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Abstract

Objective: Among patients with incident, clinically diagnosed synucleinopathies, to compare
survival by the presenting Parkinsonism symptoms at diagnosis.

Patients and Methods: Using the Rochester Epidemiology Project medical records-linkage
system, we identified all persons residing in Olmsted County, Minnesota, who received a
diagnostic code of Parkinsonism from January 1, 1991, through December 31, 2010. A movement-
disorder specialist reviewed the complete medical records of each individual to confirm the
presence of Parkinsonism, determine the type of synucleinopathy, and identify the onset dates of
each cardinal symptom (rest tremor, bradykinesia, rigidity, and impaired postural reflexes). We
determined the median time from age at diagnosis to death or censoring (June 30, 2015) for each
presenting symptoms, and the age- and sex-adjusted risk of death.

Results: From 1991 through 2010, 433 individuals were diagnosed with a synucleinopathy (301
Parkinson’s disease [PD]; 68 Dementia with Lewy Bodies [DLB]; 52 PD dementia [PDD]; and 12
Multiple Systems Atrophy with Parkinsonism [MSA-p]). Overall, the risk of death in the tremor-
predominant group was less than the bradykinesia/rigidity-only group (Hazard ratio [HR], 0.53
[95% CI; 0.36-0.78 P=.001]). Similarly, risk of death in the bradykinesia/rigidity-only group was
significantly greater than the tremor-predominant group (HR= 1.75 CI 1.23-2.51 P=.002) and
compared to tremor before bradykinesia (HR = 1.75 ClI 1.24-2.47 P=.001).
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Conclusions: Patients with tremor as a presenting symptom have a longer survival. In contrast,
the presence of bradykinesia/rigidity as a presenting symptom correlates with reduced survival
across all types of synucleinopathies.

Introduction

Methods

Progression and survival are relevant questions in synucleinopathies (Parkinson’s disease
[PD], Dementia with Lewy Bodies [DLB], Parkinson’s disease dementia [PDD], and
Multiple System Atrophy [MSA]).1# A number of studies have examined factors associated
with survival among the different synucleinopathies?4; however, most of these studies
primarily examined PD and MSA. Recently, we published a study on the survival and causes
of death in clinically defined synucleinopathies in Olmsted County, MN, from 1991 to
2010.3 We reported that residents with MSA-p, DLB, and PDD were at increased risk of
mortality compared to the general population, but the risk of mortality in PD was only
moderately increased.

Few studies have assessed the role of the presenting clinical Parkinsonism phenotypes
(tremor-predominant vs. akinetic-rigid) and the risk of mortality. Studies that examined
presenting symptoms and mortality have primarily focused on PD,-® but there has been less
examination of PDD, DLB, and MSA. It is crucial to understand the longterm outcomes of
the different clinical phenotypes of synucleinopathies in order to provide individualized
estimates to the patients affected and to the caregivers.

To address these gaps of knowledge, we utilized an incident study of synucleinopathy-
associated clinical syndromes (PD, DLB, PDD, and MSA-p) from 1991 to 2010.2 We
compared survival of incident patients by presenting clinical phenotypes (tremor-
predominant vs akinetic-rigid).

Ascertainment of Patients with Synucleinopathy

Details about the ascertainment of Parkinsonism patients are reported elsewhere.26 Briefly,
we used the medical records-linkage system of the Rochester Epidemiology Project (REP)
to identify all individuals in Olmsted County, Minnesota, with clinically diagnosed
synucleinopathy with Parkinsonism between 1991 and 2010. The REP infrastructure indexes
and links essentially all medical information of the county population.”-1% All medical
diagnoses, surgical interventions, and other procedures are abstracted and entered into
computerized indexes using the Hospital Adaptation of the International Classification of
Diseases(H-ICDA), Eighth Revision!! and the International Classification of Diseases Ninth
Revision (ICD-9).12

