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Clinical characteristics of newly dia gnosed 
Parkinson’s disease patients included 
in the longitudinal BIO-PD study

Klinická charakteristika nově dia gnostikovaných 

pacientů s Parkinsonovou nemocí zařazených 

do longitudinální studie BIO-PD

Abstract
Aim: The aim of this study was to describe the protocol of the longitudinal observational study 

“Biomarkers of Parkinson‘s disease” (BIO-PD) and provide clinical characteristics of newly diagnosed 

Parkinson‘s disease (PD) patients enrolled in the BIO-PD study to date. Methods: Treatment-naive PD 

patients diagnosed according to the Movement Disorders Society clinical diagnostic criteria with 

abnormal fi nding on dopamine transporter SPECT as well as healthy controls were enrolled in 

the study. Baseline examination included brain MRI, structured interview, Movement Disorders 

Society-Unifi ed PD Rating Scale (MDS-UPDRS), video-polysomnography, transcranial sonography, 

olfactory testing, visual color sensitivity, a battery of neurophysiological tests, detailed cognitive 

testing, a comprehensive set of questionnaires as well as sampling of biofl uids. Results: As of July 

2020, 95 PD patients (37 females, mean age 61.0 [SD = 12.4] years, mean symptom duration 1.9 [1.7] 

years) and 57 healthy controls (15 females, mean age 62.2 [9.4] years) were included in the study. 

Compared to controls, PD patients were more likely to be never smokers (P = 0.02) and to have 

a history of anxiety or depression disorder (P = 0.02), and constipation (P = 0.002). In addition, 

PD patients had worse scores in the visual color sensitivity (Farnsworth-Munsell Hue 100) test 

(P = 0.002), MDS-UPDRS motor score, Beck depression inventory-II, State-Trait Anxiety Inventory X1/

X2, Scales for Outcomes in PD-Autonomic questionnaire (SCOPA-AUT), University of Pennsylvania 

Smell Identifi cation Test, and more frequent substantia nigra hyperechogenicity on transcranial 

sonography (P < 0.001 for all tests). The frequencies of symptoms and abnormal fi ndings in PD 

patients were as follows: hyposmia 82.4%, substantia nigra hyperechogenicity 75.4%, history of 

anxiety or depression disorder 29.5%, constipation 22.1%, and REM (rapid eye movement) sleep 

behavior disorder 22%. Conclusion: Baseline characteristics of patients enrolled in the BIO-PD study 

are comparable to other de novo PD cohorts, indicating that it is a representative sample of PD 

patients. Hyposmia is the most prevalent non-motor abnormality in newly diagnosed PD patients 

and is thus a suitable diagnostic marker for early PD.   
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Introduction
Identification of robust bio markers could 

greatly improve clinical management and 

understanding of disease mechanisms in 

medicine. Several longitudinal cohorts of de 

novo Parkinson’s disease (PD) patients have 

been followed world-wide in order to fi nd 

and validate dia gnostic and progression bio-

markers in phenotypically well-character-

ized patients [1,2]. Parkinson’s Progression 

Markers Initiative (PPMI) is one of the largest 

international studies aiming at discovering 

new bio markers [3]. Although several poten-

tial bio markers have been identified, e. g., sy-

nuclein aggregation properties in the cere-

brospinal fl uid (CSF) [4], replication studies 

are still needed. Additionally, large longitu-

dinal cohorts with de novo patients enable 

better understanding of the phenotypic va-

riety and prevalence of motor and non-mo-

tor symptoms in diff erent stages of PD. This 

will ultimately improve dia gnostic accuracy 

in the prodromal and manifest disease as 

well as patient stratifi cation into clinical trials 

through combined clinical and bio marker-

driven phenotyping [5]. Capturing full phe-

notypic spectrum of PD requires pooling 

data from different populations with var-

ying genetic backgrounds and lifestyles. 

However, most longitudinal studies in PD 

take place in western Europe and the United 

States [1]. This led us to set up the longitu-

dinal observational study “Biomarkers of 

Parkinson’s disease” (BIO-PD) in the Czech 

Republic. The ultimate aims of this single 

center project are: 1) to identify clinical, im-

aging, neurophysiological, genetic, and bio-

chemical markers of disease severity and 

progression and 2) describe associations 

among these markers and PD phenotypes.

Herein, we describe the BIO-PD study pro-

tocol and summarize elementary demo-

graphic and clinical fi ndings of the subjects 

enrolled in this cohort to date. 

Methods
Subjects

Treatment-naive PD patients newly dia g-

nosed between June 2015 and July 2020 at 

our tertiary center were invited to par-

ticipate. The dia gnosis was confirmed by 

a movement disorders specialist (PD) ac-

cording to the Movement Disorders Society 

(MDS) clinical dia gnostic criteria [6]. The ex-

clusion criteria were treatment with antipar-

kinsonian medication before baseline exam-

ination, clinical, imaging or laboratory signs 

of atypical parkinsonism, and normal fi nd-

ing on dopamine transporter single-photon 

emission CT (DAT-SPECT) examination. 

