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Abstract

Objective—To analyze the timeline, prevalence, and survival of REM sleep-behavior disorder in
patients who developed alpha-synucleinopathies: Parkinson disease, dementia with Lewy bodies,
and Parkinson disease dementia compared to age- and sex-matched controls in a population-based
incident-cohort study.

Methods—We used a population-based, 1991-2010 incident-cohort study of alpha-
synucleinopathies. A movement-disorder specialist reviewed medical records to confirm
diagnoses. REM sleep-behavior disorder was diagnosed by reported dream-enactment symptoms
or polysomnography. Probable RBD and polysomnography- confirmed RBD were analyzed
singularly and combined.

Results—Among the 444 incident cases of alpha-synucleinopathy, 86 were clinically diagnosed
with REM sleep-behavior disorder (19.8%) including 30 (35%) by polysomnography and 56(65%)
as probable. Idiopathic REM sleep-behavior-disorder prevalence at alpha-synucleinopathy
diagnosis was 3.4%, increasing to 23.8% after 15 years. Cumulative lifetime incidence was 53
times greater in alpha-synucleinopathies patients than controls (OR=53.1, 95% CI: 13.0- 217.2,
p<.0001), higher in dementia with Lewy bodies than Parkinson’s disease, (OR=2.57, 95% ClI:
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1.50-4.40, p=.0004), and men than women with PD/DLB/PDD (OR = 3.70, 95% CI: 2.07-6.62,
p<.0001) but did not increase mortality risk.

Interpretation—Our cohort had REM sleep-behavior disorder incidence of 3.4%. Overall REM
sleep-behavior disorder increased to 23.8% after 15 years, with overall incidence of 2.5 cases/100
person years. With 53 times greater lifetime incidence in alpha-synucleinopathies patients than
controls, REM sleep-behavior disorder was more likely to develop in dementia with Lewy bodies
than Parkinson’s disease or Parkinson’s disease dementia, and in men than women but did not
increase mortality risk within our cohort.

Introduction

Methods

Rapid eye movement (REM) sleep behavior disorder (RBD) is a parasomnia that has been
strongly associated with alpha-synucleinopathies. RBD has a prevalence of ~1%,1 and a
strong link exists between idiopathic/isolated RBD (iRBD) and Parkinson’s disease (PD),
dementia with Lewy bodies (DLB), Parkinson disease dementia (PDD), and multiple system
atrophy (MSA).2-11 The overall frequency of RBD in PD patients is between 30% and 50%,
and at least 70% of DLB patients develop RBD.12-15 Accordingly, iRBD has been
recognized as a prodromal feature of alpha-synucleinopathies. The risk of phenoconversion
from iRBD to an overt alpha-synucleinopathy is approximately ~7-8% per year,
approaching 35% at 5 years and between 41% to 91% risk following 6 to 15 years.

9,10, 14, 16-20 RBD may even identify a distinct phenotype of PD.21: 22

Despite the large number of studies examining RBD as a risk factor or prodromal
synucleinopathy, few studies have examined the lifelong sequence of RBD, including both
before and after the onset of synucleinopathies. In the current study, we aimed to
characterize the timeline of development, prevalence, and survival of RBD in a lifelong
incident cohort of individuals with alpha-synucleinopathies. We also aim to analyze the
differences between individuals diagnosed with iRBD and secondary RBD and the
differences between probable RBD vs polysomnography confirmed RBD.

