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Abstract

REM sleep behavior disorder (RBD) is a parasomnia characterized primarily by
loss of muscle atonia and dream enactment behaviors during REM sleep, often
causing significant impairment to the quality of life of patients and their bed
partners. Based on the presence or absence of clear precipitating factors for
RBD, it can be classified into idiopathic RBD and secondary RBD, the latter
of which is frequently associated with narcolepsy, autoimmune and inflamma-
tory diseases, and medication use. In recent years, case reports have successively
documented that antidepressants, antipsychotics, and several other drugs can in-
duce or exacerbate drug-related RBD. Therefore, this article primarily conducts
a systematic review of drug-related RBD and summarizes its pathophysiological
mechanisms and treatment approaches.
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Abstract

Rapid eye movement sleep behavior disorder (RBD) is a parasomnia character-
ized by the loss of muscle atonia and the enactment of dreams during REM
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sleep, which can significantly impact the quality of life for both patients and
their bed partners. RBD can be classified into two types based on the presence
or absence of clear precipitating factors: idiopathic rapid eye movement sleep
behavior disorder (iRBD) and secondary rapid eye movement sleep behavior dis-
order (sRBD). The latter is often associated with conditions such as narcolepsy,
autoimmune and inflammatory diseases, and medication use. In recent years,
there have been increasing case reports that antidepressants, antipsychotics,
and other medications can induce or exacerbate drug-related RBD. This article
provides a systematic review of drug-related RBD, summarizing its pathological
mechanisms and treatment approaches.
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Rapid eye movement sleep behavior disorder (RBD) is defined by the presence
of REM sleep without atonia (RSWA) and dream enactment behavior (DEB)
during REM sleep, manifesting primarily as unpleasant dreams accompanied
by violent behaviors related to dream content, such as punching, jumping out
of bed, and shouting. These behaviors not only severely disrupt sleep qual-
ity for patients and their bed partners but may also cause self-injury or harm
to bed partners due to violent movements. Studies show that 48% to 77% of
RBD patients or their bed partners have suffered injuries from these behaviors
[1]. Based on the presence of identifiable causative factors, RBD can be di-
vided into idiopathic RBD (iRBD) and secondary RBD (sRBD). The former
often represents the prodromal stage of alpha-synucleinopathies, with research
confirming that 70% to 80% of iRBD patients will develop neurodegenerative
diseases within 15 years of onset [2]. The latter is frequently associated with nar-
colepsy, autoimmune and inflammatory diseases, and medication use. Notably,
due to biopsychosocial and environmental influences, an increasing number of
people suffer from anxiety and depression. Recent epidemiological surveys in-
dicate that the prevalence of depressive disorders among Chinese adults has
reached 6.8% [3], leading to more widespread clinical use of antidepressants.
However, case reports have increasingly documented RBD emergence following
antidepressant use. Additionally, some antipsychotics and other medications
have been reported to cause similar adverse reactions, though the pathological
mechanisms underlying this drug-related RBD remain unclear.

Moreover, because RBD itself has a low incidence rate—estimated at 3% to 10%
globally using the REM Sleep Behavior Disorder Screening Questionnaire [1]
and only 1% confirmed by overnight polysomnography (PSG) monitoring [4]—
drug-related RBD is even rarer. Consequently, clinicians often struggle to as-
sociate these symptoms with medication use, resulting in most patients being
misdiagnosed or missed entirely, thereby missing optimal treatment windows.
To address these issues, we conducted a comprehensive search of CNKI, Wan-
fang Data, PubMed, and Web of Science databases from inception to March
2024. Chinese databases were searched using the terms “drug,” “antidepres-
sant,” “antipsychotic,” and “rapid eye movement sleep behavior disorder,” while
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English databases were searched using “drug,” “antidepressant drugs,” “an-
tipsychotic drugs,” and “rapid eye movement sleep behavior disorder.” Inclusion
criteria, comprised literature on drug-related RBD, while exclusion criteria in-
cluded irrelevant topics, low credibility, and unavailable full texts.

