Am ] of Geriatric Psychiatry 31:11 (2023) 978—990

Available online at www.sciencedirect.com

ScienceDirect

GERIATRIC
PSYCHIATRY

journal homepage: www.ajgponline.org

Regular Research Article

Post-Traumatic Stress Disorder and
Risk of Degenerative
Synucleinopathies: Systematic
Review and Meta-Analysis

Melissa B. Jones, M.D., Rachel Gates, M.P.A.S., Lakeshia Gibson, M.D.,
Dakota Broadway, M.A., Gursimrat Bbatti, M.B.B.S., Juliann Tea, M.D.,
Ana Guerra, M.P.A.S., Ruosha Li, Ph.D., Beatriz Varman, M.L.L.S., A.H.I.P.,
Mobamed Elammari, M.B.B.S., Ricardo E. Jorge, M.D., Laura Marsh, M.D.

ARTICLE INFO

ABSTRACT

Article bistory:
Received March, 30 2023
Accepted April, 25 2023

Key Words:

Stress disorders, post-traumatic
Parkinson disease
Parkinsonian disorders

Lewy body disease

Objective: A systematic review was conducted to answer whether adult-onset
post-traumatic stress disorder (PTSD) is associated with increased risk of
Parkinson’s disease (PD) and related synucleinopathies. Design: A systematic
search of Medline (Ovid), Embase (Elsevier), Psyclnfo (Ovid), Cochrane Library
(Wiley), and Web of Science (Clarivate) was performed using MeSH headings
and equivalent terms for PTISD, PD, DLB, and related disorders. Setting: No
restrictions. Participants: Eligible articles were publishbed in peer-reviewed
Journals, sampled adult buman populations, and treated PTSD and degenera-
tive  synucleinopathies as exposures and outcomes, respectively.
Measurements: Extracted data included diagnostic methods, sample charac-
teristics, matching procedures, covariates, and effect estimates. Bias assessment
was performed with the Newcastle-Ottawa scale. Hazard ratios were pooled
using the random effects model, and the Hartung-Knapp adjustment was
applied due to the small number of studies. Results: A total of six articles com-
Drising seven unique samples (total n = 1,747,378) met eligibility criteria. The
risk of PD was reported in three retrospective cobort studies and one case-con-
trol study. Risk of DLB was reported in one retrospective cobort, one case-con-
trol, and ome prospective cobort study. No studies addressed potential
relationships with multiple system atrophy or pure autonomic failure. Meta-
analysis of bazard ratios from four retrospective cobort studies supported the
bypotbesis that incident PTSD was associated with PD and DLB risk (pooled HR
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1.88, 95% CI 1.08—3.24; p = 0.035). Conclusions: The sparse literature to-date
supports further investigations on the association of mid- to late-life PTSD with
Parkinson’s and related neurodegenerative disorders. (Am J Geriatr Psychiatry

2023; 31:978—990)

Highlights

¢ What is the main finding of this study?

¢ What is the meaning of the finding?

that risk.

® What is the primary question addressed by this study?
In previous research studies, is there evidence of a link between post-traumatic stress disorder (PTSD) and
risk for a subsequent degenerative synucleinopathy, i.e., Parkinson’s disease (PD) and related disorders?

Our systematic literature search identified six articles containing seven unique study samples (total
n = 1,747,378); five of these articles were registry-based. Meta-analysis of hazard ratios (HR) from four retro-
spective cohort studies supported the hypothesis that PTSD was associated with incident Parkinson’s dis-
ease and Lewy body dementia (pooled HR 1.88, 95% C.I. 1.08—3.24; p = 0.035).

This preliminary evidence for an association between adult-onset PTSD and later development of PD and
related degenerative synucleinopathies provides a basis for understanding how presence of certain psychiat-
ric conditions affects risk for neurodegenerative diseases and development of interventions that mitigate

OBJECTIVE

D egenerative synucleinopathies are character-
ized by aggregates of misfolded alpha-synu-
clein in neuronal and/or glial cells of the central and
peripheral nervous systems. Of the primary synuclei-
nopathies, namely Parkinson’s disease (PD), demen-
tia with Lewy bodies (DLB), multiple system atrophy
(MSA), and pure autonomic failure, PD is the most
common: nearly 10 million people have PD world-
wide, and 90,000 Americans are diagnosed with PD
per year.’l By the year 2030, an estimated 1,238,000
Americans will be living with PD.”> The combined
direct and indirect costs of PD in the United States is
$52 billion per year, which includes lost income, social
security payments, and treatment.’

As current treatments for PD and related disorders are
symptomatic, recent research is also focused on strate-
gies to prevent disease onset or slow its progression.”* A
critical first step in development of neuro-protective or
preventive interventions is identification of at-risk, pre-
clinical individuals, or individuals with early prodromal
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motor or non-motor features; these individuals would
benefit most from these interventions.

It is widely recognized that depressive and anxiety
disorders can manifest prior to the onset of PD motor
phenomena and the diagnosis of PD. Occurrence of
depression was shown to increase risk of a future PD
diagnosis in several large epidemiological studies,
with odds ratios ranging from 1.2 to 3.2.” Anxiety dis-
orders, while relatively less studied, are also impli-
cated as potential risk or prodromal markers.” The
Movement Disorder Society Research Criteria for Pro-
dromal PD recognizes depressive disturbances, with
or without an accompanying anxiety condition, as
prodromal markers of PD, albeit with a relatively low
positive likelihood ratio of 1.6.°

More recently, post-traumatic stress disorder (PTSD)
has emerged as a psychiatric syndrome potentially
related to PD and neurodegenerative dementias.””
Recent studies linked PTSD to rapid eye movement
sleep disorder, one of the strongest prodromal markers
of degenerative synucleinopathies.'”'" Previous sys-
tematic reviews reported associations with PTSD and
elevated risks of all-cause dementias.”'*"” Clarity on
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the relationship of PTSD to emergence of specific clini-
copathological entities, as opposed to all-cause neuro-
degenerative disorders, is needed to develop
preventive or disease modifying interventions.

