Sleep and Biological Rhythms (2019) 17:113-122
https://doi.org/10.1007/s41105-018-0189-z

ORIGINAL ARTICLE

@ CrossMark

REM sleep behavior disorder in patients with Parkinson’s disease:
clinical and polysomnographic characteristics

Manoel Alves Sobreira-Neto'? - Marcio Alexandre Pena-Pereira® - Emmanuelle Silva Tavares Sobreira -
Marcos Hortes Nisihara Chagas* - Carlos Mauricio Oliveira de Almeida® - Regina Maria Franca Fernandes? -
Vitor Tumas? - Alan Luiz Eckeli®

Received: 20 June 2018 / Accepted: 6 October 2018 / Published online: 13 October 2018
© Japanese Society of Sleep Research 2018

Abstract

The objectives of this study were to describe the characteristics of RBD in a group of PD patients and verify the accuracy
of the clinical interview in this group, determine the causes of failure of the interview, as well as to verify the clinical and
polysomnographic differences between the groups of PD patients with and without RBD. So, a cross-sectional study was
conducted in 88 consecutive PD patients from the outpatient clinic, during a period of 21 months. Participants underwent
a clinical interview, assessment based on standardized scales (Epworth Sleepiness Scale, Parkinson’s disease Question-
naire, Pittsburgh Sleep Quality Index), and video polysomnography. Out of the 88 participants, 55 underwent vPSG which
confirmed a diagnosis of RBD. The clinical interview had a high sensitivity (87.5%) but a low specificity (42.1%) for RBD
diagnosis and thus the clinical interview alone may miss those without episodes of dream-enacting behavior. We note in this
group a higher proportion of men (54.5%) and an average age of 60.4 years + 10.6. In 54% of patients, RBD preceded motor
symptoms of PD. In addition, patients with PD and RBD had lower Apnea—Hypopnea Index in REM sleep and a higher
equivalent dose of levodopa than PD patients without RBD. RBD is a prevalent condition in patients with PD, requiring
polysomnography for diagnostic confirmation, and is associated with certain particularities in PD.
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Introduction Lewy body dementia (LBD) [5, 6]. There is already evi-

dence from experimental studies demonstrating that neurons

REM sleep behavior disorder (RBD) is characterized by
loss of skeletal muscle atonia during REM sleep associated
with nightmares and dreams’ enactment [1-4]. There is an
association of RBD with diseases that are generated by the
deposition of alpha-synuclein in neurons, such as Parkin-
son’s disease (PD), multiple system atrophy (MSA), and
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located in the upper brainstem structures particularly the
bulbar—pontine transition (sublaterodorsal nucleus-SLD and
pre-coeruleus region) are active during REM sleep (called
REM “on cells”) and important for the regulation of REM
sleep and atonia [7, 8]. These neurons participate via a direct
or indirect inhibitory descending pathway through the reticu-
lar magnocellular tract and glycinergic neurons on the spi-
nal motor neurons [9]. The neurodegenerative process that
occurs in PD with abnormal deposition of this phospho-
rylated alpha-synuclein leads to the formation of intraneu-
ronal inclusion bodies, the so-called Lewy bodies, which
may induce a dysfunction of this nucleus and its afferent or
efferent pathways or both, resulting in loss of the normal
inhibition of the motor neuron [10] and the clinical mani-
festation of the RBD [11, 12].

A prevalence of presumptive RBD in 15-40% of PD
patients was observed in studies using RBD screening scales
and frequency of confirmed RBD in up to 62.5% in studies
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using video polysomnography [13-16]. There is a difference
in accuracy when a clinical evaluation is considered alone
or in association with polysomnography [4], and a need for
better identification of possible failures of clinical interview
and/or scales in the diagnosis of this condition.

The presence of RBD in individuals with PD is associated
with a severe clinical form of the disease [15], meaning a
risk factor for a disease with greater severity of motor symp-
toms [13], higher incidence of freezing [17], higher preva-
lence of autonomic symptoms, such as orthostatic hypoten-
sion [18], and the occurrence of early onset dementia [17].
In addition, a study showed a higher prevalence of men and
older individuals in the RBD group [19]. Additional studies
are needed to confirm the presence of those characteristics
in that group of patients.

