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posmia). In this cohort, motor function, olfaction, mood and 
blood markers will be evaluated every 6 months, comple-
mented by a comprehensive clinical, imaging and electro-
physiological assessment.  Results:  PD, HR PD  and control sub-
jects did not differ significantly regarding age, but the HR PD  
group consisted mainly of males (72.5% of HR PD  subjects vs. 
43.9% of controls; p = 0.013). Mean disease duration in PD 
patients was 31 months (range 15–56). HR PD  subjects were 
predominantly recruited according to the occurrence of 
slight motor signs (HR PD  77.5%, PD 100%, p = 0.05; controls 
0%, HR PD  vs. controls, p < 0.017). The Unified Parkinson’s Dis-
ease Rating Scale motor score (mean, range) indicated that 
the HR PD  group (4, 0–12) had values between those of con-
trols (0, 0–2; p < 0.017) and PD subjects (26, 9–55; p < 0.017). 
Among nonmotor symptoms, hyposmia was more common 
in both HR PD  (47.5%) and PD subjects (75%) than in controls 
(5.1%; p < 0.017 for both comparisons).  Conclusions:    Here, 
we describe the recruitment of a highly enriched-risk cohort 
and a promising study design to assess progression to motor 
PD. Whether the HR PD  group indeed suffers from early, PD-
specific neurodegeneration remains to be verified in the on-
going follow-up examinations. 

 Copyright © 2013 S. Karger AG, Basel 
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 Abstract 

  Background:    The clinical diagnosis of Parkinson’s disease 
(PD) is proposed to be too late for the application of benefi-
cial neuroprotective treatment. Thus, it is important to iden-
tify and follow individuals at risk for PD in order to gain 
knowledge about the prodromal course of the disease. Sub-
stantia nigra hyperechogenicity (SN+) has been confirmed 
as a risk factor for PD and appears promising as a predictor 
of PD, particularly in combination with other putative PD 
markers. We present the design and initial data of a 2-year 
longitudinal investigation of subjects proposed to be at high 
risk of developing PD (HR PD ), compared to early PD patients 
and control subjects. The aim of the presented study is to 
monitor progression of the neurodegenerative process to 
motor PD.  Methods:    In total, 40 HR PD , 16 PD and 41 control 
individuals were recruited. The HR PD  subjects had SN+ and 
additionally either 1 cardinal PD motor sign or 2 further risk 
(e.g. positive family history) or prodromal markers (e.g. hy-
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 Introduction 

 Parkinson’s disease (PD) is a frequent neurodegenera-
tive disorder affecting about 1.8% of persons older than 
55 years  [1] . Deposition of α-synuclein containing Lewy 
bodies is the key neuropathologic hallmark of PD, accom-
panied by striatal loss of dopaminergic neurons. At the 
time of clinical diagnosis, up to 60% of dopaminergic 
neurons in the substantia nigra (SN) have already degen-
erated  [2] . This severe neuronal loss might limit the effect 
of disease-modifying and neuroprotective therapies  [3] . 
PD thus needs to be diagnosed as early as possible in the 
neurodegenerative process, at best in its prodromal phase. 
Importantly, the success of studies investigating novel 
treatment approaches in the very early phase of PD de-
pends not only on well-characterized risk cohorts but also 
on markers of progression, which may be used as out-
come variables in clinical trials  [4] . 

  So far, diagnosis in the prodromal stage of PD, before 
motor deficits become overt, is limited by the lack of ad-
equate biomarkers  [5, 6] . Most of the clinical markers 
suggested to antecede PD are not specific for the disease, 
as they are frequently present in the elderly population or 
co-occur with other diseases.

  Visualization of the presynaptic dopaminergic deficit, 
for example with single-photon emission computed to-
mography ( 123 I-FP-CIT-SPECT), has proven of great val-
ue in the diagnosis and differential diagnosis of PD. How-
ever, due to the costs, limited availability and exposure to 
radiation, this method cannot be used as a screening in-
strument to identify prodromal PD. A promising nonin-
vasive imaging tool to identify individuals at high risk for 
PD is transcranial sonography (TCS). In the elderly pop-
ulation (>50 years), persons with hyperechogenicity of 
the SN (SN+) assessed by TCS have a 17- to 20-fold in-
creased risk of developing PD within 3–5 years  [7, 8] . 
Moreover, SN+ is prominent in more than 90% of diag-
nosed PD patients  [9, 10] . Thus, this method is highly 
sensitive for early PD detection, but its value for predict-
ing PD within a short time period is low  [6, 7] . 

