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Abstract
Study Objectives: To describe the crude prevalence of rapid eye movement (REM) sleep behavior disorder (RBD) following traumatic brain injury (TBI) and
posttraumatic stress disorder (PTSD) in Veterans, given potential relationships between TBI, PTSD, RBD, and neurodegeneration.

Methods: Veterans (n = 394; 94% male; 54.4 + 15.5 years of age) were prospectively/cross-sectionally recruited from the VA Portland Health Care System and
completed in-lab video-polysomnography and questionnaires. TBI and PTSD were assessed via diagnostic screening and medical record review. Subjects were
categorized into four groups after assessment of REM sleep without atonia (RSWA) and self-reported dream enactment: (1) “Normal,” neither RSWA nor dream
enactment, (2) “Other Parasomnia,” dream enactment without RSWA, (3) “RSWA,” isolated-RSWA without dream enactment, and (4) “RBD,” RSWA with dream
enactment. Crude prevalence, prevalence odds ratio, and prevalence rate for parasomnias across subjects with TBI and/or PTSD were assessed.

Results: Overall prevalence rates were 31%, 7%, and 9% for Other Parasomnia, RSWA, and RBD, respectively. The prevalence rate of RBD increased to 15% in PTSD
subjects [age adjusted POR: 2.81 (1.17-4.66)] and to 21% in TBI + PTSD subjects [age adjusted POR: 3.43 (1.20-9.35)]. No subjects met all diagnostic criteria for trauma-

associated sleep disorder (TASD), and no overt dream enactment was captured on video.

Conclusions: The prevalence of RBD and related parasomnias is significantly higher in Veterans compared with the general population and is associated with PTSD
and TBI + PTSD. Considering the association between idiopathic-RBD and synucleinopathy, it remains unclear whether RBD (and potentially TASD) associated with

PTSD or TBI + PTSD similarly increases risk for long-term neurologic sequelae.

Statement of Significance

Idiopathic REM sleep behavior disorder (RBD) and neuropsychiatric trauma (e.g. traumatic brain injury; TBI and/or post-traumatic stress disorder; PTSD) are both
independently associated with subsequent neurodegeneration (e.g. Parkinson'’s Disease or a related synucleinopathy). Given the purported relationships between
TBI, PTSD, RBD, and neurodegeneration, we sought to determine the crude prevalence and related associations of RBD following TBI and PTSD among Veterans.
Our data show that the prevalence of RBD and related parasomnias is significantly higher in Veterans with PTSD and TBI + PTSD compared with Veterans without
a history of neuropsychiatric trauma. Accordingly, the present study fills a critical gap in the literature by providing evidence associating neuropsychiatric trauma
with RBD and related parasomnias.
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Introduction

Rapid eye movement (REM) sleep behavior disorder (RBD)
was first described in 1986 by Schenck, Mahowald, and
colleagues in five elderly men, 67-72 years of age [1]. On
polysomnography, these men had elevated mentalis and
limb electromyography (EMG) activity, despite showing
polysomnographic evidence of being in REM sleep, a state
typically associated with paralysis of the mentalis and limb
muscles [1]. Since this time, considerable work has been
done (for review [2]) describing the neuroanatomical and
physiological basis [3], treatment [4], and association of RBD
with neurodegeneration [5-11]. Indeed, it is estimated that
60%-70% (and potentially as high as 92%) of patients with
idiopathic RBD will develop Parkinson’s disease or a re-
lated synucleinopathy, such as multiple systems atrophy or
Dementia with Lewy Bodies [5-8]. REM sleep without atonia
(RSWA) but without coincident dream enactment may also be
an early indicator for Parkinson’s disease [12, 13].

The prevalence of idiopathic RBD in the general population
has been estimated to be ~0.38% [14] (n = 1,034) to ~0.5% [15, 16]
(n=4,972 and 19,961) based on self-reported sleep-related injury
and violent sleep behaviors. Other prevalence focused studies,
although not population based, have suggested a crude preva-
lence of ~1% [17], with certain demographic factors being asso-
ciated with a higher prevalence rate (e.g., >60 years of age, ~2%
[18] to ~5.5% [19]; sleep center referrals, 4.8% [20]; Parkinson’s
disease, 69% [21]; and brainstem infarct, 10.9% [22]).

There may also be a higher rate of RBD in patients in the
chronic phase of recovery from traumatic brain injury (TBI) 13%
(7/54 subjects) [23], as well as posttraumatic stress disorder
(PTSD) 56% (15/27 subjects) [24]. Given the association between
RBD and subsequent synucleinopathy, and the suggested asso-
ciation between TBI/PTSD and eventual neurodegeneration/de-
mentia, additional work assessing larger cohorts is needed to
more accurately describe the prevalence of RBD in TBI and PTSD,
as well as in co-morbid TBI + PTSD which may potentiate symp-
toms [25, 26]. Moreover, additional work is needed to clarify
whether RBD in Veterans with TBI and/or PTSD is in fact, RBD,
and not the related parasomnia, trauma-associated sleep dis-
order (TASD). Diagnostic criteria overlap such that both RBD and
TASD present with self or witnessed dream enactment behavior
and polysomnography confirmed evidence of RSWA. Further
diagnostic criteria separate TASD from RBD, as well as observa-
tional/anecdotal patterns between the two that not explicitly
part of the diagnostic criteria yet often contribute to the overall
clinical picture.

