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Abstract
Background and Objectives
There has been a long-standing dialog as to whether essential tremor (ET) increases the risk of
developing Parkinson disease (PD). While there are relevant cross-sectional data, there are
almost no longitudinal prospective data. We quantified the conversion rate from ET to ETPD
in a prospective longitudinal cohort study of patients with ET. We compared the observed rate
with that reported in the epidemiologic literature.

Methods
We enrolled patients with ET in a prospective, longitudinal study. A senior movement disorders
neurologist evaluated standardized neurologic examinations every 18 months.

Results
One hundred ninety-three patients with ET (mean age = 78.1 ± 9.6 years, range = 55–96) had a
mean follow-up duration of 4.1 years. Seven (3.6%) converted from ET to ETPD. The in-
cidence of PD among patients with ETwas 7/792.9 person-years (py; i.e., 882.8/100,000 py). A
meta-analysis of the incidence (per 100,000 py) of PD in 14 studies from 13 countries across 4
continents reported an incidence of PD = 61.21 (men, 40 years or older) and 37.55 (women, 40
years or older). The incidence/100,000 py in men peaked in the 80- to 89-year-old age group
(258.47) and in women in the 80- to 89-year-old age group (103.48 py). The abovementioned
published values are 3.4–23.5 times lower than the value we observed for ET.

Discussion
The incidence of PD in an ET cohort is substantially higher than that reported in historical
population-based control groups across numerous countries. Additional prospective longitu-
dinal data are needed to further explore this association.

There has been a long-standing dialog as to whether essential tremor (ET) increases the risk of
developing Parkinson disease (PD), with arguments made both for and against this
association.1-6 There is a literature, centered around epidemiologic evidence, that ET is
associated with an increased odds and risk of developing PD.1,3,7-12 One of the studies was a
prospective longitudinal study in Spain, reporting that patients with ET were approximately
4–5 times more likely than age-matched individuals without ET to develop incident PD.12

There are no other data that address this risk relationship (i.e., beyond a mere cross-sectional
association observed between prevalent cases), assessing whether ET at baseline is a risk
factor of developing incident PD over time. We capitalized on a prospective longitudinal
cohort study of patients with ET, quantifying the conversion rate from ET to ETPD during
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follow-up. To place this conversion rate in context, we
compared the observed rate with that reported in the epi-
demiologic literature.

Methods
Study Design
Patients with ET were enrolled in a prospective longitudinal
study of ET (Clinical Pathologic Study of Cognitive Im-
pairment in ET [COGNET] NINDS R01 NS086736) be-
ginning in July 2014. Nationwide enrollment in COGNET
began in July 2014, with patients being geographically
widespread inmore than 40US States. Inclusion criteria were
(1) an ET diagnosis at baseline in the absence of other
movement disorder diagnoses, (2) a minimum age of 55
years, (3) no history of brain surgery, (4) a willingness to
enroll in the Essential Tremor Centralized Brain Repository,
and (5) a willingness every 18 months to provide self-report
clinical data and to participate in an extensive neuro-
psychological battery and videotaped neurologic examination.
Additional details of the data collected are available elsewhere.13

We recruited patients through advertisements on the study
website, along with other websites (i.e., International Essential
Tremor Foundation).

Assessments were scheduled for each participant: baseline
(T1), 18 months after baseline (T2), 36 months after base-
line (T3), and 54 months after baseline (T4). Trained re-
search assistants conducted these in-person evaluations in
the homes of patients with ET at each study visit, many of
whom lived several hours away from a tertiarymedical center.
These consisted of an extensive clinical evaluation, cognitive
test battery, and a videotaped neurologic examination.

Standard Protocol Approvals, Registrations,
and Patient Consents
All study procedures were approved by the UT Southwestern
Medical Center, Yale University, and Columbia University
Institutional Review Boards. All patients signed written in-
formed consent on enrollment and at each evaluation.

Clinical Battery
At each time interval, trainedpersonnel conducted in-person in-
home evaluations; the evaluation included clinical question-
naires and a standardized videotaped neurologic examination.14

The latter included a detailed assessment of postural tremor, 5
tests for kinetic tremor, and the motor portion of the Unified
Parkinson Disease Rating Scale15 excluding an assessment of
rigidity.