  Recent work suggests that a combination of SN+ and 
other preclinical markers may help to identify individuals 
at high risk for the development of the disease in the near 
future  [11–13] . A higher likelihood for PD has also been 
shown for multiple- rather than single-marker approach-
es in the Honolulu-Asia Aging Study (HAAS) and in in-
dividuals with idiopathic rapid eye movement sleep be-
havior disorder (RBD)  [14, 15] . 

  Markers discussed for the identification of prodromal 
PD comprise (1) other risk factors such as genetic varia-

tions  [16, 17] , (2) nonmotor markers, i.e. clinical symptoms 
that are known to precede PD in many cases (e.g. RBD  [18] , 
olfactory dysfunction  [19] ) and (3) early motor signs which 
indicate that the dopaminergic system is affected (e.g. re-
duced arm swing on one side, not explained by other defi-
cits) yet are not sufficient for a clinical diagnosis.

  Here, we present the design of a prospective, 2-year 
longitudinal study, devised to investigate subjects pre-
sumed to be in the prodromal stage of PD. The aim of the 
study is to identify (bio)markers or symptoms indicating 
progression to the early PD stage and therefore allowing 
for an earlier diagnosis. The strategy used for recruiting 
individuals at high risk of developing PD (HR PD ) in-
volved choosing subjects with a combination of risk fac-
tors and prodromal markers. At subsequent follow-ups, 
different biomarkers will be evaluated at relatively short 
time intervals and compared to those in healthy elderly 
control subjects and PD patients at early stages. Data re-
lating to the study inclusion criteria are also reported in 
addition to the study design.

  Methods 

 Study Design 
 The Progression Markers in the Premotor Phase (PMPP) study 

is a prospective 2-year longitudinal trial. A population of 40 HR PD  
individuals, 16 PD patients in the early disease stage (Hoehn and 
Yahr stage <2.5, see below) and 41 healthy control subjects were 
recruited. For both HR PD  and control subjects, the clinical diagno-
sis of PD was excluded.

  Recruitment 
 HR PD  and control subjects were selected according to the cri-

teria reported below, from the well-characterized Prospective Val-
idation of Risk Factors for the Development of Parkinson Syn-
dromes (PRIPS) and Tübinger Evaluation of Risk Factors for the 
Early Detection of Neurodegeneration (TREND; http://www.
trend-studie.de) cohorts  [11, 14] . PD patients were recruited from 
the outpatient clinic of the Department of Neurodegenerative Dis-
eases, University of Tübingen  .

  Planned Study Visits 
 A comprehensive assessment (extended data set) of numerous 

markers and signs (see below) will be performed yearly. Moreover, 
subjects in the PD and HR PD  groups will be screened for short-
term changes in motor function, olfaction, mood, sleep and medi-
cation every 6 months (basic data set, also below). In order to dif-
ferentiate between PD- and age-related decline, control subjects 
will be examined twice, namely at baseline and after 2 years ( fig. 1 ). 

  Inclusion/Exclusion Criteria of Each Study Group  
 For inclusion in the HR PD  group, individuals with SN+  [11]  

were required to have at least one of the following: (1) 1 PD car-
dinal motor sign as assessed by the Unified Parkinson’s Disease 
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Rating Scale (UPDRS)-III motor part  [12] , or (2) 2 of the follow-
ing markers – lifetime prevalence of depression  [20] , hyposmia 
 [21] , one-sided reduced arm swing or positive family history of 
PD  [22] .

  Only individuals with normal echogenicity of the SN  [11]  (see 
below), no signs of acute psychiatric diseases and a negative fam-
ily history of PD  [22]  were chosen as control subjects. To enable 
the most efficient collection of data, control subjects were divided 
into 2 groups, as follows: group 1, consisting of 15 control subjects 
matched to the PD group with regard to age (±5 years), gender and 
education to complete the extended data set investigations, and 
group 2, consisting of 26 additional control subjects, screened to 
serve as a validation group for blood markers and questionnaires 
( table 1 ). 