We ascertained potential cases of Parkinsonism using a computerized-screening phase and a
subsequent clinical-confirmation phase, as described in the original reports. The complete
medical records of all persons receiving at least one screening diagnostic code for
Parkinsonism were reviewed by a movement-disorders specialist (RS) using specifically
designed abstracting forms and instruction manuals. The movement-disorders specialist
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established the onset year and type of Parkinsonism using specified diagnostic criteria.2:13-16
We included patients residing in Olmsted County at the time of the parkinsonian-symptom
onset but excluded persons who denied permission to use their medical records for research.
7 Further details about case-finding procedures are published elsewhere.313.17 The
Institutional Review Boards of the Mayo Clinic and Olmsted Medical Center approved the
study.

Diagnostic Criteria

Our diagnostic adjudication included two steps: the definition of Parkinsonism as a
syndrome and the definition of different types of Parkinsonism within the syndrome. We
defined Parkinsonism as the presence of at least two of four cardinal signs: rest tremor,
bradykinesia, rigidity, and impaired postural reflexes. Among persons fulfilling the
Parkinsonism criteria, we applied diagnostic criteria for specific types of Parkinsonism and
grouped Parkinsonism patients into presumed synucleinopathies.?

PD was defined as Parkinsonism with all three of the following: no other cause (e.g.,
repeated stroke with stepwise progression, repeated head injury, history of encephalitis,
neuroleptic treatment <6 months before onset, hydrocephalus, brain tumor); no documented
unresponsiveness to levodopa at doses of at least 1 g/d in combination with carbidopa
(applicable only to treated patients); and no prominent or early (<1 year of onset) signs of
more extensive nervous system involvement (e.g., dysautonomia) not otherwise explained.13
We utilized previously published consensus criteria to diagnose DLB, PDD, and MSA.
26,18,19 Of note, we diagnosed patients with DLB when dementia/memory decline occurred
at the time of Parkinsonism diagnosis or within 1 year from the presence of cognitive
decline, according to the Fourth DLB consensus.2? We did not explore the diagnosis of PDD
when dementia occurred subsequent to the initial diagnosis of Parkinsonism.

Regarding MSA, we included only MSA-p because of the nature of our case-identification
that is aimed toward parkinsonism 2; however, we estimated that we missed only 1 case of
MSA without clear evidence of parkinsonism (data not published). For each case, we
collected information regarding the presence and the dates of first occurrence of the cardinal
symptoms of Parkinsonism (rest tremor, bradykinesia, rigidity, and impaired postural
reflexes) as well as the presence of laterality at onset. Then, we categorized the cases of all
the synucleinopathies (PD, DLB, PDD, and MSA-p) according to the time of tremor onset
vs bradykinesia/rigidity: tremor before bradykinesia/rigidity, tremor and bradykinesia/
rigidity simultaneous with onset, bradykinesia/rigidity before tremor, bradykinesia/rigidity
only, and tremor-predominant.

Our case-finding procedures have been proven reliable.® We also reviewed available autopsy
reports of all patients who died during the study to validate our classification of presumed
synucleinopathies and tauopathies and found 81.5% clinico-pathological agreement.2

Data Analysis

We followed patients from their date of diagnosis until death or end of the study (June 30,
2015), whichever occurred first. A rank sum test was used to determine whether the median
age at diagnosis differed by sex. A chi-square test was used to determine whether the
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symptoms at diagnosis differed by sex. Cox proportional-hazards models, with age as the
time scale, were used to calculate hazard ratios (HR) and 95% confidence interval (ClI) for
the risk of mortality by presenting symptom(s): tremor before bradykinesia/rigidity, tremor
and bradykinesia/rigidity at the same time of onset, bradykinesia/rigidity before tremor,
bradykinesia/rigidity only, and tremor-predominant. We first estimated a univariable model,
followed by a multivariate model adjusting for age at diagnosis and sex. The proportional
hazard assumption was examined using the Schoenfeld residuals test for each model. The
test was non-significant (P> .05), indicating that the assumption was valid. We constructed
Kaplan-Meier survival curves with death from any cause as the event of interest. All
analyses were completed using Stata version 13.0 (Stata Corp, College Station, TX).

