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Abstract The aim of this pilot study was to compare

clinical aspects of tremor-dominant Parkinson’s disease

(PD) patients with and without preceding essential tremor

to identify characteristics of these two subgroups. Nineteen

patients with diagnoses of both essential tremor (ET) and

Parkinson’s disease in comparison to 18 patients with tre-

mor-dominant Parkinson’s disease without preceding tre-

mor were investigated. The profile of several motor and

non-motor symptoms, including cognitive dysfunction,

depression, sleep alterations, olfaction changes and some

autonomic symptoms, as well as imaging aspects obtained

by transcranial sonography were compared between

groups. Parkinson’s patients with essential tremor scored

higher in kinetic and postural tremor items (p \ 0.05) and

displayed an enlarged third ventricle on transcranial

sonography (p = 0.010), which was not found in tremor-

dominant Parkinson’s disease patients. All other motor and

non-motor symptoms could not distinguish between either

study group. Neither group showed a distinct clinical pro-

file related to non-motor symptoms or symptoms other than

tremor-specific motor aspects. The fact that non-motor

symptoms were similar in ET-PD gives rise to the

hypothesis that also the prodromal phase of PD is similar in

ET patients later developing classical PD compared to

individuals developing PD without preceding ET. This

hypothesis needs to be followed in prospective studies to

verify whether the establishment of an ET subgroup with

prodromal markers for PD is feasible.

Keywords Non-motor symptoms � Pre-motor symptoms �
Prodromal features

Introduction

Parkinson’s disease (PD), characterized by well-described

motor impairment [1], is the second most frequent neuro-

degenerative disorder affecting about 1–2 % of individuals

older than 65 years of age [2]. Essential tremor (ET) with

the classical motor features of action-triggered and postural

tremor [3] is also a common neurological disorder with an

overall prevalence of 0.9 %, which amounts to 4.6 % in

individuals over 65 years of age, according to a meta-

analysis [4].

Some neuropathological findings describe an increased

loss of Purkinje cells and cerebellar gliosis in ET patients

as a sign for a neurodegenerative disorder [5]; however,

this finding is discussed widely and other groups did not

find any differences between ET cases and healthy controls

with regards to Purkinje cell loss [6]. Interestingly, in

different studies, individuals with ET have been observed

to have a four- to fivefold increased risk of developing PD

during their lifetime (ET-PD) compared to healthy persons

[5, 7]. Clinical studies could demonstrate non-motor

symptoms known to be related to PD in some individuals

with ET [8]. Moreover, in a small subgroup of ET cases,

Lewy bodies have been detected [9] which are the neuro-

pathological hallmark for Parkinson’s disease and demen-

tia with Lewy bodies [10]. Additionally, imaging data
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verify abnormalities of the presynaptic dopamine status

also in a subgroup of individuals with ET with the classical

presentation of isolated action or postural tremor [11]. All

these data indicate that there seems to be an ET-subgroup

which shows Parkinson’s-like non-motor, neuropathology

and imaging characteristics. It is tempting to speculate that

these particular ET patients may be quite likely to develop

PD, whereas the majority of ET patients, who share neither

the common non-motor symptoms nor the pathology or

imaging findings with PD, will stay PD-free during their

lifetime. It is well known that Parkinson’s disease is a very

heterogenous entity of different clinical phenotypes and

molecular pathways leading to disease manifestation.

There are different monogenetic causes, e.g. mutations in

the a-synuclein (SNCA), dardarin (LRKK2), parkin

(PARK2) and other genes, and genetic risk factors like

mutations in the glucocerebrosidase (GBA) gene [12].

Moreover, with different weightings, genetic risk factors

[13], inflammation [14], mitochondrial dysfunction [15]

and other factors seem also to play a role in sporadic PD.

Thus, it may be hypothesized that ET-PD represents a

specific PD-subgroup which may be clinically distin-

guished from ‘‘normal’’ PD even by other than the ET-

specific motor features.