  PD patients in the early disease stages (Hoehn and Yahr stage 
≤2.5) were diagnosed according to the established diagnostic cri-
teria  [23] . They had to be older than 50 years, with no history of 
deep brain stimulation and no verified genetic mutation known to 
cause PD.

  Exclusion criteria for all participants were as follows: other 
neurological diseases affecting the central nervous system, history 
of drug or alcohol abuse, pregnancy, prior use of cholinesterase 

inhibitors or memantine, or a Mini-Mental State Examination  [24]  
score  ≤ 24 in line with a relevant cognitive deficit indicative of de-
mentia.

  Ethical Approval 
 The study is being conducted in compliance with the Helsinki 

Declaration  [25] . The study protocol was approved by the local 
ethical committee of the University of Tübingen. All individuals 
gave written informed consent. 

  Assessments at Recruitment 
 The following measures were used to verify the above-men-

tioned inclusion/exclusion criteria. Data from these assessments 
are reported in the Results section of this paper.

  TCS (Antares ®  ultrasound machine, Siemens, Germany) was 
performed in all participants to define the echostatus of the SN. A 
2.5-MHz transducer was applied. Resolution of this system is ap-
proximately as follows: axial = 0.7 mm, lateral = 3 mm. Echogenici-
ty of the SN was measured planimetrically according to the con-
sensus guideline  [26] . Based on this guideline and on previous 
studies  [11, 12] , SN+ was defined as an area of echogenicity great-
er than or equal to the 90th percentile of a large sample of neuro-

  Fig. 1.  Overview of the design and follow-up visits of the PMPP study. 

Co
lo

r v
er

sio
n 

av
ai

la
bl

e 
on

lin
e

Basic data
set I

Basic data
set II

Extended
data set

Basic data
set I

Basic data
set I

Basic data
set I

Extended
data set

Basic data
set I

Basic data
set I

Basic data
set II

Basic data
set I

Extended
data set

Basic data
set I

Extended
data set

Basic data
set I

Extended
data set

Basic data
set I

Extended
data set

Basic data
set I

Extended
data set

Basic data
set I

Extended
data set

Healthy controls
(n = 41)

PD
(n = 16)

Controls
group 1
(n = 15)

Controls
group 2
(n = 26)

HRPD
(n = 40)

Ba
se

lin
e

6 
m

on
th

s
12

 m
on

th
s

18
 m

on
th

s
24

 m
on

th
s

Ti
m

e

http://dx.doi.org/10.1159%2F000353560


 PMPP Study   Neuroepidemiology  2013;41:174–182
DOI: 10.1159/000353560

177

Table 1.  Assessments in the PMPP study

Measurement  Basic data set Extended 
data set
(PD, HRPD,
control group 1)

I: PD,  HRPD, 
control group 1

II: control 
group 2

Imaging techniques
123I-FP-CIT-SPECT +
TCS + +
MRI +

Electrophysiology
EEG +
Ambulatory polysomnography +

Motor assessment
3D movement analysis (Vicon) +
Quantitative ambulatory motor assessment +
UPDRS-III + +
Hoehn and Yahr Stage +
Arm swing + +

Blood sample
DNA, RNA, serum + +

Clinical and demographic data 
Medication and concomitant diseases + +
Sensory function +
Family history of PD + +
Edinburgh Handedness Inventory +

Autonomic function
UMSARS Part I, items 9–12 +
UMSARS Part III +

Olfaction
12-Item Sniffin’ Sticks test + +
UPSIT +

Depression
Lifetime prevalence + +
Major depression + +
Beck Depression Inventory + +

Sleep disturbances
Parkinson’s Disease Sleep Scale-2 + +
RBD screening questionnaire + +

Neuropsychological test battery
Mini-Mental State Examination + +
Leistungsprüfsystem 50+ (short version) +
Tower of London +
Trail-Making Test A and B +
Farb-Wort-Interferenz Test (Stroop Test) +
California Verbal Learning Test +
WMS-R, Logical Memory +
WMS-R, Digit Span forward & backward +
HAWIE, Block Design +
TAP, Alertness +
TAP, Divided Attention +

