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Abstract.
Background: Rapid eye movement sleep behavior disorder (RBD) may present as an early manifestation of an evolving
neurodegenerative disorder with alpha-synucleinopathy.
Objective: We investigated that dementia with RBD might show distinctive cortical atrophic patterns.
Methods: A total of 31 patients with idiopathic Parkinson’s disease (IPD), 23 with clinically probable Alzheimer’s disease
(AD), and 36 healthy controls participated in this study. Patients with AD and IPD were divided into two groups according
to results of polysomnography and rated with a validated Korean version of the RBD screening questionnaire (RBDSQ-K),
which covers the clinical features of RBD. Voxel-based morphometry was adapted for detection of regional brain atrophy
among groups of subjects.
Results: Scores on RBDSQ-K were higher in the IPD group (3.54 ± 2.8) than in any other group (AD, 2.94 ± 2.4; healthy
controls, 2.31 ± 1.9). Atrophic changes according to RBDSQ-K scores were characteristically in the posterior part of the
brain and brain stem, including the hypothalamus and posterior temporal region including the hippocampus and bilateral
occipital lobe. AD patients with RBD showed more specialized atrophic patterns distributed in the posterior and inferior parts
of the brain including the bilateral temporal and occipital cortices compared to groups without RBD. The IPD group with
RBD showed right temporal cortical atrophic changes.
Conclusion: The group of patients with neurodegenerative diseases and RBD showed distinctive brain atrophy patterns,
especially in the posterior and inferior cortices. These results suggest that patients diagnosed with clinically probable AD or
IPD might have mixed pathologies including �-synucleinopathy.
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INTRODUCTION

Rapid eye movement sleep behavior disorder
(RBD) is parasomnia characterized by dream-
enhancement occurring in rapid eye movement sleep
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[1, 2]. RBD is frequently referred to as an early sign
of a slowly evolving neurodegenerative disorder or a
long-term predictor of it [3]. Some studies reported
specific anatomical regions related with RBD, includ-
ing the dysfunction of a network among the midbrain
and pontine tegmentum, the locus subcoeruleus, the
medullary magnocellular reticular formation, and
focal lesions of the pontine or mesencephalic tegmen-
tum [4, 5]. Recent long-term prospective studies have
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shown that 30% to 65% of patients with idiopathic
RBD will eventually develop a neurodegenerative
disorder associated with alpha-synuclein pathology
such as idiopathic Parkinson’s disease (IPD), mul-
tiple system atrophy, or diffuse Lewy body disease
with dementia (DLB) depending on the length of
follow-up [1]. Idiopathic RBD may present as an
early manifestation of an evolving neurodegener-
ative disorder with alpha-synucleinopathy [6]. A
diffusion-tensor imaging and voxel-based morphom-
etry (VBM) study localized two areas harboring
key neuronal circuits involved in the regulation of
REM sleep in the pontomesencephalic brainstem,
and these were overlapped with areas of structural
brainstem damage causing symptomatic idiopathic
RBD in humans [7]. In contrast to idiopathic RBD,
secondary RBD showed special association with the
synucleinopathies in terms of both structural and time
sequence in the brain, explaining the evolution of
parkinsonism and/or dementia well after the onset
of RBD [8].

The relationship between MRI pathology and
patients with secondary RBD who develop alpha-
synuclein–related neurodegenerative diseases has
rarely been reported [9–11]. In several autopsy series,
more than half of patients with Lewy-related pathol-
ogy, including Lewy bodies and Lewy neurites,
had concomitant Alzheimer pathology [12–15]. We
postulated that dementia with RBD might show
distinctive cortical or subcortical atrophy patterns
compared to Alzheimer’s dementia (AD) and IPD
without RBD. Participants were divided into two
groups, those with RBD and those without RBD
based on polysomnography, and then compared
cortical and subcortical atrophic patterns using voxel-
based morphometry in these patients. The purpose
of this study was to evaluate brain atrophy patterns
in patients with RBD in neurodegenerative disorder
compared to those without RBD.