1. Pathogenesis of iRBD

In 1975, McCarley and colleagues [5] proposed the reciprocal interaction model
of REM sleep, which posits that REM sleep initiation and termination are regu-
lated by reciprocal interactions between brainstem neuronal systems: REM-on
and REM-off. The REM-on system comprises cholinergic neurons in the lat-
erodorsal tegmental nucleus (LDT) and pedunculopontine tegmental nucleus
(PPT), glutamatergic neurons in the pontine reticular formation (PRF), and
GABAergic neurons in the sublaterodorsal nucleus (SLD). The REM-off sys-
tem consists of noradrenergic neurons in the locus coeruleus (LC), serotonergic
neurons in the dorsal raphe nucleus (DRN), and GABAergic neurons in the
lateral pontine tegmentum (LPT) and periaqueductal gray (PAG) [6]. REM
sleep initiation begins when cholinergic neurons in the LDT/PPT stimulate
glutamatergic neurons in the PRF, GABAergic neurons in the SLD, and acti-
vate themselves through positive feedback. Subsequently, activated cholinergic
and SLD GABAergic neurons can inhibit REM-off cells in the LPT/PAG. The
aminergic neurons in the LC/DRN can self-inhibit and are also inhibited by
SLD GABAergic cells. This activation of the REM-on system and deactivation
of the REM-off system allows REM sleep to initiate and maintain. However,
as REM sleep progresses, cholinergic neurons activate aminergic neurons in the
LC/DRN, enhancing their inhibition of LDT/PPT cholinergic neurons. Simulta-
neously, reduced inhibition of LPT/PAG by SLD GABAergic neurons gradually
activates the REM-off system, terminating REM sleep [7].

In healthy individuals, muscles are generally atonic during REM sleep because
REM-on activation drives postsynaptic excitation, promoting presynaptic gluta-
mate release that activates GABA /glycinergic cells in the ventromedial medulla
(VMM) to release inhibitory neurotransmitters to spinal anterior horn motor
neurons, triggering muscle atonia. However, occasional muscle twitches may
occur during REM sleep, possibly related to intermittent glutamate release me-
diated by the red nucleus terminal, but these twitches become abnormally in-
creased in RBD [8]. Therefore, overactivation of the phasic motor pathway or
damage to components of the muscle atonia pathway (such as cholinergic system
degeneration, impaired SLD-to-VMM pathways, or pharmacological blockade
of GABA /glycine receptors on spinal anterior horn motor neurons) can lead to
RSWA during REM sleep.

Previous studies have confirmed overlapping pathophysiological mechanisms be-
tween depression and Parkinson’ s disease (PD), with depressed patients having
a 3.2-fold higher probability of developing PD than healthy individuals [9]. Kim
et al. [10] also found that iRBD patients often experience depressive symptoms,
with severity positively correlating with depression. Wang et al. [11] reported
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that nearly 9% of patients with major depressive disorder in psychiatric outpa-
tient clinics have comorbid RBD. Therefore, both depression and iRBD can serve
as prodromal manifestations of PD, appearing independently or sequentially.
However, it remains unclear whether antidepressant-related RBD is associated
with synucleinopathy or represents a distinct form of RBD independent of synu-
cleinopathy. Postuma [12] proposed three hypotheses: (1) Since both depression
and iRBD are prodromal symptoms of PD, patients with depression who may
develop PD already have underlying RBD risk factors, and antidepressants may
trigger synucleinopathy-related subclinical RBD, though the probability of later
PD conversion may be lower than in iRBD patients; (2) Antidepressants them-
selves do not induce RBD, and RBD appearing after medication use is merely
a prodromal symptom of PD, with patients having both depression and iRBD
potentially facing higher PD risk than those with iRBD alone; (3) Antidepres-
sants independently induce a mechanistically distinct form of iRBD that may
not progress to PD.

2. Pathogenesis of Drug-Related RBD

2.1 Antidepressants and RBD Based on mechanisms of action and chem-
ical structure, antidepressants reported to cause RBD include selective sero-
tonin reuptake inhibitors (SSRIs), serotonin-norepinephrine reuptake inhibitors
(SNRIs), tricyclic antidepressants (T'CAs), and monoamine oxidase inhibitors
(MAOIs).

