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Study Objectives: To examine the prevalence and clinical characteristics of REM sleep behavior disorder (RBD) and subclinical RBD in the Ko-
rean elderly population.

Design: A community-based Korean Longitudinal Study on Cognitive Aging and Dementia and time-synchronized video-polysomnography (VPSG)
in a laboratory.

Setting: Sleep laboratory in a university hospital.

Participants: 348 individuals aged 60 years or older.

Intervention: N/A.

Measurements and Results: Among 696 subjects who were invited to participate in a vPSG study, 348 completed the vPSG. RBD was diagnosed
when subjects showed REM sleep without atonia (RSWA) in the vPSG, and had history of complex and vigorous behaviors during sleep or abnor-
mal REM sleep behaviors in the vPSG. Subjects with RSWA but no abnormal REM sleep behaviors were diagnosed with subclinical RBD. Seven
subjects (5 male, 2 female) had RBD, three of whom (1 male, 2 female) had Parkinson disease. Two subjects reported history of sleep-related in-
jury. The crude prevalence of RBD and idiopathic RBD was 2.01% (95% confidence interval [CI] = 0.54% to 3.49%) and 1.15% (95% Cl = 0.03% to
2.27%). An age and sex-adjusted prevalence estimate of RBD and idiopathic RBD in the Korean elderly was 2.01% and 1.34%. Eighteen subjects
were diagnosed with subclinical RBD, and the prevalence of subclinical RBD was estimated to be 4.95%.

Conclusions: RBD and subclinical RBD are not rare in the elderly in the community with abnormal REM sleep behaviors of RBD being mild to
injurious and violent. The clinical significance and long-term progression of subclinical RBD needs to be further explored, given the prevalence and

its possible relation to RBD.
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INTRODUCTION

REM sleep behavior disorder (RBD) is a parasomnia charac-
terized by loss of normal atonia during REM sleep and dream
enacting behavior (DEB), including vocalizations, striking be-
haviors, or violent movements.'? At the time of initial diagnosis
of RBD, 18.6~18.7% of RBD patients had comorbid neurode-
generative diseases, and many such patients developed emer-
gent neurodegenerative diseases as time passed.*¢ In a recent
population-based study, probable RBD patients were found to
be at 2.2-fold increased risk of developing mild cognitive im-
pairment or Parkinson disease over 4 years.” Therefore, inves-
tigating the prevalence of RBD is of importance for prevention
of sleep-related injury and to explore the association with neu-
rodegenerative diseases at early stage.

The prevalence of RBD has not been well researched, and
only two studies were population-based. In a United Kingdom
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sample of 2,078 men and 2,894 women between the ages of 15
to 100 years, Ohayon found that 0.5% of the sample reported
violent behaviors during sleep in the telephone interview.® In
another study with clinical evaluation and nocturnal polysom-
nography (NPSG), Chiu examined the prevalence of RBD and
sleep-related injury in a sample of Hong Kong community-
living elderly. A history of sleep-related injury was reported in
0.8% of the study population, and the prevalence of RBD was
estimated at 0.38%.° However, both studies had some limita-
tions. In the study by Ohayon, subjects did not undergo PSG,
which is essential in the diagnosis of RBD, and violent behav-
iors may occur in NREM as well as REM sleep.*'*!" In the
Hong Kong study, RBD prevalence might be underestimated
since subjects with sleep-related injury were selected in the first
stage; thus, the RBD group without violent behaviors during
sleep might not be included in RBD prevalence.

Considering the association between RBD and neurodegen-
erative diseases, the concept of subclinical RBD was introduced
for early detection of RBD. Schenck and Mahowald suggested
that the criteria of subclinical RBD should include PSG abnor-
malities alone or with nonclinical behaviors in REM sleep such
as limb twitching and jerking, and simple behavior.'? Subclini-
cal RBD might remain asymptomatic, but it could develop into
clinical RBD with progression to neurodegenerative disorders
or there might be direct progression from subclinical RBD to
neurodegenerative disorders.'? Therefore, our aim of this study
was to investigate the prevalence of RBD and subclinical RBD
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using time-synchronized video-polysomnography (vPSG), and
to evaluate the clinical characteristics of patients with RBD and
subclinical RBD.

