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Study Objectives: Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia characterized by impaired motor inhibition during REM 
sleep, and dream-enacting behavior. RBD is especially associated with α-synucleinopathies, such as Parkinson disease (PD). Follow-up studies have shown 
that patients with idiopathic RBD (iRBD) have an increased risk of developing an α-synucleinopathy in later life. Although abundant studies have shown that 
degeneration of the nigrostriatal dopaminergic system is associated with daytime motor function in Parkinson disease, only few studies have investigated the 
relation between this system and electromyographic (EMG) activity during sleep. The objective of this study was to investigate the relationship between the 
nigrostriatal dopamine system and muscle activity during sleep in iRBD and PD.
Methods: 10 iRBD patients, 10 PD patients with PD, 10 PD patients without RBD, and 10 healthy controls were included and assessed with (123)I-N-omega-
fluoropropyl-2-beta-carboxymethoxy-3beta-(4-iodophenyl) nortropane ((123)I-FP-CIT) Single-photon emission computed tomography (SPECT) scanning 
(123I-FP-CIT SPECT), neurological examination, and polysomnography.
Results: iRBD patients and PD patients with RBD had increased EMG-activity compared to healthy controls. 123I-FP-CIT uptake in the putamen-region was 
highest in controls, followed by iRBD patients, and lowest in PD patients. In iRBD patients, EMG-activity in the mentalis muscle was correlated to 123I-FP-CIT 
uptake in the putamen. In PD patients, EMG-activity was correlated to anti-Parkinson medication.
Conclusions: Our results support the hypothesis that increased EMG-activity during REM sleep is at least partly linked to the nigrostriatal dopamine system 
in iRBD, and with dopamine function in PD.
Keywords: idiopathic REM sleep behavior disorder, Parkinson disease; EMG, dopamine transporters, SPECT
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INTRODUCTION

REM sleep behavior disorder (RBD) is a parasomnia charac-
terized by REM sleep without atonia , dream enactment be-
havior, and vivid (and/or) violent dreams. Longitudinal studies 
have shown that patients with idiopathic RBD (iRBD) have 
an increased risk for developing an α-synucleinopathy, such 
as Parkinson disease (PD).1,2 The high proportion of iRBD pa-
tients developing PD may indicate a link between nigrostriatal 
degeneration and increased night-time motor activity. It is in-
creasingly recognized that the dopaminergic system is asso-
ciated with sleep-wake disturbances.3,4 Previous studies have 
shown that basal ganglia structures, such as the substantia 
nigra pars reticulata and the internal segment of the globus pal-
lidus, have caudal connections to regions that modulate REM 
sleep atonia.5 Imaging studies in iRBD patients have shown 
microstructural changes in substantia nigra,6 reduced volume 
of the putamen,7 as well as reduced density of the striatal do-
pamine transporter, which decreases in the course of disease 
progression.8 In addition monkeys treated sub-chronic with 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine hydrochloride 
(MPTP), a neurotoxin which specifically targets dopaminer-
gic neurons of the substantia nigra pars compacta via uptake 
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by the dopamine transporter, show an increase in the number 
of sleep epochs with high-amplitude EMG bouts during REM 
sleep compared to control animals.9 The high selectivity of 
MPTP to dopaminergic neurons suggests that the presence 
of REM sleep without atonia might reflect the early involve-
ment of dopaminergic neurotransmission on medullary and/or 
pontine REM sleep-related structures. Only few studies have 
investigated the role of dopaminergic nigrostriatal denervation 
in relation to motor activity during REM sleep, and none dur-
ing NREM sleep.10,11 We conducted a study using 123I-FP-CIT 

BRIEF SUMMARY
Current Knowledge/Study Rationale: The pathophysiology of 
RBD in PD is unclear. Although degeneration of the nigrostriatal 
dopaminergic system is characteristic for daytime motor function in 
PD, only few studies have investigated this system in motor function, 
atonia, during sleep. This study investigated the relation between 
the nigrostriatal dopamine system and EMG-activity during sleep in 
iRBD and PD.
Study Impact: We show in this study that increased EMG-activity 
during REM/NREM sleep is at least partly linked to the dopaminergic 
system in iRBD and PD. However, further studies are needed to 
elucidate possible mechanisms and pathways.
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SPECT in patients with iRBD, PD with RBD, PD without RBD, 
and healthy controls to determine whether increased muscle 
activity during REM and NREM sleep is associated with an 
abnormality of the presynaptic dopamine transporters.

