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PATIENTS WITH REM SLEEP BEHAVIOR DISORDER 
(RBD) DISPLAY ENHANCED MUSCLE ACTIVITY IN 
THE FORM OF TONIC AND PHASIC DISCHARGES IN 
chin and limb muscles as confirmed by EMG. Furthermore, 
these movements appear to correspond to the actions occur-
ring in the dream. Although the mechanism by which this oc-
curs is still unclear, it has been speculated that disturbances 
in regions of the brainstem that coordinate REM sleep are 
involved.1-4 Only a few longitudinal published studies have 
addressed the natural course of RBD. In separate reports, 11 
of 29 older men (38%) diagnosed with idiopathic RBD de-
veloped Parkinson disease (PD) within 3.7 years,5 and 17 of 
26 patients (65.4%) developed the disease within 13 years of 
being diagnosed with RBD.6The onset of PD usually begins 
a few years to a little over a decade after the development of 
RBD. According to the retrospective study, among 44 patients 
who had initially received a diagnosis of idiopathic RBD, PD 
(9 patients), dementia of Lewy bodies (DLB) (6 patients), mul-
tiple system atrophy (MSA) (one patient), and mild cognitive 
dysfunction (4 patients) developed in ~45% of the patients 
over an average of 11.5 years.7 These data suggest that RBD 

represents a prodromal phase of neurodegenerative diseases 
such as PD, DLB, and MSA.

Recent studies have demonstrated changes in results of elec-
troencephalography, single photon emission computed tomogra-
phy, neuropsychological testing, smell testing, color discrimina-
tion, cardiac autonomic activity, and more subtle abnormalities 
on measures of autonomic, motor, and gait functioning.3 These 
results indicate that a more widespread multisystem neurological 
disorder is present. Cardiac MIBG scintigraphy allows for the 
visual and quantitative assessment of the function of adrenergic 
neurons and is considered to be a useful tool for the differential 
diagnosis of neurodegenerative diseases, such as PD,8 DLB, and 
MSA, as well as between 2 kinds of dementia, i.e., DLB and Al-
zheimer disease (AD).9,10 Recent reports showed that abnormal 
cardiac 123I-MIBG uptake was recognized particularly in Lewy 
body-related α-synucleinopathies such as PD, DLB, and PAF 
among neurodegenerative diseases; and degrees of 123I-MIBG 
uptake differed in neurodegenerative disease, including tauopa-
thies without the appearance of Lewy bodies, such as familial 
PD, MSA, PSP, CBD, and AD.11 The delayed H/M ratio could 
provide sensitivity and specificity as high as 100% for differ-
entiation between DLB and AD.9 Therefore, 123I-MIBG scintig-
raphy has been established as a useful modality for the differ-
entiation of these disorders.9,12-16 According to recent studies, 
reduced MIBG uptake has revealed a possible correlation be-has revealed a possible correlation be-
tween PD and idiopathic RBD.17-19 However, idiopathic RBD 
may be a manifestation of several neurological disorders with 
different pathological backgrounds, called synucleinopathies, 
such as PD, MSA, DLB, and called taunopathies, such as PSP, 
CBD and AD. Here, we tested whether the degree of accumu-Here, we tested whether the degree of accumu- we tested whether the degree of accumu-we tested whether the degree of accumu-tested whether the degree of accumu- whether the degree of accumu-whether the degree of accumu- the degree of accumu- degree of accumu-degree of accumu-
lation of cardiac 123I-MIBG scintigraphy can distinguish the 
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clinical syndromes associated with Lewy body-related disease 
from the syndrome of PSP (a tauopathy) and MSA.

METhoDS

patients and Control Subjects

Studied were 95 subjects. These included 31 patients with 
polysomnography (PSG)- confirmed idiopathic RBD, 26 age-
matched patients with PD, 6 age-matched patients with DLB, 
10 age-matched patients with MSA, 13 age-matched patients 
with PSP, and 9 age-matched control subjects.