METHODS

Study Subjects

This study was a part of the Korean Longitudinal Study on
Cognitive Aging and Dementia (KLOSCAD), a population-
based prospective cohort study of cognitive function with aging
and dementia in the elderly Korean population aged 60 years or
older. We conducted this study from January 2010 to February
2011 on older adults living in Jukjeon-dong, Youngin-si, Korea.
We randomly drew 10% (N = 696) of the 6,959 residents of
Jukjeon-dong aged 60 years or older through systemic random
sampling based on the residential roster. Then we invited the
sampled subjects to visit Seoul National University Bundang
Hospital, where subjects were given a clinical examination, and
detailed medical and neurological history was taken. Parkinson
disease (PD) was evaluated with the use of the clinical diag-
nostic criteria for PD." In diagnosing both RBD and subclini-
cal RBD, subjects taking antidepressants or other psychiatric
medications were excluded. Psychiatric assessments were per-
formed as follows: The Pittsburgh sleep quality index (PSQI)
was used to evaluate subjective sleep complaints, the Epworth
Sleepiness Scale (ESS) to assess daytime sleepiness, geriatric
depression scale (GDS) to evaluate mood symptoms, and mini-
mental state examination (MMSE) to find patients with cog-
nitive impairments. They were then recommended to undergo
vPSG for one night in the sleep laboratory of the hospital. This
study was approved by our institutional review board, and all
subjects provided written informed consent themselves or via
their legal guardians.

Video-polysomnography (vPSG)

We used an Embla N7000 (Embla, Reykjavik, Iceland) for
PSG, and video was also recorded simultaneously with the
PSG. A sleep technologist was in attendance for vPSG study.
Electroencephalography electrodes were applied at C3/A2, O1/
A2, and O2/A1, and 2 electrooculography electrodes were ap-
plied at the sides of both eyes to record horizontal and vertical
eye movements. Submental electromyography (EMG) elec-
trodes were applied at the submentalis muscle and EMG at
both anterior tibialis muscles recorded limb movements during
sleep. Strain gauges recorded chest and abdominal respiratory
movements, and nasal pressure cannulas were used to record
airflow. Arterial oxygen saturation was measured using a pulse
oximeter applied to an index finger. Using Rechtschaffen and
Kales’ criteria,'* we scored every 30-sec epoch of NPSG.

Diagnosis of RBD and Subclinical RBD

Diagnosis of RBD

RBD was diagnosed based on the criteria of International
Classification of Sleep Disorders, 2™ ed. (ICSD-2)!° and
American Academy of Sleep Medicine (AASM) Manual for the
Scoring of Sleep and Associated Events.'> ICSD-2 defines RBD
as follows: (1) presence of REM sleep without atonia (RSWA)
on polysomnography—the EMG finding of excessive amounts
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of sustained or intermittent elevation of submental EMG tone or
excessive phasic submental or limb EMG twitching; (2) sleep-
related, injurious, potentially injurious or disruptive behaviors
found by history and/or the presence of abnormal REM sleep
behavior documented during polysomnographic monitoring;
and (3) absence of EEG epileptiform activity during REM sleep.
However, as the description of RSWA in the ICSD-2 was con-
sidered to be arbitrary and researcher-dependent, we used the
AASM manual to define RSWA more strictly. The criteria of
RSWA in the AASM manual are: (1) Sustained muscle activity
in REM sleep in the chin EMG—an epoch of REM sleep with >
50% of the duration of the epoch having a chin EMG amplitude
greater than the minimum amplitude than in NREM sleep; or
(2) Excessive transient muscle activity during REM sleep in the
chin or limb EMG—in a 30-sec epoch of REM sleep divided
into 10 sequential 3-sec mini-epochs, at least 5 (50%) of the
mini-epochs contain bursts of transient muscle activity of 0.1~
5.0 seconds in duration and > 4 times as high in amplitude as the
background EMG activity. A minimum amount of RSWA in to-
tal REM sleep time was not defined in the AASM criteria. When
subjects showed RSWA on the vPSG, we contacted the subjects
and their bed partners by telephone and asked whether and how
often the subjects had DEBs including talking, shouting, arm
flailing, punching, or kicking. RBD was finally diagnosed when
DEBs were reported by the subjects or their bed partners.