A senior-level movement disorders neurologist (E.D.L.)
reviewed all videotaped examinations, rating the severity of
postural and kinetic arm tremors on 12 examination items
using a reliable scale.16 As reviewed elsewhere,14,17 ratings
were 0 (absent), 0.5 (very low amplitude and almost never
present), 1.0 (mild = low amplitude or intermittent tremor),

1.5 (mild-to-moderate [tremor sometimes more than
mild]), 2 (moderate = clearly oscillatory and > mild ampli-
tude), and 3 (severe), and resulted in a total tremor score
(range = 0–36 [maximum]).

As described,14,17 all ET diagnoses were assigned by E.D.L.
based on a review of questionnaires and videotaped neuro-
logic examination using published diagnostic criteria.18 The
criteria include gradations of possible, probable, and definite
ET.18 At a minimum, possible ET required moderate or
greater amplitude kinetic tremor during at least 3 activities in
the absence of another known cause (e.g., medication-
induced tremor and tremor from hyperthyroidism).18 These
diagnostic criteria were developed for a population-based
genetic study and, based on data from approximately 2,000
nondiseased controls, the criteria carefully detail the specific
examination maneuvers during which tremor should be
present and the severity of tremor that should be evident
during these maneuvers to distinguish normal from ET.14,17

These criteria have been shown to be both reliable16 and
valid19 and have been used by tremor investigators in the
United States and internationally.

PD was diagnosed using published diagnostic criteria, which
required the presence of at least 2 cardinal signs.20,21 As
described earlier,14,21 the diagnosis of ETPD required that:
(1) the ET diagnosis was present for at least 5 years before
the PD diagnosis, (2) the initial ET was characterized by
moderate or greater amplitude kinetic tremor in the absence
of any signs of PD, and (3) the initial ET diagnosis occurred
in the absence of red flags for possible emerging PD (e.g.,
isolated postural tremor without kinetic tremor and unilat-
eral tremor).

Final Sample
Our initial sample included 236 patients enrolled in the
COGNET project. We excluded patients (1) for whom data
were available only for the initial evaluation (n = 37), (2)
who received a clinical diagnosis of PD at the initial obser-
vation (n = 4), or (3) who did not receive a diagnosis of ET at
baseline (2). Of the remaining 193 patients retained for
analysis, 56 completed fewer than 4 evaluations because of
death (n = 26) or other factors (n = 30).

Statistical Analyses
Incidence was reported per 100,000 person-years (py) and
included a 95% confidence interval (CI). We used the Sta-
tistical Package for Social Sciences version 27. We tested the
normality of test variables using a Kolmogorov Smirnov test
and used nonparametric tests as needed. We compared
baseline demographic and clinical characteristics of partici-
pants who converted to ETPD vs those who did not.

Data Availability
Anonymized data not published within this article will be
made available by request from any qualified investigator.
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Table 1 Demographic and Clinical Features of 7 Patients With ET Who Developed Incident PD

1 2 3 4 5 6 7

Baseline age in years 67 85 78 77 75 63 82

Sex Female Male Male Male Male Male Female

Total tremor score
at baseline

24 22.5 23.5 25.5 28.5 32.5 28

Tremor ratings at baseline

Arm ext 1/2 1/1 2/0 1.5/1 3/0.5 1.5/2 2/1

Pouring 1/2 2/2 0.5/2 1.5/2 3/1 3/3 3/1.5

Drinking 1.5/3 2/2 2/2 3/3 3/3 3/3 3/2

Spoon 2/3 3/3 3/3 3/3 3/2 3/3 3/3

FNF 2/2 2/1.5 1.5/1.5 1.5/2 2/2 2/3 2/1.5

Spiral 1.5/3 1.5/1.5 3/3 2/2 3/3 3/3 3/3

Head tremor on baseline
examination

Yes No No Yes Yes Yes No

Voice tremor on baseline
examination

No No Yes No Yes No Yes

Age of ET onset in years 55 8 10 16 15 15 75

Family history of ET or tremora ET (FDR) ET Unknown ET (FDR) ET Tremor ET (FDR)