Data were analyzed on 31 of the 48 consecutive patients 
with idiopathic RBD who underwent MIBG from July 2004 to 
June 2007 and who were not excluded for any of the follow-
ing reasons (Figure 1A). Exclusion criteria were an abnormal 
neurological examination, alcohol or psychotropic drug use, 
psychiatric disorders, cardiac or diabetic diseases, and moder-
ate or severe obstructive sleep apnea hypopnea syndrome (OS-
AHS) (apnea-hypopnea index ≥15/h).20 Interval between PSG 
and MIBG examinations was a median of 3 days. Idiopathic 
RBD was defined according to the following standard criteria 
published in the International Classification of Sleep Disorders, 
second edition:21 excessive phasic or tonic EMG activity during 
recorded REM sleep, a history of injurious or disruptive sleep 
behavior or documentation of abnormal behavior during REM 
sleep in the PSG laboratory, and no EEG epileptiform activ-
ity during REM sleep. Patient interviews focused on whether 
the patients experienced motor events during sleep that were 
associated with dreaming, which may have included scream-
ing, self-injury, or injury to their bed partner; information on 
the latter was confirmed by interviews with the patients’ bed 
partner. PSG and videotape recordings were made simultane-
ously as the patients slept. Patients with idiopathic RBD un-
derwent one night (8 h) of polysomnographic recording in our 
sleep laboratory. PSG consisted of the use of a standard mon-
tage for scoring sleep stages: left and right oculograms, chin 
EMG, central (C3-A2, C4-A1) and occipital (O1-A2, O2-A1) 
EEG, and ECG. Sleep staging followed the recommendations 
of Rechtschaffen and Kales.22 REM sleep was scored without 
the chin EMG criterion, thereby allowing for the maintenance 
of muscle tone during REM sleep. Recordings of oral and nasal 
airflow, thoracic and abdominal movements, and oximetry were 

carried out in order to detect apnea and hypopnea. Surface EMG 
recordings of the right and left anterior tibialis muscles were 
made to quantify leg movements. The scoring of arousal and 
periodic limb movements followed published guidelines.23,24 
The following polysomnographic variables were measured: 
sleep latency (SL), total sleep time, sleep efficacy (SE), and 
percentage of stages 1, 2, 3, 4, and REM sleep. Stages 3 and 4 
were pooled together as slow wave sleep (SWS). SE represents 
the percentage of time spent asleep over the total recording time 
from sleep onset to the last awakening.

Study subjects included 55 patients with a neurodegenera-
tive disease of a duration less than 5 years, which excluded 
those with young-onset PD,25 among 70 patients registered with 
the MIBG database for Neurodegenerative Disease in Dokkyo 
Medical University from August 2002 to July 2007 (Figure 1B). 
Clinical diagnosis of PD,26 DLB,27 PSP,28 and MSA29 was made 
by neurological specialists according to established consensus 
criteria.

The 9 age-matched control subjects had no clinical symp-
toms of RBD30 or autonomic nervous system disorders, were 
taking no medications, and had no history of cardiac or diabetic 
diseases. Five of the 9 control subjects had an essential tremor, 
with 2 subjects exhibiting cervical or lumbar spondylosis; 2 
others had no history of morbidity. Even though the presence 
of an essential tremor is indicative of a nervous system disease, 
subjects with an essential tremor were included in the control 
group based on reports that showed that their cardiac MIBG 
uptake was not reduced.31,32

123i-MiBG Myocardial Scintigraphy

After subjects were in the supine position for 15 min, they 
were injected intravenously with 111 MBq 123I-MIBG (Daiichi 
Radioisotope Laboratories Co, Tokyo, Japan). 123I-MIBG pho-
ton emission computed tomography (SPECT) and planar images 
of the chest were obtained using a triple-headed gamma camera 
(GCA-9300A-HG, Toshiba Co, Tokyo, Japan) or double-head-
ed gamma camera equipped with a low-energy, high-resolution 
parallel-hole collimator (PRISM 2000VP, Picker, Cleveland, 
OH) 15~20 min (early phase) and 4 h (delayed phase) after 
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Figure 1—Patient Disposition

Figure 2—Cardiac 123I-metaiodobenzylguanidine scintigraphy. 
Anterior view at 4 h after injection in a patient with idiopathic 
RBD (A) and a patient with PD (B). Regions of interest regard-
ing MIBG uptake in the heart (irregularly-shaped region labeled 
H) and MIBG uptake in the mediastinum (rectangular region in-
dicated by M) are shown in the figure. The figures show a simi-
lar marked reduction in cardiac uptake for both patients. RBD = 
REM sleep behavior disorder; PD = Parkinson disease.
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injection. Planar imaging for 5 min in the anterior projection 
was automatically performed during SPECT. Photopeak energy 
was centered at 159 keV (123I-MIBG) with a window of 10%. 
Relative organ uptake of 123I-MIBG was determined by setting 
the region of interest (ROI) on the anterior view. The heart-to-
mediastinum (H/M) ratio was calculated by dividing the count 
density of the left ventricular ROI by that of the mediastinal 
ROI, as previously described.9,12,33 After rapid distribution of the 
123I-MIBG from the vascular compartment within the first hour, 
cardiac uptake within the following hours results from both 
neuronal and nonneuroral biodistribution. Neuronal uptake 
is visualized in isolation after the early clearance phase is 
completed within 4 h.12 None of the subjects were taking medi-
cations that could potentially influence the MIBG examination 
(e.g., tricyclic and tetracyclic antidepressants, sympathomimet-
ics, and sympatholytics).13

All procedures described in this study were approved by the 
Ethics Review Committee of Dokkyo Medical University, and 
informed consent was obtained from each subject.