SUBJECTS AND METHODS

Subjects

A total of 31 patients with IPD and 23 patients with
AD aged 55–80 years were prospectively recruited
from the Department of Neurology at Hanyang Uni-
versity between June 2014 and Nov 2014. AD was
diagnosed using criteria developed by the National
Institute of Neurologic and Communicative Dis-
orders and Stroke-Alzheimer Disease and Related
Disorders Association (NINCD-ADRDA) [16]. We

excluded patients with 1) secondary dementia or
parkinsonism, such as a brain tumor or encephali-
tis; 2) a diagnosis of psychiatric illness within two
years; 3) another medical disease causing cognitive
dysfunction (liver disease, renal disease, thyroid dis-
ease); and 4) alcohol or drug addiction diagnosed
within two years. For all the IPD patients, diagno-
sis of PD was made according to the UK Parkinson’s
Disease Society Brain Bank criteria [17]. We enrolled
patients with IPD who met the following criteria:
1) age 40–70 years; 2) short disease duration (one
to five years from diagnosis); 3) Hoehn and Yahr
stage ≤ 3 [18]; 4) no dementia (not fulfilling the
DSM-IV-TR [19] dementia criteria) or prior clinical
suspicion of cognitive impairment and no subjective
memory impairment at interview; 5) without signs or
symptoms suggestive of secondary parkinsonism or
atypical parkinsonism such as multiple system atro-
phy. Thirty six age-matched healthy controls without
any medical illness were enrolled and underwent
brain MRI. All participants were also administered
the standard Korean version of the Mini-Mental State
Examination (K-MMSE) and the Clinical Dementia
Rating (CDR) to compare cognition and clinical state
[20, 21].

The study was approved by the ethics commit-
tees of Hanyang University, and participants provided
written informed consent according to the Declara-
tion of Helsinki.

Evaluation of REM sleep behavior disorder
(RBD)

All patients with AD and IPD were divided into
two group according to result of polysomnography
(PSG). The Korean version of the REM sleep behav-
ior disorder screening questionnaire (RBDSQ-K) was
used to measure the severity of RBD [22]. The
RBDSQ-K consists of a total of 13 items, and answers
were provided as “Yes – 1,” or “No – 0” and “I do
not know – 0” by the patient or their spouse. Total
scores ranged from 0 to 13 points. The RBDSQ-K
was performed on all participants.

Imaging

MRI scans were obtained on a 3.0-T Achieva
system (Phillips) equipped with a standard quadra-
ture head coil. Structural MRI sequences included
a volumetric three-dimensional spoiled fast gradi-
ent echo MRI (repetition time (TR), 7.3; echo time
(TE), 2.7 ms; slice thickness, 1.0 mm; flip angle, 13◦;
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field of view of 256 mm × 256 mm; the volume con-
sisted of 200 contiguous coronal sections covering
the whole brain.

Voxel-based morphometry (VBM)

VBM is a fully automated, whole-brain technique
for the detection of regional brain atrophy by voxel-
wise comparison of gray and white matter volumes
between groups of subjects. The technique comprises
a spatial preprocessing step (spatial normalization,
segmentation, modulation and smoothing) followed
by statistical analysis. Both stages were imple-
mented using the Statistical Parametric Mapping
5 software package (SPM5, Functional Imag-
ing Laboratory, Wellcome Department of Imaging
Neuroscience, Institute of Neurology, UCL, UK;
http://www.fil.ion.ucl.ac.uk/spm). Patients’ and con-
trols’ images were normalized to the common
template to allow inter-subject comparisons and then
segmented into gray, white, and CSF compartments
using the VBM technique. Segmented and modu-
lated images were transformed into MNI space and
smoothed by a Gaussian kernel of 12 × 12 × 12 mm.

