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Background: Rapid eye movement (REM) sleep behavior disorder (RBD) has been described predomi-
nantly in elderly men and in association with neurodegenerative disease. But an increasing proportion
of cases in recent reports and in clinical practice do not fit this description; thus we sought to describe
a current RBD population and possibly identify new subgroups with RBD.
Methods: Records of 115 consecutive patients with polysomnogram-confirmed RBD at an academic sleep
center were retrospectively reviewed.
Results: Male to female ratio was 2:1, and 1.25:1 for early-onset (age <50) cases. Mean age at diagnosis
was 53.7 ± 16.4 years. Most (60%) cases were idiopathic, and neurodegenerative disease was coincident
primarily in older men. Autoimmune disease was unexpectedly common in women (20%) particularly
in the 30–49 age groups (40%). Antidepressant use was frequent (46.1%), especially in early-onset cases
(57.8%).
Conclusions: RBD is diagnosed more equally between men and women and in younger individuals than
previously reported. While neurodegenerative disease is frequently co-incident with RBD in older men,
most women and early-onset cases have ‘‘idiopathic’’ RBD. High prevalence of autoimmune disease
among women with RBD suggests an intriguing link between immune dysfunction and RBD. A high rate
of antidepressant use provides support for a potentially causal role for antidepressants in RBD.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD) is a
parasomnia characterized by dream enactment and lack of normal
atonia during REM sleep. Since its original clinical description in
humans [1], several case series have described the demographic
and clinical features of RBD. The typical patient with RBD based
on these series is male, with men comprising 85–89% of the sam-
ples, and elderly, with a mean age of 58.3–74.1 years at the time
of diagnosis [2–6]. Moreover, a strong relationship with neurode-
generative diseases has been described. When it is associated with
neurodegenerative disease, narcolepsy, or other neurological dis-
ease, RBD is categorized as symptomatic or secondary RBD. It is
considered idiopathic RBD when it occurs in the absence of any
other known neurological or sleep disorder, although some inves-
tigators categorize RBD occurring in close temporal association
with a medication (particularly antidepressants) also as secondary
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RBD. A high proportion, 47.9–75%, of patients in the existing liter-
ature had secondary RBD [2–4]. Moreover, even idiopathic RBD
cases frequently develop a neurodegenerative disease: 45% at
5 years, 52.4% at 12 years, and 65% at 20 years of follow-up in var-
ious studies [5,7,8]. Clinically and pathologically, the neurodegen-
erative diseases associated with RBD are synucleinopathies such as
Parkinson’s disease, Lewy body disease, and multiple systems atro-
phy [9–12]. While the pathophysiological mechanisms are yet un-
clear, the strong relationship between RBD and synucleinopathies
causes significant concern, particularly in cases of idiopathic RBD
in younger patients.

Recently, additional reports in the literature demonstrate differ-
ent demographic features, showing a higher proportion of women,
younger age, and a lower rate of neurodegenerative disease.
‘‘Early-onset’’ RBD has been used to describe those diagnosed prior
to age 50 years, and ‘‘late-onset’’ RBD for those diagnosed at age 50
and greater. In the more recent studies, 25–37.5% of cases were in
women [13–15], and among early-onset cases women comprised
41% and 45% of RBD [13,14]. Moreover, neurodegenerative disease
was less common, 18.6–18.7% overall [13,15], and 2.6% in early-
onset cases [13]. Similarly, the RBD population at our center
exhibits a more equal representation of men and women, particularly
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Table 1
Number of RBD patients are shown, categorized by sex and decade of life. Age was
calculated as the age of each patient on the date of his or her diagnostic
polysomnogram.

Age in years Male Female All

18–29 4 5 9
30–39 12 5 17
40–49 9 10 19
50–59 16 5 21
60–69 20 8 28
P70 14 7 21

Total 75 40 115

Mean age ± standard deviation 55.0 ± 15.8 51.2 ± 17.6 53.7 ± 16.4
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among younger patients, with only a small proportion of cases
associated with neurodegenerative disease. Thus we systemati-
cally reviewed all cases of RBD at our center to describe the demo-
graphic and clinical characteristics of this population and
potentially to identify new subpopulations with RBD.