The Veteran population is particularly at risk for TBI and/
or PTSD and, therefore, represents a population enriched for a
history of trauma. Thus, the primary purpose of this study was
to describe the prevalence rate of RBD and related parasomnias
across a large cohort of Veterans who underwent in-lab video-
polysomnography, and the association of these parasomnias
with TBI, PTSD, and co-morbid TBI + PTSD. We hypothesized
that RBD and related parasomnias would be more prevalent in
Veterans with TBI and/or PTSD. As an exploratory analysis, we
assessed whether Veterans with RBD also fit the diagnostic cri-
teria for trauma-associated sleep disorder (TASD). We hypothe-
sized that Veterans with a history of neuropsychiatric trauma,
and meeting clinical criteria for RBD, would also meet diagnostic
criteria for TASD.

Methods

The VA Portland Health Care System (VAPORHCS) approved
this study, and each subject gave informed consent prior to
participation (IRB #3641). Consecutive Veterans (n = 595) were
recruited on random nights of the week for participation in
this prospective, cross-sectional study between May 2015 and
November 2016 from the VAPORHCS Sleep Clinic. Subjects were
excluded from analyses for (1) having <4 hr of recorded sleep
(n = 76), (2) having <10 epochs of recorded REM sleep (n = 11),
and (3) current selective serotonin reuptake inhibitor (SSRI),
selective norepinephrine reuptake inhibitor (SNRI), or tricyclic
antidepressant (TCA) usage (n = 114). Thus, the remaining n = 394
subjects were included in the final analyses (Figure 1). Reasons
for referral to in-lab video polysomnography by providers in-
cluded suspected obstructive sleep apnea, excessive daytime
sleepiness, hypersomnia, insomnia, restless leg syndrome, and
abnormal movements during sleep, with suspected obstructive
sleep apnea and excessive daytime sleepiness being the most
frequently cited.

Trauma status and medical history

TBI and PTSD status was determined for all subjects using a
combination of diagnostic screening, self-report and medical
record review. TBI status was assessed using self-report and
then confirmed via manual medical record review of relevant
clinical notes and ICD-10 codes. PTSD status was assessed via
the Post-Traumatic Stress Disorder Checklist DSM-5 (PCL-5).
This survey is 20 questions, each a 0 to 4 Likert scale (max-
imum = 80; higher = worse PTSD) [27], and is subdivided into
four clusters: B-Intrusion; 1-5, C-Avoidance; 6-7, D-Mood/
Cognition; 8-14, and E-Arousal; 15-20. PTSD was determined
by a PCL-5 score >33 and positive “cluster criteria” (i.e. rating
of >2 for 1 B item, 1 C item, 2 D items, and 2 E items), as is
standard [28].

Additional medical history was extracted via medical
record review, including current ICD-10 coded diagnoses for
cognitive impairment, lung disease, heart disease, hyper-
tension, diabetes, and Parkinson’s disease. The presence of
sleep apnea was determined using data from the overnight
polysomnography.

In-lab video polysomnography

All subjects completed in-laboratory, AASM-accredited
polysomnographic technician-attended overnight video-
polysomnography recorded using Polysmith (NihonKohden,
Japan). Standard AASM [28] parameters were collected,
including electroencephalography (6 scalp electrodes),
mentalis muscle EMG, bilateral electrooculography, electro-
cardiography, peripheral blood-oxygen saturation, respira-
tory movement/effort (thorax and abdominal), airflow (nasal
and oral), auditory (snoring), and body positioning (right side,
left side, supine, prone). AASM-accredited polysomnographic
technicians manually performed standard sleep staging for
each 30 s epoch according to standard clinical criteria [29].
Each 30 s epoch was scored as Wake, REM, or NREM stages N1,
N2, and N3. All sleep staging was validated by a board-certified
sleep physician.
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Figure 1. Study overview. Schematic overview of our patient population, exclusion criteria and parasomnia grouping. Of the total n = 595 subjects evaluated with in-lab
polysomnography, we excluded n = 76 for having <4 hr of recorded sleep, n = 11 for having <10 epochs of recorded REM sleep, n = 114 for reporting selective serotonin
reuptake inhibitor (SSRI), selective norepinephrine reuptake inhibitor (SNRI), or tricyclic antidepressant (TCA) use. Mentalis muscle electromyographic (EMG) activity
in the remaining n = 394 subjects was analyzed according to American Academy of Sleep Medicine (AASM) criteria [29] to separate subjects into those with normal
(n =333, 85%) and abnormal (n = 61, 15%) REM sleep EMG activity. Subjects were subsequently further stratified based on their self-reported history of dream enactment
[30]. Those with normal REM sleep EMG activity and no history of dream enactment (Normal; n = 211, 53%), those with normal REM sleep EMG activity and a history of
dream enactment (Other Parasomnia; n = 122, 31%), those with abnormal REM sleep EMG activity and no history of dream enactment (RSWA; n = 27, 7%), those with
abnormal REM sleep EMG activity and a history of dream enactment (RBD; n = 34, 9%). In the analysis of abnormal REM sleep EMG activity, epochs that co-occurred with
an apnea or hypopnea were not considered “abnormal.” Thus, only epochs that unambiguously met AASM criteria for abnormal REM sleep EMG activity (i.e. RSWA)

contributed to the identification of RSWA and RBD.

Assessment of REM sleep behavior disorder

Diagnostic criteria for RBD consists of abnormally elevated REM
sleep EMG activity (i.e. RSWA) and self or witnessed dream en-
actment behavior. These criteria were assessed according to
standard clinical and published guidelines (described below).