Statistical analysis

SPSS (v. 22.0; SPSS Inc., Chicago, IL, USA)
was used for statistical analyses. Comparisons of
patient demographics, RBDSQ-K, MMSE, and CDR
among the AD, IPD, and healthy control subjects
were assessed by ANOVA with post hoc analyses.
p-values less than 0.05 were considered to be statis-
tically significant.

Independent t-test analysis was used to com-
pare atrophy between the control and patient group.
Patients in the AD and IPD groups with differ-
ent atrophic patterns were divided into two groups
according PSG and compared using independent t-
test analysis. The degree of atrophy was compared in
AD and IPD with RBD by multiple regression analy-
ses according to RBDSQ-K scores. All analyses were
performed using the SPM5 statistical package.

RESULTS

Patient characteristics

The mean patient age was 74.6 ± 7.2 years,
63.9 ± 10.8 years, and 50.4 ± 4.8 years for the
AD, IPD, and control groups, respectively. Disease
duration was short (one to five years from diagnosis).

Table 1
Participant demographics

Healthy AD IPD p-value
controls (n = 23) (n = 31)
(n = 36)

Age (y)∗ 72.9 ± 5.7 71.6 ± 8.1 68.4 ± 7.9 0.075
Female (%) 17 (47.2) 14 (60.9) 20 (74.1) 0.4
Education (y)∗ 4.8 ± 3.7 6.4 ± 6.0 6.7 ± 5.4 0.58
K-MMSE∗ 29.3 ± 1.2 20.1 ± 4.5 22.6 ± 4.3 0.006
CDR∗ 0 0.91 ± 0.47 0.44 ± 0.32 <0.001
∗Value is mean ± SD. AD, Alzheimer’s disease; IPD, idiopathic
Parkinson’s disease; K-MMSE, Korean version of the Mini-Mental
Status Examination; CDR, clinical dementia rating scale; y, years.

Fig. 1. Participant RBDSQ-K scores. The average RBDSQ-K
score of patients with IPD was the highest (3.70 ± 2.4), followed
by the AD group, which had a higher average score than that of
the controls. AD, Alzheimer’s disease; IPD, idiopathic Parkinson’s
disease; HC, healthy controls; RBD, REM sleep behavior disor-
der; RBDSQ-K, Korean version of RBD Screening Questionnaire.
∗p < 0.001 and #p = 0.039 on the Kruskal-Wallis test.

K-MMSE score was the lowest (20.1 ± 4.5) in
AD, followed by the IPD (22.6 ± 4.3) and control
(24.2 ± 4.3) groups. The level of education according
to K-MMSE score differed in each of the target groups
(Table 1). The average RBDSQ-K score was highest
in patients with IPD (3.70 ± 2.4), and AD group had
a higher score than the control group (Fig. 1).

Cortical and subcortical changes in AD and IPD

Cortex atrophy in the bilateral parieto-temporal
and frontal areas was observed in AD patients
compared to controls (family-wise error (FWE) cor-
rection p < 0.05; Fig. 2A). Patients with IPD showed
focal cortical atrophy in the bilateral dorsolateral

http://www.fil.ion.ucl.ac.uk/spm
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Fig. 2. Cortical atrophy on group analysis. A) The AD group showed bilateral parieto-temporal cortex and bilateral frontal cortex atrophy
compared to controls (FWE p < 0.05). B) The IPD group had bilateral frontal cortical atrophic changes compared to controls (uncorrected
p < 0.001). AD, Alzheimer’s disease; IPD, idiopathic Parkinson’s disease; RBD, REM sleep behavior disorder; FWE, family-wise error.

frontal and right-dominant frontal cortices compared
to controls (uncorrected p < 0.001; Fig. 2B). There
was no cortical atrophic change in IPD on corrected
analysis. There was no significant atrophic change
within the subcortices of AD and IPD patients when
compared to controls.