Case ascertainment and exclusion criteria

To identify cases of potential alpha-synucleinopathies we used the unique infrastructure of
the Rochester Epidemiology Project (REP) medical records linkage system.23 This system
allows us to study a geographically defined population of Olmsted County, Minnesota, from
January 1, 1991, to December 31, 2010. The REP has a population catchment rate of over
97% of individuals in Olmsted County, and allows us to study lifelong medical histories of
consenting participants from any hospital, private practice, or nursing home within this
county.24 We ascertained potential cases of alpha-synucleinopathies in two phases. During
Phase 1, we searched the indexes of the REP for 38 diagnostic codes indicating potential
parkinsonism, which have been reported elsewhere.2> In a previous study, these codes
completely captured all cases of parkinsonism in this same population, and was designed to
be highly sensitive at the cost of low specificity.2
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During Phase 2 of case ascertainment, a movement disorders specialist (RS) reviewed the
complete medical histories of all individuals who received at least one of the 38 diagnostic
codes during the study period. The movement disorder specialist then defined the type of
alpha-synucleinopathy and the approximate date of onset using specific diagnostic criteria.
21-30 The date of parkinsonism onset was defined as the approximate date of which 1 of the
4 cardinal features of parkinsonism was first indicated in the medical histories of the
patients. Parkinsonism was then defined as the presence of at least two of four cardinal
signs: rest tremor, bradykinesia, rigidity, and impaired postural reflexes. Among the persons
who fulfilled the criteria for parkinsonism, we applied the diagnostic criteria to classify the
type of alpha-synucleinopathy.2> Further details about the case ascertainment of participants
with alpha-synucleinopathies have been reported elsewhere.25 Please see Table 1,29 30
which provides the diagnostic criteria used to define PD, DLB, and PDD. After these two
phases, we identified a total of 448 cases of alpha-synucleinopathies through the REP
medical records-linkage system. When possible, a board-certified neuropathologist reviewed
each available autopsy report to confirm the clinical diagnoses of an alpha-synucleinopathy.
The clinicopathological correspondence and sensitivity for the patients with a clinical
diagnosis of PD was 100%3! and 94.1% for DLB.2> Additionally the positive predictive
value of the clinicopathological correspondence in PD patients was 83.3% (20/24) and
88.9% (16/18) for DLB patients.3! Further details regarding the clinicopathological details
of this cohort have been reported elsewhere.3!

All cases were matched by age (1 year) and sex to an individual living in Olmsted County,
Minnesota, during the study period (1991-2010). Matched controls were free of
parkinsonism prior to the index date (year of parkinsonism onset); however they were not
excluded for having other neurologic diseases. Using the infrastructure of the REP, a list of
all county residents who matched this criterion was created. Controls were then randomly
drawn from this list. Study staff reviewed all potential controls and marked any possible
cases of parkinsonism. These marked controls were then reviewed by a movement disorder
specialist (RS) to exclude the diagnosis of any type of parkinsonism before the index date in
the matched cases. Any case that had a parkinsonism diagnosis on or before the index date
was then included as a case and was replaced by another randomly drawn control.

We then conducted a complete in-depth review of the full medical records of each case and
control. The American Academy of Sleep Medicine International Classification of Sleep
Disorders, 3™ edition, was used for diagnosis of RBD.32 In particular, the following clinical
criterion was used: repeated episodes of sleep-related vocalization and/or complex motor
behaviors. These behaviors must be documented by polysomnography (PSG) to occur
during REM sleep, or based on a clinical history of dream enactment. PSG must
demonstrate REM sleep without atonia, and the disturbance cannot be better explained by
another sleep disorder, mental disorder, medication or substance abuse.32 If REM sleep
without atonia can be explained by the aforementioned variables they were excluded from
the study. If individuals had a clearly described history of sleep-related vocalizations and
complex motor behaviors suggestive of probable dream enactment behavior, but did not
receive a PSG, they were classified as probable RBD (pRBD). The Mayo Sleep
Questionnaire (MSQ) was also used to classify pRBD when available, which has been
shown to have adequate sensitivity and specificity for the diagnosis of RBD especially in an
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aging population.33 The date of RBD symptom onset was abstracted by using the
approximate date of the first symptom of RBD by either using the report of symptom onset
in the medical records, or if unavailable, the date of the first symptom in the medical charts.
Patients were classified as iRBD if the onset and diagnosis of RBD preceded the diagnosis
of an overt alpha-synucleinopathy and could not be further explained by medications or
another medical condition. Finally, patients were classified to have symptomatic RBD if the
clinical diagnosis of RBD followed the onset of other primary symptoms of an overt alpha-
synucleinopathy (i.e., cognitive, motor, or autonomic symptoms occurred before dream
enactment history). Of the 448 identified cases of alpha-synucleinopathy, 4 had case-
matched controls that were missing information regarding sleep disorders. These 4 patients
were removed from analysis, resulting in a study population of 444 alpha-synucleinopathy
patients and 444 age- and sex-matched controls.