2. Methods

This study received official exemption for approval by the
Human Research Protection Office (institutional review board) at
Washington University. The databases containing all patients seen
at the Washington University Multidisciplinary Sleep Medicine
Center between 1992 and 2009 were reviewed retrospectively.
Using an exhaustive list of search terms (‘‘REM sleep behavior dis-
order,’’ ‘‘REM behavior disorder,’’ ‘‘REM disorder,’’ ‘‘RBD,’’ ‘‘behav-
ior,’’ ‘‘atonia,’’ ‘‘tone,’’ and ‘‘327.42’’), possible cases were
identified from databases containing polysomnogram reports, clin-
ical notes, and billing codes. Records were examined to select cases
meeting criteria for RBD as defined in the International Classifica-
tion of Sleep Disorders, including (1) polysomnogram showing
REM sleep without atonia and (2) documented history of dream
enactment, or motor activity during REM sleep on polysomnogram
[16]. Exclusion criteria were age less than 18, seizure activity on
electroencephalogram (EEG) during REM sleep, and lack of
polysomnogram.

All subjects included in the study had at least one full night pol-
ysomnogram. Sleep stages were determined using EEG from two
frontal, two central, and two occipital scalp electrodes, electroocu-
logram from two electrodes, and submentalis electromyogram
(EMG). Some studies included a full-montage EEG, but most did
not. Respiratory effort was measured with sensors around the
chest and abdomen. Snoring was detected with a vibration sensor.
Body posture was scored by a trained technologist. Airflow was
monitored with a thermal sensor. Muscle activity was monitored
with EMG leads from the submentalis muscle and bilateral tibialis
anterior muscles in all patients, and arm leads in a minority of pa-
tients. Sleep stages were manually scored in 30 s epochs using
established criteria current for the date of the study, and criteria
from the American Academy of Sleep Medicine manual were used
to score REM sleep without atonia [17,18]. Video camera and tech-
nician report documented any movements or vocalizations during
REM sleep.

Age was calculated as the age on the date of the polysomno-
gram diagnostic of RBD. Patients were grouped by decade of life
for analysis, with patients aged 18–19 years grouped with those
in their 20’s, and all patients 70 years or greater grouped together.

All electronically available clinical records were reviewed for
age, sex, medications, any sleep, neurologic, psychiatric, or medical
problems (both those present at time of polysomnogram, and
those that developed later), treatment medication, response, and
overall clinical outcome. All non-sleep disorders were diagnosed
by other neurologists or physicians outside the sleep center. Not
all patients continued to follow up at our center, and several were
known to have died. RBD was deemed secondary if there was doc-
umentation of known neurodegenerative disease (either at the
time of diagnosis or occurring since diagnosis of RBD), narcolepsy,
or other significant neurological injury. All other cases were cate-
gorized as idiopathic, regardless of antidepressant or other medica-
tion use. A patient was considered to be taking a medication if
there was documentation it was being taken at the time of the
polysomnogram.

3. Results

We identified 115 patients who met ICSD-2 criteria for RBD (Ta-
ble 1). Of these, 75 (65%) were male, 40 (35%) were female, result-
ing in an approximately 2:1 male:female ratio. RBD was
distributed even more equally among early-onset (age <50 years)
cases, of which 44% were female, thus male:female ratio was
1.25:1. Mean age at RBD diagnosis was 53.7 ± 16.4 years, with male
mean age 55.0 ± 15.8 years, and female mean age 51.2 ± 17.6 years.
Average length of follow-up at our medical center was
61.0 ± 41.3 months.