METHODS

Subjects
We included 10 iRBD patients, 10 PD patients with RBD, 10 
PD patients without RBD, and 10 healthy. IRBD patients were 
diagnosed according to the International Classification of 
Sleep Disorders, 2nd Edition (ICSD-2), and PD patients were 
diagnosed according to the UK Parkinson Disease Society 
Brain Bank criteria. Sleep was scored according to the Ameri-
can Academy of Sleep Medicine (AASM) 2007 criteria. All 
participants had their history taken and were assessed with 
the Stiasny-Kolster RBD-scale,12 Beck Depression Inventory 
(BDI),13 and the non-motor symptom scale (NMSS).14 The di-
agnosis of RBD was based on the ICSD-2. The polysomnog-
raphy (PSG) results for all participants were evaluated for the 
diagnosis RBD or no-RBD by a specialist in sleep medicine, 
who was blinded to diagnosis and other clinical variables of the 
patients. Exclusion criteria for patients and controls were: (1) a 
history of psychiatric disorder, (2) other neurological disorders, 
(3) epilepsy, (4) abuse of alcohol and drugs, (5) family history 
of mental illness in first-degree relatives, (6) head trauma, and 
(7) a history of a relevant clinical sleep disorder (apart from 
RBD), as sleepwalking, confusional arousals, night terrors, 
narcolepsy, or untreated sleep-disordered breathing, as shown 
by PSG recording. A further exclusion criteria for healthy con-
trols was a score ≥ 5 on the RBD screening questionnaire.12 
Patients with iRBD and controls had no current (or past) use 
of any central nervous system medication. PD patients were 
treated with anti-Parkinson medication, but they did not re-
ceive treatment with clonazepam, melatonin, antidepressants, 
or antipsychotics. We calculated the Levodopa equivalence 
dose (LED) according to recommendations by Tomlinson et 
al.15 All participants underwent polysomnography , 123I-FP-
CIT SPECT, physical and neurological examinations, and rou-
tine blood analysis. SPECT-scans were performed within 18 
months before or after the PSG. Demographic information and 
medication status are shown in Table 1. All patients were in-
cluded after they had given oral and written informed consent. 
The study was approved by the local ethical committee (refer-
ence code: H-A-2007-0120).

Polysomnography
All subjects underwent one night of PSG, which were scored in 
accordance to AASM 2007 criteria.16 All recordings included 
at least 6 leads of EEG (F3-A2, F4-A1, C3-A2, C4-A1, O1-A2, 
O2-A1), surface EMG recordings from the mentalis and bilat-
eral anterior tibialis, ECG and vertical and horizontal EOG. 
Impedances were kept < 10 kΩ. Respiration was monitored 
using a nasal cannula and with thoracic and abdominal strain 
gauges, whereas blood oxygen saturation was continuously re-
corded by cutaneous finger pulse oximetry. The apnea-hypop-
nea index (AHI) was defined as the average number of apneas 

and hypopneas per hour of sleep. Patients were excluded when 
they had an AHI > 5. Two iRBD patients were originally diag-
nosed with concomitant sleep apnea and were re-assessed with 
PSG with continuous positive airway pressure (CPAP). When 
reassessed with CPAP the AHI dropped below 5, but their ex-
cessive motor activity during REM sleep persisted. None of 
the controls or PD patients included in the study had diagnosed 
sleep apnea. The onset of REM sleep was based on the occur-
rence of the first REM, as REM sleep in RBD cannot be scored 
on the basis of chin EMG. PLMS were scored according to 
AASM 2007 criteria.

Detection and Analysis of EMG Activity
The signals were recorded with the standard EEG system (Ner-
vus, Nicolet) and exported to EMG viewer via the EDF file 
format. EMG-viewer is an analysis tool, based on MATLAB, 
developed in-house. The sampling frequency was 256 Hz. Sur-
face EMG recordings were made from the mentalis muscle and 
bilateral from the anterior tibialis. The EMG activity was ana-
lyzed in the channels at an amplitude scale of 30 microvolt/cm 
and time scale of 30 s/screen on a 24-inch LCD screen. A band 
pass filter with 3 dB cut frequencies at 10 Hz and 100 Hz and 
a 50 Hz Notch filter was used for the EMG signals to reduce 
artefacts and noise. In addition, we used a 2nd-order low-pass 
Butterworth IIR filter with a 3 dB cut frequency at 20 Hz.

Signal segments with a length of 5 s including artifacts and 
increase in EMG activity due to respiratory-related arousals or 
events were excluded from further EMG-analysis. For easier 
discrimination between muscle activity and baseline the EMG 
signal was rectified and low pass filtered (rlpEMG). The baseline 
was estimated separately for each sleep segment by dividing the 
rlpEMG signal into 5-s intervals and finding the intervals with 
the lowest activity calculated as the lowest root mean square 
(RMS) value. A detection threshold of 4 times the estimated 
baseline was used to detect motor activity. Muscle activity was 
defined as: a duration > 0.1 s, an amplitude exceeding 4 times 
the root mean square, based on the lowest 5-s baseline in a given 
consecutive sleep stage following the hypnogram. The end of 
each EMG-burst was defined as an identifiable return below 
threshold (less than 4 RMS cutoff line) for longer than 250 ms.

