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disorder, REM sleep behavior disorder, and trauma-associated sleep disorder
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Dream enactment behavior is a phenomenon demonstrated in patients with post-traumatic stress disorder, rapid eye movement sleep behavior disorder, as well
as with a more recently described condition entitled trauma-associated sleep disorder, which shares diagnostic criteria for rapid eye movement sleep behavior
disorder. While these conditions share some commonalities, namely dream enactment behavior, they are quite different in pathophysiology and underlying
mechanisms. This review will focus on these 3 conditions, with the purpose of increasing awareness for trauma-associated sleep disorder in particular.
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INTRODUCTION

Patients with post-traumatic stress disorder (PTSD) experience
significant sleep disturbances, notably within rapid eye movement
(REM) sleep.1 It is estimated that 70–91% of patients with PTSD
experience poor sleep, both by self-report2 and by objective
assessments.1,3 PTSD has been linked to REM sleep behavior
disorder (RBD)4,5 in the medical literature, currently with only
theoretical support as to why. Additionally, PTSD can be as-
sociated with a more recently described condition known as
trauma-associated sleep disorder (TASD),6–8 which shares di-
agnostic criteria for RBD.9 While these conditions share some
commonalities, namely dream enactment behavior (DEB), they
are quite different in pathophysiology and underlying mechanisms.
This review will focus on these 3 conditions, with the purpose of
increasing awareness for TASD in particular. A summary of the
relevant studies that have been performed in this arena can be seen
in Table 1.

POST-TRAUMATIC STRESS DISORDER

PTSD is a psychiatric condition resulting from experiencing,
witnessing, or learning about an actual or threatened traumatic
event.13 To be diagnosed with PTSD, per the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5), a patient
must have symptoms from each of the 5 criteria, along with the
presence of symptoms lasting for more than 1 month, creating
distressor functional impairment, and thatarenotdue tomedication,
substanceuse, or other illness14: criterionA: stressor; criterionB:
intrusion symptoms; criterion C: avoidance; criterion D: neg-
ative alterations in cognitions andmood; criterion E: alterations
in arousal and reactivity.14 Additionally, there are subtypes and
variants of PTSD that may have effects on sleep health, namely
the dissociative subtype of PTSD and complex PTSD.

The 11th revision to the World Health Organization’s Inter-
national Classification of Diseases proposed the PTSD variant
condition known as complex PTSD,15 which may be more
common and more debilitating than PTSD.16 Complex PTSD
includes 3 additional clusters: affective dysregulation, negative
self-concept, and disturbances in relationships.17 These dis-
turbances are proposed to be typically associated with sus-
tained, repeated, or multiple forms of traumatic exposure (such
as genocide campaigns, childhood sexual abuse, or child
soldiering).18 First-line treatment for PTSD includes trauma-
focused psychotherapy that comprises such modalities as ex-
posure therapy (such as prolonged exposure), trauma-focused
cognitive-behavioral therapy (which is a combination of ex-
posure and a cognitive therapy), or eye movement desensiti-
zation and reprocessing.19

The dissociative subtype of PTSD is known for increased
severity of PTSD symptoms and comorbidity with other psy-
chiatric disorders, a predominance of derealization and de-
personalization symptoms, and a more significant history of
early-life trauma.20 Additionally, in response to traumatic re-
minders, those with “regular” PTSD exhibit an increased heart
rate and other measures of sympathetic activation, whereas
those with the dissociative subtype demonstrate an opposite
pattern,20 andmay have increased depression, anxiety, hostility,
and/or sleeping difficulties.21

Approximately 70% of patients with PTSD report sleep dis-
turbance, 41% report difficulty initiating sleep, 47% report difficulty
maintaining sleep,22 and 50–70% report recurrent nightmares.23