Cortical and subcortical changes according to
RBDSQ-K scores

We evaluated the findings of structural MRI using
VBM according to RBDSQ-K scores using multiple
regression with a threshold of uncorrected p < 0.001
adjusting for age, sex, and total intracranial volume
correction at a cluster level of 100 voxels. Atrophic
changes were characteristically in the posterior part
of the brain and brain stem, including the hypothala-
mus, and the posterior temporal region, including the
hippocampus and bilateral occipital lobes. The three-
dimensional surface rendering maps demonstrated
greater atrophy in the posterior cingulate, precuneus,
lateral parietal, and posterior temporal cortex, both
occipital, posterior cingulate, precuneus, both infe-
rior frontal cortices, and the brain stem, including
the hypothalamus (uncorrected p < 0.001; Fig. 3.).
These findings disappeared when we used a thresh-
old of 0.05, correcting for multiple variables using

FWE. We did not find greater atrophy in subcortical
structures.

Cortical and subcortical changes in AD and IPD
according to RBD status

AD and IPD patients were divided into two groups
with RBD and without RBD, and the severity was
measured using RBDSQ-K scores. Patient demo-
graphics are summarized in Table 2. There were
significant differences in RBDSQ-K scores and level
of education in both the AD and IPD group, accord-
ing to existence of RBD. The AD group with RBD
showed more progressive clinical symptoms with
low K-MMSE, high CDR, and disease duration than
those without RBD. Distinctive cortical atrophic pat-
terns were observed in patients with RBD in both
the AD and IPD groups. Those in the AD group
who were determined to have a high likelihood of
having RBD showed cortical atrophic patterns in
both occipito-temporal regions when using a thresh-
old of uncorrected p < 0.001 adjusting for age, sex,
and total intracranial volume correction at a cluster
level of 100 voxels (Fig. 4A, Table 3). Those in the
IPD group showed atrophy in the right inferior pos-
terior temporal area (Fig. 4B, Table 3; uncorrected
p < 0.001). These findings disappeared when we used
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Fig. 3. Brain atrophic changes according to RBDSQ-K score. The
three-dimensional surface rendering maps demonstrated greater
atrophy in the posterior cingulate, precuneus, lateral parietal and
posterior temporal cortex, both occipital, both inferior frontal cor-
tices and the brain stem, including hypothalamus atrophy. The
coronal section from the custom template demonstrated asymmet-
ric right-greater-than-left atrophy in the posterior temporal regions
on multiple regression in SPM5 (uncorrected p < 0.001). RBD,
REM sleep behavior disorder; RBDSQ-K, Korean version of RBD
Screening Questionnaire.

a threshold of 0.05 after correcting for multiple com-
parisons using FWE. There were no positive results
in subcortical structure.

DISCUSSION

We analyzed brain structure differences in neu-
rodegenerative disorders according to the presence
of RBD. The results of this study can be summa-
rized as follows: (1) The IPD group had the greatest
number of RBD symptoms, but some symptoms were
also present in the AD group; (2) there were specific
atrophic patterns in cortical structures in the AD and
IPD groups, specifically the bilateral occipital, right
temporo-parietal and focal frontal areas; (3) bilat-
eral occipital cortical atrophic changes were observed
in patients with AD and RBD; and (4) right tempo-
ral atrophic changes were observed in patients with
IPD and RBD. Many researchers have reported that
RBD is a manifestation of alpha-synuclein pathology,
and not only is the incidence greater in AD, such as
dementia with Lewy bodies (DLB) [23], but the pres-
ence of RBD may also improve diagnostic accuracy
[24]. One study reported that idiopathic RBD could
be assumed to be a sign of alpha-synucleinopathy
[2], and patients with neurodegenerative disease
showed increased muscle activity during REM sleep
on polysomnography without overt RBD signs and
symptoms [25]. Some studies reported that RBD
appears years or decades before diagnosis of IPD,
MSA, DLB or Parkinson’s disease with dementia [1,
2, 8, 26]. Delayed emergence of parkinsonian dis-
order was reported in 38% of 29 older men initially
diagnosed with idiopathic RBD [27]. It is important to
determine whether the existence of RBD is necessary
for the early diagnosis and management of patients
with neurodegenerative disease.