In all groups each EMG channel, the chin and tibialis mus-
cle, was scored separately according to the hypnogram derived 
from the original sleep-assessment. In PD patients we analyzed 
EMG-activity of the tibialis muscle in the most affected body-
side, contralateral to the most affected hemisphere, e.g., the 
hemisphere with the most reduced putamen function measured 
with 123I-FP-CIT brain SPECT scans. Therefore, EMG activity 
of only one leg per patient was included for statistical analysis. 
In PD patients with RBD 4 of the 10 patients had lowest uptake 
in the left putamen, while in PD patients without RBD 9 of 10 
patients had lowest uptake in the left putamen.

In iRBD patients we observed significant asymmetries be-
tween left and right putamen (p < 0.001), with less 123I-FP-CIT 
uptake in the left putamen. Therefore, in the iRBD group only 
EMG activity from the right tibialis muscle was included for 
statistical analysis. EMG activity in the right tibialis muscle of 
iRBD patients was then compared to EMG activity in the right 
tibialis muscle of healthy controls. With regard to iRBD 8 of 
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10 patients had lowest uptake in the left putamen, while 9 out 
of 10 healthy controls had lowest uptake in the left putamen.

After scoring of the EMG activity, all separate REM peri-
ods were added into one total REM sleep stage. We repeated 
this procedure for the NREM sleep stage, resulting in a to-
tal NREM sleep stage, adding all N1, N2 and N3. Then the 
percentage of time with increased EMG activity in REM and 
NREM sleep was measured.

Periodic leg movements were scored in REM and NREM sleep 
according to AASM 2007 criteria.16 PLMS were distinguished 
from phasic EMG activity by their characteristic periodic ap-
pearance, and they were excluded from quantitative analysis.

123I-FP-CIT Brain SPECT
123I-FP-CIT brain SPECT scans were carried out with a 
Prism 3000XP (Picker/Phillips) triple-headed gamma camera 
equipped with low energy, ultra-high-resolution fan-beam col-
limators. SPECT scans were performed according to guide-
lines.17 The SPECT-scanning started exactly 3 hours after 
patients had received an intravenous injection of 185 MBq 
123I-FP-CIT, when a steady state of tracer concentration in 
the striatum was obtained. For details on the SPECT proto-
col, please see previous study.18 Dopamine transporter SPECT 
scans were analysed with an automatic 3D quantification tool 
(Exini DAT, EXINI Diagnostics AB, Lund, Sweden). The 
quantification module automatically calculates specific uptake 
in: striatum, putamen, and nucleus caudatus for the patient’s 
brain images. The cerebral cortex has been delineated as back-
ground region. This article focussed on the uptake in the puta-
men region, as this part of the striatum has been associated 
with motor function.

Statistical Analysis
Kruskal-Wallis analysis of variance was used to evaluate 
group differences. Post hoc analyses were conducted using the 

Mann-Whitney U test. Correlations between 123I-FP-CIT up-
take and percentage EMG activity during REM and NREM 
were evaluated using Kendall tau. Furthermore, the sleep 
parameters duration of REM sleep and total sleep time was 
analysed with ANCOVA with age and H&Y when appropriate. 
The Statistical Package for the Social Sciences (SPSS version 
17.0) was used for statistical analyses. Results are reported as 
the mean ± SD unless otherwise stated. P values ≤ 0.05 were 
considered statistically significant.

RESULTS

Data on clinical characteristics and of the patient groups are 
presented in Table 1.

Kruskal-Wallis analysis of variance showed significant 
difference between groups in age (H = 8.32, p = 0.040), UP-
DRS (H = 27.15, p < 0.001), H&Y score (H = 29.41, p < 0.001), 
BDI (H = 14.90, p = 0.002), RBD Stiasny-Kolster (H = 26.75, 
p < 0.001), and the NMSS (H = 19.75, p < 0.001). Post hoc analy-
sis showed that healthy controls were significantly younger than 
PD patients with RBD (U = 12.50, Z = −2.853, p = 0.004) and 
PD patients without RBD (U = 20.50, Z = −2.004, p = 0.045). 
As expected UPDRS scores were significantly lower in healthy 
controls compared to both PD patients with RBD (U = 0.00, 
Z = −3.823, p < 0.001) and PD patients without RBD (U = 0.00, 
Z = −3.723, p < 0.001), and also lower in iRBD patients compared 
to both PD patients with RBD (U = 0.00, Z = −3.499, p < 0.001) 
and PD patients without RBD (U = 0.00, Z = −3.398, p < 0.001). 
Furthermore, H&Y scores were significantly lower in healthy 
controls compared to both PD patients with RBD (U = 5.00, 
Z = −3.640, p < 0.001) and PD patients without RBD (U = 0.00, 
Z = −3.907, p < 0.001), and lower in iRBD patients compared to 
both PD patients with RBD (U = 5.00, Z = −3.640, p < 0.001) 
and PD patients without RBD (U = 0.00, Z = −3.907, p < 0.001). 