Examination of PTSD as an early prodromal feature
of degenerative synucleinopathies and its treatment as
a potentially modifiable risk factor is of special interest
to United States (US) veterans and the veterans affairs
(VA) healthcare system. PTSD is highly prevalent
among US Veterans: 10.2% of men and 15.5% of
women veterans seeking VA care are diagnosed with
PTSD.'* Estimated rates are even higher in Operation
Enduring Freedom/Operation Iragqi Freedom (OEF/
OIF veterans, in whom reported prevalence of PTSD is
23%."” As those Veterans of recent tours age, there is a
parallel increase in their risk of synucleinopathies and
indications for preventive interventions.

This systematic review of the available literature
examined the evidence for an association between
PTSD and subsequent risk of PD and related disor-
ders. Synucleinopathies other than PD (e.g., DLB and
MSA) were included in this search to address whether
PTSD is associated with alpha-synuclein phenotypes.
We hypothesized that PTSD in adult military and
civiian samples would be associated with an
increased risk of PD and related disorders compared
to individuals without PTSD.

METHODS

This systematic review was registered at PROS-
PERO (CRD42021267547). Methods followed the Pre-
ferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 statement.'®

Data Sources and Search Strategy

A literature search of Medline (Ovid) was con-
ducted by a professional research librarian on PTSD
and PD using MeSH headings ("Trauma and Stressor
Related Disorders" and Parkinsonian Disorders) as
well as equivalent keywords and phrases and trun-
cated terms (trauma stress related disorders, adjust-
ment disorders, psychological trauma, temporary
association, PTSD, PTSD, post-traumatic neurosis,
combat neurosis, combat disorder, shell shock, war
neurosis, combat stress disorder, delayed onset PTSD,
acute and chronic PTSD, intergenerational and
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transgenerational trauma, historical trauma, moral inju-
ries, and sexual trauma. Parkinson, Parkinson disease,
Parkinson disorders, Lewy body, multiple system atro-
phy, synucleinopathy, alpha synucleinopathy, and idi-
opathic Parkinson disease).

The exact strategy appears in the Appendix. The
search strategy was then translated from Medline
(Ovid) to Embase (Elsevier), PsycInfo (Ovid), Cochrane
Library (Wiley), and Web of Science (Clarivate).

The initial search was conducted in February 2021.
A total of 1,690 citations were identified on the subject
matter in all the databases. The citations were com-
bined into an EndNote Library and de-duplicated
among themselves. A total of 1,117 unique citations
were identified. All studies were included. There
were no limits to the search.

The searches were updated on October 20, 2022.
The search strategies were the same except for the
limit to 2021-present. A total of 368 citations were
identified on the subject matter in all the databases.
The citations were combined into an EndNote Library
and de-duplicated among themselves. A total of 248
unique citations were identified.

The titles and abstracts of these citations were
screened by two independent reviewers (M], RG, JT,
DB, LG, ME, GB, AG) and disagreements resolved by
a separate independent reviewer (M] or LG). If inclu-
sion criteria were not clear from the title or abstract,
the article was included for full text review. In addi-
tion, the bibliographies of pertinent reviews and
included full texts were hand-searched by two inde-
pendent reviewers (M] and RG) and added to full text
review. Full texts were then screened by two indepen-
dent reviewers (MJ, JT, RG, DB, LG, ME, GB, AG) and
conflicts resolved by a second independent reviewer
M], RG, LG, LM).

Study Selection

Studies met the following inclusion criteria: 1) writ-
ten in English; 2) retrievable as full texts; 3) peer-
reviewed, primary research articles (although reviews
were searched for pertinent citations); 4) human stud-
ies only; 5) adult subjects at time of study entry; 6) pro-
spective cohort, retrospective cohort, case-control, case-
series, and clinical trial study designs; 7) assessed for
the presence or absence of PTSD via diagnostic inter-
views, symptom severity scales, established clinical cri-
teria, or medical database codes; 7) assessed for the
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presence or absence of degenerative synucleinopathies
(PD, DLB, MSA, pure autonomic failure) via estab-
lished diagnostic criteria (e.g., UK Brain Bank criteria
for PD)"” or medical database code.

Exclusion criteria were the following: 1) animal
studies; 2) child populations; 3) not written in English;
4) poster abstracts; 5) not published in peer-reviewed
journal; 6) not original research; 7) case reports; 8) did
not assess for PTSD exposures, or only assessed emo-
tional traumas or adjustment disorders; 9) lacked
degenerative synucleinopathies as an outcome, or
identified only as a formes fruste degenerative synu-
cleinopathy, for example, rapid eye movement sleep
behavior disorder, parkinsonism from other causes,
or behavioral manifestations of dementia.

Data Extraction

Data was extracted by two reviewers indepen-
dently (RG, JT, DB, LG, ME, GB, AG) and conflicts
resolved by a third independent reviewer (M]).
Extracted data included 1) study author, year, and
country; 2) study design; 3) participant characteristics
(e.g., age, medical and psychiatric comorbidities); 4)
method of PTSD ascertainment; 5) method of degen-
erative synucleinopathy ascertainment; 6) duration of
study follow up; 7) matching procedures and covari-
ates (when present); and 8) pertinent results.