2.1.1 SSRIs SSRIs are the most commonly used antidepressants, primarily in-
hibiting presynaptic reuptake of 5-HT to increase synaptic 5-HT levels and exert
antidepressant effects [13]. However, as early as 1992, Schenck and colleagues
reported RBD symptoms in a 31-year-old male with obsessive-compulsive disor-
der treated with fluoxetine 40 mg/d, with symptom resolution after drug discon-
tinuation [14]. Subsequent case reports have documented sRBD in depressed
patients using fluoxetine and paroxetine. These cases typically involve middle-
aged men aged 30-50 who, despite remission of their primary condition, present
with poor sleep quality or injury to bed partners due to nocturnal shouting and
motor behaviors, with RBD symptoms gradually disappearing after drug cessa-
tion [15-16]. Additionally, Sheynter et al. [17] reported sSRBD in an 87-year-old
male treated with sertraline for post-traumatic stress disorder, with symptom
disappearance after discontinuation. A subsequent prospective study investi-
gating the association between sertraline and RSWA confirmed that sertraline
can induce or worsen RSWA, with PSG showing that sertraline-related RSWA
is associated with prolonged REM latency and is not predominantly male or
elderly [18].

Interestingly, some SSRIs have shown protective effects and can alleviate RBD
symptoms in iRBD patients. Two elderly women aged 72 experienced signifi-
cant reductions in RBD episodes after treatment with paroxetine 10-20 mg/d,
fluvoxamine 50 mg/night, and vortioxetine 10 mg/d [19-20]. The pathological

chinarxiv.org/items/chinaxiv-202501.00040 Machine Translation


https://chinarxiv.org/items/chinaxiv-202501.00040

ChinaRxiv [$X]

mechanism underlying this dual effect remains unclear, but current research
suggests it may stem from different drug targets. When SSRIs bind to 5-HT1A
receptors in the LDT/PPT, they can inhibit REM sleep and improve RBD;
however, when binding to 5-HT1A receptors in the DRN, they reduce neuronal
firing rates, disinhibiting LDT /PPT neurons and increasing REM sleep [20-21].

2.1.2 SNRIs SNRIs are dual-channel blockers that primarily inhibit presy-
naptic reuptake of both 5-HT and norepinephrine [22]. Previous case reports
include an elderly female with somatoform disorder who developed abnormal
nocturnal behaviors after taking duloxetine 60 mg/d. PSG monitoring at 7 and
31 months after medication initiation showed REM latency increased by 34.5
minutes, REM sleep time decreased by 82.5 minutes, and phasic and tonic
electromyographic activity during REM increased by 32.5% and 7.6%, respec-
tively. These RBD symptoms significantly improved 9 days after discontin-
uation and completely resolved after 37 days, with post-discontinuation PSG
showing increased REM sleep time and significantly reduced phasic and tonic
electromyographic activity [23]. Kluge et al. [24] also found in their study of
depressed patients taking duloxetine that post-medication PSG showed signif-
icantly increased stage N3 sleep and REM latency, with reduced REM sleep
time, indicating specific effects on sleep architecture. Venlafaxine has also been
reported to cause RBD, with symptoms persisting for 13 years in a 55-year-old
female taking venlafaxine 150 mg/d until gradual resolution after drug cessation
[25]. The exact mechanism of SNRI-induced RBD remains unclear, but animal
studies suggest it may result from increased norepinephrine in the synaptic cleft
continuously activating LC REM-off cells, leading to REM sleep suppression,
reduced inhibition of lower motor neurons, and RSWA. This persistent suppres-
sion may also create a state similar to REM sleep deprivation, increasing brain
excitability and aggressive behaviors [26].

2.1.3 TCAs TCAs were once the primary treatment for depression and are
also dual-channel blockers that inhibit reuptake of 5-HT and norepinephrine, in-
creasing synaptic monoamine concentrations [27]. Beyond mood improvement,
TCAs have been reported to treat cataplexy in narcolepsy patients [28-29]. How-
ever, case reports describe abnormal nocturnal behaviors in narcolepsy patients
using clomipramine, with PSG showing significantly increased muscle tone dur-
ing sleep that resolved after gradual dose reduction [30-31]. TCA-related RBD
is thought to be associated with anticholinergic effects, though the exact mech-
anism requires further investigation [32].