Statistical analysis

Continuous features were summarized with medians and interquartile ranges (IQRs);
categorical features were summarized with frequency counts and percentages. Odds ratios
were used to compare the occurrence of RBD between sub-groups. Incidence rates of RBD
per 100 person-years were calculated using the number of incidence cases of RBD divided
by the number of years at risk for the cohort during a given time period. Patients with partial
follow-up within a period are counted proportionally.

The risk of mortality was assessed using two Cox proportional hazards models. The first
model considered the full cohort of alpha-synucleinopathy patients and case-matched
healthy controls, whereas the second model only used the parkinsonism patients. Both
models included a time-dependent covariate for the diagnosis of RBD, created using the
time from parkinsonism onset or control index date to the diagnosis of RBD, or last follow-
up if RBD was never diagnosed. Patients diagnosed with RBD prior to the onset of
parkinsonism or index date were considered to have RBD at time zero. Both models were
adjusted for patient sex, age at onset of parkinsonism or index date, and parkinsonism type.
Age at onset was scaled to 5-year increments.

Standard Protocol Approvals, Registrations, and Patient Consents

The Mayo Clinic and Olmsted Medical Center Institutional Review Boards approved this
study. The participating patients (or their legally authorized representatives) provided
informed written consent for the use of their medical information for research. Further
detailed information about the Olmsted County population is reported elsewhere.23: 24, 34,35
Information about the different types of overt alpha-synucleinopathy and the clinical and
pathological characteristics of this cohort is also reported elsewhere.25: 31, 36

Data Availability Statement

All the relevant data have been shared and published in this article; data regarding case
ascertainment of parkinsonism and methodology on case identification have been previously
published.36
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Demographics, incidence, and prevalence

From January 1, 1991, to December 31, 2010, there were 444 incident cases of overt alpha-
synucleinopathies. Specifically there were 308 cases of PD, 81 cases of DLB, and 55 cases
of PDD. The median age at overt alpha-synucleinopathy onset was 75 years of age (75 years
for men and 76 years for women). Among the cases diagnosed with an overt alpha-
synucleinopathy, 368 (82.9%) died by the time of abstraction with a median age at death of
84 years (83 years for men and 86 years for women). Further details of patient demographics
and characteristics can be found in Table 2.

Among the controls, 255 (57.4%) died by the time of abstraction with a median age at death
of 88 years (87 years for males and 90 years for females). Among the 444 incident cases of
an alpha-synucleinopathy, 86 were clinically diagnosed with RBD. Figure 1 shows the
incidence timeline of the 86 RBD cases stratified by parkinsonism diagnostic subtype from
1991-2019. Of these, 30 (35%) were confirmed by polysomnography and 56 (65%) were
pRBD. There were 27 patients who fit the clinical criteria for pPRBD who subsequently
underwent polysomnography testing. Of these 27 patients 85.2% (24/27) were confirmed to
have RBD. Additionally, 78/86 (90.7%) cases of RBD were either clinically diagnosed by a
sleep medicine specialist or neurologist. The prevalence of iRBD at the time of overt
diagnosis of alpha-synucleinopathy was 3.4%. The prevalence of symptomatic RBD after
the diagnosis of an alpha-synucleinopathy in five years increments was 13.7% at 5 years,
17.8% at 10 years, and 23.8% at 15 years. The overall incidence of RBD in alpha-
synucleinopathies was 2.5 cases per 100 patient-years compared to 0.04 cases per 100
patient-years in controls. Table 3 shows the prevalence and incidence of RBD divided into
sex and subtype of alpha-synuclenopathy. Figure 2 also shows the prevalence of RBD
through disease years.