Statistical analysis

The difference in H/M ratio between idiopathic RBD, PD, 
DLB, MSA, PSP, and controls was evaluated with one-way 
analysis of variance (ANOVA) followed by post hoc Bonfer-
roni correction, which was performed for comparison of the age 
at examination and disease duration. Spearman rank correlation 
test was used to evaluate whether disease duration was corre-
lated with the degree of H/M ratio according to each disease. 
Receiver operating characteristic (ROC) analysis was used to 
calculate the respective optimal cutoff values of H/M ratios 
for patients with idiopathic RBD, PD, DLB, PSP, or MSA, and 
control subjects. All values are expressed as the mean ± SD. 
A P value < 0.05 was considered to be statistically significant. 
Statistical analyses were performed with Statistical Package for 
Social Science Software (Graphpad Prism, San Diego, CA and 
SPSS II Windows Ver 11.0, Japan).

RESUlTS

Table 1 shows demographic and clinical data on the patients 
with idiopathic RBD, PD, MSA, PSP, and DLB as well as the 
control subjects. All values are shown as means ± S.D. and all 

subjects were age-matched within disease groups. As shown, 
there were 23 men and 8 women with confirmed idiopathic 
RBD of a duration of 5.7 ± 4.9 years (range, 0.25-17) (age 66.3 
± 6.7 years, range, 52-82); 12 men and 14 women with PD (age 
67.5 ± 6.3 years, range, 57-82; disease duration 1.9 ± 1.3 years), 
4 men and 2 women with DLB (age 71.0 ± 5.9 years, range, 62-
79; disease duration 0.9 ± 0.2 years), 6 men and 4 women with 
MSA patients (age, 64.7 ± 9.0 years, range 54-76; disease dura-
tion 2.5 ± 1.5 years), 10 men and 3 women with PSP (age 70.7 ± 
7.6 years, range, 61-79; disease duration 2.3 ± 1.4 years) and 5 
men and 4 women who were the control subjects (age 72.2 ± 7.7 
years, range 62-82). There were more men than women among 
the idiopathic RBD and PSP patients. No significant difference 
was found between the H/M ratio of men and women for MIBG 
uptake among the control subjects (P > 0.05). Thus, gender ra-
tio bias should not affect comparisons of MIBG uptake. Age did 
not differ significantly among those with idiopathic RBD, PD, 
DLB, MSA, and PSP, as well as control subjects. There was no 
significant difference in disease duration among patents with 
PD, DLB, MSA, and PSP.

Demographic and PSG findings on the 31 patients with PSG-
proven idiopathic RBD are shown in Table 2. The majority 
were men (23 men [74%], 8 women [26%]). The average age 
at onset was 60.4 years (range 41-78), with 77.4% being older 
than 50 years at onset. Four patients (12.9%) had ESS >10 and 
4 had PLMD (PLMS ≥15/h) (12.9%). Among this group, the 
apnea hypopnea index was 3.3/h, sleep efficiency was 68.9 ± 
14.5%, and the presence of REM sleep without atonia (RSWA) 
was 100%.

Markedly reduced cardiac radioactivity was detected in both 
the early and delayed images in 29 of 31 (93.5%) patients with 
idiopathic RBD (Fig. 2A), 21 of 26 (75.0%) patients with PD 
(Fig. 2B), and 6 of 6 (100%) patients with DLB. The cardiac 
radioactivity of 123I-MIBG was normal in the MSA, PSP and 
control groups.

The mean ratio of 123I-MIBG uptake in the ROI of the heart 
to that in the mediastinum (H/M ratio early, delayed) was sig-
nificantly reduced in patients with idiopathic RBD compared to 
MSA, PSP, and controls (P < 0.001 in each subject group) and 
PD in early images (P < 0.05). H/M ratio (early, delayed) was 
significantly reduced in patients with PD or DLB compared to 
MSA, PSP, and controls (P < 0.001, or P < 0.05 in each subject 
group) (Table 1).