Family history of PDa Father with possible PD;
cousin with ETPD

No Cousin with ETPD No No No No

ET duration in years at baseline 12 77 68 61 60 48 7

Has been prescribed
medication for ET

Yes Yes Yes Yes Yes Yes Yes

Duration of ET in years during
conversion to PD

17 79 74 65 65 51 8

Rest tremor at baseline No Yes No No No No No

Parkinsonian features at
baseline and 18, 36, and 54-mo follow-upsa

Rest tremor 0/1/-/1 1/1/1/- 0/0/-/1 0/1/1/1 0/0/0/1 0/0/0/0 0/1

Micrographiab A/a/-/a A/P/P/- A/a/-/a A/a/a/P A/a/a/P A/a/a/a A/a

Masked faciesb A/a/-/a A/P/P/- A/a/-/a A/a/a/P A/a/a/P A/a/P/P A/P

Gaitb,c A/a/-/a -/P/P/- A/a/-/P A/a/a/P A/a/a/- A/a/P/P A/P

RAMsd

Finger taps De 0/0/-/0 0/2/2/- 0/0/-/0 0/1/0/1 0/0/0/0 0/0/2/0 0/1

Finger taps NDf 0/0/-/2 0/1/1/- 0/0/-/1 0/1/0/1 0/0/-/2 0/0/1/1 0/2

OC Dg 0/0/-/1 0/2/2/- 0/0/-/0 0/0/0/1 0/0/0/0 0/0/0/0 0/1

OC NDh 0/0/-/0 0/1/1/- 0/0/-/2 0/0/0/2 0/0/0/0 0/0/0/1 0/2

PS Di 0/0/-/1 0/2/1/- 0/0/-/0 0/0/0/0 0/0/0/0 0/0/0/0 0/1

PS NDj 0/0/-/2 0/1/1/- 0/0/-/2 0/0/0/2 0/0/0/1 0/0/0/0 0/2

Right leg agility 0/0/-/0 0/0/1/- 0/0/-/0 0/0/0/0 0/0/0/- 0/0/0/0 0/1

Left leg agility 0/0/-/0 0/1/1/- 0/0/-/0 0/0/0/0 0/0/0/- 0/0/0/0 0/1

Continued
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Results
The 193 patients with ET had a mean age of 78.1 ± 9.6 years
(range = 55–96 years, 176 [91.2%] ≥65 years). Of them, 121
(62.7%) were female.

Seven (3.6%) of 193 patients with ET converted from ET to
ETPD. The follow-up duration for the 193 patients with ET
ranged from 1.3 to 6.4 years (mean = 4.1, median = 4.6, SD =
1.1 years); therefore, the total follow-up duration was 792.9
py. Hence, the incidence of PD among patients with ET in
this sample was 7/792.9 py (i.e., 882.8/100,000 py, 95% CI =
231.72/100,00 py–1,533.94/100,000 py).

Among 72 men, 5 (6.9%) developed PD over 292.81 py
(i.e., 1,707.59/100,000 py, 95%CI = 730/100,000 py–3,940/
100,000 py). Among women, 2 (1.65%) developed PD over
500.06 py (i.e., 399.95/100,000 py, 95% CI = 110/100,000
py–1,450/100,000 py).

All 7 patientswith ET that converted to ETPDhadWashington
Heights-Inwood Genetic Study of ET diagnoses of probable or
definite ET, meaning that moderate (rating = 2) or severe
(rating = 3) tremor was observed on at least 4 of 5 tasks that
tested kinetic tremor (pouring, drinking, using spoon, finger-
nose-finger, and spiral). Table 1 provides detailed demographic
and clinical features on the 7 patients with ET that converted to
ETPD. All 7 had been prescribed medication for their ET. Five
had a family history of ET, and a sixth had a family history of
nonspecific tremor. Total tremor scores ranged from 22.5 to
32.5, indicating moderate to severe ET, and all 7 patients had
numerous ratings of 3 (i.e., severe tremor) on tasks that tested
kinetic tremor (Table 1). Four had head tremor and 3 had voice
tremor; only one had neither head tremor nor voice tremor
(Table 1). The duration of ET at baseline was 7–77 years
(median = 60.0). The duration of ET during conversion to PD
was 8–79 years (median = 65.0). Spirals are shown on each
(Figure).

UDPRS scores are listed at each time (Table 1); 152 (98.7%)
of 154 ratings of micrographia, masked facies, gait, and rapid
alternating movements were 0 or absent before conversion
to PD. There were rare (i.e., 2) ratings of 1 and none of 2
before to PD—patient 4 had 2 ratings of 1 (finger taps) at
time 2, which converted to ratings of 0 at time 3.