Diagnosis of Subclinical RBD

Subclinical RBD was diagnosed when subjects showed
RSWA without a history of prominent abnormal behaviors dur-
ing sleep or during REM sleep in the vPSG. RSWA in subclini-
cal RBD was defined in the same way with that in RBD.

Statistical Analysis

Standardized prevalence rates for older Koreans were es-
timated using a direct standardization method, in which the
prevalence rates were adjusted by age and sex to the total Ko-
rean population based on the 2011 national census. To examine
differences in clinical characteristics between subclinical RBD
subjects and non-subclinical RBD (the rest of subjects other
than RBD and subclinical RBD), we used independent Student
t-test or Pearson y? test for dichotomous variables. Analysis of
covariance (ANCOVA) adjusted by gender was used for apnea-
hypopnea index (AHI), ESS, and sleep stages. The significance
criterion was defined to be P < 0.05 for 2-tailed tests. SPSS
version 18.0 for Windows (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis.

RESULTS

The Study Process

Of 696 total sample subjects, 354 subjects participated in
the vPSG study. We included 348 subjects with total sleep time
>3 hand > 2 episodes of REM sleep, excluding 6 subjects who
did not meet the criteria of sleep time or REM sleep episodes.
Thus, 348 subjects (135 men and 213 women) were analyzed;
the final response rate was 50.0%. Mean age of the 348 partici-
pants was 68.4 + 6.2 years (range 60-88), and mean body mass
index was 23.7 + 2.7 kg/m? (16.5-32.3). There was no differ-
ence in gender ratio between the responders and elderly popu-
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lation living in the sampled area (y* = 2.857, P = 0.096). In the
comparison between 348 responders and 348 non-responders,
no difference was observed in gender ratio (P = 0.943), but non-
responders were older than responders (71.6 + 8.7 vs. 68.4 + 6.2
years, P <0.001).

In vPSG recordings, 25 subjects showed definite RSWA.
Clinically significant DEBs were reported in 7 subjects, with 2
of them showing prominent DEBs during vPSG; we diagnosed
7 subjects with RBD. The other 18 subjects had negligible or in-
significant abnormal sleep behaviors and were diagnosed with
subclinical RBD (14 men, 4 women). Among 7 RBD subjects
(5 male, 2 female), 3 subjects (1 male, 2 female) were found
to have PD. All the study processes are presented in Figure 1.

Prevalence Rates and Characteristics of RBD and Subclinical RBD

The crude prevalence of RBD was 2.01% (95% confidence
interval [CI] = 0.5-3.5) and crude prevalence of idiopathic
RBD was 1.15% (95% CI = 0.0-2.3). An age- and gender-
standardized prevalence estimate of RBD in the elderly Korean
population was 2.01% (95% CI = 0.5-3.5), and prevalence of
idiopathic RBD was estimated to be 1.34% (95% CI=0.1-2.6).
The crude prevalence of subclinical RBD was 5.17% (95%
CI=2.9-7.5), and prevalence of subclinical RBD was estimated
to be 4.95% (95% CI = 2.7-7.2) by standardization with age
and sex (Table 1). Mean duration of symptoms in all subjects
with confirmed RBD was about 7.2 years, and mean DEB fre-
quency was 2.9 £ 1.1/month (range 2-5). Two of 7 RBD sub-
jects reported sleep-related injuries (Table 2). The comparison
of clinical characteristics and PSG findings between subclinical
RBD and non-subclinical RBD are presented in Table 3. No dif-
ference was found between subjects with subclinical RBD and
non-subclinical RBD.