The evaluation of study quality was performed
with the Newcastle-Ottawa Scale for cohort and case
control studies.'® This scale assesses risk-of-bias in
three domains: 1) methods of group selection (up to 4
stars); 2) comparability of study groups (up to 2 stars);
and 3) quality of exposure or outcome ascertainment
(up to 3 stars). Possible scores range from 0 to 9 stars,
with higher scores indicating less bias. Quality assess-
ment was performed by two independent reviewers
(RG, JT, DB, LG, ME, GB, AG), and conflicts resolved
by a third independent reviewer (M]).

Meta-Analysis

A meta-analysis for studies reporting hazard ratio
(HR) of PD and related disorders via time-to-event
analyses was conducted using the Meta package
meta-analysis tool'” in R software (version 4.1.0).*°
The generic inverse-variance method was used to esti-
mate pooled HR. The random effects model was cho-
sen to account for the high heterogeneity inherent to
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observational studies.”’ The restricted maximum like-
lihood estimator was used to calculate the between-
study variance t>. The Hartung-Knapp adjustment
for random effects models was applied due to the
small number of studies.””** Between-study heteroge-
neity was assessed with the Cochrane’s Q test and I?
statistic. A Q test p-value <0.1 or I? statistic greater
than 50% indicated high heterogeneity between stud-
ies. A p value <0.05 was considered statistically sig-
nificant for all other analyses.

RESULTS
Study Selection

The initial database search identified 1,117 unique
abstracts, 94 of which were selected for full text
review. An additional 18 citations were identified via
hand-searching of full texts and pertinent review
articles. These 112 full texts yielded five articles meet-
ing full inclusion and exclusion criteria (see PRISMA
diagram in Fig. 1). An updated database search iden-
tified 248 new abstracts, 17 of which were selected for
full text review. The review of these and two addi-
tional full texts identified by hand-searching yielded
one additional study (see PRISMA diagram in Fig. 2).
In total, six articles comprising seven unique study
samples met all inclusion/exclusion criteria.

Four articles initially appeared to meet inclusion
criteria but were ultimately excluded. Two retrospec-
tive cohort, VA registry-based studies investigated
poor sleep quality and traumatic brain injury as risk
factors for PD and DLB, respec’cively.”’25 However,
the primary analyses in these studies adjusted for
PTSD, along with several other covariates. Thus, a
specific contribution of PTSD to PD and DLB risk
could not be extracted from these studies. We consid-
ered another registry-based, retrospective cohort
study that assessed risk of PD associated with adjust-
ment disorders.”” However, PTSD diagnosis requires
exposure to a traumatic, not necessarily stressful, life
event, and manifests with unique symptom clusters
(e.g., re-experiencing, hyperarousal) from adjustment
disorders. Finally, we excluded one small (n = 16)
case control study that assessed an association
between PTSD and trauma re-enactment behaviors,
but not DLB diagnosis, in Veterans with dementia.””

981

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Post-Traumatic Stress Disorder and Risk of Degenerative Synucleinopatbies:

FIGURE 1. PRISMA diagram of original search.
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*Total number accounts for 18 additional citations identified from hand-searching of pertinent reviews and included full texts. PTSD: post-trau-
matic stress disorder.

Study Characteristics cohort studies comparing rates of incident PD** ™ or
DLB” in subjects with versus without PTSD. Another
. ) registry-based, case-control study by White et al.” com-
Table 1. There were four registry-based, retrospective pared odds of PD in Veterans with or without PTSD.

Characteristics of included studies are shown in
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FIGURE 2. PRISMA diagram of updated search.
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3
1.7 com-

The remaining article by Bonanni et a
prised two study designs: 1) a case-control arm (Arm
1) comparing proportions of PTSD exposures in sub-
jects with dementia, and 2) a prospective cohort arm
(Arm 2) reporting incident dementia diagnoses in
patients with PTSD. We did not identify any articles
that examined the risk of MSA or pure autonomic

failure.