Table 2 provides detailed demographic and clinical data,
comparing these 7 patients with ET with the 186 patients
with ET that had not converted to ETPD. The 2 groups did
not differ to a significant degree for these data, although the
sample size of converters was small, limiting the power of
these statistical tests. Although not significant, it is notable
that few (28.6%) converters were females (vs. 64.0% for
nonconverters) and the median age of ET onset in con-
verters was 15 years (vs. 41 years in nonconverters). One
(14.3%) of the converters had rest tremor at baseline (in the
absence of other videotaped features of PD); that patient had
the highest total tremor score, with nearly all kinetic tremor
items receiving ratings of 3 (severe tremor) and had expe-
rienced ET for 51 years before converting to ETPD. Fifty-
five (29.6%) nonconverters had rest tremor (in the absence
of other videotaped features of PD) at baseline (Table 2);
this was lower than 46.4% of patients with ET with rest
tremor previously reported in a brain bank cohort.22

Discussion
Seven (3.6%) of 193 patients with ET converted from ET to
ETPDover amean andmedian follow-up duration of 4.1 and 4.6
years, respectively. In the other prospective longitudinal study of
ET in Spain,12 3.0% of patients with ET developed incident PD
after a median follow-up of 3.3 years, a result that is quite similar
to that we reported in this study. In that study, 0.7% of controls
developed incident PD during the same period.12

In our study, the incidence of PD among patients with ETwas
7/792.9 py (i.e., 882.8/100,000 py, 95% CI = 231.72/

Table 1 Demographic and Clinical Features of 7 Patients With ET Who Developed Incident PD (continued)

1 2 3 4 5 6 7

PD diagnosis Time 4 Time 2 Time 4 Time 4 Time 4 Time 3 Time 2

On levodopa Time 4 Times 3 + 4

Abbreviations: - = visit not completed or data incomplete; ET = essential tremor; FDR = ET present in a first-degree relative; PD = Parkinson disease; RAMs =
rapid alternating movements; WHIGET = Washington Heights-Inwood Genetic Study of Essential Tremor.
aData based on report of the proband and not confirmed by independent history, medical record review, or examination of the reportedly affected relative.
a Baseline/Time 2/Time 3/Time 4.
b A = absent, P = present.
c Parkinsonian gait abnormality.
d 0 = normal; 1 = mild slowing and/or reduction in amplitude; 2 = moderately impaired, definite and early fatiguing, and may have occasional arrests in
movement; 3 = severely impaired; frequent hesitation in initiating movements or arrests in ongoing movement;and 4 = can barely perform task, - = missing
data point.
e Finger taps, dominant side.
f Finger taps, nondominant side.
g Open-close hand movements, dominant side.
h Open-close hand movements, non-dominant side.
i Pronation-supination, dominant side.
j Pronation-supination, nondominant side.
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100,000 py–1,533.94/100,000 py). We compared this value
with that observed in historical controls further.

Ameta-analysis of the incidence (per 100,000 py) of PD in 14
studies from 13 countries across 4 continents reported an
incidence of PD = 61.21 (men, 40 years or older) and 37.55
(women, 40 years or older).23 The incidence/100,000 in
men peaked in the 80- to 89-year-old age group (258.47 py,
95% CI = 146.46–456.16 py) and in women in the 80- to 89-
year-old age group (103.48 py, 95% CI = 44.69–239.64
py).23 These values ranged from 3.4 to 23.5 times lower than
the value we reported for ET. Two of these studies con-
ducted true population-based sampling rather than relying
on referrals from clinicians or data from medical record re-
views. These were the Madrid and Rotterdam studies,12,24

reviewed further.

In the Madrid study,12 demographic features were similar to
ours (i.e., mean age = 76.5 ± 6.5 years and 58.0% women
[Spain] compared with 78.1 ± 9.6 years and 62.7% women
[our study]). The incidence/100,000 of PD was 359.6 (95%
CI = 216.5–561.5) in men, 147.9 (95% CI = 74.9–264.7) in
women, and 235.9 (95% CI = 159.2–336.7) overall. As such,
our point estimates were 4.75 times, 2.7 times, and 3.75 times
higher than theirs in men, women, and overall, respectively.