DISCUSSION

To our knowledge, this is the first prevalence study of RBD
and subclinical RBD in Korean elderly population using a sin-
gle-stage design and vPSG. In our Korean sample of elderly
population, prevalence of RBD was 2.01%, which was consid-
erably higher than that found in of two previous studies on the
general population; 0.38% in the Hong Kong study by Chiu and
0.5% in the United Kingdom study by Ohayon. This difference
can partly be explained in terms of RBD severity. In both previ-
ous studies, the reported prevalence of RBD was related with
relatively severe cases, as the United Kingdom study investi-
gated violent behavior during sleep and the Hong Kong study
examined sleep-related injury.

defined them as having RBD. Chiu of the Hong Kong study also
acknowledged that the actual prevalence rate of RBD in their
community might be higher than reported in their article, as
patients with mild RBD who did not report sleep-related injury
were excluded in the study.’ In one recent study on polysom-
nographically confirmed RBD patients at an academic sleep
center, only 40% of them were initially referred for violent
behaviors or dream enactment during sleep.' Mild RBD cases
were included in the current study, but RBD prevalence may be
still underestimated in our report because we used DEBs as an
entry criterion for the RBD diagnosis. One important review
on RBD found that up to 35% of vPSG-documented RBD pa-
tients in the literature did not have DEBs.!"” Other findings in
this study of three of seven RBD subjects having PD (43%)
and male predominance (male: female = 5:2) are compatible

6,959 individuals living
in Jukjeon-dong

v

Randomly selected
sample (N = 696)

v
VPSG (N = 354)
v

Analysis of vPSG
(N =348)

v

RSWA (N = 25)
¥ N

Significant DEB No prominent abnormal behavior

RBD (N=7) Subz:ll\;nlc?g(BD

total sleep time less

than 3 hours or REM

sleep of less than 2
episodes (N = 6)

Figure 1—Flow chart summary of the study process. vPSG, video
polysomnography; RSWA, REM sleep without atonia; DEB, dream
enacting behavior; RBD, REM sleep behavior disorder

Among the seven RBD subjects
diagnosed in this study, two were

Table 1—The prevalence of RBD, idiopathic RBD, and subclinical RBD

found to have sleep-related inju- Men (n = 135) Women (n = 213) All (n = 348)
ries, but the other five did not re-

. S . n  Prevalence n  Prevalence n  Prevalence 95% CI
port violent or injurious behaviors 201 0.54-3.49
during sleep. Thus, if we limited RBD 5 3.75 2 0.94 7 201* 0.54-3.49*
RBD cases to severe ones, preva- . _ 1.15 0.03-2.27
lence of RBD in this study can be IdiopathicRBD 4 2.96 0 0.00 4 1.34* 0.13-2.55*
estimated to be 0.57%, which is - 517 2.85-7.50
comparable to those of previous Subclinical RBD 14 10.37 4 1.88 18 4.95* 9 67-7 93"

studies. However, as sleep behav-
iors shown in mild RBD subjects
could be potentially injurious, we

*Standardized prevalence with age and sex. RBD, REM sleep behavior disorder; Cl, confidence interval.
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Table 2—Clinical characteristics of patients with confirmed RBD
Duration  DEB"Frequency Arm Flailing Violent Sleep Related
Sex Age (Years) per Month Shouting Kicking and Punching Dreams Injury
M 73 3 3 (+) () () (*+) (*+)
Ft 70 3 5 (+) (+) (+) (+) (+)
M 62 10 3 (+) ) (+) ) -)
M 79 1 2 (+) ) () () )
Ft 68 15 2 (+) ) ) (+) )
M 8 12 3 (+) ) (+) (+) )
M 63 10 2 (+) ) (+) (+) )
RBD, REM behavior disorder. TDEB, dream enacting behavior, includes shouting, kicking, arm flailing, and punching. tParkinson disease patient.