Am J Geriatr Psychiatry 31:11, November 2023

In five of six articles (five of seven samples), PTSD
diagnosis was ascertained via diagnostic codes from
clinical records. In Arms 1 and 2 of Bonanni et al.,*”
on the other hand, PTSD was diagnosed via Diagnos-
tic and Statistical Manual of Mental Disorder, 4th ed.
(DSM-1V) criteria®™ and the Clinician Administered
PTSD Scale as defined by DSM-IV (CAPS-IV).** Of
note, CAPS-IV total scores reported in Arm 1 were
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TABLE 1. Study Characteristics
Age for
Synuclein Inclusion Matching Primary
Study Design Region Source Type (yrs) [Ratio] PTSD Method Synuclein Method Outcome
Yaffe’! RC Us VA DLB >55 PTSD(@): randomly >2 ICD-9 codes ICD-9 code (331.82) All-cause
Database selected (309.81) for PTSD for DLB dementia
[3:1]
Chan”’ RC Taiwan National Health PD >45 PTSD(): age, sex, ICD-9 code (309.81) ICD-9 (332.0) code Incident PD
Insurance time enrolled; [4:1] for PTSD by board- for paralysis agi-
Research certified tans by board-certi-
Database psychiatrist fied neurologist
Song™’ RC Sweden  Swedish National = PD >40 at study SRD(): birth yr and Swedish Revisions of ~ Swedish revisions of Incident neuro-
Patient Register end county, sex [10:1] ICD-9 (309B) and ICD-9 (332A) and deg. disease
ICD-10 (F43.1) ICD-10 (G20) (any)
codes for PTSD codes for PD
Barer™® RC Israel Maccabi Health PD >49 PTSD(): exact birth ICD-9 code (309.81) ICD-9 codes (332, Incident PD
Care Services year, sex [1:1] for PTSD by MH 332.0) for PD by
Database specialists, hospital neurologist, hospi-
DC, or chronic tal DC, or chronic
PCP diagnosis PCP diagnosis
White” CC Us VA PD >30 PD(): time enrolled, > 1 ICD-9 code >2 ICD-9 codes Associations
Databases 5-year birth group, (309.81) for PTSD (332.0) for PD among PTSD,
gender [4:1] within 3-year TBI, and PD
period
Bonanni’*Arm 1 CC Italy Dementia tertiary  DLB None None Clinician interviews; Criteria per 2005 Proportion of
clinic medical records; Consortium on PTSD per
DSM-1V; CAPSIV DLB; imaging; neu- dementia
ropsych; CSF subtype
Bonanni’> Arm2 PC Italy Clinic patients DLB None None DSM-IV; CAPSIV (M Regularly followed in  Incident demen-
score 9.3 +/- SD tertiary dementia tia subtypes
2.2) clinic

Abbreviations (from left to right): Yrs = years; RC = retrospective cohort; US = United States; VA = Veterans Affairs; DLB = dementia with Lewy bodies; PTSD = post-traumatic stress disor-

der; ICD-9 = International Classification of Diseases, 9

th

edition, Clinical Modification; PD = Parkinson’s disease; SRD = stress-related disorders; ICD-10 = International Classification of Dis-

eases, 10" edition; neurodeg. = neurodegenerative; DC = discharge; PCP = primary care provider; CC = case-control; TBI = traumatic brain injury; DSM-IV = Diagnostic and Statistical Manual
of Mental Disorders, 4th edition; CAPS-IV = Clinician Administered PTSD Scale for the DSM-IV; CSF = cerebrospinal fluid; PC = prospective cohort; M = mean; SD = standard deviation.
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below the recommended threshold for PTSD diagno-
sis (mean score 9.3, standard deviation 2.2).

Degenerative  synucleinopathy  ascertainment
methods were also dependent on diagnostic codes in
five of six articles. Bonanni et al. ascertained dementia
subtypes using standardized diagnostic criteria, neu-
ropsychological assessments, neuroimaging, and
cerebrospinal fluid markers. Degenerative synuclei-
nopathies were the primary outcomes in three of
seven study samples.

The two VA registry-based studies were over 95%
male. The studies otherwise differed in terms of age
restrictions for inclusion and duration of follow-up,
although incident PTSD diagnoses occurred in mid to
late life. Types of trauma exposures, when reported,
varied among studies and individual samples
(Table 1).

Summary of Individual Studies

Table 2 depicts pertinent findings regarding an
association between PTSD and degenerative synuclei-
nopathies. Positive associations between PTSD and
PD*** and DLB’' were reported in three of four reg-
istry-based, retrospective cohort studies. The addi-
tional registry-based, case-control study by White
et al.” reported a positive association between PTSD
and risk of PD. Arms 1 and 2 of Bonanni et al.”?)
reported an association between PTSD and fronto-
temporal dementia spectrum disorders.

Bias Assessment

Table 3 shows results of the Newcastle-Ottawa
scale'® for cohort and case-control studies. Follow-up
durations in three of the four registry-based, retro-
spective cohort studies were insufficient to detect inci-
dent synucleinopathies. Arms 1 and 2 of Bonanni
et al.”* were most at risk of bias due to unclear recruit-
ment methods and inclusion/exclusion criteria. Spe-
cifically, Arm 1 did not have a comparator group; no
drop-out rates were reported for Arm 2; and analyses
of both arms lacked adjustments for confounders.

Meta-Analysis of Retrospective Cohort Studies

To further test the hypothesis that PTSD is associ-
ated with increased risk of PD and related disorders,
the Meta package tool was used to pool the results of

Am J Geriatr Psychiatry 31:11, November 2023

Jones et al.

available studies reporting time-to-event data. Four
retrospective cohort studies reported HR and were
included for meta-analysis.”*>" A forest plot of indi-
vidual study estimates and confidence intervals is
shown in Figure 3. The individual analysis of the
pooled studies yielded a weight of 38.8 %,”" 14.2%,*
11.7%, and 35.2%, respectively.

As hypothesized, PTSD was positively correlated
with an increased risk of degenerative synucleinopa-
thies (HR 1.88, 95% C.I. 1.08-3.24; p = 0.035). The
degree of statistical heterogeneity among studies was
high (I* = 54%, 95% C.I. 0%—85%; Q = 6.51, df = 3,
p =0.09). Due to the small number of studies and out-
comes, additional analyses examining for sources of
bias could not be performed. An exploratory assess-
ment for funnel plot asymmetry is presented in the
Appendix.”

CONCLUSIONS

This systematic review investigated the potential
association of PTSD with PD and related synucleino-
pathies. Our literature search identified seven unique
samples from six articles (total n = 1,747,378). The
association of PTSD with PD risk was investigated in
three retrospective cohort studies and 1 case control
study. The association of PTSD with DLB was exam-
ined in one retrospective cohort, one case control, and
one prospective cohort study; the latter two samples
were derived from the same article. Meta-analysis of
the four retrospective cohort studies reporting time-
to-event data provides initial support for our hypoth-
esis that the relative risk of degenerative synucleino-
pathies is higher in individuals with versus without
PTSD (HR 1.88,95% C.I. 1.08—3.24; p = 0.035).