Patients with an overt alpha-synucleinopathy were 53 times higher more likely to be
diagnosed with RBD than controls (OR =53.1, 95% ClI: 13.0 — 217.2, p < 0.0001). When
comparing alpha-synucleinopathies, the odds of a DLB patient being diagnosed with RBD
were 157% greater than a PD patient who does not have dementia (OR = 2.57, 95% CI: 1.50
—4.40, p = 0.0004). Conversely, the odds of a PDD patient being diagnosed with RBD were
82.6% lower than a PD patient who does not have dementia (OR =0.17, 95% CI: 0.04 -
0.73, p =.008). Men with an alpha-synucleinopathy had 270% greater odds of a RBD
diagnosis compared to women (OR = 3.70, 95% ClI: 2.07 — 6.62, p < .0001).

Timeline of RBD

Table 4 shows RBD symptom onset by parkinsonism-disease year in both cases of isolated
RBD and symptomatic RBD with the earliest case of RBD symptom onset starting over 30
years before the onset of an alpha-synucleinopathy. Figure 3 shows the median RBD
progression by alpha-synucleinopathy disease year. Furthermore, Figure 4 shows each
patient’s timeline of RBD symptom onset to diagnosis in respect to overt alpha-
synucleinopathy diagnosis. Among the 55 PD patients with RBD, the median overall onset
of RBD occurred 0.7 years following PD onset (IQR= -3.3 — 5.4). There was no difference
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between the start of symptom onset between PD cases confirmed by polysomnography and
clinically diagnosed cases (p=.21). In those patients with PD-first diagnoses, the median
years between PD diagnosis and subsequent RBD diagnosis was 5.4 years (IQR=2.9-8.5).
The median delay from RBD symptom onset to clinical diagnosis of RBD was 4.8 years in
the PD cohort (IQR=1.4-9.5). In comparison, for the 28 DLB patients diagnosed with RBD,
the median RBD symptom onset occurred 3.8 years prior to the clinical diagnosis of DLB
(IQR=-7.1 — -0.4). The median DLB disease year of RBD diagnosis was 1.0 year
(IQR=0.0-3.2), with a median lag of 4.9 years (IQR= 2.9 — 8.6) between RBD symptom
onset and diagnosis. When comparing these groups, DLB patients with RBD were 3.5 times
more likely to have isolated RBD symptom onset relative to PD patients with RBD
(OR=3.51, p=0.020). However, patients with symptom onset 10 or more years before
parkinsonism diagnosis were equally likely to have PD or DLB (OR =1.49, p=0.53). The
median lag between symptom onset and diagnosis of RBD was similar between men and
women (4.6 years in males (IQR=2.0-8.9) and 4.8 in females (IQR=2.1-5.9)).

Polysomnography confirmed cases of RBD were diagnosed an average of 2.3 years after
alpha-synucleinopathy onset. Conversely, pRBD diagnoses occurred on average 6.3 years
after the diagnosis of an alpha-synucleinopathy. Polysomnography confirmed cases were
diagnosed significantly closer to the alpha-synucleinopathy diagnosis (p = 0.0003). Patient
age at the onset of RBD symptoms did not affect the time to onset of alpha-synucleinopathy
(t=1.22, p=0.228).

The median age of death in individuals with an overt alpha-synucleinopathy and RBD was
83 (IQR=77—=87), and in those without RBD was 84 (IQR=79—89). The presence of RBD
did not modify the survival of synucleinopathy. (SUPPLEMENTAL Figure).