Table 3—Comparison of demographic and clinical characteristics
between subclinical RBD and non-subclinical RBD'
Non-
Subclinical ~ Subclinical
RBD RBD
Variables (N=18) (N =323) P value
Demographic variables
Age 682+4.2 68.3+5.7 0.943
Gender (women, %)  22.2 64.1 0.001
BMI 238+33 23.7+30 0.853
Subjective scales
PSQl 59+3.0 6.6+3.7 0.446
ESS* 85+1.0 6.5+0.2 0.054
GDS 91+72 10.2+6.2 0.470
MMSE 27019 26.8 £3.1 0.825
Polysomnographic variables
SOL (min) 26.4 +39.6 184+276  0.446
REML (min) 153.5+972 1286+829  0.397
TST (min) 363.7+96.3 3747+655 0584
WASO (min) 119.9 + 14.6 947+£131  0.070
SE (%) 71.7+£18.9 77107 0.238
S1 15.9+6.5 136173 0.192
S2 429+ 13.7 463+115 0225
SWS* 32+34 6.8+57 0.190
REM sleep 15473 14957 0.816
AHI* 224 +16.7 147+142  0.241
SAS*(%) 12 (66.7%) 153 (47.4%) 0.089
PLMSI 10.7 £ 16.6 133+216  0.528
Non-subclinical RBD comprises the rest of subjects other than RBD and
subclinical RBD. Data are presented mean value + standard deviation.
*Gender was controlled. BMI, body mass index; PSQI, Pittsburgh Sleep
Quality Index; GDS, geriatric depression scale; MMESE, mini mental
status examination; ESS, Epworth sleepiness scale; TST, total sleep
time; SE, sleep efficiency; WASO, wake time after sleep onset; SOL,
sleep onset latency; REML, REM sleep latency; SWS, slow wave sleep;
AHI, apnea-hypopnea index; SAS, sleep apnea syndrome (AHI = 15/h);
PLMSI, periodic limb movements during sleep index.

with previous reports.' It was suggested that the male predom-
inance of RBD may reflect underlying neurodegeneration, and
women have later onset but comparable severity and clinical
presentation to men.'%"?

Some studies have suggested various characteristics of sub-
clinical RBD, but there are no formal diagnostic criteria for
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subclinical RBD. In the early 1990s, subclinical RBD was
defined when clinically unnoticed subtle movements during
RSWA were present before complete diagnosis of RBD was
made.?*?! In one case report, sleep bruxism and increased REM
density were regarded as symptoms of subclinical RBD.?> We
defined subclinical RBD based on the Schenck's criteria'?; the
prevalence of subclinical RBD was 4.95%, which was relative-
ly high. In subjects with subclinical RBD, male predominance,
as in RBD, was observed, with 14 of 18 subjects being male
(78.8%). None of the subjects took antidepressants or other
psychiatric medication known to be related to RBD.* Subjects
with subclinical RBD showed increased apnea-hypopnea in-
dex (AHI), prevalence of sleep apnea syndrome (SAS), and
daytime sleepiness in this study, but these differences disap-
peared with correction for gender. That is, subclinical RBD
was more common in males who showed increase of AHI,
SAS prevalence, and daytime sleepiness associated with SAS
compared to females; and controlling for the effect of male
gender resulted in no difference in AHI, SAS prevalence, and
daytime sleepiness between subjects with and without subclin-
ical RBD. Although there was no report about the longitudinal
course of subclinical RBD, Schenck suggested that subclinical
RBD might not be changed, or could develop clinical RBD
or clinical RBD with progression to PD/other Parkinsonism,
or PD/other Parkinsonism without any clinical RBD.!"? In a
single-photon emission computed tomography (SPECT) study
of striatal dopamine transporters (DAT), subclinical RBD was
intermediate between clinically manifest RBD and normal
controls in striatal DAT reduction.? The continuum of reduced
striatal DAT suggested that subclinical RBD, clinical RBD, and
PD could be associated with same mechanism, and subclinical
RBD might develop clinically manifested RBD and neurologi-
cal diseases, particularly PD in which RBD is strongly pres-
ent.” However, the possibility remains that subclinical RBD,
clinical RBD, and PD have different pathogenesis and clini-
cal courses. There is a report that RBD has a different mecha-
nism from PD in terms of partial involvement of nigrostiatal
dopaminergic system in RBD.? In this study, since subjects
with subclinical RBD were as old as RBD subjects, and the
prevalence of RBD was already high, the possibility seems low
that these older subjects with subclinical RBD could develop
new RBD. Subclinical RBD might remain as it is with mini-
mal clinical significance. Nonetheless, subjects with subclini-
cal RBD need to be longitudinally evaluated for neurologic