Taken together, the limited extant literature indi-
cates a need for further research on mid- to late-life
PTSD as a risk factor or prodromal manifestation of
degenerative synucleinopathies. This review also
exposed gaps in the existing literature that warrant
attention in future investigations. For one, PTSD and
synucleinopathy diagnostic methods depended pri-
marily on database codes.”®*" Although PTSD and
DLB were diagnosed clinically in the samples derived
from Bonanni et al.,”” methodological issues damp-
ened the conclusiveness of their findings. In addition,
longitudinal follow-up of subjects in the four cohort
studies available on this topic concluded before all
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TABLE 2. Sample Characteristics and Pertinent Findings
Age (yrs) PTSD Synuclein Results
Study M +/-SD Follow-up (yrs) Total (n) Female (%) +(n) +(n) Covariates (95% C.1.)
Yaffe®! PTSD(+): MD 7.2, 181,093 PTSD(+): 2.2 53,155 356 Sex, race/ethnicity, education, aHR = 2.05 (1.59-
66.2 +/-9.0 range 0.1-7.4 PTSD(): 4.0 income, HTN, DM, MI, cerebVD, 2.62)
PTSD(): cancer, alcohol / substances,
69.9 +/-8.2 tobacco, depression, head injury
Chan 2017 PTSD(+): <9 7280 PTSD(+): 76 1456 60 Age, sex, urbanization, income, aHR = 3.46
55.69 +/-8.72 PTSD(): 76 depression, HTN, dyslipid, DM, (1.72-6.96)
PTSD(): cerebVD, TBI, epilepsy, migraine
55.68 +/-8.71
Song™’ SRD(+): MD 4.7 657,083 SRD(+): 60.6 3743 75 Education, income, marital status, aHR = 1.35 (0.61-
MD 47, IQR 41-56 IQR 2.1-9.8 SRD(): 60.6 psych history (any, depression, 2.99)
SRD(): anxiety, substance use), family
MD 48, IQR 41-56 history of neurodeg.
Barer™® PTSD(+): PTSD(+): 16,672 PTSD(+): 48.4 8336 196 age, sex, SES, smoking status, Holo- aHR = 1.48
55.8 +/-13.2 M 10.4 +/-SD 4.7 PTSD(): 48.4 caust or terror attack survivor, (1.10-1.99)
PTSD(): PTSD(): HTN, depression, migraine, TBI
55.8 +/-13.2 M 10.2 +/-SD 4.8
White’ 75.0 +/-9.4 Not stated 884,355 1.4 47,898 176,871 Race cOR =271
(2.66-2.77)
Bonanni’* Arm 1 DLB: 74.2, SE0.3 <10 yrs before 849 LBD: 35 38 207 None PTSD%
AD: 72.5,SE0.2 dementia AD: 65 FTD > DLB
FTD: 60.6, SE 0.5 FID: 51 (x2=6, p=0.02)
VaD: 82.4, SE 0.5 VaD: 49
Bonann’? Arm 2 65 +/-4.3 M7.2+/-SD1.2 46 46 46 1 None DLB n=1, AD n=1,

svFTD n=6

Abbreviations (from left to right): M = mean; SD = standard deviation; yrs = years; PTSD = post-traumatic stress disorder; HTN = hypertension; DM = diabetes; MI = myocardial infarction;
cerebVD = cerebrovascular disease; aHR = adjusted hazard ratio; C.I. = confidence interval; dyslipid = dyslipidemia; TBI = traumatic brain injury; SRD = stress-related disorders;
MD = median; IQR = interquartile range; neurodeg. = neurodegenerative disease; SES = socioeconomic status; cOR = conditional odds ratio; DLB = dementia with Lewy Bodies;
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participants were above the age of 65 years, and only
two of those studies included degenerative synuclei-
nopathies as a primary outcome. Thus, the aggregate
number of degenerative synucleinopathy outcomes
(n = 687) was comparatively less than the total num-
ber of subjects recruited (n = 862,128) in the meta-ana-
lyzed  studies. Furthermore, the identified
investigations of PTSD did not include less prevalent
synucleinopathies (e.g., MSA and pure autonomic
failure). Ideally, future cohort studies will include
standardized assessments for PTSD and prodromal
or manifest alpha-synucleinopathies.

The inclusion criteria in this study focused on
PTSD and degenerative synucleinopathies in order to
guide subsequent research on potential mechanisms
linking these disorders. For example, shared risk may
co-locate to genes that encode for proteins involved in
dopamine neurotransmission (e.g., DRD2 and
SLC6A), mitophagy and programmed cell death
(PARK?2), and protein aggregation (FKB506 binding
proteins genes).” ** Cell-to-cell propagation of
alpha-synuclein may be stimulated by pro-inflamma-
tory cytokines that are elevated in individuals with
PTSD.*~* Investigations of the relationship between
PTSD and degenerative synucleinopathies would also
inform mechanisms linking PTSD, as a neuropsychi-
atric syndrome, to rapid eye movement sleep
disorder.'*""

Several questions regarding PTSD and its associa-
tion with degenerative synucleinopathies remain
unanswered by this review and the scant amount of
literature. Future studies are needed to confirm our
findings and investigate whether certain comorbid-
ities, such as exposures to traumatic brain injury
(TBI)’ or insomnia,” confound the association
between PTSD and degenerative synucleinopathies.
Future work will need to clarify whether PTSD and
risk of degenerative synucleinopathies is distinct
from that impact of other emotional disorders™ and
associations with other age-related dementias.”'*”'
Finally, examination is needed on the impact of sam-
ple characteristics (e.g., veterans),” age of PTSD onset,
and PTSD symptom clusters on relative risk.