We identified 433 patients with a diagnosis of Parkinsonism due to a presumed
synucleinopathy and information on presenting symptoms from 1991 through 2010. Of
these, 301 (69.5%) were diagnosed with PD, 68 (15.7%) with DLB, 52 with PDD (12.0%),
and 12 (2.8%) with MSA-p.

The median age at diagnosis for all patients was 76.1 years (IQR: 68.8, 82.3 years) and 264
(61.0%) were men (Table 1). The median age at diagnosis did not differ by sex (P=.17,
rank sum test). The median age at death (n=290) was 84.5 years (IQR: 79.3-89.8). Among
all patients, the presenting symptom did not differ by sex (P= .29, X2(4) = 5.02).

The risk of death by symptom at diagnosis for all synucleinopathies, and by clinical
diagnosis, is shown in Table 2. Among all synucleinopathies and using bradykinesia/rigidity
only as the reference group, patients with tremor only (HR = 0.45, 95% confidence interval
[CI]: 0.31, 0.67), tremor before bradykinesia/rigidity (HR = 0.66, 95% CI: 0.46, 0.95), and
bradykinesia/rigidity before tremor (HR = 0.61, 95% ClI: 0.43, 0.86) all had a reduced risk of
mortality in multivariate analyses adjusting for age at diagnosis and sex. Kaplan-Meier plots
for all synucleinopathies are shown in Figure 1a. Among the PD only group (see Figure 1b),
the patients with onset of tremor only had a reduced risk of mortality compared to the
bradykinesia/rigidity only group in multivariate analyses (HR = 0.51, 95% CI: 0.30, 0.87).
However, none of the other symptom presentations were associated with mortality compared
to the bradykinesia/rigidity only group. Among the patients with DLB only or PDD only
there were no associations between the presenting symptoms and risk of mortality, but the
numbers with each presenting symptom were small. We also could not run the models for
MSA-p because only 1 person each endorsed tremor and bradykinesia at the same time,
tremor before bradykinesia/rigidity, or bradykinesia/rigidity before tremor.

Discussion

Our study suggests a reduced risk of mortality in patients with synucleinopathies that present
with tremor, especially when tremor is the principal symptom of the parkinsonian
phenotype. We also observed this association among the PD only group, but not the DLB or
PDD groups. Although there were a limited number of MSA-p patients (n=12), the majority
had bradykinesia/rigidity as their prominent symptoms. Thus, overall, patients with
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synucleinopathies and bradykinesia/rigidity died earlier than patients with mostly tremor or
tremor during the course of the disease.

Our findings are consistent with observations from a previous report in the Olmsted County
population examining the association between the clinical characteristics of PD patients
from 1976 to 1995 and survival.l Patients with PD that had rest tremor or pronounced
asymmetry had a longer survival than the patients without it. We avoided the overlap of the
two studies by removing patients with PD included in the 1976-1995 period from the period
spanning 1991 to 2010. Thus, our study confirms the previous findings and expands it
toward the entire spectrum of alpha-synucleinopathies.

Our study is also consistent with the pivotal study reporting a less favorable prognosis in
cases with early-onset postural instability and gait difficulty (PIGD) compared to tremor-
onset cases.> However, in contrast with our findings, this study reported that PIGD did not
have a synuclein-related pathology whereas tremor-predominant did.> Our results are also
consistent with a recent large clinical series that reported patients with akinetic-rigid PD had
faster progression in gait difficulty compared to tremor-predominant PD.21 In addition, a
number of studies in the past have explored clinical phenotypes of symptoms using cluster
analyses approach. Indeed, a number of studies identified motor phenotypes such as “tremor
dominant” and a “bradykinesia/rigidity and PIGD dominant” cluster profile of symptoms of
PD.22 One study reported that non-tremor-dominant PD is associated with worsening
cognitive, neuropsychiatric symptoms, and hallucinations.23 A systematic review reported
that the most common symptoms that are identified by cluster analyses are “old age at onset
and rapid disease progression” and “young age at onset and slow disease progression” 24;
the same study identify that the tremor-predominant PD has a slower disease progression
than the other cluster identified.24 A meta-analysis on 27 studies reported that non-tremor
predominant PD had more neuropsychiatric symptoms than tremor-predominant PD. Our
data are supportive of these findings.