Discussion

Of the 444 cases of alpha-synucleinopathies in our cohort, 86 (19.3%) were diagnosed with
RBD during their lifespan. Within our cohort of alpha-synucleinopathies, the prevalence of
isolated RBD prior to the onset of alpha-synucleinopathy was 3.4%. A retrospective study
examining an incident cohort of patients with PD found that the prevalence of isolated RBD
was around 1%.37 Furthermore, the results are similar to the reported overall prevalence of
iRBD within the general population.! The prevalence of symptomatic RBD five years after a
diagnosis of alpha-synucleinopathy was 13.7%. When looking 10 years post alpha-
synucleinopathy diagnosis, the prevalence increased to 17.8%, and to 23.8% 15 years post-
diagnosis. The overall incidence of symptomatic RBD after alpha-synucleinopathies was 2.5
per 100 person years in our cohort. While to our knowledge there are no studies
investigating the incidence or prevalence in overt alpha-synucleinopathies combined, there
are reports examining RBD within the subsets of overt alpha-synucleinopathies, to which we
can compare our results. A recent meta-analysis analyzing 28 studies found a combined
prevalence of RBD within PD to be 42.3% with a 95% CI from 37.4-47.1.38 Further studies
have shown the prevalence of RBD secondary to DLB to range from 46.7% to 83%.39-41
The overall prevalence of RBD in PD patients in our cohort was 17.9% and in DLB, 35.8%.
In comparison, these studies find a greater prevalence of RBD in the subtypes of overt alpha-
synucleinopathies compared to our cohort. Small discrepancies may be explained by
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differences in populations, study designs, and years of follow-up. However, larger
differences between the prevalence of RBD within overt alpha-synucleinopathies may be
better explained by the study periods used to examine these different cohorts. When
examining the overall number of RBD cases within our cohort in 5-year increments from
1991 to 2010, we found a large jump in cases between the years 2000 and 2005. This could
be explained by increased awareness of RBD among physicians due to the updated
International Classification of Sleep Disorders Second edition, which was released in the
year 2005 [ICDS-2]. The under reporting of RBD within overt alpha-synucleinopathies from
1991-2005 may account for the differences in the calculated prevalence. With a longer
follow-up and an updated, more recent cohort, it is expected that the prevalence of RBD
within overt alpha-synucleinopathies would increase. Importantly, our study examines the
prevalence of both iRBD and symptomatic RBD within alpha-synucleinopathies. While
iRBD has been shown to be a risk factor for alpha-synucleinopathies, it is important to
examine the prevalence and risk of developing symptomatic RBD in alpha-
synucleinopathies as it has been shown to significantly reduce the quality of life and increase
the risk of developing dementia.®: 42

The median age of RBD symptom onset was 70 years of age with a median delay to
diagnosis of 3.6 years. In our cohort symptoms of RBD preceded the diagnosis of an overt
alpha-synucleinopathy by up to 30 years. Importantly, we observed that DLB patients were
3.5 times more likely to experience isolated symptoms of RBD compared to PD or PDD.
However, if there is a 10-year or greater lag between RBD symptom onset and development
of an alpha-synucleinopathy there is no significant difference in the odds of
phenoconversion to PD, DLB, or PDD; thus patients with RBD symptoms for more than 10
years can equally develop one of the considered alpha-synucleinopathies. Having insight to
the risk of phenoconversion may give treating physicians a tool in managing early symptoms
of alpha-synucleinopathies and can be a valuable educational resource for patients. While
iRBD has been shown to be a significant risk factor of phenoconversion to an alpha-
synucleinopathy, the median time of RBD symptom onset only preceded the diagnosis
among DLB patients. It is clinically significant to understand the timeline of RBD both
before and after the onset of alpha-synucleinopathies. Within our cohort, RBD symptom
onset succeeded the diagnosis of PD by a median of 0.72 years, and the diagnosis followed
that of PD by 5.35 years. Similarly, the median start of RBD symptom onset followed the
diagnosis of PDD by 2.46 years with the diagnosis of RBD to follow by a median of 3.36
years. Of great interest, we observed a difference between the onset of RBD in DLB
compared to PDD. This is especially important as there might be overlap of clinical
symptoms between these two disorders, which makes them difficult to differentiate. Data
from a recent meta-analysis reported that up to 20% of individuals clinically diagnosed with
DLB have received an incorrect diagnosis.*3 Thus, the date of RBD symptom onset in
conjunction with the onset of Parkinsonism may help clinicians to distinguish potential DLB
from PDD; however, the overlap of the clinical features of DLB and PDD can be still a
diagnostic challenge. Indeed, even the 1-year rule used to diagnose DLB,2 can be
sometimes difficult to adopt given the unclear temporal relationship of the development of
some of the symptoms. The Movement Disorders Society’s clinical diagnostic criteria on PD
dispute the use of the 1-year rule whereas it is still adopted in the the clinical definition of
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DLB of the Fourth DLB Consortium consensus report.12:39 Our results highlight the
importance of constant vigilance of possible symptoms of RBD throughout the patient’s
timeline of care in order to manage comorbid diseases properly.