Abnormally elevated REM sleep EMG activity (i.e. RSWA) was
manually scored as either phasic (excessive transient EMG ac-
tivity) or tonic (sustained elevated EMG activity) events according
to AASM criteria [29]. RSWA was not assessed using automated
computer algorithms, which are not yet recognized by the AASM.
Briefly, each 30 s epoch was divided into ten 3 s mini-epochs. An
epoch with abnormally high phasic REM sleep EMG activity was
required to have at least five 3 s mini-epochs containing EMG
bursts lasting 0.1-5 s in duration of at least 4 times the amplitude
of background REM sleep EMG activity. An epoch with abnor-
mally high tonic REM sleep EMG activity was required to have at
least 50% (15 s) of EMG activity that is greater than the minimum
amplitude of EMG activity during NREM sleep. Subjects met cri-
teria for having RSWA if they met phasic or tonic AASM criteria
(described above) [29]. A blinded study investigator (D.P.) identi-
fied all abnormal REM sleep EMG activity. Studies were verified
for accuracy by additional study investigators (J.E.E., T.R., and
M.M.L.), through random sampling of ~25% of subjects. Given
the high incidence of sleep apnea in our patient population,
careful attention was paid to exclude abnormal REM sleep EMG
activity coincident with an apnea or hypopnea [29]. Additionally,
abnormal REM sleep EMG activity that coincided with marked
“snore channel” activity was also excluded.

Subjects’ history of dream enactment behavior was assessed
via the single (yes/no) validated screen published by Postuma

et al. [30] that reads: “Have you ever been told, or suspected
yourself, that you seem to ‘act out your dreams’ while asleep
(for example, punching, flailing your arms in the air, making
running movements, etc.)?” This question was reported to be
94% sensitive and 87% specific. All subjects underwent time-
synchronized video recordings during polysomnography, and
epochs with abnormally elevated REM sleep EMG activity were
flagged for manual video review of movement and/or vocaliza-
tions. However, no evidence of overt dream enactment was cap-
tured on video recording.

Assessment of trauma-associated sleep disorder

TASD shares the previously described diagnostic criteria for
RBD, i.e. self or witnessed dream enactment behavior, and
polysomnography confirmed evidence of RSWA. Accordingly,
only subjects meeting criteria for RBD are potentially eligible to
be categorized as having TASD.

The additional distinctive diagnostic criteria separating TASD
from RBD include: (1) subjects reporting having an inciting trau-
matic experience, (2) a history of dream mentation related to
this prior traumatic experience, and (3) evidence of autonomic
hyperarousal not due to sleep disordered breathing [31]. History of
an inciting traumatic experience was assumed positive if subjects
screened positive for TBI and/or PTSD. Dream mentation related
to this prior experience was assessed by way of a single question
administered via the PCL-5 asking subjects to rate, on a scale of
0-4, “In the past month, how much were you bothered by repeated,
disturbing dreams of the stressful experience?” [27]. Subjects
were required to report a score of 3 or 4 to be considered positive
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for this criteria. Finally, evidence of autonomic hyperarousal was
assessed by analyzing polysomnography for evidence of tachy-
cardia (>10 bpm increase above baseline) and/or tachypnea (>2x
increase above baseline) [31, 32].

Subject grouping

We categorized subjects into one of four different possibil-
ities based on their self-reported history of dream enactment
behavior and polysomnography verified RSWA. (1) Subjects
who neither reported a history of dream enactment behavior
nor showed RSWA on polysomnography were categorized as
“Normal.” (2) Subjects who reported a history of dream enact-
ment behavior but did not show RSWA on polysomnography
were categorized as “Other Parasomnia.” (3) Subjects who did
not report a history of dream enactment behavior but did show
RSWA on polysomnography were categorized as “RSWA.” (4)
Subjects who reported a history of dream enactment behavior as
well as showed RSWA on polysomnography were categorized as
“RBD.” Secondary TASD-specific analyses were conducted only
in the RBD specific group, and as will be discussed, no subjects
met all additional diagnostic criteria to justify reclassifying any
subjects from RBD to TASD.

Statistical analysis

Analyses were performed using R v.3.6.0. Alpha of 0.05, defined a
priori, was used for all tests before making appropriate post hoc
adjustments when warranted and appropriate. Demographic
data were analyzed using one-way analysis of variance (ANOVA)
with Tukey’s Honestly Significant Difference post hoc test for
normally distributed numeric variables, and either a chi-square
test with Bonferroni post hoc test for categorical variables or a

Table 1. Demographic and medical history across subjects

Fisher’s exact test for categorical variables with n’s <5. Prevalence
odds ratios and prevalence ratios with 95% confidence intervals
(with and without age adjustment) were computed via logistic
regression for each combination of trauma status and sleep
parasomnia. Multinomial logistic regression was used to model
the contribution of trauma exposure toward each parasomnia.

Results

Subjects’ demographics and medical history are in Table 1. The
cohort (n = 394) was predominately male (94%), middle-aged
(54.4 + 15.5 years of age), and obese (32.7 + 6.8 kg/m?). No dif-
ferences across any parameters were observed when ana-
lyzing only male subjects, and therefore, female subjects were
included in all analyses. Analysis of abnormal REM sleep EMG
activity (via polysomnography) and dream enactment behavior
(via self-report) identified n = 211 (53%) Normal, n = 122 (31%)
Other Parasomnia, n = 27 (7%) RSWA, and n = 34 (9%) RBD subjects
(Figure 1). No group differences were found within BMI, sex,
and the proportions of obstructive sleep apnea, cognitive im-
pairment, lung disease, heart disease, hypertension, diabetes,
Parkinson’s Disease, and melatonin and clonazepam usage (Table
1). However, Other Parasomnia and RBD subjects were on average
~5-10 years of age younger than RSWA and Normal subjects.