Anatomical substrates of RBD associated with
structural lesions in the brain stem have been
reported; the dorsal midbrain and pons have been
implicated based on human cases [8]. Pathophys-
iologic studies found that RBD is associated with
brain-stem structures such as the peri-locus ceruleus

Table 2
Demographics in AD and IPD according to the presence of RBD

AD without RBD AD with RBD IPD without RBD IPD with RBD
(n = 14) (n = 9) (n = 22) (n = 9)

Age (y)∗ 67.7 ± 8.4 70.1 ± 6.9 67.7 ± 8.4 70.1 ± 6.8
Female (%) 8 (57.1) 6 (66.7) 12 (54.5) 9 (100)
Education (y)∗ 8.6 ± 5.1† 2.0 ± 2.5† 8.5 ± 4.8† 2.4 ± 2.5†
Disease duration (y) 1.7 ± 1.2 1.9 ± 1.3 1.9 ± 1.4 1.9 ± 1.5
RBDSQ-K score∗ 1.9 ± 1.5† 6.2 ± 1.5† 2.0 ± 1.2† 7.8 ± 1.8†
K-MMSE∗ 22.9 ± 4.5 17.3 ± 6.0 22.9 ± 4.3 22.1 ± 3.5
CDR∗ 0.41 ± 0.37 0.91 ± 0.47 0.44 ± 0.36 0.43 ± 0.16

∗Value is mean ± SD; †p = 0.05 on the Kruskal-Wallis test. AD, Alzheimer’s disease; IPD, idiopathic Parkinson’s disease; RBD, REM
sleep behavior disorder; RBDSQ-K, Korean version of RBD Screening Questionnaire; K-MMSE, Korean version of Mini-Mental Status
Examination; CDR, clinical dementia rating scale; y, years.
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Fig. 4. Comparison of regional atrophic patterns according to the presence of RBD in AD and IPD with RBD compared to those without
RBD. The three-dimensional surface rendering maps demonstrated greater atrophy in the bilateral occipital and right superior temporal, and
both posterior central gyri in the coronal section on custom two sample t-tests in SPM5 (uncorrected p < 0.001, T-score 2.62 in AD versus
3.48 in IPD). AD, Alzheimer’s disease; IPD, idiopathic Parkinson’s disease; RBD, REM sleep behavior disorder.

Table 3
Relative decrease in gray matter in AD and IPD patients with RBD compared to those without RBD

MNI-space
AD (with RBD > without RBD) Side Clusters x y z T-value p-value

Atrophic regions
Precuneus Right 139 –8 –52 51 5.39 0.083
Middle occipital Left 140 –27 –71 30 5.2 0.002
Cuneus Right 107 66 –2 38 4.53 0.001
Lingual Right 561 13 –81 1 4.83 0.005
Lingual Left 561 –15 –66 –2 4.21 0.005
Calcarine Right 590 10 –66 17 4.26 0.004
Superior temporal Right 202 46 –31 16 4.2 0.068
Superior parietal Left 215 –34 59 60 4.04 0.06
Superior parietal Left 139 –34 59 60 3.91 0.07
Postcentral Right 137 –15 –66 –2 3.58 0.125

IPD with RBD (with RBD>without RBD)
Superior temporal Right 114 62 –8 8 4.56 0.001

AD, Alzheimer’s disease; IPD, idiopathic Parkinson’s disease; RBD, REM sleep behavior disorder.

area in animal studies [28, 29]. However, there may
be differences in pathologic substrates between idio-
pathic and secondary RBD.