Only 47 (40%) of our cases were initially referred for violent
behaviors during sleep or dream enactment. The remainder met
inclusion criteria because history revealed dream enactment, or
frank movements during REM sleep during a polysomnogram
prompted additional history which elicited dream enactment.
Other referring diagnoses and symptoms included 14 (12%) with
non-violent somniloquoy or somnambulism, 16 (14%) with sus-
pected or previously-diagnosed obstructive sleep apnea, 16 (14%)
with daytime hypersomnia, 5 (4.3%) with insomnia, 3 (2.6%) with
nightmares, 2 (1.7%) with suspected or previously-diagnosed nar-
colepsy, 2 (1.7%) with cataplexy, and 10 (8.7%) with unknown rea-
son for direct referral for a sleep study.

Idiopathic RBD was more common than secondary RBD
(Table 2). Only 22.7% of male and 10% of female cases had any
known neurodegenerative disease at the time of RBD diagnosis.
Neurodegenerative disease developed after RBD diagnosis in an
additional 12% of male and 2.5% of female cases, for a total of
27% of all cases associated with neurodegenerative disease. Narco-
lepsy was present in 10% of both male and female groups. A small
number of cases (6.1% total) were associated with other neurolog-
ical disease, more commonly in women (13%). After excluding neu-
rodegenerative disease (even those that developed after RBD
diagnosis), narcolepsy, and other neurological disease, the majority
(60%) of cases was idiopathic, and this was more pronounced for
younger and female patients.

Review of clinical records showed a strikingly high rate of auto-
immune disease among the female patients, with 20% of women
having an autoimmune disease (Table 3). These clustered in the
30–39 and 40–49 year age groups, with 40% of these groups having
autoimmune disease. The autoimmune diseases were diverse, and
are listed in Table 3. There were no known autoimmune diseases in
any of the male patients, and only one among the female late-onset
cases.

Some antidepressants have been shown in the past to be asso-
ciated with REM without atonia and RBD. In this series, 42.7% of
male and 52.5% of female patients were taking antidepressants at
the time of polysomnogram (Table 4). Specific antidepressants
and number of patients taking each are listed in Table 5.
4. Discussion

The 115 patients with RBD in this series were younger, predom-
inantly female, and had less comorbid neurodegenerative disease
compared to prior reports. Overall, the male:female ratio was
2:1, and among early-onset (age <50 years) cases, 1.25:1. In



Table 2
The number (percent) of patients with each known cause of secondary RBD or idiopathic RBD are shown by group. Data are separated by sex, early-onset/late-onset (age below/
above 50), and by decade. ‘‘Neurodegenerative disease’’ indicates a diagnosis of a neurodegenerative disease was known prior to RBD diagnosis, whereas ‘‘Neurodegenerative
disease after RBD’’ indicates a patient had idiopathic RBD diagnosed initially, then had a neurodegenerative disease diagnosed later in follow-up. ‘‘Other neurological disease’’
includes subdural hemorrhage (male 50–59), traumatic brain injury (male 60–69), intracranial aneurysm with surgical clipping (female 18–29), spina bifida and tics (female 40–
49), stroke (female 50–59 and female 60–69), arterio-venous malformation with stroke (female 60–69). Totals exceed 100% in some groups because some subjects had more than
one possible etiology of secondary RBD: a one male 50–59 had both narcolepsy and other neurological disease, b one female 60–69 had narcolepsy and neurodegenerative disease,
and c one female in the 60–69 age group had narcolepsy and other neurological disease.

Male early-onset Male late-onset Male all

Age in years 18–29 30–39 40–49 Total 50–59 60–69 P70 Total
(n = 4) (n = 12) (n = 9) (n = 25) (n = 16) (n = 20) (n = 14) (n = 50) (n = 75)

Neurodegenerative disease 0 (0%) 0 (0%) 1 (11.1%) 1 (4%) 3 (18.8%) 7 (35%) 6 (42.9%) 16 (32%) 17 (22.7%)
Neurodegenerative disease after RBD 0 (0%) 0 (0%) 2 (22.2%) 2 (8%) 1 (6.3%) 3 (15%) 3 (21.4%) 7 (14%) 9 (12%)
Narcolepsy 0 (0%) 3 (25%) 1 (11.1%) 4 (16%) 3 (18.8%)a 0 (0%) 0 (0%) 3 (6%) 7 (9.3%)
Other neurological disease 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (6.3%)a 1 (5%) 0 (0%) 2 (4%) 2 (2.6%)
Idiopathic 4 (100%) 9 (75%) 5 (55.6%) 18 (72%) 9 (56.3%) 9 (45%) 5 (35.7%) 23 (46%) 41 (54.6%)