2.1.4 MAOIs MAOIs are the earliest developed antidepressants, primarily
preventing monoamine oxidase from clearing neurotransmitters like nore-
pinephrine and 5-HT [33]. Previous case reports documented RSWA in four
young males and three middle-aged females taking phenelzine 45-60 mg/d, and
selegiline 5-10 mg/d was also found to cause RBD in elderly PD patients, with
symptom resolution after discontinuation in all cases [34-35].
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In summary, the temporal relationship between antidepressant use and RBD
emergence, along with symptom and RSWA resolution after discontinuation,
supports a causal association. Biscarini et al. [36] confirmed that although
antidepressant-treated RBD patients have fewer neurodegeneration-related pro-
dromal symptoms and lower risk than iRBD patients, relevant biomarkers per-
sist. However, RBD symptoms typically rely on subjective reports from patients
or families. When only RSWA exists or symptoms are mild without significant
life impact, patients often do not seek medical attention. Therefore, antide-
pressants may merely exacerbate existing RBD symptoms, prompting medical
consultation. During clinical evaluation, PSG only detects current abnormal
EMG activity, and patients may incorrectly attribute RBD onset to medication
while overlooking previous mild manifestations. This suggests that patients
with depression who may develop PD already have underlying RBD risk factors,
and antidepressants may trigger or worsen synucleinopathy-related subclinical
RBD.

2.2 Atypical Antipsychotic-Related RBD Antipsychotics are classified
as typical or atypical based on pharmacological action. Typical antipsychotics
primarily block D2 receptors in the mesolimbic and mesocortical dopamine path-
ways with numerous adverse effects, while atypical agents exert effects through
coordinated actions on noradrenergic and serotonergic systems [37]. Three case
reports have suggested that quetiapine and olanzapine can cause RBD [38-40].
Compared with antidepressants, antipsychotic-related RBD has a more rapid
onset without residual RSWA, typically emerging within days of medication ini-
tiation and resolving quickly after discontinuation, thus demonstrating a clearer
temporal causal relationship.

2.3 Other Drug-Related RBD Beyond antidepressants and antipsychotics,
other medications such as beta-blockers and cholinesterase inhibitors have been
reported to induce or worsen RBD. Bisoprolol, a beta-blocker commonly used
for hypertension, was previously reported to cause nightmares and other ab-
normal sleep behaviors, though without PSG evaluation [41-42]. Tranzo et
al. [43] performed PSG monitoring in two hypertensive patients complaining
of nocturnal abnormal behaviors, confirming that bisoprolol can induce RBD.
Although symptoms resolved after discontinuation, RSWA persisted. Previous
research has shown that norepinephrine around the locus coeruleus can stimulate
medullary inhibitory magnocellular nuclei, causing hyperpolarization of spinal
alpha motor neurons and muscle atonia. As a lipophilic drug that penetrates
the blood-brain barrier, bisoprolol may block norepinephrine’ s hyperpolarizing
effects on motor neurons, thereby inducing RSWA. Early autopsy reports also
demonstrated severe monoaminergic cell loss in the locus coeruleus region of
RBD patients [43-45].

Cholinesterase inhibitors are first-line treatments for Alzheimer’ s disease (AD).
Similar to SSRIs, rivastigmine and donepezil have dual effects on RBD. They
can induce reversible acute RBD in AD patients, an adverse effect that resolves
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when dosing is changed from bedtime to morning or when clonazepam is admin-
istered at bedtime [46-47]. Conversely, they can also treat iRBD [48-49]. Staer
et al. [50] found in a prospective study that iRBD patients in early disease stages
experience significant progressive deterioration of brain cholinergic system func-
tion over three years. This acetylcholine reduction may weaken LDT/PPT stim-
ulation of GABAergic neurons in the SLD, inhibiting presynaptic glutamate re-
lease and reducing inhibitory neurotransmitter quantity reaching spinal anterior
horn motor neurons, leading to increased muscle tone. Therefore, cholinesterase
inhibitors can supplement deficient acetylcholine and improve RBD symptoms.