Although the risk of phenoconversion is an important tool in a physician’s plan of care and
patient education, the risk of developing symptomatic RBD after an alpha-synucleinopathy
is crucial to understand in order to provide the best patient-centered care. Within our cohort,
we observed that individuals who have been diagnosed with an alpha-synucleiopathy were
53 times more likely to develop RBD compared to age and sex matched controls. Many
studies have examined large differences in the prevalence between these two populations.
1.13-15 Fyrthermore, DLB patients had 157% greater odds of developing RBD compared to
PD patients while PDD patients had 82.5% less odds of developing RBD compared to PD
patients. Understanding the odds of developing RBD after an overt alpha-synucleinopathy
can further assist physicians in providing counseling throughout the disease progression. It
can also be used to increase awareness in patients and families to report RBD symptoms to
healthcare providers. Importantly, we observed that the development of RBD did not
increase the risk of mortality, regardless of when it develops in relation to an alpha-
synucleinopathy. Future studies should explore the impact of an early diagnosis of RBD on
patients and caregivers centered outcomes.

When examining sex differences, men had 270% greater odds of developing RBD compared
to women, which is consistent to previous literature.3 We also found the incidence of RBD
to be 3.60 in men compared to 1.07 in women with overt alpha-synucleinopathies. However,
there was no difference in mortality between men and women. Additionally, no inter-group
difference in the risk of mortality was observed between probable versus confirmed RBD, as
well as isolated versus symptomatic RBD.

This study has several strengths, including the opportunity to explore the entire duration of
symptoms of RBD before and after the onset of alpha-synucleinopathies, taking advantage
of our accurate records-linkage system tool. On the other hand, it also has limitations. First,
as a retrospective study relying on medical records, ascertainment bias is probable, since
RBD symptoms were not uniformly sampled in clinical practice, and some dream-enactment
symptoms were likely not reported by patients or identified by the clinician. This is a further
concern within the diagnosis of RBD that symptoms may go unnoticed if minor or if the
individual does not have a bed partner, which could lead to underestimated prevalence and
incidence; also we did not have the full data on the medications exposure. However, to
minimize this limitation, we used the medical histories throughout each individual’s entire
life span during data abstraction. We also thoroughly reviewed all sleep questionnaires and
sleep medicine specialist’s notes to ensure accurate identification of all possible recorded
symptoms of RBD. Since polysomnographic confirmation of RBD is not always possible in
clinical practice given its resource intensiveness and expense, we included cases of pRBD
and examined inter-group differences between the polysomnography-confirmed RBD and
pRBD patient subgroups. Also, RBD was not officially classified as a sleep disorder until
2005 in the International Classification of Sleep Disorders, 2nd revision; this may have led
to an under-representation of the incidence in years prior to 2005. Our exploration of the
count of RBD cases in five-year increments from 1991 to 2010 instead showed a decline in
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case frequency in the 2005 era and afterward, suggesting that under-ascertainment in earlier
years was not a significant issue in our practice, which has long-standing experience with
RBD following its original description in Minnesota by Schenck and Mahowald, and

confirmation of the strong association between RBD and synucleinopathies at Mayo (Figure
2).44.45