We, therefore, aim to describe the characteristics of RBD
in a group of patients with PD, to find out the accuracy of the
clinical interview for diagnosis of this parasomnia in those
patients, as well as to verify the clinical and polysomno-
graphic differences between the groups of PD patients with
and without RBD.

Patients and methods
Study design and population

A cross-sectional study was performed in patients with PD
from the tertiary outpatient clinic of Movement Disorders of
the Hospital das Clinicas, Faculty of Medicine of Ribeirao
Preto—University of Sdo Paulo (HC-FMRP-USP), Sao
Paulo, Brazil, during a 21-month period between February
of 2010 and March of 2012.

In total, 124 consecutive individuals with PD were
approached on the day of their usual consultation. Ninety of
these individuals provided informed consent. Subsequently,
the patients who agreed to participate underwent a clinical
assessment with neurologists specialized in sleep medicine
and movement disorders and with a psychiatrist. Two indi-
viduals did not attend the polysomnography (PSG). Patients
underwent polysomnography with a maximum interval of
2 weeks after the initial assessment. During this time, there
was no change in drug treatment.

This study was approved by the Ethics Committee of
HC-FMRP-USP, under the protocol number 13410, in
accordance with the ethical principles of the Declaration
of Helsinki.

Clinical evaluation
Clinical evaluation was performed using standardized scales,

and assessment of sleep disorders, cognitive framework,
motor and psychiatric symptoms of PD.
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The scales related to quality of life and sleep used were
Epworth Sleepiness Scale (ESS), Parkinson’s Disease Ques-
tionnaire (PDQ-39), and Pittsburgh Sleep Quality Index
(PSQI).

To detect and diagnose sleep disorders, including chronic
insomnia, according to the International Classification of
Sleep Disorders-third edition (ICSD-3), a clinical evalua-
tion was performed by a neurologist specialized in sleep
medicine [1, 4].

The assessment of functional impairment was performed
by a neurologist specialized in movement disorders. The fol-
lowing scales were used: Unified Parkinson’s Disease Rating
Scale (UPDRS)—part III, Hoehn & Yahr (H&Y) parkinso-
nian staging, and Schwab & England (S&E) activities of
daily living score. For cognitive assessment, Mini-Mental
State Examination (MMSE) and Global Deterioration
Score (GDS) were used. For motor and cognitive assess-
ment, patients were evaluated during the best “on” period
as possible.

To achieve psychiatric diagnosis, such as anxiety, depres-
sive and psychotic disorders, in accordance to the criteria of
the Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, of the American Psychiatric Association
(DSM-1V), a structured clinical interview for Axis I mental
disorders of the DSM-IV was used, in translated form and
adapted to Portuguese (SCID-I) [20].

Polysomnography

Time-synchronized video-PSG (v-PSG) was performed with
a digital polygraph (computerized sleep system; Biologic
Sleepscan VISION PSG, Natus Bio-logic Systems Inc., San
Carlos, CA). Data were collected using an electroencephalo-
gram (EEG) (according to the International 10-20 System)
(Fp1-M1, Fp2-M2, F3-M1, F4-M2, C3-M1, C4-M2, P3-M1,
P4-M2, F7-M1, F8-M2, T3-M1, T4-M2, T5-M1, T6-M2,
O1-M1, 02-M2, Fz-Cz, Cz-Pz), bilateral electrooculogram
(E1-M2, E2-M1), electrocardiogram (modified V2 lead),
and surface electromyography (EMG) of the mental and
submental muscles. Surface electrodes were placed on both
anterior tibialis, masseters, and extensors of fingers mus-
cles. Digital video was recorded by an infrared camera (Sony
Ipela., CA) synchronized with the PSG data. Respiration was
monitored as follows: airflow was measured by a nasal pres-
sure transducer system (AcSleep 119, Biolink Medical, Sao
Paulo, Brazil) and nasal and mouth thermocouple airflow
sensor (Pro-Tech Services Inc., Mukilteo, WA); chest and
abdominal efforts were measured by respiratory inductive
plethysmographic belts (Pro-Tech zRIP module, Pro-Tech
Services Inc.); arterial SaO, was measured by pulse oxi-
metry (Netlink Headbox, Natus Bio-logic Systems Inc.);
snoring sounds were measured using a snoring microphone;
body position was determined using a sensor (Netlink Body
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Sensor Position, Natus Bio-logic Systems Inc.). All of the
technical parameters used were performed in accordance
with the AASM Manual for the Scoring of Sleep and Asso-
ciated Events: Rules, Terminology, and Technical Specifica-
tion [21]. According to these parameters, REM sleep with-
out atonia was characterized defined by sustained muscle
activity in REM sleep in the chin EMG and/or excessive
transient muscle activity during REM sleep in the chin or
limb EMG [21].