Some evidence suggests that sleep disturbance is a risk factor for
the development of PTSD following a traumatic event13,24,25;
and following treatment for PTSD, persistent sleep disturbances
are a negative predictor for long-term outcome in various
psychopathological and somatic domains.13,26 However, pa-
tients with PTSD report a variety of sleep complaints beyond the
core symptoms of insomnia and nightmares.1 One such complaint
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is DEB, which includes movements or vocalizations, such as
kicking, thrashing, or yelling, that are presumed to occur in
response to dream content during sleep.1,27 DEBwas previously
described as a manifestation of PTSD-related phenomena,27–28

but the differential diagnosis of DEB is broader and includes
other sleep-related conditions such as severe obstructive sleep
apnea, periodic limb movement disorder, or RBD.29

DEB is considered to be a surrogate marker of altered REM
architecture, namely the loss of REM atonia that accompanies
RBD,29 and PTSD can be associated with another DEB-based
disorder, known as TASD6–8 (see section entitled “Trauma-
associated sleep disorder”).9 Those with PTSD have been dem-
onstrated to have disturbances in REM sleep,30 including motor
dysfunction,10 increased activity in the REM-on and wake-
promoting regions of the amygdala and medial prefrontal
cortex, and corresponding decreased activity in the REM-off
and anterior hypothalamic sleep-facilitating regions.31 The
question, however, of whether DEB in a patient with PTSD
represents “true” RBD remains open.

The importance of this question is underscored in studies
concerning Operation Enduring Freedom/Operation Iraqi
Freedom/Operation New Dawn veterans, given the relatively
high rates of mild traumatic brain injury (TBI)32,33 and PTSD34

reported in these individuals, and the fact either condition may
contribute to future neurodegeneration risk.29 In addition, other
factors that may present in these individuals may predispose to
RBD, such as antidepressant use and alcohol withdrawal,35 or
are associated with future neurodegeneration—for example,

depressive disorders.36 As such, an exploratory analysis was
published recently using data of post-9/11 veterans with high
rates of TBI exposures, PTSD, and sleep disturbances.37,38 In
this paper, the authors found recurrent DEB to be most strongly
associated with the number of mild TBIs, the severity of global
sleep impairment, and increased PTSD symptom severity.29 Fol-
lowing adjustment for sleep impairment, the association of
recurrent DEB with PTSD severity became statistically non-
significant, suggesting that the relationship between PTSD
severity and recurrent DEB ismediated by the severity of global
sleep impairment.29 Further studies will be needed to determine
this exact pathophysiological link between PTSDandDEB, and
how that may relate to neurodegenerative risk.

REM SLEEP BEHAVIOR DISORDER

RBD is a parasomnia consisting of elevated muscle tone during
REM sleep (REM sleep without atonia; RSWA) combined with
a history of recurrent nocturnal DEB.39 Per the International
Classification of Sleep Disorders, 3rd edition (ICSD-3), the
clinical diagnosis of RBD requires the presence of RSWA on
overnight polysomnography (PSG) in conjunction with either
sleep-related injurious, potentially injurious, or disruptive be-
haviors by history, and/or abnormal REM sleep behavior
documented during PSG monitoring40; there must also be the
absence of epileptiform activity, and the sleep disorder cannot
be better explained by another sleep disorder, medical or

Table 1—A selection of relevant studies.

Ross RJ, et al.Motor dysfunction during sleep in posttraumatic
stress disorder. Sleep, 1994. 17(8):723-32.

Muscle activity during sleep was studied in a group of Vietnam combat veterans with PTSD
and in an age-matched normal control group. The PTSD participants had a higher
percentage of REM sleep epochs with at least 1 prolonged twitch burst; they also were more
likely to have PLMS. The identification of RBD-like signs in PTSD adds to the evidence for a
fundamental disturbance of REM sleep phasic mechanisms in PTSD.10

Husain AM, Miller PP, Carwile ST. REM sleep behavior
disorder: potential relationship to posttraumatic stress
disorder. J Clin Neurophysiol, 2001. 18(2):148-157.