Subjects and methods

Subjects

Eighteen individuals with tremor-dominant PD (tPD) and

19 individuals with ET-PD were investigated. Patients

diagnosed with ET-PD were consecutively recruited

between April 2010 and May 2011 from the outpatients’

clinic of the Department of Neurodegeneration of the

University of Tübingen. Patients with tPD were selected to

be as similar as possible to match the ET-PD group with

regard to age, sex and duration of PD (see Table 1 for

details). From onset until examination in this study, all tPD

patients showed a tremor-dominant Parkinson’s phenotype.

The diagnosis of PD was done according to the United

Kingdom Brain Bank criteria [1], which require the car-

dinal asymmetric signs: slowness of movements, rest tre-

mor and/or rigidity, a progressive disease course, the

absence of hints for an atypical parkinsonian syndrome,

and response to levodopa therapy. The diagnosis of ET was

made after the Tremor Investigation Group (TRIG) clas-

sification [3] which requires bilateral rather symmetric

postural or kinetic tremor, involving hands and forearms

and that this is visible and persistent. Moreover, criteria for

inclusion included duration of such a tremor longer than

5 years as well as the lack of parkinsonian signs such as

rest tremor and/or rigidity at ET-onset. The diagnosis of all

PD cases was made by an experienced movement disorder

specialist according to the consensus guidelines. All

patients with ET-PD had postural or kinetic tremor of

hands for at least 7 years before the onset of further PD

characteristic motor signs.

The study was approved by the local ethical committee

(197/2010801). All participants gave written informed

consent.

Assessment of motor symptoms

The neurological examination was performed by a move-

ment disorders specialist including the Movement Disorder

Society (MDS)-sponsored new version of the Unified

Parkinson’s Disease Rating Scale (UPDRS) parts III and

IV [16], the Fahn–Tolosa–Marin Clinical Rating Scale for

tremors (FTMRS) [17], as well as a segmental motor

testing [18]. Moreover, part II (motor experiences of daily

living) of the UPDRS was assessed.

Assessment of non-motor symptoms

To account for non-motor symptoms, part I (non-motor

experiences of daily living) of the MDS-UPDRS, including

questions about constipation, urinary dysfunction and

orthostatic dysregulation, was assessed [16]. Olfactory

function was evaluated with the 12-item Sniffin’ sticks test

(Burghardt Medizintechnik, Germany) [19]. To cover for

signs of depression, participants were asked to fill out the

revised form of the Beck Depression Inventory (BDI-II)

[20]. Night sleep disturbances were assessed by the Par-

kinson’s Disease Sleep Scale (PDSS) [21] and REM sleep

Table 1 Overview demographics in ET-PD versus tPD

Feature ET-PD
(n = 19)

tPD
(n = 18)

p value

Age (years) 69.89 (6.3) 70.56 (6.6) 0.77a

Age at PD diagnosis
(years)

66.21 (8.1) 66.72 (7.3) 0.84a

Age at ET-onset (years) 41.53 (20.2) Not applicable Not applicable

ET disease duration until
PD diagnosis (years)

25.89 (18.0) Not applicable Not applicable

PD disease duration
(years)

3.68 (3.1) 3.83 (2.8) 0.88a

Hoehn–Yahr scale 2.00 (1.0) 2.00 (1.0) 0.10a

Gender (male/female) 16/3 13/5 0.39b

ET Essential tremor, n number of patients, PD Parkinson’s disease, tPD
tremor-dominant Parkinson’s disease
a Values are given as mean and standard deviation (Student t test)
b Value from v2 test

J Neurol (2014) 261:884–888 885

123



disturbances by the REM Sleep Behavior Disorder

Screening Questionnaire (RBD) [22]. All participants were

given the Mini Mental Status Examination (MMSE) [23]

and the Montreal Cognitive Assessment (MoCA) [24] to

screen for cognitive decline.

Additional assessments

Using transcranial ultrasound, the brainstem was evaluated

for echogenicity of the substantia nigra (SN), as SN hy-

perechogenicity is a typical sign of PD. In the third ven-

tricular plane, width of the ventricular system (third and

anterior horns of the lateral ventricles) was also recorded

according to a standardized protocol [25].

Statistics

Statistical analysis was performed applying SPSS 20.0

software for Windows (SPSS Inc, Chicago, IL, USA).