Statistical analysis

Kolmogorov—Smirnov test was used to determine the type
of distribution of the variables. For variables with a nor-
mal distribution, parametric tests such as Student’s ¢ test or
analysis of variance (ANOVA) were used. Variables without
a normal distribution were evaluated using nonparametric
Mann—Whitney or Kruskal-Wallis test. Pearson’s coefficient
was used in the correlation analysis of numeric variables
with a normal distribution, and Spearman’s correlation coef-
ficient, for the analysis of numerical variables without a
normal distribution. The hypothesis tests were conducted to
verify the nullity of the correlation coefficients. In the analy-
sis of categorical variables into two or more groups, Chi
square test or Fisher’s exact test was used, according to the
expected frequency in cells. Linear regression analysis was
used to calculate the predictive coefficients, for dependent
quantitative variables. For the multiple correlation analysis,
logistic regression analysis was used for binary categori-
cal dependent variables. The software packages Microsoft
Office Excel, IBM SPSS Statistics 19, and R 3.1.0 were used
to construct and analyze the database.

Results
Diagnosis of RBD

A total of 55 participants presented RBD defined by clini-
cal and polysomnographic evaluation, according to ICSD-3
criteria [4]. In 11 patients (12.5% of the total), the RBD
diagnostic was not confirmed. There were also 6 individuals
with REM sleep without atonia (6.8% of the total) without
any report of dream enactment, and 16 patients (18.1%) who

Table 1 Distribution of study participants

could not be categorized since they did not have any REM
sleep or had just a very short REM sleep period during the
polysomnography, although 13 of them had reported clini-
cal complaints compatible with RBD. A total of 30 patients
were using antidepressive medications at the moment of the
polysomnography.

As a diagnostic tool, the clinical interview had sensitiv-
ity of 87.5%, specificity of 42.1%, positive predictive value
of 81%, and negative predictive value of 53%. Among 55
individuals with RBD, 14 were defined by clinical symp-
toms associated with loss of atonia during REM sleep, 7
diagnosed exclusively by behavior and/or vocalization seen
during the vPSG, therefore they did not present a clinical
complaint, and 34 due to a clinical complaint of behavior
and/or vocalization associated with loss of atonia and move-
ment and/or vocalization during video polysomnography
(Table 1).

Out of seven individuals who were diagnosed exclusively
by polysomnography, two were used to sleeping alone, and
four among the five subjects who referred to sleeping accom-
panied, attended the clinical interview with a companion
who had not slept in their same room.

A total of five individuals presented symptoms suggestive
of RBD but did not have polysomnographic confirmation,
and their probable etiologies for dream enactment during
sleep were a moderate or severe obstructive sleep apnea in
four, whereas one individual had a diagnosis of sleep-related
eating disorder.

Clinical characterization of RBD in the group
of patients with Parkinson’s disease

Regarding the frequency of the behaviors, it was observed
that in 28 individuals (50.9% of the patients with RBD) the
symptoms occurred more than once a week. We also found
that, in 14 subjects, the episodes occurred from once a week
to once a month, while in 6 subjects, symptoms happened
less than once a month. Seven subjects did not report any
symptoms related to RBD and their diagnosis was made only
by PSG.