Few studies have examined the association between onset symptoms and survival across the
synucleinopathies. The biological reasons to explain the differences across the parkinsonian-
symptom phenotypes of synucleinopathies are still unknown. However, a number of
explanations are possible. First, there may be differences in the localization of the alpha-
synuclein deposition in the striatum causing a different downstream effect that has
consequences regarding disease progression. It is possible that individuals with
bradykinesia/rigidity have more prominent involvement of the matrix of the striatum,
whereas the striasomes are involved in patients with tremor-predominant disease.2 In
addition, the evidence for “tremor-neurons” in the striatum?8 and in the direct/indirect
pathway is observed during the intraoperative monitoring period of deep brain-stimulation
surgery.2” Second, the deposit of alpha-synuclein in different parts of the striatum may cause
differential damage to the tremor neurons of the striasome, 2" leading to a more redundant
circuitry of response with less downstream effect on the progression and cell-to-cell
spreading of the disease.28 It is also possible that the striasome has more closed self-
sufficient physiological activity with a better defensive system toward neurodegenerative
diseases. Third, patients with mostly tremor may have better ability to move and exercise,
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given that the bradykinesia/rigidity is less present, and can take advantage of the protective
effect of exercise on the progression of neurodegenerative diseases.2

Our study has several strengths. First, we included all incident cases of synucleinopathy
from a defined population over a defined time window and age- and sex-matched referent
subjects derived from the same population and time window. Thus, referral bias should be
minimal.30 Second, previous studies primarily evaluated survival from the study enrollment
date rather than from the date of diagnosis, a design that may overestimate relative mortality.
Third, our study explored synucleinopathies as a group and also as separate types including
PD, PDD, DLB, and MSA-p. Therefore, we established mortality risks of the different
clinical synucleinopathy subtypes which is in contrast to previous studies that focused only
on PD.! Fourth, a movement-disorders specialist adjudicated all patients and dated all the
symptoms at the time of abstraction reducing the diagnostic-criteria differences.

Our study also has limitations. First, assessing the precise chronology of symptoms, time of
onset of clinical features, severity of parkinsonian symptoms, and treatment history from an
historical review of medical records can be difficult. Second, our methods did not identify
cases of DLB presenting without Parkinsonism. However, given that Parkinsonism is present
in the vast majority of patients with DLB, especially after some years into the disease
process, we most likely did not overlook a large number of patients; for this purpose, we
conducted an exploratory analyses in a different cohort of DLB (a research case series)
observing that ~3% of patients affected by DLB did not develop Parkinsonism over the
disease course (data not published). Third, our study population was relatively small, which
limits the stability of estimates, particularly for less common diseases such as MSA.

Conclusions

Among incident synucleinopathy patients, we found a reduced risk of mortality for those
presenting with tremor compared to bradykinesia/rigidity. Our findings provide important
evidence about the natural history and prognosis of individuals affected by
synucleinopathies of various types. Our results may guide medical providers and caregivers
in prognostication and may serve as a guide toward more personalized management of the
disease.
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Kaplan-Meier survival curves by presenting symptom for (A) patients with any
synucleinopathy and (B) Parkinson’s disease only.
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Demographic characteristics of the patients included in the study with clinical diagnosis of synucleinopathy

Diagnosis Total N

Men Age at diagnosis

N (%) Median (IQR)

Number
Died”

Age at Death

Median (IQR)