Normal distribution of values was verified by the Kol-

mogorov–Smirnov test. Between-groups analysis was

applied by Student t test or v2 test for gender. Values below

an alpha level of p = 0.05 were considered to be

significant.

Results

Neither group, tPD and ET-PD, statistically differed with

regard to age (p = 0.757), gender (p = 0.390), PD disease

duration (p = 0.878), UPDRS-III total score (p = 0.277)

or Hoehn and Yahr scale (p = 0.998) (see Table 1).

Severity of postural tremor and kinetic tremor assessed

by the total FTMRS score, including Archimedes spiral

drawing (p = 0.002) and the segmental motor test

(p = 0.016), was more pronounced in ET-PD patients (see

Table 2). On transcranial sonography (TCS), the size of the

third ventricle was larger in the ET-PD group (p = 0.010),

but the area of SN hyperechogenicity was comparable

between study groups (left SN: p = 0.756, right SN:

p = 0.401).

None of the examined non-motor, neuro-behavioural or

motor symptoms other than postural and kinetic tremor

differed statistically significant between the group of tPD

and ET-PD (see Table 2 for details).

Discussion

In our study, PD patients with and without preceding ET

showed no clinical differences in their clinical phenotype

concerning non-motor or motor symptoms, except for the

presence and severity of postural and kinetic tremor. This

latter finding is in accordance with previous studies, which

have additionally shown that ET and PD patients differ in

tremor-related aspects not only with regard to severity of

kinetic, postural and rest tremor, but also in tremor

amplitude, localisation and electromyography pattern [26].

Table 2 Overview of non-motor and motor symptoms and TCS in

ET-PD versus tPD

Feature ET-PD

(n = 19)

tPD

(n = 18)

p valuea

Non-motor

Neuro-psychiatric items

MMSE 28.53 (1.1) 28.94 (1.3) 0.303

MoCA 25.42 (2.1) 24.44 (3.9) 0.349

BDI-II 6.47 (4.5) 4.94 (3.7) 0.273

Olfactory dysfunction

Sniffin’ sticks 5.84 (2.6) 5.94 (2.6) 0.912

Sleep disturbances

PDSS 59.05 (6.0) 58.72 (9.4) 0.899

RBD 4.89 (2.8) 4.72 (3.8) 0.876

Non-motor aspects of experiences of daily living

UPDRS part I urinary

dysfunction

1.00 (0.9) 1.00 (0.8) 0.330

UPDRS part I

constipation problems

0.42 (0.7) 0.33 (0.7) 0.701

UPDRS part I light

headedness

0.37 (0.6) 0.22 (0.4) 0.400

UPDRS part I total score 7.79 (6.3) 5.50 (3.3) 0.180

Motor aspects of experiences of daily living

UPDRS part II 12.79 (5.2) 10.67 (5.8) 0.249

Motor

UPDRS part III 34.58 (13.4) 35.22 (15.9) 0.277

UPDRS part IV 0.05 (0.2) 0.06 (0.2) 0.888

Segmental motor testing

total score

21.05 (10.2) 13.17 (8.6) 0.016

FTMRS total score 33.63 (15.9) 17.83 (12.0) 0.002*

TCS

SN hyperechogenicity

right (cm2)

0.24 (0.07) 0.22 (0.05) 0.401

SN hyperechogenicity

left (cm2)

0.25 (0.04) 0.25 (0.02) 0.756

Third ventricle (mm) 7.91 (2.0) 5.56 (1.7) 0.010*

Anterior horn right (mm) 20.65 (3.1) 18.45 (2.2) 0.116

Anterior horn left (mm) 20.82 (2.6) 18.86 (1.9) 0.077

BDI-II Revised form of the Beck Depression Inventory, ET essential

tremor, FTMRS Fahn–Tolosa–Marin Clinical Rating Scale for trem-

ors, n number of subjects, MMSE Mini Mental Status Examination,

MoCA Montreal Cognitive Assessment, PD Parkinson’s disease,

PDSS Parkinson’s Disease Sleep Scale, RBD REM Sleep Behavior

Disorder Screening Questionnaire, SN substantia nigra, tPD tremor-

dominant Parkinson’s disease, TCS transcranial sonography, UPDRS

Unified Parkinson’s Disease Rating Scale

* Significant p value
a Values are given as mean and standard deviation (Student t test)
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Interestingly, in our study the size of the third ventricle