In the Rotterdam study,24 the mean age of the PD cohort was
68.8 years, a value that was 9.3 years younger than ours. If we
were to remove their younger participants (i.e., those in the
age range of 55–65 years), then their mean age would be
approximately 75 years, which is similar to ours. Their
sample comprised 59.0% women, which is similar to ours

(62.7%). In their sample age 65 years and older, the
incidence/100,000 of PDwas 261.14 (95% CI = 180–370) in
men, 206.11 (95% CI = 150–290) in women, and 227.87
(95% CI = 180–290) overall. As such, our point estimates
were 6.5 times, 2 times, and 4 times higher than theirs in
men, women, and overall.

In summary, the incidence of PD in our ET cohort seems to
be substantially higher than that reported in historical,
population-based control groups across numerous countries.
It is also similar to that reported in the other prospective
longitudinal study of ET.12 These data suggest that ET is a
robust risk factor of incident PD. Along these lines, there is a
sizable literature, which although controversial,5,6 presents
epidemiologic evidence that ET seems to be associated with
an increased odds and risk of developing PD1,3,7-12; as noted
earlier, one of these studies is a longitudinal prospective
study, reporting that patients with ET were 4–5 times more
likely than age-matched individuals without ET to develop
PD.12 The magnitude of that increased risk of incident PD in
ET (i.e., 4–5 times)12 is very similar to the magnitude of the
increased incidence we reported earlier for ET relative to
historical controls (i.e., 3.75–4 times higher overall).

The potential mechanisms for an increased incidence of PD
among patients with ET is not clear, although there is a
literature, again with mixed findings, reporting in several
studies an increase in the prevalence of Lewy pathology in
patients with ET.25-27 Adding to that literature, a large clin-
ical pathological cohort study of 231 patients with ET re-
cently reported that the proportion of patients with ET with
Lewy pathology was 25.1% (i.e., one in four patients with

Figure Spirals of 7 Patients With Essential Tremor (ET) Who Converted to Those With ETPD

ET = essential tremor; PD = Parkinson disease.
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ET), a proportion that in the context of other studies among
control populations seemed to be 50%–75% higher than
expected (i.e., 25.1% observed vs 14.5%–16.4% expected).28

All 7 patients with ET that converted to ETPDhadmoderate-
to-severe ET and all had been prescribedmedication for their
ET. Most of them had a family history of ET or tremor and
had either head or voice tremor. The duration of ET during
conversion to PD was 8–79 years (8, 17, 51, 65, 65, 74, 79,
median = 65.0). Although not significant, it is notable that
most of the converters were male, consistent with the male
preponderance of PD.

This study was not without limitations. First, we did not
enroll a control group without ET; hence, we were not able to
directly compare the incidence of PD in ET with that of a
control group. Thus, we were not able to report a relative risk.
As an alternative, we used data on historical controls, which
are both abundant and from many different source pop-
ulations worldwide. These provide the needed comparison of
base rates. In several of these analyses, we were careful to
compare our data with those from studies featuring the most
robust designs and including participants with demographic
features similar to our own. It is important to note that the
absence of an enrolled control group does not invalidate our
primary observation, which is a point estimate and CI for the
conversion of ET to ETPD in a large cohort of patients with
ET. Second, whereas many PD incidence studies evaluate
samples from the general population or samples derived from
door-to-door screening, in our study, the prevalence of PD

was determined in a sample containing expertly selected
patients with a specific diagnosis of ET. Individuals ascer-
tained from the community have been shown to have fewer
concurrent medical conditions than those derived from
treatment settings,29 raising the theoretic concern that the
former might be less likely to exhibit both ET and PD. It is
important to note, however, that our patients with ET were
not derived from treatment settings, which lessens the pos-
sibility of such bias. In addition, in this study, we did not
assess the concurrent prevalence of PD in an ET sample, but
rather, the incidence of PD (i.e., the subsequent conversion
to ETPD) in that sample. Thus, the study focused on the
evolution of a diagnosis rather than simple co-occurrence of
2 diagnostic entities. Third, the absolute number of cases
that converted from ET to ETPD was modest, resulting in a
wide CI. Fourth, we used videotaped neurologic examina-
tions for the diagnosis of PD rather than in-person assess-
ment by a neurologist. This design, however, has been used
in numerous other studies as well.30-33 Furthermore, a
movement disorders neurologist rather than a general neu-
rologist viewed all videotaped examinations. One major ad-
vantage of videotaped rather than in-person assessments is
that the examination may be replayed as many times as
needed to review ambiguous phenomenology. Furthermore,
it is reassuring to note that data from numerous studies
indicate that when assessed remotely, 95–100% of individ-
uals with self-reported PD are judged to experience PD and
95–97% of those who did not report PD were judged to be
without the disease.31-33 While it is conceivable that 1 or
more of our patients with ET had tremor-dominant PD that