A study of 27military veterans with RBD, 15 were diagnosedwith PTSD; the authors suggest
that it is possible that similar neuropathologic processes are responsible for both conditions,
at times in the same patient.4

Kobayashi I, Boarts JM, Delahanty DL. Polysomnographically
measured sleep abnormalities in PTSD: a meta-analytic
review. Psychophysiology, 2007. 44(4):660-669.

A meta-analysis of PSG-monitored sleep in participants with PTSD demonstrated that there
was less non-REM sleep, higher REMdensity, and lighter sleep as compared with controls.11

Feemster JC, et al. Trauma-associated sleep disorder: a
posttraumatic stress/rem sleep behavior disorder mash-up?
J Clin Sleep Med, 2019. 15(2):345-349.

The authors report RSWA and other neurological features in a patient with complex vocal
and motor DEB following traumatic combat military exposure. The patient demonstrated
overlapping clinical features of PTSD and RBD with PSG features of RSWA supportive
of idiopathic RBD but not suggesting underlying synucleinopathy.6

Ney LJ, et al. The effect of self-reportedREMbehavior disorder
symptomology on intrusive memories in post-traumatic stress
disorder. Behav Sleep Med, 2020: 1-14.

Reporting on 34 PTSD, 52 trauma-exposed (TE) and 42 non–trauma-exposed (NTE)
participants, the PTSD group reported poorer sleep quality and higher RBDSQ scores than
both TE and NTE groups and significantly more negative intrusive memories than the NTE
group. RBD symptomology is an indicator of consolidation of intrusivememories in PTSDbut
not TE or NTE participants.12

Elliott JE, et al, Posttraumatic stress disorder increases the
odds of REM sleep behavior disorder and other parasomnias
in veterans with and without comorbid traumatic brain injury.
Sleep, 2020. 43(3).

These present data lend support that comorbid TBI and PTSD may similarly potentiate
symptomology related to RBD; comorbid TBI and PTSD were associated with the highest
crude prevalence rate for RBD (21%), prevalence odds ratios (4.59 to 3.43 pending
age-adjustment), and prevalence ratios (295–190%).9

DEB = dream enactment behavior; PSG, polysomnography; PLMS = periodic limb movements of sleep; PTSD = post-traumatic stress disorder; RBD = rapid
eye movement sleep behavior disorder; RBDSQ = RBD screening questionnaire; REM = rapid eye movement; RSWA = rapid eye movement sleep without
atonia; TBI = traumatic brain injury.
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neurological disorder, mental disorder, medication use, or
substance use disorder.40 RBD is one of the most important
diagnosticconsiderations inapatientwithDEB,29mostly due to the
fact that the presence of RBD can herald the onset of neuro-
degeneration, most commonly an alpha-synucleinopathy.35

Currently, thepathophysiologyofRBDisnot fullyunderstood,41

but it has been suggested that brainstem structures con-
tributing to the central autonomic network are involved,42

as well as other proposed regions, including the primary and
premotor cortices, with input from the basal ganglia, or from
brainstem or spinal cord motor generators.43–45 REM sleep
physiology46,47 has been proposed to involve the laterodorsal
tegmentum and the pedunculopontine tegmentum, which
consist of populations of cholinergic neurons and reside in the
pontomesencephalic junction of the brainstem.48 Through nico-
tinic and muscarinic acetylcholine projections, the laterodorsal
tegmentum and pedunculopontine tegmentum send excitatory
signals to neurons in the pontine reticular formation and the
mesencephalic reticular formation, which then result in pro-
ducing the classic characteristics of REM sleep, including
muscle atonia.46