 The assessments in the basic data set are applied every 6 months for PD, HRPD and control group 1 subjects 
and at baseline and after 2 years for control group 2. The assessments in the extended data set are performed 
yearly. UPSIT = University of Pennsylvania Smell Identification Test; WMS-R = Wechsler Memory Scale, revised; 
HAWIE = Wechsler Adult Intelligence Scale; TAP = Testbatterie zur Aufmerksamkeitsprüfung.
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degeneratively healthy individuals. Therefore, SN values above 
0.19 cm 2  on either the right or left side were defined as SN+. Values 
equal to or below 0.19 cm 2  were rated as SN–. Additionally, the size 
of the third ventricle, the anterior horn, as well as echogenicity of 
the raphe, caudate and lentiform nuclei were rated. 

  Clinical motor assessment was performed by a trained neu-
rologist and included ratings of side differences in arm swing.  
 Slight motor abnormalities possibly indicative for the develop-
ment of PD were found to be present if the participants showed 
one of the following signs: slight bradykinesia not due to, for 
example, an orthopedic cause (any one of the UPDRS-III items 
3.4–3.8 or 3.14 with a score  ≥ 1), rigidity (UPDRS-III item 3.3, 
score  ≥ 1) or subtle resting tremor (UPDRS-III items 3.17–3.18, 
score  ≥ 1). 

  Hyposmia   was indicated by a score of below 75% of correctly 
identified odors on the Sniffin’ Sticks test  [21] . Lifetime prevalence 
and the acute state of depression   was diagnosed according to con-
sensus guidelines  [20] . A positive family history of PD was defined 
according to the criteria of Marder et al.  [22] . 

  Ongoing Assessments for Measuring Disease Progression 
 All assessments applied for recruitment will also be performed 

in the follow-ups, in addition to the investigations described below 
(see  table 1  and  fig. 1  for details regarding the time points of follow-
up).

  According to the study design, the total basic data set assess-
ment (approx. 3 h) and extended data set assessment (approx. 12–
14 h) will be conducted on 2 days, between 8 a.m. and 3 p.m. The 
examination of control subjects who do not receive an  123 I-FP-
CIT-SPECT (group 1) will be conducted within a day.

  Neuroimaging  
 All participants who will be assessed yearly with the extended 

data set (PD, HR PD  and control subjects of group 1) will receive 
neuroimaging as long as they do not report any contraindication. 
This will comprise magnetic resonance imaging (MRI) in addition 
to TCS. In PD and HR PD  individuals, investigation with 123 I-FP-
CIT-SPECT will also be carried out. 

   Magnetic Resonance Imaging.  A comprehensive set of high-res-
olution images (MAGNETOM Trio, Siemens) will be acquired on 
a 3-tesla MRI scanner in order to provide information on (1) brain 
atrophy, vascular diseases and gray matter loss (T1-weighted mag-
netization-prepared rapid gradient echo sequence), (2) hypointen-
sities in the SN region (T2-weighted multiecho turbo spin echo 
and T2 * -weighted multiecho gradient echo), (3) disintegration of 
white matter fibers (diffusion tensor imaging), (4) dysfunction of 
the brain perfusion (arterial spin labeling) and (5) metabolic func-
tion of the SN (magnetic resonance spectroscopy).

   123  I-FP-CIT-SPECT.  To verify involvement of the nigrostria-
tal  system, the study protocol includes  123 I-FP-CIT-SPECT 
(DaTSCAN TM ), which has proven to be useful not only for PD di-
agnosis but also in the early (prodromal) and differential diagnosis 
of PD  [27] . Participants will receive a single intravenous injection 
of  123 I-FP-CIT (GE Healthcare, Zeist, The Netherlands) at the rec-
ommended dose of 185 MBq. Three hours following the injection, 
SPECT images will be acquired with a dual-head gamma camera 
high-resolution collimator (Symbia ® , Siemens). The acquisition 
time will be approximately 40 min. Data analysis will focus on the 
location and amount of both striatal and extrastriatal tracer up-
take. 