Patients with RBD showed a mean symptom onset time
of 9.58 years, with a standard deviation of 12.47 years. Out
of the 55 subjects with RBD, 37 individuals (67.2%) had
symptoms for 5 years or more, while 18 patients (32.5%) had

88 participants

55 patients with RBD (defined by clinical and polysomnographic evaluation)

In 11 patients, RBD was excluded (do not have clinical and polysomnographic characteristics)

6 individuals with REM sleep without atonia

16 individuals did not have any or have small amount of REM sleep—13 of them reported
symptoms compatible with RBD
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symptoms for less than 5 years. Thirty patients reported an
onset of symptoms related to RBD prior to the onset of PD
(54.5% of subjects with RBD), while 18 (32.5%) reported
the presence of symptoms related to RBD after onset of PD.
Seven individuals reported no symptom of RBD.
Regarding the period of the night when symptoms
occurred, 24 subjects pointed out the end of the sleep period,
while 16 presented symptoms in the middle of the night, and
8 patients, in the begin of the sleep period (Table 2).
Fifty-one individuals reported that they had recalled
dreams and/or nightmares (92.7% of this group). These
dreams recalled was not restricted to enacted dreams.
Twenty-seven patients (49% of this group) had experienced
dreams and/or nightmares more than once a week, seventeen
had have dreams frequently, between once a month and once
a week, and seven had dreamed less than once a month.
Regarding the dream content, we observed a consider-
able proportion of the individuals reporting dreams in which
they were being persecuted or attacked by animals (50.9%),
21 subjects (38.1%) reported being persecuted by another
person, 27 (49%) claimed that they had dreamed about situ-
ations that made them feel sad, like death or illness of family
members. Eleven individuals reported funny dreams and six
reported dreaming that they were falling from a cliff.
The main behaviors observed by roommates in the group
of patients with RBD (n=55) were: talking (71.4%), shout-
ing (60.7%), laughing (42.9%), kicking (41.1%), punching

(37.5%) and crying (32.1%) (Fig. 1). Most of individuals
presented five different behaviors (Fig. 2).

We also observed among the individuals with a diagnosis
of RBD (n=55) that 25.4% informed having already injured
their bedmates, and 20% reported having injured themselves
during sleep episodes since the disease began. Among those
individuals with a diagnosis of RBD, only six sought medi-
cal assistance for diagnosis and treatment.

Comparison between clinical and polysomnographic
characteristics from individuals with RBD and PD
and those with PD without RBD

We compared characteristics between PD patients who had
a diagnosis of RBD established by ICSD-3 (n=55) and PD
patients that RBD diagnosis was definitively ruled out by
vPSG (n=11).

We observed a higher equivalent dose of levodopa
in patients with PD and RBD, with a mean + SD of
889.2 +426.8 mg as compared to non-RBD parkinsonians,
whose mean + SD dose was 490.9 +260.3 mg (p =0.00).
Patients with PD and RBD, however, did not present sig-
nificant differences in mean age, schooling, time of onset
of PD and BMI, in relation to the PD group without RBD
(Table 3). Also, we did not find a difference in the propor-
tion of males between the two groups evaluated (Table 3).

Table 2 Clinical characteristics
of PD patients with RBD
(n=55)

Frequency of episodes

More than once a week, n (%)

Between once a week and once a month, n (%)

Less than once a month, n (%)

Reported no symptoms of RBD, n (%)
Time onset of RBD Symptoms, mean in years (SD)

28 (50.9)
14 (25.4)
6 (10.9)
7(12.7)
9.58 (12.47)

Relation between RBD symptoms onset and PD onset

Before onset of PD, n (%)
After onset of PD, n (%)

30 (54.5)
18 (32.7)

Period of night with major frequency of symptoms

Initial third, n (%)
Mean third, n (%)
Final third, n (%)

Could not report or did not have symptoms, n (%)

Injuries to bed partners, 1 (%)

Self-injuries due to behaviors, n (%)
Presence of dreams/nightmares (enacted or not), n (%)
Dream of being persecuted or attacked by animals
Dream of being persecuted by another person
Dream with sad situations, like death or family member illness