It has been suggested through several human and animal
studies49–51 that altered noradrenergic functioning exists in the
locus coeruleus (LC) and peri-LC nuclei in patients with RBD,
which may be the same neuropathologic process demonstrated
in patients with alpha-synucleinopathy.52,53 The association
between RBD and subsequent development of an alpha-
synucleinopathy is well known,5 as is the suggested associa-
tion between neuropsychiatric trauma (ieTBI and/or PTSD) and
alpha-synucleinopathy.34,54–56 It is currently not possible to say
whether repeated traumas represent a risk factor for idiopathic
RBD or whether RBD associated with PTSD is actually a
distinct entity.57 One hypothesis for this association is that
increased noradrenaline turnover can result from repeated
traumas, which thenmay result in its depletion in the LC, which
may, in turn, inhibit the cholinergic laterodorsal tegmentum
nucleus; hence, LC dysfunction may play a role in both RBD
and PTSD4 as the LC and laterodorsal tegmentum nuclei are
involved inREMsleep regulation.57 This could ultimately result
in decreased neuronal output to other REM sleep-modulating
nuclei, such as the pedunculopontine and magnocellularis
nuclei, thus altering the output of these structures,58 which are
associated with other neuronal groups involved in REM-onset,
which also regulate REM sleep atonia.58,59

Selective serotonin reuptake inhibitors and selective nor-
epinephrine reuptake inhibitors have well-known associations
with RSWA and RBD, and 1 study demonstrated a nearly 10-fold
increase in risk for RSWA while taking these medications.60 It is
estimated that the odds ratio of developing RBD is 1.9 with
antidepressant use,61 but the factors that predict the risk of
developing RSWA while taking selective serotonin reuptake inhib-
itors or selectivenorepinephrine reuptake inhibitors and itsprevalence
remain unknown.5 Other medications with known associations
to RSWA and RBD include the tricyclic antidepressants61,62

and case reports have demonstrated acute RBD with the use of
monoamine oxidase inhibitors, a beta-adrenergic blocker, and
a cholinesterase inhibitor.63 Although improvement in RSWA
andRBDhas been noted upondiscontinuation offluoxetine,64,65

there is a suggestion that antidepressants may “unmask” RBD
rather than cause it66; moreover, RBD can persist for at least
19 months after discontinuation of selective serotonin reuptake
inhibitors.67 It is unclear whether antidepressant-associated
RBD is a benign side effect of the medication or simply a
marker of prodromal neurodegenerative disease.68

In veterans referred to a sleep center, an RBD prevalence rate
of 9% has been reported, mostly commonly in those with
comorbid TBI and PTSD.9 However, the question of whether
RBD in veterans with TBI and/or PTSD is in fact “true” RBD,
and not TASD (see “Trauma-associated sleep disorder”), is
still unclear despite the fact that diagnostic criteria separate
TASD from RBD.9 Of particular importance is that medica-
tions such as selective serotonin reuptake inhibitors, selective
norepinephrine reuptake inhibitors, and tricyclic antidepres-
sants are frequently used in patients with PTSD and TBI, and
at this time it is not clear if the higher rate of RSWA and RBD
in PTSD and TASD is independent of antidepressants or
not. Expanded studies looking into the relationship between
PTSD and RBD, and RBD in general,69,70 will help answer
this question.

TRAUMA-ASSOCIATED SLEEP DISORDER

PTSD can be associated with another distinct sleep disorder,
known as TASD,6–8 which shares the diagnostic criteria for
RBD (ie, self or witnessed DEB, and PSG-confirmed evidence
of RSWA); thus, only individuals meeting criteria for RBD are
potentially eligible to be categorized as having TASD.9

The diagnostic criteria proposed for TASD are as follows7,71:
1. Inciting traumatic experience
2. A history of altered dream mentation that is related to

prior traumatic experience
3. Self or witnessed reports of DEB, including abnormal

vocalizations or abnormal motor behaviors in sleep.
4. Symptoms of autonomic hyperarousal or monitoring

that demonstrate tachycardia, tachypnea, or diaphoresis
not due to sleep-disordered breathing