Table 1—Demographic and clinical data.
Healthy Controls IRBD PD with RBD PD without RBD Kruskal-Wallis (H/P value)

Gender (M/F) 3/7 6/4 7/3 6/4
Age (years) 56.20 ± 8.28 61.20 ± 9.27 66.60 ± 3.44 66.80 ± 8.72  8.32/0.04 #1 
Age at disease onset (years) N/A 57.62 ± 9.63 56.57 ± 7.11 61.70 ± 8.15  0.76/0.68 
Duration of disease (years) N/A 5.75 ± 5.12 7.89 ± 5.93 5.00 ± 5.08  3.63/0.16
UPDRS-III score 0.20 ± 0.42 0.88 ± 1.35 21.98 ± 16.70 26.00 ± 11.61 27.15/0.00 #1 #2 
Hoehn & Yahr stage 0.00 ± 0.00 0.00 ± 0.00 2.14 ± 1.61 1.89 ± 0.63 29.41/0.00 #1 #2

123I-FP-CIT in putamen 5.67 ± 0.42 4.17 ± 1.90 1.31 ± 0.62 1.47 ± 0.78 23.69/0.00 #1 #2 
BDI 1.33 ± 3.27 4.30 ± 8.35 8.77 ± 4.63 5.22 ± 2.90 14.90/0.00 #1 #3

RBD-Stiasny-Kolster 0.20 ± 0.42 8.60 ± 1.83 8.63 ± 4.10 3.60 ± 1.35 26.75/0.00 #1 #4 #5 
NMSS 1.80 ± 5.69 51.00 ± 65.16 52.11 ± 25.83 28.67 ± 15.13 19.75/0.00 #1 #4 #5

LED levodopa mg N/A N/A 337 ± 214 170 ± 199 N/A
LED agonists mg N/A N/A 149 ± 156 134 ± 121 N/A
LED levodopa+agonist mg N/A N/A 467 ± 263 304 ± 280 N/A
Total LED mg N/A N/A 498 ± 252 324 ± 275 N/A

Values presented as mean ± standard deviation.  #1–5 describes the difference between groups: #1 = healthy controls vs both PD groups; #2 = iRBD vs both 
PD groups; #3 = iRBD vs PD with RBD; #4 = iRBD vs healthy controls; #5 = PD with RBD vs PD without RBD. IRBD, idiopathic rapid eye movement sleep 
behavior disorder; BDI, Beck depression inventory; NMSS, non-motor symptom scale; PD, Parkinson disease; LED, Levodopa Equivalent Dose.
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Moreover, PD patients with RBD had significantly higher BDI 
scores than iRBD patients (U = 18.00, Z = −2.241, p = 0.025) 
and healthy controls (U = 5.00, Z = −3.203, p = 0.001), and the 
group PD without RBD scored higher on BDI than healthy 
controls (U = 17.00, Z = −2.087, p = 0.037). The scores on the 
RBD Stiasny-Kolster scale were significantly lower in healthy 
controls compared to both PD patients with RBD (U = 6.00, 
Z = −3.231, p = 0.001) and PD patients without RBD (U = 0.00, 
Z = −3.839, p < 0.001). As expected, iRBD patients scored much 
higher on this scale than healthy controls (U = 0.00, Z = −3.926, 
p < 0.001) and PD without RBD (U = 1.00, Z = −3.634, p < 0.001), 
and PD patients with RBD had higher scores than PD without 
RBD (U = 9.00, Z = −2.617, p = 0.009). The NMSS scores were 
lower in healthy controls compared to both PD patients with 
RBD (U = 0.00, Z = −3.586, p < 0.001) and PD patients with-
out RBD (U = 2.00, Z = −3.607, p < 0.001). Moreover, iRBD 
patients scored significantly higher on the NMSS than healthy 
controls (U = 10.50, Z = −3.193, p = 0.001), whereas PD patients 
with RBD scored significantly higher on the NMSS than PD 
patients without RBD (U = 4.50, Z = −2.520. p = 0.012) and 
healthy controls (U = 6.00, Z = −3.231, p = 0.001).