Dream with funny situations

Dream of falling from a cliff

8 (14.5)
16 29)
24 (43.6)
7(12.7)
14 (25.4)
11 20)
51(92.7)
28 (50.9)
21 (38.1)
27 (49)
11 20)
6 (10.9)

PD Parkinson’s disease, SD standard deviation, RBD REM sleep behavior disorder
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Fig. 1 Frequency of the main
behaviors presented in patients
with RBD (n=55) (RBD REM
sleep behavior disorder)
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Fig.2 Histogram showing the number of different behaviors per
patient

Mean scores on ESS, IQSP, PDQ-39, UDPRS part I1I,
GDS, Hoehn and Yahr scale, and Schawb and England func-
tional score scale were equivalent in the groups with and
without RBD (Table 3).

Likewise, there were no differences in proportions in the
subgroups evaluated with and without RBD in relation to
the presence of chronic insomnia, OSAS, RLS, excessive
fragmentary myoclonus, bruxism, ALMA/HFT, depression,
psychotic disorder, anxiety disorder, dementia, hypersali-
vation, dysphagia, dyskinesia, nocturia, anosmia, excessive
sweating and constipation (Table 3).

Regarding the polysomnographic variables, it was
observed a tendency to lower arousal index in the subgroup
of patients with RBD as compared to the group without
RBD with average values +SD of 21.7 +8.6 and 27.9 + 14.8,
respectively (p=0.06). The other polysomnographic

10%

20% 30% 40% 50% 60% 70% 80%

M Men Women

variables evaluated showed no significant differences in
groups with and without RBD (Table 4).

Multivariate analysis of RBD

Multivariate analysis was used to evaluate the associa-
tion between presence of RBD and the multiple variables
involved in the study. For logistic regression analysis,
we considered variables with p value <0.1 in univariate
analysis (equivalent dose of levodopa, arousal index, and
Apnea-Hypopnea Index (AHI) in REM sleep). After an
initial review of the independent variables cited above,
those with higher p values were withdrawn gradually until
the maintenance of only those with p <0.05. Thus, the
following independent variables were significant in the
final model: equivalent dose of levodopa (estimated coef-
ficient=0.004; p=0.01) e AHI in REM sleep (estimated
coefficient=—0.04; p=0.01).

Discussion

In this paper we describe the clinical and polysomnographic
characteristics of Parkinson’s disease patients with and
without REM sleep behavior disorder. We have shown that
patients with RBD have a higher equivalent dose of levo-
dopa and a lower rate of respiratory disturb index during
REM sleep. It is known that there is a greater tendency to
respiratory events (apnea and hypopnea) in REM sleep due
to a physiological and significant reduction in muscle tone,
leading to a higher collapsibility of the upper airways, at
this sleep phase [22]. Beside this, PD patients with RBD
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Table 3 Comparison of socio-
demographic and clinical
variables between groups of PD
patients with and without RBD
(n=0606)

PD+RBD (n=55) PD—RBD (n=11) p

Age (years), mean+SD 60.4+10.6 58.4+16.1 0.70
Sex (% of male) 54.5 60 0.74
Schooling (years) 6.6+4.9 7.7+4.6 0.50
Duration of PD (months), mean + SD 106.5+57.9 106.1+85.4 0.98
Equivalent dose of levodopa (mg), mean+ SD 889.24 +426.8 490.91 £260.3 0.000*
BMI, mean + SD 25.0+4.0 253+3.1 0.8
ESS, mean +SD 11.1+5.6 10.0+5.5 0.58
PSQI, mean+ SD 947+4.1 11.73 +4.1 0.10
PDQ-39, mean+ SD 44.0+17.24 37.4+16.1 0.24
UPDRS-III, mean + SD 17.8+114 16.2+10.4 0.66
GDS, mean +SD 1.94+1.12 23+1.05 0.35
MMSE, mean + SD 245+39 25.1+4.4 0.28
Hoehn and Yahr, mean +SD 1.99+04 1.81+0.4 0.20
Schawb & England, mean +SD 83.0+14.9 82.7+16.1 0.94
Presence of insomnia (%) 51.7 72.7 0.32
Presence of OSAS (%) 63.6 72.7 0.73
Presence of RLS (%) 30.9 18.2 0.48
Presence of excessive fragmentary myoclonus (%)  61.8 36.4 0.18
Presence of bruxism (%) 94 0 0.57
Presence of ALMA and/or HFT (%) 14.4 0 0.33
Presence of depressive disorder (%) 29.1 18.7 0.71
Presence of psychotic disorder (%) 16.4 0 0.3
Presence of anxiety disorder (%) 18.2 18.2 1.0
Presence of hypersalivation (%) 5.6 0 1.0
Presence of dysphasia (%) 0 9.1 0.16
Presence of dyskinesia (%) 38.9 18.2 0.3
Presence of nocturia (%) 54.5 45.5 0.74
Presence of anosmia (%) 24.1 27.3 1.0
Presence of excessive sweating (%) 31.5 9.1 0.26
Presence of constipation (%) 48.1 27.3 0.32