Per our inclusion criteria, all subjects had >10 epochs (=5 min)
of REM sleep; however, ~90% of subjects within each group had >60
epochs (=30 min) of REM sleep. Only ~1% of subjects per group had
between 10 and 30 epochs (5-15 min) of REM sleep. No bias was
detected with respect to the likelihood of detecting abnormal REM
sleep EMG activity relative to the amount of REM sleep recorded.

There were no differences across groups in the reason for
referral to in-lab polysomnography (data not shown), and there-
fore, no referral bias was detected.

All Subjects Normal Other Parasomnia RSWA RBD
n =394 n =211 (53%) n =122 (31%) n=27(7%) n =34 (9%) Stat. P
Demographics
Age (years) 54.4 +15.5 58.6 +14.4 48.5 +15.9 54.1+14.4 49.6 + 13.8" 13.12 <0.0001
BMI (kg/m?) 32.7+6.8 32.8+6.5 324+75 33459 325+6.6 0.21 0.887
Sex (male) 369 (94%) 196 (93%) 115 (94%) 25 (93%) 32 (94%) 0.17 0.982
TBI and/or PTSD 150 (38%) 50 (24%) 69 (57%)* 10 (37%) 21 (62%)* 16.46 <0.0001
Medical History
0sA 327 (83%) 178 (84%) 95 (78%) 26 (96%) 28 (82%) 5.95 0.114
Cognitive Impairment 6 (2%) 4 (2%) 2 (2%) 0 (0%) 0 (0%) - 1.0
Lung disease 53 (13%) 29 (14%) 20 (16%) 2 (7%) 2 (6%) 3.44 0.328
Heart disease 81 (20%) 51 (23%) 18 (15%) 4 (14%) 8 (23%) 493 0.177
Stroke 10 (3%) 8 (4%) 1(1%) 0 1(3%) 3.52 0.345
Hypertension 178 (45%) 102 (48%) 50 (41%) 9 (32%) 15 (44%) 3.85 0.284
Diabetes 88 (22%) 51 (24%) 22 (18%) 7 (25%) 8 (24%) 1.94 0.585
Parkinson’s Disease 2 (1%) 1(1%) 1(1%) 0 0 - 1.0
Sleep Drug Use
Melatonin 17 (4%) 7 (3%) 5 (4%) 1(4%) 4 (11%) 5.11 0.163
Clonazepam 5 (2%) 2 (1%) 3 (1%) 0 0 - 1.0

Data are mean =+ standard deviation, or n (% of total).

BMI = body mass index; OSA = obstructive sleep apnea; Cognitive Impairment (history of Alzheimer’s, dementia, or mild cognitive impairment); RSWA = REM sleep

without atonia; RBD = REM sleep behavior disorder; Stat = F or chi-square statistic.

*p < 0.05 vs Normal. One-way ANOVA with Tukey HSD post hoc analysis; chi-square with Bonferroni post hoc test or Fisher’s exact test for categorical variables with

n’s <5.

Alpha for these omnibus comparisons has been corrected (i.e. 0.05/14 = 0.003). p values for all significant post hoc multiple comparisons are <0.0006.



Relative proportions of neuropsychiatric trauma and
sleep parasomnias

Of the n = 394 Veterans included in our analysis, we identified
n =244 (62%) with neither TBI nor PTSD, n = 37 (9%) with TBI, n =74
(19%) with PTSD, and n = 39 (10%) with co-morbid TBI + PTSD (Table
2). Within subjects with neither TBI nor PTSD, approximately
two-thirds were classified as having Normal sleep (n = 161; 66%
of 244), with the remaining one-third having a sleep parasomnia
(i.e. either Other Parasomnia, RSWA, or RBD). Interestingly,
the relative proportion of these parasomnias increased across
subjects with TBI, PTSD, and TBI + PTSD. Subjects with only TBI
were fairly evenly split, with 47% being Normal and 53% having a
sleep parasomnia. However, subjects with PTSD or comorbid TBI
+ PTSD showed a significantly increased distribution with only
32% and 20%, respectively, being classified as Normal (i.e. 68% and
80%, respectively, having a sleep parasomnia). This pattern of an
increased proportion of sleep parasomnias across subjects with
neither TBI nor PTSD, only TBI, only PTSD, or comorbid TBI + PTSD
is readily visualized via Figure 2.

Of particular interest was the crude prevalence of RBD in our
sample population, estimated at 9% overall (n = 34 out of 394);
markedly higher than previous general population estimates (ref-
erenced in the Introduction). The majority of subjects determined
to have RBD were those with either PTSD or comorbid TBI + PTSD
(n = 19 of 34; 56%). More specifically, the relative proportion of
subjects with PTSD or comorbid TBI + PTSD who had RBD was
15% (n = 11 of 74) and 21% (n = 8 of 39), respectively. Accordingly,
the combined overall crude prevalence of RBD in subjects with ei-
ther PTSD alone or TBI + PTSD was 16.8% (n = 19 out of 113).