In addition, it is possible that some patients with mild cognitive symptoms went
undiagnosed and unrecognized and also it is possible that patients with DLB may never
develop parkinsonian symptoms; thus, we would be unable to identify them. However, only
a minority of patient with DLB never develop any parkinsonian symptoms and our
prolonged observation of about 20 years of medical records limit the possibility that patients
are misdiagnosed or unrecognized. Furthermore, it is possible that some patients diagnosed
with PD will later develop cognitive decline. However, our cohort is an incidence cohort that
identified and diagnosed cases within the first years of the disease onset.2> While accounting
for these possibilities, a previous study confirmed the accuracy of the clinicopathological
correlation (PD 83.3% in PD and 88.9% in DLB patients).3!

Conclusion

In our incident cohort spanning from 1991 to 2010, we observed the prevalence of iRBD to
be 3.4%. RBD prevalence is 23.8% after 15 years of an alpha-synucleinopathy, and the
overall incidence was 2.5 cases per 100 person years. We observed that DLB patients were
more likely to develop RBD than PD patients; however, PD patients had greater odds of
developing RBD than PDD patients. We also found that men have greater odds of
developing RBD than women. The presence of RBD did not increase the risk of mortality
within our cohort. Future prospective studies of population based cohorts using systematic
ascertainment for RBD symptoms and polysomnography are needed to further elucidate the
incidence and prevalence of RBD in patients with and without overt synucleinopathies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
The incident rate of RBD cases is reported for each diagnostic subtype of overt alpha-

synucleinopathy and controls in five-year increments.
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Figure 2:

Time (Years)

RBD prevalence is reported for each individual overt alpha-synucleinopathy in five disease
year increments. The diagnosis of overt alpha-synucleinopathy is indicated by time 0 on the
x-axis. The bottom table within Figure 2 reports the individual RBD events per 5-year

increments either before or after the onset of overt alpha-synucleinopathy.
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Figure 3:

The median lifelong timeline of RBD progression is represented in each overt alpha-
synucleinopathy subtype (yellow=control, blue=PD, green=DLB, purple=PDD). The x-axis
represents the years before and after the onset of overt alpha-synucleinopathy (onset is
indicated by the number 0). The timeline of the progression of RBD is represented by the
horizontal lines. The circle represents the median onset of RBD symptoms. The transparent
line indicates the median latency from RBD symptom onset to diagnosis. The solid line
indicates the median time from RBD diagnosis to the date of last follow-up or death.
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Figure 4:
The life-long timeline of RBD development is shown in each individual patient

differentiated by disease subtype (yellow=control, blue=PD, green=DLB, purple=PDD). The
x-axis represents the years before and after the onset of parkinsonism (onset is indicated by
the number 0). For each subtype of alpha-synucleinopathy, the timeline of the development
of RBD is represented by the horizontal lines. The circle represents each individual’s onset
of RBD symptoms. The transparent line indicates each individual’s latency from RBD
symptom onset to diagnosis. The solid line indicates each individual’s time from RBD
diagnosis to the date of last follow-up or death.