RBD REM sleep behavior disorder, PD Parkinson disease, SD standard deviation, OSAS obstructive sleep
apnea syndrome, RLS restless legs syndrome, BMI body mass index, PDQ-39 Parkinson’s disease qual-
ity of life-39, UPDRS-1II Unified Parkinson Disease Rating Scale-part III, PSQI Pittsburgh Sleep Quality
Index, MMSE mini mental state examination, ESS Epworth Sleepiness Scale, GDS Global Deterioration
Scale, ALMA alternate leg movement activation, HFT hypnagogic foot tremor

p<0.05

presented a lower AHI in REM sleep than PD patients with-
out RBD. A possible explanation for lower AHI in REM
sleep in PD individuals with RBD could be the maintenance
of tonic and phasic activity during in REM sleep in RBD
group, reducing the susceptibility to obstructive respiratory
events.

In partial agreement with our findings, Huang et al.
evaluated differences in polysomnographic variables dur-
ing REM sleep in the groups of PD with and without RBD.
They observed a decrease in oxygen saturation and duration
of apnea in REM sleep in RBD group as compared to those
without this disorder. This suggests that excessive muscle
activity during REM sleep could protect patients from more
intense respiratory events. Despite these findings, this study
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did not document a significant difference between AHI in
REM sleep in the groups of individuals with and without
RBD [23].

On the other hand, De Cock et al. observed that subjects
without REM sleep atonia had higher AHI values in REM
sleep than subjects with preservation of atonia [24]. The pos-
sible explanations for the divergence between those studies
are different methods adopted in each works. De Cock et al.
did not diagnose RBD, and the groups were divided into the
presence or absence of atonia in REM sleep. In addition, no
multivariate analysis was performed in this study.

Another important association is the higher equivalent
dose of levodopa with the presence of RBD in PD patients.
Since 2008, several studies have evaluated the relationship



Sleep and Biological Rhythms (2019) 17:113-122 119

Table 4 Comparison of PD+RBD (n=55) PD—RBD (n=11) »

polysomnographic variables

between groups of PD patients Total sleep time (h), mean + SD 52+13 50+1.1 0.56

with and without RBD (n=66) g1 o friciency (%), mean+SD 709+ 18.3 693+ 13.7 0.77
WASO (min), mean+ SD 118.3+73.4 109.4+67.2 0.71
WAFA (min), mean+SD 9.4+16.1 19.9+25.7 0.21
Sleep onset latency (min), mean+SD 23.5+30.6 24.3+38.4 0.94
REM sleep onset latency, mean+SD 161.2+102.5 178.9+148.0 0.71
N1 Sleep (%TST), mean +SD 16.5+9.3 189+7.5 0.37
N2 Sleep (%TST), mean +SD 46.7+12.2 51.1+£155 0.30
N3 Sleep (%TST), mean +SD 23.5+12.3 17.6+14.3 0.16
REM Sleep (%TST), mean+ SD 13.0+£7.2 12.2+12.0 0.75
Arousal index (events/h), mean +SD 21.7+8.6 279+14.8 0.06
AHI (events/h), mean+ SD 11.0+£10.7 20.7+20.3 0.14
AHI in NREM sleep (events/h), mean +SD 9.6+10.6 20.4+20.2 0.12
AHI in REM sleep (events/h), mean+SD 10.9+13.3 29.9+34.0 0.09
PLM index (events/h), mean +SD 13.9+433 8.7+19.5 0.69