Table 1—Comparisons of Clinical Data, H/M Ratio of Cardiac 123I-Meta-Iodobenzylguanidine Uptake of Patients with IRBD, PD, DLB, PSP 
and Control
 IRBD PD DLB MSA PSP Control P
N 31 26 6 10 13 9 –
Age, years 66.3 ± 6.7 67.5 ± 6.3 71.0 ± 5.9 64.7 ± 9.0 70.7 ± 7.6 72.2 ± 7.7 0.1238
Disease duration, years 5.7 ± 4.9 1.9 ± 1.3 0.9 ± 0.2 2.5 ± 1.5 2.3 ± 1.4 – 0.0879
eH/M 1.70 ± 0.39 2.08 ± 0.55† 1.52 ± 0.13 2.57 ± 0.49*§¶ 2.86 ± 0.34*‡¶ 2.81 ± 0.37*‡¶ <0.0001
dH/M 1.49 ± 0.39 1.80 ± 0.68 1.29 ± 0.12 2.91 ± 0.53*‡¶ 3.03 ± 0.41*‡¶ 3.06 ± 0.39*‡¶ <0.0001

IRBD = idopathic REM sleep behavior disorder; PD = Parkinson disease; DLB = dementia with Lewy bodies; MSA = multiple system atro-
phy; PSP = progressive supranuclear palsy; eH/M= early H/M ratio; delayed H/M ratio
Data are mean ± SD
*P <0.001, †P<0.05; IRBD compared to PD, MSA, PSP, control
‡P <0.001, §P<0.05; PD compared to MSA, PSP, and control
¶P <0.001; DLB compared to MSA, PSP, and control
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and specificity of 96.8%. For differentiation from MSA, the early 
H/M ratio at 2.02 showed sensitivity of 90.0% and specificity 
of 93.5%, while the delayed H/M ratio at 1.97 had sensitivity of 
100% and specificity of 93.5%. For differentiation from PSP, the 
early H/M ratio at 2.08 exhibited sensitivity of 100% and speci-
ficity of 93.5%, while the delayed H/M ratio at 2.08 showed sen-
sitivity of 100% and specificity of 93.5%. However, for differen-
tiation from PD, the early H/M ratio at 1.82 exhibited sensitivity 
of 65.4% and specificity of 77.4%.

In addition, we calculated the likelihood ratio and the area 
under the ROC curve. H/M ratio (early and delayed) resulted 
in the largest area under the curve with the best accuracy to 
differentiate between patients with idiopathic RBD and control 
subjects or patients with PD, MSA, or PSP (Table 3).

DiSCUSSioN

In this study, we found a marked reduction in cardiac MIBG 
uptake in patients with idiopathic RBD. A reduction in cardiac 
MIBG uptake has been reported to be characteristic of patients 
with Lewy body-related α-synucleinopathies such as PD, DLB, 
and pure autonomic failure (PAF).9,12,14,31,34,35 Degrees of reduction 
in accumulation were not significantly different between RBD 
and DLB patients. The finding that the degrees of reduction in 
cardiac 123I-MIBG uptake were similar in patients with idiopathic 
RBD compared with PD and DLB patients supports the notion 
that Lewy body-related α-synucleinopathies, including PD, DLB, 
and PAF, represent a clinical and pathologic spectrum.9,35,37-39

In idiopathic RBD, a cut-off value of 1.9 for both early and 
delayed H/M ratios was useful for differentiating between 
control subjects and those with tauopathies and MSA.

123I-MIBG accumulation in idiopathic RBD based on the H/M 
ratio was also compared with the duration of disease. In most 
cases, a marked reduction in 123I-MIBG accumulation occurred 
soon after the onset of the disease. In PD, the H/M ratio is re-
lated to disease duration, with the ratio decreasing with length 
of disease. However, long-term PD patients with a normal H/M 
ratio were found among patients with juvenile Parkinsonism 

There was a correlation between the H/M ratio and the dura-
tion of disease in both of the idiopathic RBD groups (early: r = 
−0.477, P = 0.0066; delayed: r = −0.3578, P = 0.0481). There was 
no correlation between the H/M ratio and the duration of disease 
in either the PD (early: P = 0.18; delayed: P = 0.25), DLB (early: 
P = 0.68; delayed: P = 0.92), MSA (early: P = 0.30; delayed: P = 
0.94) or PSP group (early: P = 0.30; delayed: P = 0.78).