In this study, we compared the clinical charac-
teristics and degree of atrophy among patients with
neurodegenerative disease who had been divided
into two groups according to the presence of RBD.
There were significant differences in RBDSQ-K
scores and education level in both the AD and IPD
groups. Patients with AD and RBD showed dis-

tinctive atrophic patterns in the cortical structure of
bilateral occipital regions. These results suggest that
RBD symptoms are correlated with atrophic changes
in specific areas such as the temporo-occipital areas,
and this might be related to the accumulation of
cortical synuclein in AD or clinically probable AD
(including pathologically proven DLB) as previously
reported [14, 23]. However, we cannot exclude the
possibility that the cortical atrophy itself may be
the source of RBD in AD. Our comparison between
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groups of patients with AD and IPD revealed that
there were differences between groups in terms of
MMSE, CDR and disease duration, although they
were not statistically significant.

Patients with RBD symptoms and IPD showed
atrophic patterns in the right temporal regions in this
analysis. This finding is consistent with a previous
study in which the authors used diffusion tensor imag-
ing and found significant microstructural changes
in the white matter of the brainstem (uncorrected
P < 0.001), the right substantia nigra, the olfactory
region, the left temporal lobe, the fornix, the inter-
nal capsule, the corona radiata, and the right visual
stream of patients with iRBD [20]. The temporal
cortex takes charge in spatial cognition in humans,
thus right temporal cortical atrophic changes would
be related to RBD symptoms in IPD. We did not
find any abnormalities in white matter structure using
VBM analysis. A recent study revealed reduced sig-
nal intensity in the locus coeruleus/subcoeruleus area
in patients with IPD that was more marked in patients
with than those without RBD [30]. This discrepancy
in findings might be due to differences in method used
to identify white matter structure disruptions [31].

This study was limited by the fact that RBD sever-
ity was assessed using only RBDSQ-K scores and
not polysomnography. A definite diagnosis could be
achieved only with a PSG recording. The relationship
between the severity of RBD and various features
is supported by PSG findings indicating a loss of
REM sleep muscle atonia and/or excessive phasic
muscle twitching and actual observation of RBD
occurrences [32]. While polysomnography contains
much more information and is essential for the diag-
nosis of RBD, assessing the severity of RBD with
polysomnographic measures, including electromyo-
graphic activities [33], qualitative and quantitative
video polysomnography [34, 35], takes much time
and effort, making it thus less feasible for practi-
cal uses. Using the REM Sleep Behavior Disorder
Severity Scale (RBDSS), a more simplified tool, has
been suggested, but still needs more validation [36].
Although previous studies reported that there was no
significant correlation between RBDSQ-K score and
duration or severity of RBD symptoms [22, 37], it
is the most widely used and easily applicable in an
individual clinical study, so we focused on using the
more practical scale to see the relevance.

Another limitation of this study is that polysomno-
graphy was not performed in the healthy control
group. According to a recent study, the prevalence
of RBD was reported to be 7.7% in an elderly cohort

[38], and thus it is possible that some of the con-
trols had RBD. Furthermore, the proportion of female
participants was high compared to other studies,
specifically in IPD. Thus selection bias may have
affected our results.

Finally, we failed to demonstrate significant results
even after correcting our analysis by FWE or FDR,
although our findings were significant when the data
were analyzed using the uncorrected method. This
may be because all included participants were in a
stage of disease too early to be detected. It is pos-
sible that the neural substrate of secondary RBD is
in the white matter. The recommended method for
assessing white matter is diffusion tensor imaging
or magnetization transfer in order to better describe
and understand the histopathological correlation with
lesions [39].

The results of our study suggest that the anatomical
location of secondary RBD may differ according to
the primary pathological neurodegenerative disease.
Different cortical atrophic changes might be related to
the presence of synucleinopathy in primary neurode-
generative disorders. Diagnosis of RBD at an early
stage will be helpful in determining the prognosis of
neurodegenerative diseases and treatment.
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