The limitations of this review provide additional
context for interpretation of the findings. The pre-
dominance of observational and database studies pre-
vents assumptions about causation and diagnostic
accuracy, respectively. As is typical for meta-analyses
of observational studies,””'””" heterogeneity in our
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Post-Traumatic Stress Disorder and Risk of Degenerative Synucleinopatbies:

FIGURE 3. Forest plot of effect sizes and confidence intervals of pooled studies reporting time-to-event data.
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Yaffe et al. 2010

Chan et al. 2017
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Cl: confidence interval, RE: random effects, HR: hazard ratio, Q: Cochrane’s Q, df: degrees freedom.

meta-analysis was significant. Different population
risks for PD and DLB may contribute, in part, to this
heterogeneity.”> However, the small number of stud-
ies precluded additional statistical analyses and high-
lights a need for future studies on this topic.

In conclusion, the small number of studies-to-date
provide preliminary evidence of an association
between mid- to late-life onset PTSD and subsequent
development of PD and related neurodegenerative
synucleinopathies. Prospective cohort studies that
incorporate standardized neuropsychiatric assess-
ments, examinations for prodromal and manifest syn-
ucleinopathies, and sufficient follow-up durations are
needed to confirm these initial findings.

AUTHOR CONTRIBUTIONS

M]J contributed to the study conception and design, data
collection, data analysis, and writing of the manuscript;
LG, RG, and LM contributed to study conception and
design, data collection, and writing of the manuscript; DB,
GB, AG, T, and ME, contributed to data collection and
writing of the manuscript; BV contributed to data

988

collection and writing of the manuscript; R] and RL con-
tributed to data analysis and writing of the manuscript.

DATA STATEMENT

The data has not been previously presented orally or by
poster at scientific meetings.

The contents do not represent the views of the U.S.
Department of Veterans Affairs or the United States Gov-
ernment.

DISCLOSURES

Melissa B. Jones, Ricardo E. Jorge, and Ruosha Li, are
pending study drug support for a VA CSR&D investigator-
initiated  trial (VA Career Development Award #
IK2CX002363-01A1) from Acadia Pharmaceuticals. Ricardo
E. Jorge and Ruosha Li receive study drug support for an
investigator-initiated trial (DoD Award # W81XWH-21-1-
0450) from Pfizer Pharmaceuticals. Ricardo E. Jorge receives
study drug support for a VA Cooperative Studies Program
trial (CSP 2018) from Pfizer Pharmaceuticals. Laura Marsh,

Am J Geriatr Psychiatry 31:11, November 2023

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



receives study drug support for a VA Cooperative Studies
Program trial (CSP 2015) from Acadia Pharmaceuticals.
The other authors have no conflicts of interest to disclose.

This work was supported by the Center for Alzheimer’s

and Neurodegenerative Diseases at Baylor College of Medi-
cine; Career Development Award # IK2CX002363-01A1
from the U.S. Department of Veterans Affairs Clinical Sci-
ence Research and Development (CSR&ED) Service; the
Translational Research Center for TBI and Stress Disor-

ders (TRACTS) (B9268-X) from the U.S. Department of

10.

11.

12.

13.

14.

15.

References

Parkinson’s Foundation: Statistics [Parkinson’s Foundation Web
site]. Available at: https://www.parkinson.org/understanding-
parkinsons/statistics. Accessed February 23, 2023.

Marras C, Beck JC, Bower JH, et al: Prevalence of Parkinson’s dis-
ease across North America. NPJ Parkinsons Dis 2018; 4:21
Arnaldi D, Chincarini A, Hu MT, et al: Dopaminergic imaging and
clinical predictors for phenoconversion of REM sleep behaviour
disorder. Brain 2021; 144:278-287

Berg D, Postuma RB, Adler CH, et al: MDS research criteria for
prodromal Parkinson’s disease. Mov Disord 2015; 30:1600-1611
Seritan AL, Rienas C, Duong T, et al: Ages at onset of anxiety and
depressive disorders in Parkinson’s disease. J Neuropsychiatry
Clin Neurosci 2019; 31:346-352

Heinzel S, Berg D, Gasser T, et al: Update of the MDS research cri-
teria for prodromal Parkinson’s disease. Mov Disord 2019;
34:1464-1470

Gunak MM, Billings J, Carratu E, et al: Post-traumatic stress disor-
der as a risk factor for dementia: systematic review and meta-
analysis. Br ] Psychiatry 2020; 217:600-608

Kuring JK, Mathias JL, Ward L: Prevalence of depression, anxiety
and PTSD in people with dementia: a systematic review and
meta-analysis. Neuropsychol Rev 2018; 28:393-416

White DL, Kunik ME, Yu H, et al: Post-traumatic stress disorder is
associated with further increased Parkinson’s disease risk in vet-
erans with traumatic brain injury. Ann Neurol 2020; 88:33-41
Elliott JE, Opel RA, Pleshakov D, et al: Post-traumatic stress disor-
der increases the odds of REM sleep behavior disorder and other
parasomnias in Veterans with and without comorbid traumatic
brain injury. Sleep 2020; 43(3):252237;d0oi:10.1093/sleep/zsz237
Postuma RB: Neuroprotective trials in REM sleep behavior disorder:
the way forward becomes clearer. Neurology 2022; 99:19-25
Desmarais P, Weidman D, Wassef A, et al: The interplay between
post-traumatic stress disorder and dementia: a systematic review.
Am ] Geriatr Psychiatry 2020; 28:48-60