Prevalence odds ratios and prevalence ratios

Given the cross-sectional nature of these data, we present both
prevalence odds ratios and prevalence ratios as measures of asso-
ciation (rather than odds ratios and risk ratios appropriate in other
experimental designs). Crude (unadjusted) and age-adjusted
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values for both are included for comparison (Table 2). For these
measures of association, the presence of neuropsychiatric trauma
(i.e. TBI, PTSD, or TBI + PTSD) was treated as “exposed” while
those with neither TBI nor PTSD were treated as “unexposed,”
hence their inclusion as the reference category. Sleep conditions
(i.e. Normal, Other Parasomnia, RSWA, or RBD) were treated as
the outcome of interest. There are strengths and weaknesses to
both measures of association within cross-sectional prevalence
studies [33-35]. Prevalence odds ratios better approximate risk
factors associated with outcomes of interest and offer consistency
between prevalence studies (the present study) and prevalence
case-control studies (potential future studies). Prevalence ratios
are often viewed as more intelligible/comprehensible and can be
superior depending on disease frequency. However, the degree to
which these measures of association are intelligible/comprehen-
sible depends on the context, and reader. Furthermore, our pri-
mary outcome of interest (i.e. RBD) is classically very uncommon,
and therefore, prevalence odds ratios and prevalence ratios should
not be expected to significantly differ (i.e. not over- or under-
estimating the other; demonstrated in Table 2). Ultimately, we
are interested in prevalence in the present study, and therefore, it
could be argued that prevalence ratio is the preferred measure of
association. However, the analytical benefits (both presently and
for future work) of the prevalence odds ratio justify the inclusion
of both effect measures. By presenting both measures of associ-
ation, and fully describing the experimental design herein, the
interested reader can choose to interpret both or the measure they
feel is most appropriate. Neither prevalence odds ratios nor preva-
lence ratios imply directionality, a causal relationship (e.g. neuro-
psychiatric trauma preceding sleep parasomnias), or describe risk.

Significant associations between neuropsychiatric trauma
and sleep parasomnias were only detected in subjects with ei-
ther PTSD or comorbid TBI + PTSD, across Normal sleep, Other
Parasomnia, and RBD. There was a clear negative association
between PTSD (0.27 times the odds after age-adjustment; 53%
lower prevalence ratio) and TBI + PTSD (0.18 times the odds after
age-adjustment; 65% lower prevalence ratio) with Normal sleep.

Table 2. Crude prevalence, prevalence odds ratios, and prevalence ratios associating TBI and/or PTSD with sleep parasomnias

Normal Other Parasomnia RSWA RBD
Neither TBI nor PTSD (n = 244) n =161 (66%) n =53 (22%) n=17 (7%) n =13 (5%)
Reference Reference Reference Reference
TBI (n=37) n =18 (49%) n =12 (32%) n=>5(14%) 2 (5%)
POR (95% CI) 0.48 (0.24 - 0.98)* 1.73 (0.79 - 3.61) 2.09 (0.65 - 5.70) 1.01 (0 16 - 3.88)
Adj. POR (95% CI) 0.61(0.29 - 1.27) 1.35 (0.60 - 2.90) 2.19 (0.67 - 6.19) 0.81 (0.12 - 3.19)
PR (95% CI) 0.69 (0.48 - 1.00) 1.49 (0.88 - 2.52) 1.94 (0.76 - 4.94) 1.01 (0.24 - 4.32)
Adj. PR (95% CI) 0.81 (0.54 - 1.08) 1.25 (0.66 - 2.01) 2.01 (0.69 - 4.40) 0.82(0.13 - 2.86)
PTSD (n=74) n =24 (32%)t = 36 (49%)t n =3 (4%) n =11 (15%)t

POR (95% ClI)

Adj. POR (95% CI)
PR (95% CI)

Adj. PR (95% CI)
TBI+PTSD (n = 39)
POR (95% ClI)

Adj. POR (95% CI)
PR (95% CI)

Adj. PR (95% CI)

0.24 (0.14 - 0.44)"
0.27 (0.15 - 0.47)"
0.49 (0.35 - 0.69)*
0.47 (0.30 - 0.68)"
=8 (20%)t
0.13 (0.06 - 0.29)*
0.18 (0.07 - 0.40)"
0.31(0.17 - 0.58)*
0.35 (0.16 - 0.62)*

3.41 (1.98 - 5.93)"
3.13 (1.79 - 5.49)
2.25 (1.60 - 3.13)"
1.98 (1.46 - 2.43)"
n =21 (54%)t

4.20 (2.09 - 8.54)"
3.22 (1.55 - 6.71)"
2.48 (1.70 - 3.61)"
2.04 (1.35 - 2.69)"

0.56 (0.13 - 1.74)
0.53 (0.12 - 1.68)
0.58 (0.17 - 1.93)
0.55 (0.13 - 1.61)
n=2(5%)

0.72 (0.11 - 2.66)
0.65 (0.10 — 2.55)
0.74 (0.18 - 3.06)
0.67 (0.10 - 2.31)

3.10 (1.30 - 7.27)*
2.81 (1.17 - 4.66)"
2.79 (1.30 - 5.96)"
2.47 (1.15 - 4.66)"
=8 (21%)t
4.59 (1.70 - 11.80)*
3.43 (1.20 - 9.35)*
3.85 (1.71 - 8.68)"
2.90 (1.18 - 5.77)*

Data are point prevalence rates and prevalence odds ratios (POR) and prevalence ratios (PR) with 95% confidence intervals (CI). Adj. POR and PR are adjusted based on

age.

*95% CI does not overlap null value of 1.0.