Age in years Female early-onset Female late-onset Female all

18–29 30–39 40–49 Total 50–59 60–69 P70 Total
(n = 5) (n = 5) (n = 10) (n = 20) (n = 5) (n = 8) (n = 7) (n = 20) (n = 40)

Neurodegenerative disease 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (25%)b 2 (28.6%) 4 (20%) 4 (10%)
Neurodegenerative disease after RBD 0 (0%) 0 (0%) 1 (10%) 1 (5%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (2.5%)
Narcolepsy 0 (0%) 1 (20%) 0 (0%) 1 (5%) 1 (20%) 2 (25%)bc 0 (0%) 3 (15%) 4 (10%)
Other neurological disease 1 (20%) 0 (0%) 1 (10%) 2 (10%) 1 (20%) 2 (25%)c 0 (0%) 3 (15%) 5 (12.5%)
Idiopathic 4 (80%) 4 (80%) 8 (80%) 16 (80%) 3 (60%) 4 (50%) 5 (71.4%) 12 (60%) 28 (70%)

Table 4
The number (percent) of RBD patients taking antidepressants at the time of the diagnositic polysomnogram are shown by group. Data are separated by sex, early-onset or late-
onset RBD (age below or above 50), secondary or idiopathic RBD, and by decade.

Age in years Male early-onset Male late-onset Male all

18–29 30–39 40–49 Total 50–59 60–69 P70 Total
(n = 4) (n = 12) (n = 9) (n = 25) (n = 16) (n = 20) (n = 14) (n = 50) (n = 75)

Males with secondary RBD N/A 3/3 (100%) 2/4 (50%) 5/7 (71.4%) 4/7 (57.1%) 1/11 (9.1%) 3/9 (33.3%) 8/27 (29.6%) 13/34 (38.2%)
Males with idiopathic RBD 1/4 (25%) 6/9 (66.7%) 2/5 (40%) 9/18 (50%) 8/9 (88.9%) 2/9 (22.2%) 0/5 (0%) 10/23 (43.5%) 19/41 (46.3%)
All males 1/4 (25%) 9/12 (75%) 4/9 (44.4%) 14/25 (56%) 12/16 (75%) 3/20 (15%) 3/14 (21.4%) 18/50 (36%) 32/75 (43%)

Age in years Female early-onset Female late-onset Female all

18–29 30–39 40–49 Total 50–59 60–69 P70 Total
(n = 5) (n = 5) (n = 10) (n = 20) (n = 5) (n = 8) (n = 7) (n = 20) (n = 40)

Females with secondary RBD 0/1 (0%) 0/1 (0%) 1/2 (50%) 1/4 (25%) 2/2 (100%) 3/4 (75%) 1/2 (50%) 6/8 (75%) 7/12 (58.3%)
Females with idiopathic RBD 3/4 (75%) 2/4 (50%) 6/8 (75%) 11/16 (68.8%) 2/3 (66.7%) 1/4 (25%) 0/5 (0%) 3/12 (25%) 14/28 (50%)
All Females 3/5 (60%) 2/5 (40%) 7/10 (70%) 12/20 (60%) 4/5 (80%) 4/8 (50%) 1/7 (14.3%) 9/20 (45%) 21/40 (52.5%)

Table 3
The number of female RBD cases with a known autoimmune disease are shown for each age group. Data for only female patients are shown because no male patients had an
autoimmune disease.