Stafford J, Chung WT, Sommerlad A, Kirkbride JB, Howard R:
Psychiatric disorders and risk of subsequent dementia: sys-
tematic review and meta-analysis of longitudinal studies. Int J
Geriatr Psychiatry 2022; 37(5);doi:10.1002/gps.5711

The Management of Posttraumatic Stress Disorder Work Group:
VA/DOD Clinical Practice Guideline for the Management of Post-
traumatic Stress Disorder and Acute Stress Disorder. Washing-
ton, D.C: Veterans Health Administration and Department of
Defense, 2017 Electronic Version

Fulton JJ, Calhoun PS, Wagner HR, et al: The prevalence of post-
traumatic stress disorder in Operation Enduring Freedom/

Am J Geriatr Psychiatry 31:11, November 2023

Jomnes et al.

Veterans Affairs Rehabilitation Research and Development
(RR&D) service, and the Mental Health Care Line at the
Michael E. DeBakey Veterans Affairs Medical Center.

SUPPLEMENTARY MATERIALS

Supplementary material associated with this article

can be found, in the online version, at https://doi.
org/10.1016/j.jagp.2023.04.016.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Operation Iraqi Freedom (OEF/OIF) Veterans: a meta-analysis. J
Anxiety Disord 2015; 31:98-107

Page MJ, McKenzie JE, Bossuyt PM, et al: The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews.
BMJ 2021; 372:n71

Hughes AJ, Daniel SE, Kilford L, et al: Accuracy of clinical
diagnosis of idiopathic Parkinson’s disease: a clinico-patho-
logical study of 100 cases. J Neurol Neurosurg Psychiatry
1992; 55:181-184

GA Wells BS, D O’Connell, J Peterson, et al: The Newcastle-
Ottawa Scale (NOS) for assessing the quality of nonrando-
mised studies in meta-analyses [Ottowa Hospital Research
Institute Web site]. 2021. Available at: https://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp. Accessed Febru-
ary 21, 2023.

Balduzzi S, Rucker G, Schwarzer G: How to perform a meta-anal-
ysis with R: a practical tutorial. Evid Based Ment Health 2019;
22:153-160

R Core Team: R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical Com-
puting, 2021. Available at: https://www.R-project.org/

Metelli S, Chaimani A: Challenges in meta-analyses with observa-
tional studies. Evid Based Ment Health 2020; 23:83-87

IntHout J, Ioannidis JP, Borm GF: The Hartung-Knapp-Sidik-Jonk-
man method for random effects meta-analysis is straightforward
and considerably outperforms the standard DerSimonian-Laird
method. BMC Med Res Methodol 2014; 14:25

Hartung J, Knapp G: A refined method for the meta-analysis of
controlled clinical trials with binary outcome. Stat Med 2001;
20:3875-3889

Gardner RC, Byers AL, Barnes DE, et al: Mild TBI and risk of Par-
kinson disease: a chronic effects of Neurotrauma Consortium
Study. Neurology 2018; 90:e1771-e1779

Yaffe K, Nettiksimmons J, Yesavage J, et al: Sleep quality and risk
of dementia among older male Veterans. Am J Geriatr Psychiatry
2015; 23:651-654

Svensson E, Farkas DK, Gradus JL, et al: Adjustment disorder
and risk of Parkinson’s disease. Eur J Neurol 2016; 23:751-
756

Dallam DL, Mellman TA, Bhatnagar A, et al: Trauma reenact-
ments in aging Veterans with dementia. J] Am Geriatr Soc 2011;
59:766-768

Barer Y, Chodick G, Glaser Chodick N, et al: Risk of Parkinson
disease among adults with vs without posttraumatic stress disor-
der. JAMA Netw Open 2022; 5:€2225445

989

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


https://doi.org/10.1016/j.jagp.2023.04.016
https://doi.org/10.1016/j.jagp.2023.04.016
https://www.parkinson.org/understanding-parkinsons/statistics
https://www.parkinson.org/understanding-parkinsons/statistics
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0002
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0003
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0004
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0004
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0004
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0005
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0006
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0007
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0007
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0007
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0008
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0009
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0009
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0009
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0009
https://doi.org/10.1093/sleep/zsz237
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0011
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0011
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0012
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0012
https://doi.org/10.1002/gps.5711
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0014
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0015
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0016
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0017
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0017
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0019
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0019
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0019
https://www.R-project.org/
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0021
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0021
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0022
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0023
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0024
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0025
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0026
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0027
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0027
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0027
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0028
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0028

Post-Traumatic Stress Disorder and Risk of Degenerative Synucleinopathies:

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

990

Chan YE, Bai YM, Hsu JW, et al: Post-traumatic stress disorder
and risk of Parkinson disease: a nationwide longitudinal study.
Am J Geriatr Psychiatry 2017; 25:917-923

Song H, Sieurin J, Wirdefeldt K, et al: Association of stress-related
disorders with subsequent neurodegenerative diseases. JAMA
Neurol 2020; 77:700-709

Yaffe K, Vittinghoff E, Lindquist K, et al: Posttraumatic stress dis-
order and risk of dementia among US Veterans. Arch Gen Psychi-
atry 2010; 67:608-613