5. A PSG demonstrating RSWA or DEB in REM sleep
6. Absence of electroencephalographic epileptiform

activity on PSG

TASD is distinct from RBD in that individuals with TASD
report having an inciting traumatic experience, as well as a
history of dream mentation related to this prior traumatic ex-
perience, and evidence of autonomic hyperarousal not due to
sleep-disordered breathing7; additionally, priorwork has shown
that,while capturingovertDEB inRBD isoften very common,72

it is somewhat uncommon in TASD.73 However, the possibility
remains that TASD and RBD are on the same pathological
spectrum.9 In 1 report,6 a patient with PTSD demonstrated
significantly greater complex DEB that is atypical for a PTSD
diagnosis alone; the authors concluded that, due to the com-
plexity of his DEB, the prominence of RSWA, and the absence
of hypervigilance and re-experiencing of the event as factors
indicating that this was more than PTSD (ie TASD).6
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The underlying pathophysiology of TASD and how it relates
to other parasomnias and PTSD are not well understood. How-
ever, it may be that in TASD there exists an overdrive phenom-
enon, which results in loss of both REM atonia and sympathetic
suppression.7 Hyperactivity in LC and peri-LC regions, due to a
traumatic event, may result in RSWAandDEB, as suggested by
Mysliwiec et al7; in addition, chronic stress, psychiatric and
comorbid sleep disorders, and antidepressant use either inde-
pendently or synergistically may further facilitate RSWA.

There is evidence that a patient’s age at the time of trauma
exposure may impact the development of TASD; for example,
in 1 study, age at time of trauma exposure led to differences in
nocturnal symptoms.73 In this report, avalanche survivors who
were children (ages 2–12) at the time of trauma exposure were
more likely to endorse DEB 16 years later (relative risk: 3.54),
but those who were adults at the time of the exposure reported
increased trauma-associated nightmares (relative risk: 2.69)
without an increase in DEB.73 These findings seem to suggest
that an immature brain may be particularly susceptible to the
development of trauma-related motor pathologies.74

PTSD appears to be characterized by hyperadrenergic function
of the LC,4,25 and blockade of this hyperadrenergic function is
thought to be the primary mechanism of action of prazosin,75

also proposed as a potential treatment for TASD, which is the
standard treatment for PTSD-associated nightmares.76 The
improvement in symptoms with prazosin could be useful in
differentiating TASD from idiopathic RBD, as prazosin would
not be expected to be effective in idiopathic RBD (which is
typically treated with high-dose melatonin and/or low-dose
clonazepam).6 Furthermore, it suggests that TASD and RBD
due to PTSD are probably distinct phenotypes of DEB, not
entirely related to idiopathic RBD pathophysiology. As a final
point, it should be noted that the criteria for TASD, in which
there is a history of altered dream mentation related to a prior
traumatic event, are somewhat relaxed in definition and thus
open to discrepancies in interpretation. As such, nearly every
patient with PTSD may meet these diagnostic criteria on some
level, prompting the need for further clarification.

CONCLUSIONS

The symptom of DEB noted in PTSD, RBD, and TASD seems
to share somewhat common semiology, despite differences in
underlying pathology. While obtaining a better grasp of RBD is
paramount given its relationship to the alpha-synucleinopathies, a
further understanding of DEB in the context of these 3 con-
ditions may provide clues to uncovering how/why neuro-
degeneration occurs in some individuals but not others. For
example, longitudinal studies may be able to determine that
patients with TASD fail to progress to “true”RBD, and thus are
at minimal risk of pheno-conversion to alpha-synucleinopathy;
a finding such as this would provide valuable clinical insight as
well as potentially improved understanding of the mechanisms
at play.9Regardless, it is clear thatmoreworkneeds to be done in
TASD, and while PTSD and RBD are somewhat well under-
stood, further clarification is of imminent need.

ABBREVIATIONS

DEB, dream enactment behavior
LC, locus coeruleus
PSG, polysomnography
PTSD, post-traumatic stress disorder
RBD, rapid eye movement sleep behavior disorder
REM, rapid eye movement
RSWA, rapid eye movement sleep without atonia
TASD, trauma-associated sleep disorder
TBI, traumatic brain injury
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