Age in years Number/group (%) Diseases

18–29 1/5 (20%) 1 Rheumatoid arthritis
30–39 2/5 (40%) 1 Immune myopathy, 1 pericarditis
40–49 4/10 (40%) 1 Rheumatoid arthritis, 1 rheumatic fever, 1 systemic mastocytosis, 1 both lupus and Sj}ogren’s disease
50–59 0/5 (0%)
60–69 1/8 (12.5%) 1 Hashimoto thyroiditis
P70 0/7 (0%)

Total 8/40 (20%)
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comparison, the male:female ratio in prior case series ranged from
5.7:1 to 8:1 [2–6]. Our data are more in line with another recent
case series of RBD, which showed a less pronounced predominance
of men (3:1), particularly in early-onset cases (1.4:1) [13]. While a
greater proportion of female cases presented at a younger age, the
low average age (53.7 years) was not entirely due to young women
skewing the sample, as the average male age was also low
(55.0 years).

There are two possible explanations for this shift in the demo-
graphics of RBD. One is that the patient population at sleep centers
is changing, and the shift in RBD demographics simply reflects the
shift in the sleep medicine population as a whole. The boom in
polysomnograms and sleep medicine, driven in large part by the
rapid increase in, and awareness of, sleep disordered breathing in
an ever-more-obese population, has likely led to inclusion of a
broader population. Likewise, the threshold for obtaining a poly-
somnogram is likely lower, and patients who may not have sought
medical attention in the past for mild parasomnias are being diag-
nosed with RBD. In this series, only 40% of RBD patients presented
with a chief complaint of violent movements during sleep or
dream enactment, and if only these patients had been studied,
the demographics and clinical characteristics probably would have



Table 5
Psychotropic medications are divided by category, and shown are the number of RBD
patients taking each medication at the time of polysomnogram. Total (66) exceeds the
number of patients taking antidepressants (53) due to some patients taking multiple
medications. All patients taking antipsychotic or ‘‘miscellaneous’’ medications were
also taking at least one antidepressant.

Class Medication name # cases

Selective serotonin reuptake inhibitor (SSRI) Paroxetine 9
Sertraline 8
Citalopram 5
Escitalopram 5
Fluoxetine 5
Total 32

Tricyclic antidepressant (TCA) Amitriptyline 3
Clomipramine 1
Doxepin 1
Imipramine 1
Protriptyline 1
Total 7

Other antidepressant Venlafaxine 7
Bupropion 4
Duloxetine 3
Mirtazapine 3
Trazodone 2
Total 19

Antipsychotic Olanzapine 2
Quetiapine 2
Total 4

Miscellaneous Buspirone 3
Lithium 1
Total 4
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been different. These findings are similar to a recent study of 703
consecutive patients at a sleep center, of whom 34 were found to
have RBD, but only six were referred for suspected RBD [19]. Pre-
sentation of RBD may be even more subtle in women which may
account for the relative paucity of women in prior case series; a re-
cent review focusing on RBD in women concluded that RBD is
likely under-recognized in women, and that screening tools for
nighttime behaviors may be less sensitive in women [20].

The other possible explanation is that the RBD population is
truly changing, with RBD becoming more common in younger
and female patients. While these ‘‘atypical’’ patients may eventu-
ally develop neurodegenerative disease with longer follow-up, so
far it appears these cases are less frequently associated with synuc-
leinopathies. It stands to reason that there may be new sub-groups
of RBD patients who have RBD due to a pathophysiological process
that is distinct from that underlying RBD associated with
neurodegenerative disease. Further follow-up and investigation
are necessary to prove whether there are significantly different
sub-populations with RBD.
4.1. Secondary RBD