Table 3 summarizes the diagnostic discrimination of each 
measure of the cardiac MIBG scan and the diagnostic discrimina-
tion by using both the early and the delayed H/M ratio. Both sets 
of data were found to be similar. Regarding the clinical discrimi-
nation between idiopathic RBD and controls, the early H/M ratio 
at 2.05 provided sensitivity of 100% and specificity of 93.5%, 
while the delayed H/M ratio at 2.39 exhibited sensitivity of 100% 

Table 2—Demographic and PSG Findings of All Patients with 
Idiopathic RBD (n=31)

Gender 23 (74%) man;
 8 (26%) woman
Mean age of onset (years) 60.4 (range 41-78)
Onset age over than 50 years 77.4%
Mean age at diagnosis (years) 66.3 (range 52-82)
Disease duration (years) 5.7 (range 0.25-18)
BMI (kg/m2) 23.3 (range 16.9-30.0)
ESS 5.7 (range 0-16)
ESS>10 4 (12.9%)
Apnea hypopnea index 3.3 (range 0-14.9)
Increased phasic and tonic
  EMG in REM sleep 31 (100%)
Periodic leg movement
  in sleep index ≥15/h 4 (12.9%)
Sleep efficiency (%) 68.9 ± 14.5
Total sleep time (min) 375.2 ± 85.3
Mean % REM sleep 16.0%
Mean % stage 1 20.7%
Mean % stage 2 54.5%
Mean % slow wave sleep 3.7%

Table 3—Diagnositic Discrimination Between Groups

	 Cutoff	value	 Sensitivity		 Specificity		 Positive		 Negative		 Likelihood	 ROC	AUC
	 of	each	 %	 %	 predictive	 predictive	 ratio	 (95%	CI)
	 measure	 	 	 value	%	 value	%
Variables	 eH/M	 dH/M	 eH/M	 dH/M	 eH/M	 dH/M	 eH/M	 dH/M	 eH/M	 dH/M	 eH/M	 dH/M	 eH/M	 dH/M
Compared with IRBD
 Subjects with controls 2.05 2.39 100 100 93.5 96.8 100 100 81.8 90.0 15.4 31.3 0.96 0.99
              (0.91-1.02) (0.96-1.0)
 Patients with PD 1.82 – 65.4 – 77.4 – 71.9 – 68.9 – 2.9 – 0.74 –
              (0.60-0.87)
 Patients with MSA 2.02 1.97 90.0 100 93.5 93.5 96.7 100 81.8 83.3 13.8 15.3 0.94 0.98
              (0.87-1.01) (0.94-1.0)
 Patients with PSP 2.08 2.08 100 100 93.5 93.5 100 100 86.7 86.7 15.3 15.3 0.97 0.99
              (0.91-1.0) (0.96-1.0)

ROC analysis was used to determine the optimal cutoff values to evaluate the usefulness of 123I-metaiodobenzylguanidine cardiac scintigraphy 
in differenting IRBD from controls, PD, MSA, and PSP. 
ROC AUC = receiver operating characteristic area under curve; eH/M= early H/M ratio; delayed H/M ratio; IRBD =  idiopathic REM sleep 
behavior disorder; PD = Parkinson Disease; MSA = multiple system atrophy; PSP = progressive supranuclear palsy
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ence of Lewy bodies in the locus cerulues, which was similar to 
pathological findings for PD.52,53 A more recent report showed 
that an autopsy of a patient 72 years of age, who had been di-
agnosed as having idiopathic RBD at 57 years of age and died 
15 years later, revealed the presence of Lewy bodies, but the 
absence of neuronal loss and/or gliosis despite the presence of 
Lewy bodies in the substantia nigra, locus ceruleus, and medul-
lary reticular formation that are usually observed in RSWA.54 

Although assessing cardiac sympathetic denervation is not yet 
possible as a routine laboratory test, these studies52-55 have been 
unable to confirm postganglionic nerve injury.

As to limitations of this study, using the diagnostic criteria 
by ISCD-2, we performed PSG only when we diagnosed idio-performed PSG only when we diagnosed idio- PSG only when we diagnosed idio-idio-
pathic RBD. It is unclear as to the presence of secondary RBD 
because we used only MIBG data for neurodegenerative dis-dis-
eases. Therefore, we were unable to compare the difference in 
degrees of accumulation by MIBG that were derived from the 
presence or absence of complications with RBD in neurodegen-absence of complications with RBD in neurodegen- of complications with RBD in neurodegen-neurodegen-
erative diseases in this study.

In conclusion, a marked reduction in cardiac MIBG uptake 
was found in patients with idiopathic RBD compared to control 
subjects and patients with clinically diagnosed PSP and MSA, 
but similar to those with clinically diagnosed PD and DLB. 
Thus, we believe that this technique may be a useful early di-
agnostic marker of RBD with Lewy body-related pathology; 
neuropathologic studies will be required to support or refute 
this contention.
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and PD with a family history,25 which suggested the necessity 
for careful interpretation.

A correlation with RBD is most frequently observed in 
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