RBD in the Korean Elderly—Kang et al

220z 1snbny |z uo1senb Aq 926G/ L L/8/9E/e1o1e/das|s/woo dnoolwspede)/:sdyy woly papeojumoq



symptoms and closely followed up for development of clini-
cally manifested RBD.

One major strength of this study is that we adopted a single-
phase design, which avoided the use of RBD screening ques-
tionnaires that have limited sensitivity and specificity for RBD.
In addition, all participants were assessed by expert physicians
using standardized and structured instruments for the diagnosis
of dementia and major psychiatric disorders. These two meth-
odological strengths enhanced the accuracy of RBD diagnosis
in the present study. There are two validated RBD screening
questionnaires that can be used in an RBD epidemiology study
with a two-stage method, but each has its own limitations. Al-
though the RBD screening questionnaire (RBDSQ) has high
sensitivity useful for screening, the benefit of using this ques-
tionnaire might be lessened because of low specificity when it
is applied to population with sleep problems including elderly
people.”” Also, dream-enacting behaviors are reported to be
prevalent even in healthy subjects.®® RBD questionnaire-Hong
Kong (RBDQ-HK), despite its robust psychometric properties,
has just moderate sensitivity of 82.2% as a suitable screening
tool.?? As findings from PSG are mandatory in diagnosing RBD
in the International Classification of Sleep Disorders, 2™ ed.
(ICSD-2)," we invited all the subjects to undergo vPSG.

This study has several limitations to consider. First of all,
this study may lack sufficient statistical power to estimate ac-
curate population prevalence because of the limited sample
size. The minimum sample size for a prevalence survey on a
low prevalence condition such as RBD needs to be 1,000 or
more to get a sampling error of 1% or less.*® Second, the re-
sponse rate of 50.0% was not high, and non-responders were
older than responders. Inviting subjects to a sleep clinic for
overnight PSG might decrease participation rate in the elderly,
especially in those over 80 years old. However, considering
difficulties found in the elderly such as gait disturbances, re-
luctance to sleep in an unfamiliar environment, and avoidance
of sleeping with PSG equipment attached, obtaining response
rate of 50% was not easy work. Third, although the high
prevalence of RBD was observed in the study, missed cases
are conceivable since EMG was measured only on the legs.
In addition, one-night vPSG might result in missing cases be-
cause of the night-to-night variability of RBD features in the
vPSG study,*'*? but combining PSG EMG and video features
could detect nearly 95% of RBD cases with one-night vPSG.*!
Fourth, since all subjects in this study were recruited from a
relatively small area, a larger sample from an area with a large
population will be needed in the further study. Nevertheless,
this is the first study to explore the prevalence of RBD in the
elderly in a single-stage design with the use of vPSG. The high
RBD prevalence of 2.01% in this study, compared to those of
previous studies of 0.5% in general population and 0.38% in
the elderly, might result from the single-stage design and inclu-
sion of mild cases. Considering relatively high prevalence of
subclinical RBD of 4.95%, further studies are needed to es-
tablish clinical significance and any long-term progression of
subclinical RBD.
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