Table 2 Demographic and Clinical Features of 7 Patients With ET Who Developed Incident PD in Comparison With 186
Who Did Not Develop PD

Converters
(developed incident PD)

Nonconverters
(did not develop incident PD) Comparison

N 7 186

Baseline age in years 75.3 ± 7.9 (77.0) 78.2 ± 9.6 (79.5) p = 0.39a

Female sex 2 (28.6) 119 (64.0) p = 0.10b

Total tremor score at baseline 26.4 ± 3.5 (25.5) 23.9 ± 5.4 (24.0) p = 0.19a

Head tremor on baseline exam 4 (57.1) 110 (59.1) p = 1.00b

Voice tremor on baseline exam 3 (42.9) 94 (50.5) p = 0.72b

Age at ET onset in y 27.7 ± 26.3 (15.0) 39.8 ± 22.1 (41.0) p = 0.19a

Family history of ET or tremor 6 (85.7) 142 (76.3) p = 1.00b

ET duration in years at baseline 47.6 ± 27.5 (60.0) 38.1 ± 21.7 (33.0) p = 0.34a

Has been prescribed medication for ET 7 (100) 156 (83.9) p = 0.60b

Duration of ET in years during conversion to PD 51.3 ± 28.1 (65.0) Not applicable Not applicable

Rest tremor at baseline 1 (14.3) 55 (29.6) p = 0.68a

Abbreviations: ET = essential tremor; PD = Parkinson disease.
a Mann-Whitney test.
b Fisher exact test.
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was mislabeled as ET, we think this is highly unlikely. None
had been diagnosed by their treating neurologist as PD and
none were on dopamine replacement therapy. As part of our
evaluation, each had a detailed neurologic examination,
which included assessments of hypomimia, hypophonia,
rapid alternating movements in all limbs, axial bradykinesia,
changes in arm swing, gait, posture, and rest tremor, and only
rest tremor was present in 1 patient. Furthermore, at base-
line, all but 1 had had action tremor for 10 or more years, and
the phenotype of the tremor differed from that reported in
tremor-dominant PD, which is reportedly characterized by
unilateral or asymmetric postural tremor rather than bilateral
kinetic tremor, as seen in our patients34,35—in 1 study of 439
patients with tremor-dominant PD, only 10% had kinetic
tremor at the initial visit and 6% at the final visit.35 Fifth, our
assessment of participants did not include an assessment of
rigidity. Nonetheless, there are substantial data showing
that the motor features of bradykinesia and rigidity in ET
are part of the same factor,36,37 suggesting that evaluation
of both is somewhat redundant. Hence, it is unlikely that we
failed to detect patients with PD whose sole clinical man-
ifestation was rigidity in the absence of bradykinesia. Fi-
nally, it would have been interesting to have dopamine
transporter imaging in these cases as an objective measure
of dopamine deficiency.

This study had several strengths: First, it is 1 of only 2 pro-
spective longitudinal studies of the incidence of PD in ET;
the other study was reviewed earlier.12 Second, all partici-
pants underwent an extensive videotaped neurologic exam-
ination, which allowed for a detailed and repeated review of
subtle motor phenomenology. Third, all videotaped exami-
nations were reviewed by and diagnoses assigned by a senior
movement disorders neurologist.

In summary, 7 (3.6%) of 193 patients with ET converted
from ET to ETPD over a mean and median follow-up du-
ration of 4.1 and 4.6 years, respectively. The incidence of PD
in this ET cohort seems to be substantially higher than that
reported in historical, population-based control groups
across numerous countries. Several mechanisms are dis-
cussed. Additional prospective longitudinal data are needed
to further study this association.
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