Group Comparisons with Regard to PSG Data
The sleep parameters for the groups are presented in Table 2. 
We found group differences for the sleep parameters “REM 
duration in min” (H = 10.83, p = 0.013) and “Total sleep in min” 
(H = 9.05, p = 0.029). Post hoc tests showed that iRBD patients 
had significantly more REM sleep than PD patients with RBD 
(U = 18.00, Z = −2.420, p = 0.016) and PD patients without 
RBD (U = 14.00, Z = −2.533, p = 0.011). In addition, healthy 
controls had more REM sleep than both PD-groups (healthy vs 
PD with RBD: U = 22.00, Z = −2.117, p = 0.034; healthy vs PD 
without RBD: U = 20.00, Z = −2.043, p = 0.041). IRBD patients 
had more total sleep time compared to both PD-groups (iRBD 
vs PD with RBD: U = 16.00, Z = −2.368, p = 0.018; iRBD vs 
PD without RBD: U = 12.00, Z = −2.694, p = 0.007). The sleep 
parameters did not differ between the two PD groups and were 
similar between healthy controls and iRBD patients.

Comparison of EMG Activity (%) in REM and NREM 
Sleep Stages between Patient Groups
Then we evaluated whether the percentage of EMG-activity 
during REM and NREM sleep differed between groups. Krus-
kal-Wallis analysis of variance showed significant group differ-
ences between percentage of EMG-activity during REM sleep 
for mentalis muscle (H = 19.87, p < 0.001) and tibialis muscle 
(H = 20.33, p < 0.001). Group differences were also found dur-
ing NREM sleep for tibialis muscle (H = 21.38, p < 0.001), with 
a trend for mentalis muscle (H = 7.09, p = 0.069). Post hoc 
analyses between groups are presented in Figure 1.

Comparison of 123I-FP-CIT Uptake between Patient 
Groups
In iRBD patients we observed significant asymmetries be-
tween left and right putamen (p < 0.001), with less 123I-FP-CIT 
uptake in the left putamen. We did not observe differences in 
uptake between hemispheres in healthy controls. Therefore, 
we compared 123I-FP-CIT uptake in the left putamen between 
iRBD patients and healthy controls. In PD patients we looked at 
the hemisphere (putamen-region) contralateral to the most af-
fected body-side, which we denoted the dominant hemisphere. 
Afterwards, we compared 123I-FP-CIT uptake between patient-
groups (H = 23.69, p < 0.001), and found that iRBD patients 
had significant lower 123I-FP-CIT uptake in the left putamen 
(U = 24.00, Z = −1.965, p = 0.049) compared to healthy controls. 
As expected, iRBD patients had significant higher 123I-FP-CIT 
uptake than PD patients with RBD (U = 10.00, Z = −3.024, 
p = 0.002) and without RBD (U = 12.00, Z = −2.694, p = 0.007). 
We did not find differences in 123I-FP-CIT uptake between PD 
patients with and without RBD, see Table 1.

Relation between 123I-FP-CIT Uptake and EMG Activity 
during REM and NREM in iRBD
Subsequently, we evaluated the relationship between 123I-FP-
CIT uptake in the left putamen and the percentage of EMG 
activity during REM and NREM sleep in iRBD. During REM 
sleep, we found significant and inverse correlations between 

Table 2—Polysomnographic data.
Healthy Controls IRBD PD with RBD PD without RBD Kruskal-Wallis (H/P value)

REM duration in min 94.24 ± 36.85 98.50 ± 30.01 61.06 ± 23.91 57.15 ± 30.02 10.83/0.01 #1 #2 
REM % 26.09 ± 10.49 23.65 ± 7.41 16.67 ± 11.83 17.16 ± 11.35  6.64/0.08 
NREM duration in min 309.05 ± 72.80 327.77 ± 52.36 297.19 ± 78.90 281.06 ± 68.39  2.23/0.52
NREM % 73.90 ± 10.49 76.34 ± 7.41 83.32 ± 11.83 82.84 ± 11.35  6.64/0.08
Total sleep in min 415.59 ± 113.69 452.38 ± 70.61 372.81 ± 71.58 336.28 ± 70.81  9.05/0.02 #2

Sleep efficiency 85.24 ± 15.23 87.27 ± 8.49 81.96 ± 10.46 78.20 ± 10.36  7.15/0.06
Sleep onset latency 6.64 ± 5.35 17.88 ± 25.79 4.17 ± 4.22 2.61 ± 2.28  5.48/0.14
AHI-index 1.10 ± 1.24 1.12 ± 1.69 1.81 ± 1.93 1.60 ± 1.28  0.82/0.84
PLMS index right-tibialis total 
sleep

6.24 ± 8.12 8.01 ± 13.88 14.81 ± 44.28 6.82 ± 17.05  0.85/0.83

PLMS index left-tibialis total 
sleep

3.42 ± 6.52 1.81 ± 2.79 13.40 ± 41.60 7.50 ± 17.30  0.47/0.92

Values presented as mean ± standard deviation. #1–2 describes the difference between groups: #1 = healthy controls vs both PD groups; #2 = iRBD vs both 
PD groups. AT, anterior tibialis; IRBD, idiopathic rapid eye movement sleep behavior disorder; REM, rapid eye movement; NREM, non-rapid eye movement; 
AHI, apnea-hypopnea index; PLMS, periodic limb movements; PD, Parkinson disease.
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123I-FP-CIT uptake in the left putamen and the percentage of 
EMG activity in the mentalis muscle (r = −0.556, p = 0.019), but 
not with EMG-activity in the right tibialis muscle (r = −0.056, 
p = 0.417). In NREM sleep, we found trends toward significant 
inverse correlations between 123I-FP-CIT binding in the left 
putamen and EMG activity in the mentalis muscle (r = −0.389, 
p = 0.072) and right tibialis muscle (r = −0.333, p = 0.090).

