, and 45% risk of dementia at 2, 3,
and 4 years, respectively, for PD patients with RBD, compared to
0% for PD without RBD.23 These results suggest that the conver-
sion rate or onset age of PD with dementia or DLB was related
to age.

The difference in conversion rate for our two cohorts may be
explained as follows. First, there were a large number of dropout
patients in the sleep center cohort. Although phone surveys and
sending out questionnaires can reduce the dropout rate, we only
used data that the researchers obtained from a direct visit to improve
diagnostic accuracy. Second, the study setting may have influenced
the characteristics of the study population. The centers are adjacent
but located in different medical zones, and the lifestyles and envi-
ronments of both cohorts are similar. Clinics specializing in neurol-
ogy, movement disorders, dementia, and depression and clinics
specializing in sleep disorders conduct different medical examina-
tions to assess patients. For example, in a Chinese (Hong Kong)
study,7 a comparison of the survival curves for the development of
PD in IRBD patients, with and without psychiatric diagnosis, sug-
gest that the presence of premorbid psychiatric disorders was signifi-
cantly associated with an increased risk of developing PD for the

overall cohort after adjusting for gender, age at RBD diagnosis, and
smoking status. Psychiatric disorders, particularly depression, are a
significant risk factor in predicting PD in IRBD patients, which may
lend further support to a role for psychiatric disorders in predicting
the emergence of PD-related pathologies. Further, in comparison to
the neurological center cohort, in a recent Chinese (Shanghai) neu-
rological center cohort study,24 18 of 43 patients (41.9%) developed
a defined neurodegenerative synucleinopathy diseases (DLB =
2, MSA = 3, PD = 13) after a median prospective follow-up period
of 4.1 years (median interval of 10.5 years from the estimated onset
of IRBD symptoms). This indicates a relatively high conversion rate
in previous sleep center studies.3–9 Thus, it is necessary to consider
bias in the characteristics of the patient population at each clinic.
This suggests that differences in the types of neurodegenerative dis-
ease observed may occur, depending on the center visited by
patients with IRBD, and the type and rate of conversion.

A strength of the current study was its high diagnostic accu-
racy among homogeneous populations since a neurologist quali-
fied through the Japanese Society of Neurology and a sleep
specialist qualified through the Japanese Sleep Society of Sleep
Research always examined the patients directly, and each case
was verified by two researchers (TM, MM). To minimize differ-
ences between the examiners’ evaluations, all cases were evalu-
ated by the same researchers (TM, MM), from the initial
examination until the study outcome date. Strict criteria for con-
sensus were used for the diagnostic criteria for overt neurodegen-
erative diseases.14,15,17,18

A few limitations of the current study include the following:
(1) a shorter follow-up period than used in prior cohorts, (2) a
lack of inclusion of MCI as a criterion for the onset of a neuro-
degenerative disease, and (3) a large number of dropout cases in
the sleep center cohort.

Conclusions
In the current study, the medium- and long-term risk of develop-
ing a neurodegenerative disease was investigated in two Japanese
RBD cohorts. The conversion rate was lower than that of previ-
ous American, Canadian, and Spanish studies. However, the con-
version rate progressively increased as the follow-up period
increased. This is the first study in a large sample of Asian IRBD
subjects that confirmed the progressive increase in the risk of phe-
noconversion to a neurodegenerative syndrome in patients with
IRBD over time. Of the neurodegenerative disease that occurred
later, the majority of cases were LBD, while MSA was rare.

The difference in the estimated conversion rate between the
two IRBD cohorts could be attributed to a referral bias leading
to the diagnosis of IRBD, which may result in different evalua-
tion results depending on the observed population. Researchers
should be aware of potential selection bias in their clinical stud-
ies, measure it (where possible), and discuss its implications for
the interpretation of a study’s findings. These data give informa-
tion on the development of an optimal clinical trial period for
potential disease-modifying therapies.
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