  Electroencephalography and Polysomnography 
 Several studies have demonstrated that idiopathic RBD may in-

crease the risk of future PD significantly  [28–30] . RBD is character-
ized by loss of normal skeletal muscle atonia during rapid eye move-
ment sleep, such that patients move in apparent response to their 
dream content. The standard procedure for RBD diagnosis is the 
use of polysomnography  [31] . For this study, an ambulatory sleep 
stage evaluation   system (SOMNOscreen TM  plus, SOMNOmedics 
GmbH, Germany) will be used to enable sleep recording in the par-
ticipant’s normal sleeping environment at home. Moreover, abnor-
mal electroencephalography   (EEG) activities characterized by dif-
fuse and/or localized slowing have been observed in PD. These 
shifts in the EEG pattern seem to be related to nonmotor rather than 
motor signs, i.e. to symptoms known to precede PD  [32–34] . Dur-
ing this study, EEG recording using a standard IS 10–20 system 
(5 min in the resting condition with eyes open and closed, each for 
30 s, 5 times in a row) will be applied. 

  Motor Assessment 
 Motor impairment is the core feature of clinical PD. Impor-

tantly, a specific subclinical movement profile is supposed to pre-
dict future PD-related motor worsening. Motor assessment will 
include the UPDRS-III, the Hoehn and Yahr scale  [35]  and quan-
titative measurements. Those quantitative assessments allow for a 
detailed characterization of even slight variations in movement 
patterns and have been validated to depict a PD-specific motor 
profile  [36] . 

  We will register individual 3-dimensional movement trajecto-
ries using a Vicon 612 motion capture system (sampling rate 120 
Hz) with 8 infrared cameras and 41 reflecting markers on anatom-
ical landmarks. Additionally, quantitative axial movement data 
will be recorded with a wearable inertial sensor (sampling rate 100 
Hz; DynaPort Hybrid, McRoberts, The Hague, Netherlands) fixed 
with an elastic belt at the level of the third and fourth lumbar spine 
segment, close to the center of mass  [37] . For each participant, dif-
ferent movement tasks (e.g. finger or foot tapping, gait, sway) 
known to indicate changes in the early stages of PD will be assessed 
 [36, 38, 39] . 

  Laboratory Tests 
 Blood samples will be taken at every study visit. Sampling pro-

tocols have been fitted to collect DNA and RNA for genomic and 
functional genomic analyses, as well as serum and plasma for me-
tabolomics and proteomics.

  Assessment of Nonmotor Symptoms 
 Parts of the Unified Multiple System Atrophy Rating Scale 

(UMSARS) will be used to assess autonomic function  [40] . Exam-
ination of orthostatic dysregulation will be based on the UMSARS-
III. The UMSARS-I items 9–12 account for the patient’s historical 
review of orthostatic symptoms and urinary, sexual and bowel 
function.

  The German version of the University of Pennsylvania Smell 
Identification Test will serve as the measurement to define pro-
gression of olfactory dysfunction, in addition to the 12-item Snif-
fin’ Sticks test. Subjects with actual or chronic diseases that might 
reduce olfactory performance (e.g. chronic rhinitis) will be exclud-
ed from data analysis. The revised version of the Parkinson’s Dis-
ease Sleep Scale    [41]  and the RBD Screening Questionnaire    [42]  
will be used to assess self-perceived sleep problems and evidence 
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of RBD. The Beck Depression Inventory  [43]  will be applied to give 
insight into the course of depressive symptoms during the study 
period. A comprehensive neuropsychological test battery ( table 1 ) 
has been composed which will cover all major areas of potential 
cognitive disability known to be affected in early PD  [35, 44] . 

  Data Analysis and Statistics 
 Longitudinal data analyses will include prevalence, risk and in-

cidence estimates of PD and other neurodegenerative disorders, 
descriptive statistics and multivariate analysis (regression models, 
latent growth mixture models, analysis of variance, structural 
equation models) to account for disease progression. Cross-sec-
tional (sub)group comparisons (e.g. demographics) will be con-
ducted – depending on the data type – with either parametric 
(t test, analysis of variance) or nonparametric statistics (e.g. Krus-
kal-Wallis H test). 

  Results of the presented group characteristics were based on 
descriptive and nonparametric test statistics (Mann-Whitney test 
for 2 samples and Kruskal-Wallis test for 3 samples). The data were 
analyzed using IBM SPSS Statistics 20.0 for Windows.