T p < 0.05 vs. Neither within a given parasomnia; chi-square with Bonferroni post hoc analysis.
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Figure 2. Schematic representation of neuropsychiatric trauma and sleep parasomnia. Subjects with neither a TBI nor PTSD, TBI alone, PTSD alone, and comorbid TBI
+ PTSD are oriented along the abscissa. For each trauma group, the total percentage of subjects with Normal sleep (clear bar), Other Parasomnia (light fill), RSWA (dark
fill), and RBD (totally filled) are shown. Accordingly, the general breakdown between Normal sleep and a parasomnia, within trauma groups, is readily evident. Note the

significant percentage of subjects with PTSD or TBI + PTSD that have RBD.

Table 3. Multinomial logistic regression analyses

Outcome Predictor POR (95% CI) P
Other Parasomnia
TBI 1.58 (0.69 - 3.60) 0.274
PTSD 4.21 (2.26 - 7.84) <0.001
TBI + PTSD 5.72 (2.33 - 14.07) <0.001
Age 0.96 (0.94 - 0.98) <0.001
RSWA
TBI 2.35(0.76 - 7.25) 0.137
PTSD 1.14 (0.31-4.21) 0.839
TBI+PTSD 2.05 (0.39 - 10.64) 0.393
Age 0.98 (0.96 - 1.01) 0.227
RBD
TBI 1.12 (0.23 - 5.42) 0.891
PTSD 5.31(2.12-13.33) <0.003
TBI+PTSD 9.38 (2.94 - 29.86) <0.001
Age 0.97 (0.94 - 0.99) <0.01

TBI = traumatic brain injury; PTSD = posttraumatic stress disorder; TBI +
PTSD = comorbid TBI and PTSD; RSWA = REM sleep without atonia; RBD = REM
sleep behavior disorder.

Conversely, PTSD and TBI + PTSD were positively associated with
Other Parasomnia and RBD, albeit slightly stronger in comorbid
TBI + PTSD subjects. Specifically, PTSD subjects showed 3.13 times
the odds and a 98% increased prevalence ratio (both after age-
adjustment) for Other Parasomnia, and 2.81 times the odds and
a 147% increased prevalence ratio (both after age-adjustment) for
RBD. However, TBI + PTSD subjects showed 3.22 times the odds
and a 104% increased prevalence ratio (both after age-adjustment
for Other Parasomnia; and 3.43 times the odds and a 190% in-
creased prevalence ratio (both after age-adjustment) for RBD.

Multinomial logistic regression

The contribution and significance of TBI and/or PTSD on
predicting sleep parasomnias were further parsed out via multi-
nomial logistic regression (Table 3). These data generally mirror
the prevalence odds ratio and prevalence ratios described
above, highlighting the positive predictive contribution of PTSD
and comorbid TBI + PTSD for both Other Parasomnia and RBD.
Furthermore, age negatively predicted Other Parasomnia and

RBD. Our analytical approach treated TBI, PTSD, and TBI + PTSD
as separate entities, i.e. without statistically assessing the inter-
active effect of TBI and PTSD.

Trauma-associated sleep disorder

Whether n = 34 subjects that met clinical criteria for RBD
showed evidence supporting the presence of TASD was of
particular interest, given the high incidence of neuropsychi-
atric trauma in this population of subjects. Within these RBD
subjects, n = 22 had TBI and/or PTSD and thus, evidence for an
inciting traumatic event. Of these n = 22 subjects with TBI and/or
PTSD and RBD, n = 9 subjects reported evidence of altered dream
mentation related to prior traumatic experience. None of these
n = 9 subjects with TBI and/or PTSD, RBD, and altered dream
mentation showed evidence of autonomic nervous system
hyperarousal coincident with epochs of abnormal REM sleep
EMG activity. In fact, none of the n = 34 RBD subjects showed
evidence of autonomic nervous system hyperarousal coincident
with epochs of abnormal REM sleep EMG activity, which is typ-
ical of RBD. Of note, this was only true after removing epochs
with abnormal REM sleep EMG activity that co-occurred with an
apnea or hypopnea. Indeed, in many epochs with an apnea or
hypopnea, there was clear tachycardia, presumably associated
with the resulting respiratory-related arousal. Epochs with ab-
normal REM sleep EMG activity that did not co-occur with an
apnea or hypopnea were flagged for video review; however, no
evidence of overt dream enactment and/or vocalizations were
observed.

Discussion

The present study describes the crude prevalence rate of RBD
and related parasomnias in Veterans with and without a history
of TBI, PTSD, and co-morbid TBI + PTSD. We report an overall
crude prevalence rate of Other Parasomnia, RSWA, and RBD of
31%, 7%, and 9% out of n = 394 Veterans, respectively, via in-lab
video-polysomnography and self-reported dream enactment.
Subjects with TBI, PTSD, or TBI + PTSD accounted for 57% of the
subjects with Other Parasomnia (69/122), 37% of the subjects
with RSWA (10/27), and 62% of the subjects with RBD (21/34).



Of particular interest was the association between neuropsychi-
atric trauma and RBD, which was strongly associated with both
PTSD and comorbid TBI + PTSD, but not TBI alone. The crude
prevalence of RBD increased from 9% overall, to 15% and 21% in
Veterans with PTSD and TBI + PTSD, respectively. Additionally,
there was ~2.8-3.4 times the odds and an ~200% increase in the
prevalence ratio for RBD in Veterans with PTSD and TBI + PTSD.
Taken together, these data highlight PTSD, with or without
comorbid TBI, as a previously underappreciated significant risk
factor for RBD.