Ann Neurol. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Stang et al. Page 17

Table 1:

Diagnostic criteria for specific types of overt alpha-synucleinopathies

Parkinsonism: a syndrome with any two out of four cardinal signs
* Resting tremor
* Bradykinesia
* Rigidity
* Impaired postural reflexes
Overt alpha-synucleinopathies
Parkinson’s disease: parkinsonism with all of the following

« No other neurological explanation (e.g., repeated head injury; history of encephalitis, brain tumor; hydrocephalus; neuroleptic treatment
within 6 months before onset; repeated stroke with step-wise progression)

» No documentation of unresponsiveness to levodopa at doses of at least 1 gm/day in combination with carbidopa (Only applicable to
patients who received treatment)

« No prominent or early signs (within 1 year of onset) of more extensive nervous system involvement not explained otherwise (e.g.,
dysautonomia)

Dementia with Lewy bodies:

* Essential
O Dementia present before or within 1 year of the onset of parkinsonism
* Core clinical features
O One or more spontaneous cardinal feature of parkinsonism defined above
O Fluctuating cognition in attention and alertness
O Recurrent visual hallucinations
O REM sleep behavior disorder

Parkinsons disease with dementia:

« Core Features
O Diagnosis of idiopathic Parkinsons disease

O A dementia syndrome with insidious onset and slow progression presenting at least 1 year after the onset of parkinsonism

Ann Neurol. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Stang et al.

Table 2:

Patient Characteristics by Alpha-Synucleinopathy

Control (N=444) PD(N=308) DLB(N=81) PDD(N=55) Total (N =888)

Race
Asian
Black or African American
Other/Mixed
White
Sex
Male
Death
Deceased
Age at Parkinsonism Onset
Overall
Female
Male
Ageat Death
Overall
Female
Male
RBD Diagnosis
Yes

13 (2.9%)

1(0.2%)

6 (1.4%)
424 (95.5%)

264 (59.5%)
255 (57.4%)
76 (67, 81)
76 (67, 83)
74 (66, 81)
88 (83, 92)
90 (85, 94)

87 (83, 91)

2 (0.5%)

9 (2.2%)

2 (0.6%)

1(0.3%)
296 (96.1%)

182 (59.1%)
232 (75.3%)
73 (65, 80)
74 (66, 81)
73 (65, 80)
86 (79, 90)
87 (81, 92)

84 (77, 89)

55 (17.9%)

3 (3.7%)
1 (1.2%)
0 (0%)
77 (95.1%)

56 (69.1%)
81 (100%)
77 (72, 80)
78 (73, 81)
76 (72, 79)
83 (79, 87)
84 (80, 87)

83 (79, 86)

29 (35.8%)

0 (0%)

0 (0%)

1 (1.8%)
54 (98.2%)

26 (47.3%)
55 (100%)
81 (76, 86)
81 (76, 87)
81 (76, 84)
84 (79, 90)
88 (80, 90)

83 (80, 88)

2 (3.6%)

25 (2.8%)

4 (0.5%)

8 (0.9%)
851 (95.8%)

528 (59.5%)
623 (70.2%)
75 (67, 81)
76 (68, 83)
75 (67, 80)
84 (79, 89)
86 (80, 91)

83 (78, 88)

88 (9.9%)

Note: Age at Parkinsonism Onset for controls refers to age at control index date

Ann Neurol. Author manuscript; available in PMC 2022 February 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Stang et al.

Table 3:
Incidence of RBD (100 Person-Years)

Control (N=444) PD(N=308) DLB(N=81) PDD(N=55) a-Syn (N =444)

Sex
Overall 0.040 1.933 7.865 0.870 2.497
Female 0.050 1.151 1.279 0.000 1.069
Male 0.034 2.517 12.710 1.903 3.596
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Incident Cases of RBD Symptom Onset by alpha-synucleinopathy Disease Year

Table 4:

Control (N=444) PD(N=308) DLB(N=8l) PDD(N=55 Total (N = 888)

Isolated RBD
>30 Years
30-25 Years
25-20 Years
20-15 Years
15-10 Years
10-5 Years
5-0 Years

Symptomatic RBD
0-5 Years
5-10 Years
10-15 Years
15-20 Years
20-25 Years

0 2 1 0
0 1 1 0
0 1 0 0
0 0 2 0
0 3 2 0
0 3 6 0
0 13 11 0
0 16 5 2
1 12 1 0
1 3 0 0
0 0 0 0
0 1 0 0

o o N PN W

23
14
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