  Results 

 The subjects recruited consisted of 16 PD, 40 HR PD  and 
41 control subjects. Mean disease duration in PD patients 
was 31 months (range 15–56). Six PD patients received 
dopamine agonists, 1 patient was medicated with rasagi-

line only, 2 patients took a combination of levodopa, car-
bidopa and entacapone, 2 patients were medicated with a 
dopamine agonist and a catechol- o -methyltransferase in-
hibitor and 5 took both levodopa and dopamine ago-
nists (1 of them additionally received amantadine and 1 a 
catechol- o -methyltransferase inhibitor). Antidepressant 
medication was more common in the PD than in the HR PD  
group (31.3 vs. 12.5%; p = 0.03). One PD patient was treat-
ed with quetiapine because of previous manic-depressive 
episodes. She never received typical neuroleptics. Healthy 
control subjects received none of these drugs. 

  The control groups 1 (n = 15) and 2 (n = 26) did not 
differ significantly with regard to demographical or clin-
ical recruitment parameters (p > 0.05). The first statistical 
analyses were thus carried out with regard to the data of 
the whole control group (n = 41;  table 2 ).

  PD, HR PD  and control subjects did not differ signifi-
cantly regarding age, but the HR PD  group consisted of 
mainly males (72.5% of HR PD  subjects vs. 43.9% of con-
trols; p = 0.013). More than two thirds (n = 31, 77.5%) of 
the HR PD  group showed slight motor signs, predomi-
nantly mild forms of bradykinesia (72.5%).

  Among the nonmotor symptoms, hyposmia (47.5%) 
was the most common sign in both PD and HR PD  indi-
viduals. In addition, 19 subjects (PD = 31.3%, HR PD  = 

Table 2.  Characterization of study groups

Variable Control group 1 Control group 2 All control
subjects

HRPD PD p value

Number 15 26 41 40 16
Age, years 63 (54–76) 59 (50–71) 60 (50–76) 62 (45–73) 64 (50–80) 0.28
Male, n 7 (46.7) 11 (42.3) 18 (43.9) 29 (72.5) 9 (56.3) 0.041

Risk factors for PD
SN+, n 0 (0) 0 (0) 0 (0) 40 (100) 15 (93.3) <0.0011, 2

Positive family history of PD, n 0 (0) 0 (0) 0 (0) 15 (37.5) 7 (43.8) <0.0011, 2

Nonmotor symptoms 
Hyposmia, n 1 (7.7) 1 (3.8) 2 (5.1) 19 (47.5) 12 (75) <0.0011, 2

Lifetime prevalence of depression, n 2 (13.3) 0 (0) 2 (4.9) 13 (32.5) 8 (50) <0.0011, 2

Early motor signs
One-sided reduced arm swing, n 0 (0) 0 (0) 0 (0) 15 (37.5) 14 (87.5) <0.0011–3

Cardinal sign of PD, n 0 (0) 0 (0) 0 (0) 31 (77.5) 16 (100) <0.0011, 2

UPDRS-III total score 0 (0–2) 0 (0–1) 0 (0–2) 4 (0–12) 26 (9–55) <0.0011–3

 Figures in parentheses represent ranges or percentages, as appropriate. p values refer to comparison of all control subjects, HRPD and 
PD patients (Kruskal-Wallis test). For the analysis of motor impairment (cardinal sign of PD, UPDRS-III total score) one subject of the 
control group was excluded due to orthopedic reason. 

Post hoc comparison: p < 0.017:
1 HRPD group vs. all control subjects. 
2 PD patients vs. all control subjects. 
3 PD patients vs. HRPD group.
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35.0%) reported a first-degree relative, 7 subjects (PD = 
18.8%, HR PD  = 10%) a second-degree relative and 4 pa-
tients (PD = 18.8%, HR PD  = 2.5%) other family relatives 
with PD symptoms. 

  Discussion 

 The PMPP study was designed to investigate the pro-
gression of various biomarkers in the prodromal phase of 
PD. To the best of our knowledge, this is the first study 
designed to comprehensively assess individuals at high 
risk for idiopathic PD at short (6-month) intervals. 