Relation between 123I-FP-CIT Uptake and EMG Activity 
in PD with and without RBD
In PD patients with or without RBD the correlations between 
123I-FP-CIT uptake in the putamen region and EMG activity 
in mentalis and tibialis muscle during REM sleep were non-
significant. During NREM sleep, we found significant inverse 
correlations between 123I-FP-CIT binding in the putamen and 
EMG-activity in the mentalis muscle (r = −0.611, p = 0.011) 
and tibialis muscle (r = −0.611, p = 0.011) in PD patients with 
RBD. In addition, the EMG-activity in the tibialis muscle 
was inversely correlated with 123I-FP-CIT binding in the puta-
men (r = −0.530, p = 0.027) in PD patients without RBD. No 

significant correlations were found between 123I-FP-CIT up-
take for mentalis muscle.

Relation between EMG Activity and Levodopa 
Equivalent Dose (LED) in PD with and without RBD
To evaluate the relation between EMG activity and dopami-
nergic treatment, we analysed the association between EMG-
activity and LED in PD patients with and without RBD, during 
REM and NREM sleep.

In PD patients with RBD, we found that EMG activity dur-
ing REM sleep in the tibialis muscle was significantly and 
inversely correlated to treatment with dopamine agonists 
alone (r = −0.582, p = 0.011), with combined levodopa and 
dopamine agonist treatment (r = −0.598, p = 0.009), and total 
LED (r = −0.704, p = 0.004). A multiple regression analysis 
was performed to evaluate the relation between EMG activity 
during REM sleep in the tibialis muscle and factors suspected 
to influence this activity. The variables included in the model 
were age, REM sleep duration, and treatment with dopamine 
agonists alone, with combined levodopa and dopamine agonist 

Figure 1—% EMG-activity during REM and NREM sleep between groups.

PD+RBD means PD with RBD; PD-RBD means PD without RBD. *p ≤ 0.05, **p ≤ 0.01, ***p ≤ 0.001. IRBD, idiopathic rapid eye movement sleep behavior 
disorder; REM, rapid eye movement; NREM, non-rapid eye movement; PD, Parkinson disease.
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treatment, and total LED. The variables disease duration, UP-
DRS and H&Y were not correlated with EMG activity in the 
tibialis muscle during REM sleep. The final linear regres-
sion model using the stepwise exclusion method showed that 
total LED was the only explaining variable (Beta = −0.842; 
p = 0.004). The overall model fit (R2) was 0.709. These results 
suggest that dopamine may be linked to the percentage of 
EMG-activity during REM sleep.

In PD patients without RBD, we found significant and in-
verse correlations between treatment with dopamine agonists 
and EMG activity during REM sleep in the mentalis muscle 
(r = −0.551, p = 0.022) and the tibialis muscle (r = −0.530, 
p = 0.028). The correlations between dopaminergic treatment 
and EMG-activity during NREM were all nonsignificant.

DISCUSSION

In this study we investigated the relation between increased 
nighttime motor activity during REM and NREM sleep and 
the midbrain dopaminergic system in patients with iRBD and 
PD. As expected, the iRBD patients and PD patients with RBD 
had higher EMG activity during REM sleep in mentalis muscle 
and tibialis muscle than PD patients without RBD and healthy 
controls. In addition, iRBD patients also showed increased 
EMG activity during NREM sleep in the mentalis muscle and 
tibialis muscle compared to healthy controls and PD patients 
without RBD. A similar pattern was seen for PD patients with 
RBD, who had significantly increased EMG activity in the 
tibialis muscle during NREM sleep compared to PD patients 
without RBD. Most studies on RBD have mainly focused on 
measuring EMG activity during REM sleep,19–21 and to our 
knowledge no other studies have addressed EMG activity dur-
ing NREM sleep in patients with iRBD and Parkinson disease. 
The increase of EMG activity during both REM and NREM 
sleep may suggest a general instability of mechanisms regulat-
ing atonia, although most pronounced during REM sleep.