on TCS was significantly enlarged in the ET-PD group (in

comparison to the tPD group; see also Table 2) (age-rela-

ted normal values over 60 years for the width of the third

ventricle are 7.6 ± 2.1 mm [27]). Also, the side ventricles

were larger in ET-PD than in tPD; however, this difference

did not reach statistical significance. This unexpected

finding may be due to the small sample size of our study.

However, there are MRI studies showing cerebral and

cerebellar atrophy in patients with ET when compared to

controls [28]. Although these MRI studies do not explicitly

report measurements of the ventricles, the reported atrophy

may correspond to an outer and also inner atrophy of the

brain. The latter may have been seen as enlargement of the

ventricular system by transcranial ultrasound in our study.

Clinical studies demonstrated a higher prevalence of

coincidental PD in patients with ET compared to healthy

individuals. In addition, a positive family history of ET is

often reported in PD [29]. This may emphasize that ET and

PD either share common risk factors, or that ET predis-

poses to PD in a subgroup of ET patients. Importantly, only

a rather small subgroup of ET patients will eventually

develop PD. According to a study from 2009, the relative

risk of 201 ET patients for developing PD was 3.47 with a

95 % confidence interval from 1.82 to 6.59 [7]. So far, it is

not possible to predict later onset of PD in ET patients. In

our study, we could show that the clinical phenotype of PD

does not differ between ET-PD and tPD with regard to PD-

specific motor symptoms, and several non-motor symp-

toms including cognitive, psychiatric, sleep related, some

autonomic and olfaction aspects. Whether the prodromal

stage of PD differs in ET-PD as compared to tPD needs to

be investigated in prospective longitudinal studies.

Importantly, typical prodromal PD features have already

been identified in a subgroup of ET patients [8, 30, 31]. If

longitudinal studies indeed verify that these individuals

develop motor symptoms of classical PD, a new prodromal

PD group could be followed. This is of great importance, as

much effort is currently being put into the identification of

individuals in the prodromal stage of PD to enable earlier

disease-modulating therapeutic strategies. So far, primarily

enriched risk cohorts are followed, including individuals

with mutations bearing a high risk of later development of

PD [i.e. in the LRRK2 consortium (www.michaeljfox.org/

page.html?lrrk2-cohort-consortium)] or the European Pro-

ject on Mendelian Forms of Parkinson’s Disease (www.

mefopa.eu) or individuals with several prodromal features

[the prodromal Parkinson’s progression markers initiative

(P-PPMI, www.michaeljfox.org/], several RBD cohorts,

Tübinger evaluation of risk factors for early detection of

neurodegeneration (TREND, www.trend-studie.de). As the

clinical phenotype of ET-PD resembles in the major

aspects classical PD, it may be worth investigating ET

individuals for prodromal features of PD to collect a cohort

of individuals for studying the progression of non-motor

and motor symptoms in the prodromal phase.

As a limitation of this study, the rather small sample

size needs to be mentioned. However, although there is a

subgroup of ET patients developing PD it is difficult to

collect an adequate group of ET-PD matched to a group

of tPD. Also, one may argue that the ET-PD patients may

have had PD from onset on, which could explain the

similar presentation with regard to non-motor signs.

However, the long time between primarily postural or

action tremor before manifestation of typical PD motor

signs [25.89 (standard deviation 18.027)] in our study,

rather symmetrical tremor presentation at that time,

positive family history for ET, as well as positive

response to alcohol and beta-blockers in many of the ET-

PD cases strongly indicates that indeed ET tremor pre-

ceded manifestation of PD. Both groups presented in this

pilot study are well characterized and we thus believe that

this study may lay the groundwork for future studies on

ET-PD, especially with regard to the prodromal phase of

PD.

Acknowledgments We thank all patients who took part in the

study. There was no specific funding, resources from the University of
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