3. Clinical Distinctions Between Drug-Related RBD and iRBD

Although drug-related RBD and iRBD share clinical features of nocturnal
dream-associated shouting and punching/kicking, significant differences exist
in other aspects. First, etiologically, drug-related RBD is clearly associated
with medications, particularly antidepressants and antipsychotics, whereas
iRBD patients often have no identifiable cause and typically present as a
prodromal stage of neurodegenerative disease. Regarding typical patient
populations, drug-related RBD occurs in individuals aged 29-88 years, mostly
taking medications for psychiatric conditions (anxiety, depression, somatoform
disorders, obsessive-compulsive disorder), while iRBD is common in people over
50 years with neurodegenerative disease risk and may progress to neurodegen-
erative disease within 15 years. Temporally, drug-related RBD onset varies by
medication class: the temporal relationship is less clear with antidepressants,
whereas antipsychotics like quetiapine can induce RBD within three days of
initiation. On PSG monitoring, drug-related RBD shows not only increased
phasic and tonic EMG activity during REM but also prolonged REM latency
and shortened REM sleep time, though these REM sleep structural changes
may be associated with antidepressant use itself rather than directly caused
by drug-related RBD. Nevertheless, these PSG features can help differentiate
drug-related RBD from iRBD. Finally, after discontinuation, antidepressant-
related RBD symptoms and PSG-detected RSWA may gradually resolve
over one week to two years, whereas antipsychotic-induced RBD symptoms
typically disappear immediately after discontinuation without residual RSWA
on REM-period PSG.

4. Treatment of Drug-Related RBD

Based on case reports, all patients experienced significant symptom relief af-
ter discontinuing the offending medication. Therefore, for RBD patients using
high-risk drugs or those developing RBD after medication initiation, drug discon-
tinuation should be considered based on clinical need and risk, with subsequent
observation of symptom changes. Additionally, patients and caregivers should
be advised to establish a safe sleep environment by removing sharp objects near
the bed and adding guardrails and soft mattresses to prevent injury. When
RBD is severe, placing pillows between the patient and bed partner or sleeping
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separately is recommended to avoid accidental injury [51].

If non-pharmacological measures are difficult to implement or patients request
medication, clonazepam and melatonin can be used as first-line treatments.
However, due to the lack of large clinical trials, current recommendations are
based primarily on clinical experience and observational studies [1]. Clinicians
should be aware of associated risks when using these medications. For exam-
ple, clonazepam’ s main adverse effects include excessive sedation and cogni-
tive impairment, requiring cautious use in patients with neurodegenerative dis-
eases and obstructive sleep apnea. Melatonin is often used as an alternative
for clonazepam-intolerant individuals, with previous studies demonstrating that
3-15 mg at bedtime can improve RBD symptoms. Common adverse effects in-
clude dizziness and sedation, which are typically mild. Other medications such
as sodium oxybate, pramipexole, and rivastigmine have also been reported effec-
tive for RBD, though their mechanisms remain unclear [52-54]. Although cur-
rent research hypothesizes that drug-induced RBD patients may face future risk
of neurodegenerative disease development, evidence remains insufficient, partic-
ularly lacking large-scale, prospective long-term follow-up studies to clarify this
association. Therefore, in clinical practice, whether to implement pharmaco-
logical intervention to prevent neurodegenerative disease development in these
patients requires guidance from future in-depth and extensive research.

In summary, medications commonly causing drug-related RBD include antide-
pressants, atypical antipsychotics, and a few other drugs. Notably, although
drug-induced RBD patients are generally younger and symptoms may gradu-
ally resolve after discontinuation, the relatively low incidence often prevents
clinicians from associating symptoms with medication use. Therefore, future
clinical practice should remind physicians to take comprehensive and detailed
medical histories, emphasizing the impact of medications on sleep to better
identify and manage RBD patients.

However, this study has limitations. First, given that the exact pathophysiolog-
ical mechanisms between drugs and RBD remain unclear and research conclu-
sions are primarily based on case reports lacking high-quality clinical studies,
a definitive causal association cannot be established. Additionally, subjective
reports from patients and families lack reliability, making it impossible to de-
termine whether RBD symptoms emerging after medication use represent true
drug induction or exacerbation of pre-existing symptoms. Therefore, future
research should focus on the pathophysiological basis of drug-related RBD to
clarify the drug-RBD association and guide rational clinical medication use.
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