Furthermore, iRBD patients had significantly lower 123I-FP-
CIT uptake in the left putamen compared to healthy controls, 
and higher uptake compared to both PD groups. This is in line 
with previous studies showing a reduction in 123I-FP-CIT up-
take in the striatum in iRBD and PD with disease progression.8 
We analyzed the relation between EMG-activity during REM 
sleep and 123I-FP-CIT uptake in iRBD patients, and found a 
significant and inverse correlation between EMG activity in 
the mentalis muscle and 123I-FP-CIT binding in the putamen. 
These results are in agreement with a study by Eisensehr et 
al., who found that a decreased density of the dopamine trans-
porter in the striatum was associated with increased EMG ac-
tivity during REM sleep in iRBD.10

These findings are also in agreement with a study in a mar-
moset model of PD, which showed that monkeys treated with 
MPTP had an increased number of sleep epochs with high-
amplitude EMG bouts during REM sleep relative to control 
animals. These monkeys showed a slight increase in phasic 
activity and an increase in tonic activity as a percentage of 
total REM sleep.9 Similarly, increased muscle tone during 
nighttime has also been reported in the macaque treated with 

MPTP. This increase in muscle tone was characterized by the 
occurrence of high-amplitude EMG bouts during both REM 
and NREM sleep.22 The high selectivity of MPTP to midbrain 
dopaminergic neurons23 suggests that the presence of REM 
sleep without atonia might reflect the early involvement of do-
paminergic neurotransmission on pontine and medullary REM 
sleep-related structures.24

The extent to which the nigrostriatal dopaminergic system 
contributes to the regulation of REM sleep and RBD needs 
to be confirmed in more extensive studies. In our study PD 
patients with and without RBD did not differ with regard to 
123I-FP-CIT binding in the putamen, and no relation was found 
between 123I-FP-CIT binding and EMG-activity during REM 
sleep in both groups. These results would suggest that the ni-
grostriatal dopaminergic dysfunction in PD does not play a 
prominent role in EMG activity seen during REM sleep. How-
ever, these findings do not disconfirm a possible role for dopa-
mine in RBD. Subsequently, we analyzed possible effects of 
dopaminergic treatment on EMG activity during REM sleep. 
In PD patients with RBD we found significant and inverse 
correlations between EMG activity in the tibialis muscle and 
treatment with dopamine agonists alone, combined treatment 
with levodopa and dopamine agonists, and most pronounced 
with total LED. In PD patients without RBD, we also found 
significant inverse correlations between treatment with dopa-
mine agonists and EMG activity during REM sleep in the men-
talis muscle and the tibialis muscle. These results suggest that 
dopaminergic medication may have an effect on EMG activity 
during REM sleep. According to the Best Practice Guide for 
the Treatment of REM Sleep Behavior Disorder (RBD),25 there 
are limited data on dopaminergic treatment effects of RBD.26–

28 Therefore, the extent to which dopamine plays a role in sleep 
and RBD needs to be investigated in future studies.

Neuropathological studies have reported that the degenera-
tive process in the PD brain starts in the medulla, advances to 
the pons, and subsequently targets the midbrain.29 As REM ato-
nia is mediated by nuclei in the medulla24 it is suggested that 
RBD reflects involvement of non-dopaminergic pontine and 
medullary structures. However, these structures are closely 
connected to the midbrain dopaminergic pathways, and may 
therefore be affected by an imbalance of dopamine levels.30 
The retrorubral nucleus (RRN, also called A8) is an area with 
dopamine-containing neurons that forms a bridge between the 
substantia nigra (A9) and ventral tegmental area (A10).31 The 
RRN projects to the pontine inhibitory area32 as well as to the 
pedunculopontine nucleus,33 and stimulation of the RRN pro-
duces bilateral suppression of muscle tone.30 Both the RRN 
and its dopamine transporter-positive fibers in the brainstem 
(pedunculopontine and cuneiform nucleus) is severely affected 
by MPTP.23,33 Furthermore, Takakusaki et al. showed that the 
excessive GABAergic output from the basal ganglia to the PPN 
in patients with PD may induce sleep disturbances, including 
a reduction of REM sleep periods and REM sleep behavioral 
disorders as REM without atonia.5 Studies in MPTP-treated 
rats, cats, and monkeys have also reported a role for dopami-
nergic neurons in the substantia nigra in the regulation of REM 
sleep,3,4,34,35 In addition, dopamine D2-receptor immunoreactiv-
ity has been found in brainstem structures involved in REM 
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sleep without atonia, including subcoeruleus, lateral paragigan-
tocellular, nucleus raphe magnus, gigantocellular nucleus pars 
alpha, ventral gigantocellular nucleus, and raphe obscurus.33,36

We found significant inverse correlations between 123I-FP-
CIT uptake and non-periodic EMG activity in the mentalis and 
tibialis muscle in PD patients with RBD during NREM sleep. 
In addition, in PD patients without RBD 123I-FP-CIT uptake 
was also inversely correlated to EMG activity in the tibialis 
muscle. This may suggest that the nigrostriatal dopaminergic 
system may be involved in EMG activity during NREM sleep. 
The involvement of the dopaminergic system in periodic limb 
movements is well known,37 and reduced striatal 123I-beta-
CIT binding has been associated with an increased number of 
PLMS in PD.38 However, this system may also be involved in 
nonperiodic motor activity during NREM.