Bonanni L, Franciotti R, Martinotti G, et al: Post traumatic stress
disorder heralding the onset of semantic frontotemporal demen-
tia. J Alzheimers Dis 2018; 63:203-215

First M, Spitzer R, Gibbon M, et al: Structured Clinical Interview
for DSM-IV-TR Axis I Disorders, Research Version, Non-patient
Edition (SCID-I/NP). New York: New York State Psychiatric Insti-
tute, 2002

Blake DD, Weathers FW, Nagy LM, et al: The development of a cli-
nician-administered PTSD Scale. J Trauma Stress 1995; 8:75-90
Sterne JA, Sutton AJ, Ioannidis JP, et al: Recommendations for
examining and interpreting funnel plot asymmetry in meta-analy-
ses of randomised controlled trials. BMJ 2011; 343:d4002
Nievergelt CM, Maihofer AX, Klengel T, et al: International meta-
analysis of PTSD genome-wide association studies identifies sex-
and ancestry-specific genetic risk loci. Nat Commun 2019;
10:4558

Konovalova EV, Lopacheva OM, Grivennikov IA, et al: Mutations
in the Parkinson’s disease-associated PARK2 gene are accompa-
nied by imbalance in programmed cell death systems. Acta
Naturae 2015; 7:146-149

Comings DE, Muhleman D, Gysin R: Dopamine D2 receptor
(DRD2) gene and susceptibility to posttraumatic stress disorder:
a study and replication. Biol Psychiatry 1996; 40:368-372

Nanko S, Ueki A, Hattori M, et al: No allelic association between
Parkinson’s disease and dopamine D2, D3, and D4 receptor gene
polymorphisms. Am ] Med Genet 1994; 54:361-364

Pastor P, Munoz E, Obach V, et al: Dopamine receptor D2
intronic polymorphism in patients with Parkinson’s disease.
Neurosci Lett 1999; 273:151-154

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Chambraud B, Byrne C, Meduri G, et al: FKBP52 in neuronal sig-
naling and neurodegenerative diseases: a microtubule story. Int J
Mol Sci 2022; 23

Caraveo G, Soste M, Cappelleti V, et al: FKBP12 contributes to
a-synuclein toxicity by regulating the calcineurin-dependent
phosphoproteome. Proc Natl Acad Sci U S A 2017; 114:E11313-
€11322

Honjo Y, Ayaki T, Horibe T, et al: FKBP12-immunopositive inclu-
sions in patients with a-synucleinopathies. Brain Res 2018;
1680:39-45

Zhai D, Li S, Zhao Y, et al: SLC6AS3 is a risk factor for Parkinson’s
disease: a meta-analysis of sixteen years’ studies. Neurosci Lett
2014; 564:99-104

Tucker P, Ruwe WD, Masters B, et al: Neuroimmune and cortisol
changes in selective serotonin reuptake inhibitor and placebo
treatment of chronic posttraumatic stress disorder. Biol Psychia-
try 2004; 56:121-128

Spivak B, Shohat B, Mester R, et al: Elevated levels of serum inter-
leukin-1 beta in combat-related posttraumatic stress disorder.
Biol Psychiatry 1997; 42:345-348

Maes M, Lin AH, Delmeire L, et al: Elevated serum interleukin-6
(IL-6) and IL-6 receptor concentrations in posttraumatic stress
disorder following accidental man-made traumatic events. Biol
Psychiatry 1999; 45:833-839

von Kianel R, Hepp U, Kraemer B, et al: Evidence for low-grade
systemic proinflaimmatory activity in patients with posttraumatic
stress disorder. J Psychiatr Res 2007; 41:744-752

Kim TK, Bae EJ, Jung BC, et al: Inflammation promotes synu-
cleinopathy propagation. Exp Mol Med 2022; 54:2148-2161
Feemster JC, Steele TA, Palermo KP, et al: Abnormal rapid eye
movement sleep atonia control in chronic post-traumatic stress
disorder. Sleep 2022; 45:zsab259;doi:10.1093/sleep/zsab259
Esterov D, Sperl MA, Hines EA, et al: Association between trau-
matic brain injury and increased risk of stroke: a systematic review
and meta-analysis. ] Head Trauma Rehabil 2023; 38:E44-E55
Jellinger KA, Korczyn AD: Are dementia with Lewy bodies and
Parkinson’s disease dementia the same disease? BMC Med 2018;
16:34

Am J Geriatr Psychiatry 31:11, November 2023

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en noviembre 16, 2023.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0029
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0030
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0031
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0032
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0033
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0034
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0035
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0036
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0037
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0038
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0039
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0040
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0041
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0042
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0043
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0044
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0045
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0046
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0046
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0046
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0047
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0047
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0047
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0047
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0048
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0048
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0048
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0048
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0049
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0049
https://doi.org/10.1093/sleep/zsab259
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0051
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0051
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0051
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0052
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0052
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0052
http://refhub.elsevier.com/S1064-7481(23)00291-9/sbref0052

	Post-Traumatic Stress Disorder and Risk of Degenerative Synucleinopathies: Systematic Review and Meta-Analysis
	OBJECTIVE
	METHODS
	Data Sources and Search Strategy
	Study Selection
	Data Extraction
	Meta-Analysis

	RESULTS
	Study Selection
	Study Characteristics
	Summary of Individual Studies
	Bias Assessment
	Meta-Analysis of Retrospective Cohort Studies

	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	DATA STATEMENT
	DISCLOSURES
	SUPPLEMENTARY MATERIALS
	References