Only 27% of our patients had a neurodegenerative disease asso-
ciated with RBD, even when including those diagnosed with the
neurodegenerative disease after RBD diagnosis (i.e., initially diag-
nosed as idiopathic RBD), with average follow-up for 61 months.
This is much less than has previously been reported, where one-
half to three-fourths of patients had secondary RBD at the time
of diagnosis, and a further 45–65% of idiopathic RBD patients
developed neurodegenerative disease later [2–5,7,8]. Indeed,
post-mortem examination of a case of idiopathic RBD showed Par-
kinson’s disease [9], indicating there is likely a continuum of
pathology between idiopathic to secondary RBD in cases associated
with neurodegenerative disease, rather than absolute differences.
The low rates of neurodegenerative disease in our series may be
because our RBD population is younger than previously-reported
groups, and perhaps with longer follow-up, a larger proportion will
develop neurodegenerative disease. However, it could be that sec-
ondary RBD due to neurodegenerative disease occurs in a sub-
group of patients that is shrinking relative to the entire RBD popu-
lation. In the recent Bonakis series, 18.7% of the total sample had
neurodegenerative disease, but they were concentrated in the
late-onset cases (30.8%), with only 2.6% of the early-onset cases
having neurodegenerative disease [13]. In our study, among the
male late-onset patients, 46% had or developed neurodegenerative
disease, and with each decade of life the proportion increased, up
to 64% in men aged 70 and older. This is comparable to earlier
studies, and this sub-group of older men in our sample supports
the strong association between RBD and neurodegenerative dis-
ease. In contrast, significantly lower rates of neurodegenerative
disease in early-onset men (12%), early-onset women (5%), and
late-onset women (20%) argue against RBD being associated with
neurodegenerative disease in these cases and suggest there may
be different mechanisms leading to RBD in these groups. But our
data are limited because our RBD population is current and rela-
tively young, and long-term follow-up with aging is not yet
available.

Narcolepsy is highly comorbid with RBD. In a survey of narco-
leptic patients, 38% had RBD, and 60% of those with cataplexy
had RBD [21]. Some cases of narcolepsy may actually present with
RBD [22,23]. In a recent case series, 38% of early-onset RBD was
secondary to narcolepsy [13]. Our study showed lower rates of sec-
ondary RBD due to narcolepsy, with 10% overall having narcolepsy,
equal percentage in men and women. It is possible that some cases
of narcolepsy were missed because not all patients had a multiple
sleep latency test. Narcolepsy has features in common with synuc-
leinopathies, including hallucinations, daytime hypersomnia,
nighttime insomnia, and increased incidence of RBD. Narcolepsy
with cataplexy is characterized by undetectable levels of hypocre-
tin (orexin), which is produced by a subset of cells in the hypothal-
amus [24]. Pathological studies of patients with synucleinopathies
have shown decreased numbers of hypocretin-producing neurons
[25,26]. There are substantial commonalities between narcolepsy
and synucleinopathies, but it is not clear whether RBD associated
with synucleinopathy is due to the same mechanism as RBD asso-
ciated with narcolepsy.

4.2. Autoimmune disease

A noteworthy finding in this study is that autoimmune diseases
were present in 20% of female patients with RBD, 40% of female pa-
tients in their fourth and fifth decades, and none of the male pa-
tients. This female predominance is not unexpected, since
autoimmune diseases are much more common in females
[27,28]. Nevertheless, the high prevalence of autoimmune disease
in our study population compared to that in the general popula-
tion, estimated at 5% [29], is striking. The presence of one autoim-
mune disease or autoantibody often signifies the presence of
another, and the unusually high rate of autoimmune disease in
our patients, particularly in the early-onset and female cases, raises
the question of whether RBD can be related to an autoimmune
mechanism.

While there are multiple studies that strongly suggest that nar-
colepsy with cataplexy, which is frequently comorbid with RBD, is
an autoimmune disease [30–33], there are very limited data
regarding an autoimmune mechanism for RBD. Rare cases of vari-
ous autoimmune neurologic disorders, including voltage-gated
potassium channel antibody associated limbic encephalitis [34],
acute inflammatory demyelinating polyneuropathy (Guillain–
Barre syndrome) [2], and anti-Ma antibody paraneoplastic enceph-
alitis [35], have been reported in association with RBD. A case of
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aseptic meningitis with involvement of limbic structures [36] and
another case of a brainstem inflammatory lesion [37] have been re-
ported to cause RBD. Previous research with human leukocyte anti-
gen (HLA) class II antigen typing in RBD has shown an association
with the DQw1 (DQB1�05 and DQB1�06) allele [38], but not among
patients with RBD secondary to Parkinson’s disease [39]. There has
been one study of autoantibodies in RBD, comparing anti-locus
coeruleus antibody levels in sera from RBD patients compared
to controls, and none had detectable antibody levels [40].
Cerebrospinal fluid hypocretin levels were normal in a recent study
of RBD patients [41], arguing against RBD being caused by the
same autoimmune mechanism most likely responsible for narco-
lepsy with cataplexy. There are no other studies exploring an auto-
immune pathophysiology for RBD.