  Most symptoms that hallmark the prodromal stage of 
PD are unspecific when they are evaluated alone, but their 
co-occurrence in an individual is proposed to increase the 
risk for PD and (in the case of a neurodegenerative pro-
cess) correspond to the neuropathological staging of PD-
associated Lewy body pathology  [45–47] . We therefore 
recruited individuals showing not only one marker but a 
combination of various risk and prodromal markers.

  Based on our study design, the clinical profile of the 
HR PD  group partly resembles that of PD patients and dif-
fers from controls in various aspects. This finding sup-
ports the assumption that the recruitment of an HR PD  
cohort is feasible.

  So far, little is known about the prevalence, co-occur-
rence and progression of prodromal markers before the 
clinical symptoms enable PD diagnosis. Therefore, stud-
ies which follow the early development of PD are urgent-
ly needed, such as the study presented here. As discussed 
below, our approach differs from that of other ongoing 
prospective longitudinal studies.

  Large population-based longitudinal cohort studies 
such as the HAAS  [19]  or PRIPS study  [7]  focus on risk 
factors or prodromal markers, to specify their predictive 
value for future PD. One main advantage is that the diag-
nostic value of a marker, or a combination of markers, 
can be specified in the general population. However, as-
sessments used in these studies need to be quickly and 
easily applied and thus may not allow a detailed quantifi-
cation of various signs and symptoms.

  Given that the incidence of PD is only about 0.3 per 
1,000 persons in subjects aged 55–65 years  [48] , popula-
tion-based cohorts are not a primary target in pharmaco-
logical trials. Therefore, a large number of participants 
must be examined in order to identify those who will de-
velop PD in the near future.

  The investigation of ‘enriched-risk cohorts’ seems to 
be a promising approach, as a larger number of individu-

als are supposed to develop PD. The TREND study se-
lected 12,000 persons older than 50 years of age with the 
presence of idiopathic hyposmia, depression and self-re-
ported signs of RBD or none of these markers (control 
subjects). Participants are assessed every 2 years with a 
3.5-hour quantitative assessment battery, including mo-
tor, olfactory, autonomic, visual and cognitive function, 
as well as TCS  [14] .

  Another example of an ‘enriched-risk cohort’ is the 
Parkinson At-Risk Syndrome Study (PARS). In this 
study, 9,398 individuals older than 50 years of age without 
neurodegenerative disorders were screened via mail, us-
ing the University of Pennsylvania Smell Identification 
Test  [49] . Olfactory function could be analyzed in 4,999 
subjects, of whom 669 (13.4%) were classified as having 
hyposmia. In the PARS study design, individuals from 
this hyposmic group undergo additional assessments.

  In all these studies (HAAS, PRIPS, TREND, PARS), 
the primary outcome is the development of PD according 
to the current diagnostic criteria  [23] . Follow-up intervals 
are generally 2 or even more years apart, to enable the best 
effort/cost and outcome relation in these large cohorts 
 [14] . However, such periods are far too long to monitor 
possible effects in pharmacological trials testing new 
drugs which aim to modulate the neurodegenerative pro-
cess  [4] . Here, a different approach is needed, which we 
propose in the PMPP study.

  In contrast to the PMPP study, the Parkinson’s Pro-
gression Markers Initiative  [50] , a multicenter (23 PD 
centers: 14 across the USA, 4 in Europe) observational 
research study, is designed to identify biomarkers of ear-
ly PD progression. However, the present PMPP study 
does not focus on the characterization of disease progres-
sion in early neurodegenerative stages, but rather is de-
signed to address the prodromal stage. 

  There are some limitations in the present design that 
were unavoidable at this stage. Due to ethical reasons, 
healthy control subjects will not receive  123 I-FP-CIT-
SPECT imaging. Therefore, this part of the assessment 
will provide information about changes in tracer uptake 
in HR PD  and early PD patients over time, but we will not 
be able to correct for age-related changes of the dopami-
nergic system. A further limitation of the present study is 
the rather small sample size.

  However, we believe that this explorative and small 
study is a feasible, highly competitive and promising ap-
proach to develop relevant trait and state markers for the 
prodromal phase of PD. Data analysis of the PMPP study 
has the potential to serve as a relevant basis for the con-
ception of future studies in this area.
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