RBD REM sleep behavior disorder, PD Parkinson disease, SD standard deviation, WAFA wake time after
final arousal, WASO wake time after sleep onset, AHI Apnea-Hypopnea Index, PLM periodic limb move-

ment

of RBD with various characteristics of PD [13, 17-19,
25-30]. Ferri et al., Sixel-Doring et al. and Nomura et al.
had already demonstrated a difference in the equivalent dose
of levodopa between the subgroups of PD patients with and
without RBD [13, 17, 30], as in the present study. However,
we cannot establish a causal relationship between equivalent
dose of levodopa and RBD. Possible explanations for that
association could be: (1) the presence of RBD may be asso-
ciated with advanced PD, which requires a higher equivalent
dose of levodopa, as demonstrated in Sixel-Doring et al. and
Romenets et al. [13, 19]; or (2) individuals with RBD show
reduced response to dopaminergic medications, requiring
higher doses. We must consider the possibility that higher
doses of dopaminergic medications are associated with the
appearance of RBD symptoms.

We observed that 30 out of the 55 individuals (54.5%)
reported symptoms compatible with RBD before the onset
of motor symptoms, while 18 patients reported symptoms
of RBD starting after the motor symptoms of PD. Ferri et al.
showed the occurrence of RBD symptoms before the motor
symptoms of PD in 37.5% of those diagnosed with RBD
[30]. However, in that study, only 16 individuals with RBD
were included. In another paper, De Cock et al. reported
onset of RBD symptoms before PD symptoms in 22% of
subjects, simultaneous onset in 23% and onset after PD
symptoms in 55% of the individuals studied [31]. These data
differ from our work and can be explained by the different
methods employed. The study by De Cock et al. used PSG
in only 51% of the individuals evaluated, while it was used
in all patients in our study. These two studies cited above
were cross-sectional and evaluated patients from a tertiary

hospital, likewise ours. Therefore, it is important to consider
that the determination of the onset of symptoms depends on
the memory of the subjects assessed and the bed partners,
which could vary from study to study.

This study also reinforces the need for the use of video-
polysomnography, as described in ICSD-3, for the diagnostic
confirmation of RBD. It is possible that the use of antide-
pressants could be the main reason for the high prevalence
of insufficient proportion of REM sleep. Despite this, we
observed that 7 individuals among the 55 included denied
RBD symptoms during the clinical evaluation and were
diagnosed exclusively by visualization of movement and/
or vocalization during polysomnography. This could be
justified by the fact that these subjects did not attend the
interviews accompanied by the roommate, or that part of
them used to sleep alone. In other words, polysomnography
continues playing an essential role in the diagnosis of RBD,
especially in patients who do not have companions sleep-
ing in the same room. These data are in agreement with the
study by Fraucher et al., in which the majority of individuals
with RBD were diagnosed after a specific questionnaire and
polysomnography [32].

In addition, five subjects who had presented RBD symp-
toms in clinical interview were diagnosed, after polysom-
nography, as having OSAS or Sleep-related eating disorder,
which may explain the presence of complex movements
during sleep. The relationship of OSAS with symptoms of
dream-enactment had already been reported by Iranzo et al.,
whose work had demonstrated that clinical evaluation was
not able to accurately differentiate OSAS from RBD, based
only in clinical interview [33].
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Most individuals reported a frequency of symptoms of
more than once a week (50.9%), demonstrating the high
variability of these symptoms in this group of patients. De
Cock et al. documented that 33% of PD subjects had symp-
toms of acting more than once a week. On the other hand,
Mabhale et al. reported that 56.7% of the PD subjects had
RBD symptoms of more than 6 times a month [34]. These
data corroborate a high frequency of the symptoms of behav-
iors in subjects with PD.