Referral bias may have contributed to the high rates of autoim-
mune disease in this series, since patients with autoimmune dis-
ease may have fatigue, pain causing poor sleep, and other
reasons to be referred to sleep medicine. Moreover, antidepressant
usage, which has been associated with RBD (see next section) may
be relatively higher in those with autoimmune disease. Addition-
ally, it is possible that sleep disruption causes changes in immune
or inflammatory function, not vice versa. Larger, controlled studies
are necessary to determine whether there is a true association be-
tween RBD and autoimmune disease and the direction of any
causality.

4.3. Antidepressants

There was a very high rate of antidepressant use in this series –
46.1% in the entire population – and an even higher percentage
among women (52.5%) and among early-onset (57.8%) cases. Anti-
depressants cause changes in sleep architecture and polysomno-
gram findings: tricyclic antidepressants and fluoxetine cause
abnormal prominent eye movements during non-REM sleep and
suppress REM sleep [42,43]. Tricyclic antidepressants can cause
REM sleep without atonia [44], and a case–control study showed
that patients taking selective serotonin reuptake inhibitors (SSRIs)
also had REM sleep without atonia [45]. But there are no controlled
studies showing that antidepressants cause frank RBD, nor are
there studies which have compared polysomnograms before and
after initiation of antidepressants in an individual. On the other
hand, multiple groups have reported individual patients who had
RBD symptom onset after initiating treatment with tricyclic anti-
depressants [46,47], various SSRIs [43,48], and mirtazapine [49].
In a recent large series of RBD focusing on antidepressant use,
80% of early-onset RBD patients were taking antidepressants, with
a 12:1 odds ratio of antidepressant use between the early-onset
and late-onset RBD patients [14]. Our study provides further evi-
dence of a strong association between antidepressants and RBD,
particularly in younger patients.

This association between antidepressants and RBD is compli-
cated because some cases of RBD have been treated successfully
with certain antidepressants [50], and withdrawal from certain
antidepressants such as imipramine can induce acute RBD [51].
Furthermore, there may be a referral bias in this and all studies
of sleep and depression, because patients with depression may
have more interaction with the medical system and may complain
of insomnia or excessive fatigue and thus be more likely to be re-
ferred to a sleep center. Finally, it is unknown whether depression
per se can cause RBD. One study has shown a strong relationship
between RBD and post-traumatic stress disorder, with 56% of pa-
tients with RBD at a Veteran’s administration hospital also meeting
criteria for post-traumatic stress disorder [52]. Moreover, there are
changes in sleep architecture in untreated depression, such as de-
creased REM sleep latency and decreased sleep efficiency [53]. So
far, however, there are no studies of RBD in untreated depression.
In summary, there are associations between antidepressants
and RBD, and psychiatric disease and RBD, but the interrelation-
ships and causalities are unknown. As antidepressant use becomes
increasingly common, it is important to ascertain its short-term ef-
fects on sleep as well as any long-term neuropsychiatric effects.
Further investigation is required to determine whether antidepres-
sants simply cause abnormal muscle tone control during sleep
leading to RBD, or whether they unmask or hasten incipient RBD.
5. Conclusions

This study demonstrates that RBD is present in more females, in
younger patients, and with weaker association with neurodegener-
ative disease than previously described. There appear to be sepa-
rate subgroups with RBD: older men with neurodegenerative
disease, young patients with narcolepsy, and middle-aged women
with autoimmune disease. Overlapping these subgroups, but more
concentrated in the early-onset and idiopathic cases, is a high rate
of antidepressant use. Further prospective studies are necessary to
determine whether these groups represent distinct pathophysio-
logical mechanisms, how they manifest the same RBD phenotype,
optimal treatment for possible subgroups, and prognostic differ-
ences between subgroups.
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