Furthermore, iRBD patients and PD patients with RBD 
scored significantly higher on the NMSS, and therefore re-
ported a higher prevalence of more non-motor symptoms than 
the healthy controls and PD patients without RBD. Previous 
studies have shown that iRBD is associated with an increased 
prevalence of non-motor symptoms, and that RBD is a signifi-
cant predictor of increased non-motor symptoms in PD.39,40 The 
non-motor symptoms include autonomic dysfunction, depres-
sive symptoms, sleep disturbances, and fatigue.41 Although 
these non-motor symptoms may occur in the premotor stage 
of PD, this does not necessarily preclude an involvement of 
dopaminergic degeneration in the development of non-motor 
symptoms. For instance, the dorsal motor nucleus of vagus, a 
medullary autonomic nucleus, and a structure very early af-
fected in the course of Parkinson disease, shows a wide distri-
bution of dopamine D1 and D2 receptors in the cholinergic and 
catecholaminergic neurons in the DMV of rats.42

A baseline was calculated separately for each consecutive 
sleep stage to control for possible differences in muscle tone 
during the sleep period. Previous studies have shown that the 
mean tonic level of mentalis muscle is significantly decreased 
in REM sleep compared to NREM sleep.43,44 Within NREM 
episodes the tonic EMG level seems to vary systematically, as 
the EMG level decreases during the first NREM episode, while 
the EMG level in other NREM episodes show an increasing 
trend.43,44 As such, our method deviate from previous studies 
measuring EMG activity only during REM sleep.19–21 Mont-
plaisir et al. established cutoff values for EMG activity during 
REM sleep for a diagnosis of RBD ≥ 30% for tonic activity 
or ≥ 15% for phasic activity. These authors used 20-s epochs 
for scoring tonic activity and 2-s mini-epochs for phasic activ-
ity. The threshold for counting motor activity was two times 
baseline or 10πV.45 A study by Frauscher et al. concluded that 
the most sensitive method for discriminating iRBD patients 
from healthy controls was to include “any” muscle activity in 
the EMG analysis.42 These authors used 30-s epochs for tonic 
activity and 3-s mini epochs for phasic activity. In our method 
we did not distinguish between phasic and tonic activity, but 
included “any” type of EMG activity. However, we did not use 
30-s epochs and 3-s epochs. In our study, EMG activity was 
scored when the duration was > 0.1 s and the amplitude ex-
ceeded 4 times the root mean square. Furthermore, the end of 
each EMG burst was defined as an identifiable return below 

threshold (< 4 RMS cutoff line) for longer than 250 ms, a pa-
rameter which was also applied in the study by Frauscher et al.46

Our methods have some limitations. Manual scoring is time 
consuming and therefore development of an automatic algo-
rithm for the use of scoring EMG activity during the entire 
sleep period would be recommended. In addition, we did not 
evaluate the sensitivity of the baseline before scoring and ana-
lyzing the EMG activity. Our group has recently published a 
study with the aim of finding the most sensitive baseline for 
measuring EMG activity during REM sleep.47 However, such 
a baseline should also be developed when analyzing the whole 
sleep period, taking into account possible changes in muscular 
tone across the sleep stages.

In summary, the present study shows that increased EMG 
activity during REM sleep may be linked with degeneration 
of the midbrain dopaminergic system in iRBD and possibly to 
dopaminergic treatment in Parkinson disease. Dopaminergic 
receptors are scattered throughout the brainstem and are ob-
served both in structures mediating REM atonia36 and in the 
dorsal vagal nucleus,42 one of the first structures affected in 
the brain in Parkinson disease.29 Although this suggests that 
dopamine may play a role in the preclinical PD disease stage, 
the possible involvement of dopamine in REM atonia needs to 
be addressed in further studies.

ABBRE VI ATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index
BDI, Beck depression inventory
CPAP, continuous positive airway pressure
EMG, electromyography
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123I-FP-CIT SPECT, (123)I-N-omega-fluoropropyl-2-beta-
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iRBD, idiopathic rapid eye movement sleep behavior disorder
LED, Levodopa equivalence dose
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hydrochloride
NMSS, non motor symptom scale
NREM, non rapid eye movements
PD, Parkinson’s disease
PLMS, periodic limb movements
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RBD, rapid eye movement sleep behavior disorder
REM, rapid eye movement
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