A significant part of the individuals evaluated reported
symptoms in the middle and final third of sleep (72.7%).
This data, already reported by De Cock et al. and by Mahale
et al., stems from the higher proportion of REM sleep in the
middle and late thirds of the night [31, 34]. This may help, in
the clinical evaluation, to differentiate from other conditions,
such as NREM parasomnias, which more usually occur in
the first third of the night [4].

The content of dreams presented by the patients was
mainly related to persecution and/or attack by animals
(50.9%), persecution by people (38.1%), and situations that
caused sadness such as death or illness of relatives (49%).
Bugalho et al. reported a higher frequency of dreams with
aggressive and animal content in the PD group, comparing
individuals with PD with those without this pathology, dem-
onstrating a change in the content of dreams [35]. Among
the pathophysiological mechanisms that could explain this
change in PD, we could relate the treatment with dopamin-
ergic medications as well as frontal dysfunction with less
regulation of the limbic system during sleep [35, 36].

Regarding RBD manifestations, most individuals
described vocalizations during sleep, such as talking, shout-
ing and laughing [37]. A considerable proportion of the
subjects presented aggressive behaviors with kicks (41.1%)
and punches (37.5%), while 28.6% PD patients had fallen
from bed. Mahale et al. documented talking in all subjects
with RBD, while screaming was observed in 76.7% [34]. In
turn, Oudiette et al. demonstrated that only 18% of subjects
with PD presented nonviolent behaviors, such as laughing,
singing, speaking, or whistling [38]. We believe that the
observed variations between papers result from the difficulty
in remembering and describing all the episodes, as well as
from the fact that patients do not always have a witness to
the behavior that occurred during sleep.

In the current study, 25.4% of patients reported having
injured their roommate, and 20% had some injury due to
sleep behavior. The high frequency of lesions to patients
and their partners had already been described by Olson et al.
in a series of RBD cases. In this study, it was observed a
prevalence of 16% of injuries to the bed partner, and, 32%
of self-injuries [39]. This paper however included in large
part individuals with idiopathic RBD, differently from ours,
that is exclusively composed by PD patients. In a study that
included only individuals with PD, De Cock et al. reported

@ Springer

injury to roommates in 34% of cases and 46% injury to the
subject himself [31].

It would be expected that PD patients would have dif-
ficulty moving during both wakefulness and sleep. How-
ever, De Cock et al. reported individuals with PD presenting
movements with better velocity and amplitude during an
episode of RBD than the usual movements in wakefulness
[31]. A possible explanation for this fact was that generation
of the movements during sleep do not pass through the basal
ganglia. They are probably commanded directly by motor
area without the regulation of the sublaterodorsal nuclei and
the magnocellular reticular formation [31, 40].

Despite the high rate of lesions reported in this study, it
was observed that only 10.9% of the individuals with RBD
sought medical assistance due to this complaint. This seems
to have happened because many patients and caregivers
believed that symptoms of dream enactment were a normal
behavior during sleep, or because the individuals or compan-
ions fell embarrassed in reporting to others the aggressions
suffered by the partner during sleep.

The present study had some limitations, such as the fol-
lowing: (1) it was carried out in a high-complexity outpatient
hospital, therefore involving patients with greater disease
severity and duration, which restricts the possibility of gen-
eralization of our data; (2) a moderate rate of participation,
thus including those with greater interest in participating and
who possibly presented problems during sleep; (3) the low
number of patients included given the large number of vari-
ables considered in the analyzes; (4) the absence of a control
group without PD, reducing the possibility of comparisons;
(5) and the cross-sectional design of the study, making it
difficult to establish cause and effect associations.

Finally, we wish to emphasize that, in PD patients, RBD
have a great diversity of clinical manifestations and that this
parasomnia are associated with low respiratory events dur-
ing REM sleep. Beside this, in this group of patients RBD is
related directly or indirectly with higher levodopa equivalent
dose. So, we hope that in the near future, new controlled
studies with larger numbers of PD patients to evaluate the
RBD. Furthermore, in clinical care of patients with PD, we
emphasize the importance of a systematic and comprehen-
sive assessment of this parasomnia.
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