Association between neuropsychiatric trauma
and RBD

PTSD has been suggested to be positively associated with
RBD [24], as well as with general REM sleep disturbances [36],
including motor dysfunction [37]. Interestingly, the neuropath-
ology underpinning PTSD shares common features with RBD,
raising the question as to whether PTSD has a causal role in
the development of RBD, or, if a single pathophysiologic process
generates two clinical entities. Following an inciting traumatic
event, PTSD manifests neurologically via increased norepineph-
rine turnover, eventual norepinephrine depletion in the locus
coeruleus, and progressive locus coeruleus neuronal death
[38]. Indeed, neuroimaging studies have shown that PTSD pa-
tients have 50% fewer locus coeruleus and peri-locus coeruleus
neurons compared with non-PTSD controls [39]. This reduction in
locus coeruleus neuronal activity contributes to disinhibition of
the pedunculopontine nucleus, which not only produces PTSD-
related symptoms [39] but may also be the same neuropathologic
process demonstrated in patients with RBD and in patients with
Parkinson’s disease and dementia with Lewy body diease [40, 41].

In previous work identifying TBI as a potential risk factor for
RBD [23], Verma et al. followed 54 TBI patients in a prospective
cohort design and found n = 13 (24%) to have RBD after a 2 year
period. Although the potential causal relationship between
TBI and RBD remains uncertain, none of the patients from the
Verma et al. study showed RBD upon entry leading to the con-
clusion that head trauma directly or indirectly contributed to
the development of RBD. Of note, PTSD was not diagnostic-
ally assessed or considered as a covariate, yet it was suggested
that posttraumatic anxiety and/or mood disorders were re-
lated to the presence of insomnia complaints and RBD. Our
cross-sectional analysis showed no association between TBI and
RBD or related parasomnias, unless subjects also met diagnostic
criteria for PTSD.

Both TBI and PTSD are associated with subsequent
neurodegeneration and neurologic disease (e.g. Parkinson’s dis-
ease and dementia) [42-44]. Interestingly, few studies attempt
to parse out the relative contribution of TBI and/or PTSD, des-
pite frequently being comorbid. Previous work by our lab has
shown comorbid TBI + PTSD to be a significant predictor of other
common posttraumatic sequela, including sensory sensitivity,
insomnia, gait imbalance, and current pain intensity [25, 26, 45].
These present data lend support that comorbid TBI + PTSD may
similarly potentiate symptomology related to RBD and sleep
parasomnias, given TBI + PTSD was 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%
to 190%). However, PTSD alone was also a significant risk factor
(via logistic regression), and the magnitude of associations was
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not significantly lower than TBI + PTSD. Accordingly, PTSD alone
and TBI + PTSD are largely comparable in their associations with
RBD, whereas TBI alone showed no association, suggesting PTSD
to be the primary driver behind these observations.
Nevertheless, these data do not conclusively support or
refute TBI as an independent risk factor for RBD for several
reasons. First, the sample sizes across trauma groups were nei-
ther equal nor very large, which could have contributed to the
lack of effect seen with TBI. Second, TBI was assessed by a com-
bination of self-report and medical record review, rather than
the gold standard, clinician-administered structured diagnostic
interview for TBI. Third, the average duration post-TBI in the
present data set was ~15 years, which potentially either sup-
ports a noncausal link between TBI and RBD, or suggests that a
longer duration is required for neurological sequela to manifest.

Trauma-associated sleep disorder vs. RBD

TASD is a recently proposed (as of 2014 by Vincent Mysliwiec and
colleagues) [31, 32] phenomenological sleep disorder. Although
TASD by definition meets clinical criteria for RBD (i.e. self or wit-
nessed dream enactment behavior, and polysomnography con-
firmed evidence of RSWA), differentiation comes from several
additional diagnostic criteria not traditionally associated with
RBD (note: AASM diagnostic criteria do not currently distinguish
RBD from TASD). Specifically, TASD is also associated with (1)
an inciting traumatic experience, (2) a history of dream men-
tation related to this prior experience, and (3) evidence of auto-
nomic hyperarousal not due to sleep-disordered breathing [31].
All three additional criteria were assessed, and as described,
no subjects fulfilled all of the necessary diagnostic criteria for
TASD. An inciting traumatic experience determined by a his-
tory of TBI and/or PTSD was present in n = 22 subjects, of which,
n = 9 reported evidence of altered dream mentation related to
prior trauma, and none showed evidence of autonomic nervous
system hyperarousal (assessed by the presence of tachypnea
and/or tachycardia not coincident with an apnea or hypopnea).
Accordingly, subjects generally fulfilled a partial clinical pic-
ture of TASD, while universally lacking the finding of autonomic
nervous system hyperarousal. The presence of diaphoresis was
not assessed, which remains a possible indicator for autonomic
nervous system hyperarousal that could have been present.
Our approach to excluding all respiratory related arousals may
have also been overly conservative, given the potential that dis-
ruptive nocturnal behavior consistent with TASD or RBD may
include changes in respiratory flow signals during REM sleep
unrelated to sleep-disordered breathing. Interestingly, our data
are consistent with a recent case report of a single subject who
also met all of the proposed diagnostic criteria for TASD save for
evidence of autonomic nervous system hyperarousal [46].