All 433
PD 301
PDD 52
DLB 68
MSA-p 12

264 (61.0%)  76.1 (68.8, 82.3)
181 (60.1%) 74.8 (66.9, 81.7)
26 (50.0%)  82.1(75.9, 87.6)
48 (70.6%)  76.9 (72.4,80.7)

9(75.0%)  72.9 (64.3, 77.4)

290
168
50
60
12

84.5(79.3, 89.8)
86.1 (79.6, 90.5)
84.5(79.7,90.9)
83.1(78.8,87.0)
80.8 (67.1, 84.9)

PD = Parkinson’s disease; PDD = Parkinson’s disease Dementia; DLB = Dementia with Lewy Bodies; MSA-p= Multiple Systems Atrophy with

Parkinsonism

Died by end of the study timeframe (June 30, 2015)
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Risk of death by symptom(s) at diagnosis for all synucleinopathies and by clinical diagnosis.

Table 2.

All (N=433)

Adjusting for Age at diagnosis

Univariate Analyses and sex

Group HR (95% CI) p-value HR (95% CI) p-value
Bradykinesia/rigidity only 1.00 (ref) 1.00 (ref)
Tremor only 0.59 (0.40,0.87)  .007 0.45 (0.31, 0.67) <.001
Tremor and bradykinesia/rigidity 0.81 (0.58, 1.13) 21 0.72 (0.52, 1.01) .05
Tremor before Bradykinesia/rigidity ~ 1.14 (0.80, 1.62) .46 0.66 (0.46, 0.95) .02
Bradykinesia/rigidity before tremor ~ 1.15 (0.82, 1.62) 41 0.61 (0.43, 0.86) .006

PD only (N=301)

Adjusting for Age at diagnosis

Univariate Analyses and sex
Group HR (95% Cl)  p-value HR (95% CI) p-value
Bradykinesia/rigidity only 1.00 (ref) 1.00 (ref)
Tremor only 0.60 (0.36, 1.02) .06 0.51 (0.30, 0.87) .01
Tremor and bradykinesia/rigidity 1.02 (0.64, 1.62) .95 0.92 (0.57, 1.48) 74
Tremor before Bradykinesia/rigidity ~ 1.41 (0.90, 2.22) 14 0.94 (0.59, 1.49) .79
Bradykinesia/rigidity before tremor  1.31 (0.82, 2.07) .26 0.78 (0.49, 1.25) .30

DLB only (N=68)

Group

Univariate Analyses
HR (95% CI) p-value

Adjusting for Age at diagnosis

Bradykinesia/rigidity only

Tremor only

Tremor and bradykinesia/rigidity
Tremor before Bradykinesia/rigidity
Bradykinesia/rigidity before tremor

1.00 (ref)
0.74 (0.34, 1.63) 46
0.76 (0.36, 1.62) 48
1.32 (0.46, 3.79) 61
2.13(0.94, 4.81) .07

and sex
HR (95% CI) p-value
1.00 (ref)
0.66 (0.28, 1.53) 33
1.06 (0.48, 2.33) .89
1.96 (0.65, 5.95) 23
1.15 (0.49, 2.70) 75

PDD only (N=52)

Group

Univariate Analyses

HR (95% Cl)  p-value

Adjusting for Age at diagnosis
and sex

HR (95% CI) p-value

Bradykinesia/rigidity only

Tremor only

Tremor and bradykinesia/rigidity
Tremor before Bradykinesia/rigidity
Bradykinesia/rigidity before tremor

1.00 (ref)
1.04 (0.36, 3.00) .94
0.69 (0.33, 1.47) 34
1.91(0.44,832) .39
1.53(0.57, 4.07) .40

1.00 (ref)
2.18 (0.42, 11.30) .35
0.34 (0.09, 1.30) 12
1.67 (0.69, 4.00) 25
1.07 (0.29, 3.90) 92

HR = hazard ratio; PD = Parkinson’s disease; PDD = Parkinson’s disease Dementia; DLB = Dementia with Lewy Bodies
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