Thus, although our cases of idiopathic/isolated RBD do not
appear to be cases of TASD (per the proposed diagnostic cri-
teria), this does not negate the possibility that the two condi-
tions are distinct clinical entities. Furthermore, previous work
has shown that capturing overt dream enactment behavior in
RBD is often very common [47], whereas it is seemingly un-
common in TASD [32]. This anecdotal observation remains
outside of the diagnostic criteria, but would lend support, at a
minimum, that these patients may not have “traditional” RBD
or “traditional” TASD. Clarifying these disorders remains com-
plex given the overlapping of key diagnostic criteria, but the
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possibility remains that TASD and RBD are on the same patho-
logical spectrum of disease. Additional work is needed to better
understand the relationship between TASD and RBD, and to spe-
cifically address whether or not TASD is also associated with an
underlying synucleinopathy as is often the case with idiopathic/
isolated RBD. Specifically, longitudinal follow-up of these 34 pa-
tients and others [46] will add clarity to whether these patients
progress to fulfill all diagnostic criteria for TASD, and/or progress
to demonstrate overt dream enactment reliably on in-lab video
polysomnography.

Rigor/reproducibility, caveats, and limitations

Assessing the presence of RBD in a large sample of subjects is a
substantial undertaking, given the extremely resource intensive
nature of overnight in-lab video-polysomnography. However,
in-lab polysomnography is required to differentiate definite
from probable RBD (e.g. only a self-reported history of dream
enactment without polysomnographic determined RSWA).
Our study, though underpowered to reflect a true epidemio-
logical measure of prevalence, is still one of the largest cohorts
of n = 394 Veterans with in-lab video-polysomnography to date.
Furthermore, the overall crude point prevalence for RBD of 9% in
this study includes a 95% confidence interval of 6.22% to 11.78%
(i.e., precision of 2.78%). Thus, the lower end of 6.22% is still
higher than prior general population estimates. However, one
caveat is that these data are potentially limited in their gener-
alizability beyond the sleep center-referred Veteran population.

Subjects were rigorously assessed for the presence of RSWA
and RBD, and potential confounding issues preemptively minim-
ized. First, all subjects using SSRIs, SNRIs or TCAs (n = 114) were
excluded, given the established association with secondary RBD
[48, 49]. It is still interesting to note that, of the n = 114 subjects
reporting SSRI, SNRI, or TCA usage, n =7 and n = 17 subjects were
categorized as RSWA or RBD, respectively. Of these subjects, 1
of the 7 RSWA and 13 of the 17 RBD subjects reported TBI and/
or PTSD. Therefore, SSRI, SNRI, or TCA usage was only associ-
ated with an increase in RBD, but not RSWA. Inclusion of these
subjects in the overall analyses does not change the 7% preva-
lence of RSWA but does increase the prevalence for RBD to ~10%.
Overall, this finding supports the hypothesis that SSRIs, SNRIs,
or TCAs may unmask RBD. Second, subjects were required to
have >10 epochs of REM sleep, and in fact, ~90% of subjects in
each group had >60 epochs of REM sleep. This mitigates the po-
tential concern that subjects were erroneously categorized due
to a limitation of available REM epochs. Third, due to the estab-
lished association between obstructive sleep apnea and sec-
ondary RBD, RSWA events that coincided with marked snoring
or with an apnea or hypopnea were not included as contributing
toward RSWA or RBD. Additionally, the proportion of subjects
with obstructive sleep apnea across groups was not different,
nor was there a group difference in the primary reason for re-
ferral for sleep testing.

The present study’s cross-sectional design also includes
the inherent issue of antecedent-consequent bias, i.e. whether
trauma exposure preceded, and contributed to, the development
of parasomnias. Resolution of this issue will require a prospective
cohort or other similar experimental design. Nevertheless, in
the present study, subjects with RBD were on average 50 years
of age (range: 27 to 76; n = 18 <50 years of age), and thus, would
be categorized as “early-onset” [50]. This early-onset time course

shows some similarity with antidepressant associated “psychi-
atric RBD.” In both cases, it remains to be fully resolved whether
the neurodegenerative prognosis mirrors that of idiopathic/iso-
lated RBD. Clearly, longitudinal data will be crucial to gaining
clarity on this, and despite an unknown time course, we intend
to follow these subjects long-term.

We report both prevalence odds ratios and prevalence ratios,
which each have their own relative strengths and weaknesses
(discussed in the Results). Although our overall sample size has
n = 394 subjects, we have three experimental “exposed” groups
(i.e. TBI, PTSD, and TBI + PTSD), with four “outcome” groups
(Normal, Other Parasomnia, RSWA, and RBD). The majority of
subjects are “unexposed” (i.e. neither have TBI nor PTSD) and
have Normal sleep (n = 161), thus, some of the remaining com-
parisons have relatively small n’s for traditional analyses per-
taining to prevalence odds ratios and prevalence ratios. For
example, there are an n =5, 3, and 2 for subjects with TBI, PTSD,
and TBI + PTSD, in the RSWA group. These relatively small n’s
are likely contributing to the lack of significant associations, but
additional work is needed for confirmation. Other comparisons
have similarly small n’s, yet remain statistically significant (e.g.
an n = 8 subjects with TBI + PTSD and RBD). In these examples,
the relatively wide 95% confidence intervals reflect potential
imprecision without negating their relative accuracy/statistical
significance.

Conclusion

This study reports an overall crude prevalence rate of 9% for RBD
in sleep center referred Veterans. Within these subjects, a sig-
nificant proportion of subjects reported a history of TBI, PTSD, or
co-morbid TBI + PTSD, which was most prevalent in patients with
RBD. Considering the strong association between idiopathic/iso-
lated RBD and aging-related progressive neurodegeneration,
it remains unclear whether the association between RBD and
TBI/PTSD increases the risk of similar long-term neurologic
sequelae. Future directions will include following the patients
in this study longitudinally and additional work should employ
prospective cohort experimental designs to better describe the
directionality between TBI/PTSD and RBD.
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