The control subjects were recruited from 

the general community through advertise-

ments. To be eligible for the study, controls 

had to be free of major neurologic disorders, 

active oncologic illness, and abuse of psy-

choactive substances. In all control subjects, 

REM (rapid eye movement) sleep behavior 

disorder (RBD) was excluded by thorough 

history and video-polysomnography. The 

target sample size is 130 PD patients and 

70 controls.

Study protocol

All subjects undergo a comprehensive lon-

gitudinal protocol involving clinical, neu-

rophysiological, and neuroimaging as-

sessments. The schedule of evaluations 

comprise screening/ baseline examinations 

and then lifelong yearly follow-up visits at 

1-year intervals. The baseline examination 

include brain MRI, DAT-SPECT, structured in-

terview, MDS-Unified Parkinson‘s Disease 

Rating Scale (MDS-UPDRS), video-polysom-

nography, transcranial sonography (TCS), ol-

factory testing, visual color sensitivity exami-

nation, a battery of neurophysiological tests, 

detailed cognitive testing, a set of question-

naires as well as sampling and bio banking of 

serum, plasma, DNA, and optionally CSF. In 

healthy controls, DAT-SPECT and CSF sam-

pling are not performed. After the baseline 

examination, dopaminergic medication is in-

itiated in PD patients when needed. The fol-

low-up examinations include MDS-UPDRS, 

Montreal Cognitive Assessment (MoCA) [7], 

a battery of neurophysiological tests, and 

a set of questionnaires (Fig. 1). The study 

data are collected and managed using RED-

Cap electronic data capture tools hosted at 

General University Hospital in Prague. RED-

Cap (Research Electronic Data Capture) is 

a secure, web-based software platform de-

signed to support data capture for research 

studies [8,9]. Large data fi les are stored at the 

CESNET storage facilities [10].

Data acquisition and processing

In this descriptive work, we present ele-

mentary demographic, clinical, and imag-

ing data in PD and control groups acquired 

at baseline. During a structured interview, 

the information about family history of PD, 

history of unconscious head trauma, pesti-

cide exposure, anxiety or depression disor-

Souhrn
Cíl: Cílem této studie bylo popsat protokol longitudinální observační studie „Biomarkery Parkinsonovy choroby“ (BIO-PD) a klinické charakteristiky nově 

diagnostikovaných pacientů s Parkinsonovou chorobou (Parkinson’s disease; PD), kteří byli doposud zařazeni do studie BIO-PD. Soubor a metodika: Do studie 

byli zařazeni dosud neléčení pacienti s PD diagnostikovaní podle klinických diagnostických kritérií Movement Disorders Society, kteří měli abnormální 

nález transportéru dopaminu na SPECT a skupina zdravých kontrol. Vstupní vyšetření zahrnovalo MR mozku, strukturovaný rozhovor, škálu hodnocení 

tíže PD (Movement Disorders Society-Unifi ed PD Rating Scale; MDS-UPDRS), video-polysomnografi i, transkraniální sonografi i, testování čichu a barevné 

zrakové citlivosti, baterii neurofyziologických testů, podrobné kognitivní testování, komplexní sadu dotazníků a odběr biologických vzorků. Výsledky: Do 

července 2020 bylo do studie zahrnuto 95 pacientů s PD (37 žen, průměrný věk 61,0 [SD = 12,4] let, s průměrnou dobou trvání symptomů 1,9 [1,7] let) 

a 57 zdravých kontrol (15 žen, průměrný věk 62,2 [9,4] let). Ve srovnání s kontrolami byli pacienti s PD častěji nekuřáci (p = 0,02), měli anamnézu úzkostné 

nebo depresivní poruchy (p = 0,02) a zácpu (p = 0,002). Pacienti s PD měli dále horší skóre v testu barevné zrakové citlivosti (p = 0,002), motorické škále 

MDS-UPDRS, Beckově stupnici pro posuzování závažnosti deprese (BDI-II), dotazníku měření úzkostnosti (State-Trait Anxiety Inventory X1/X2), dotazníku 

k hodnocení přítomnosti a závažnosti příznaků autonomních dysfunkcí u PD (SCOPA-AUT), čichovém testu (University of Pennsylvania Smell Identifi cation 

Test,) a častější hyperechogenitu substancia nigra na transkraniální sonografi i (p < 0,001 pro všechny testy). Četnost symptomů a abnormálních nálezů 

u pacientů s PD byla následující: hyposmie 82,4 %, hyperechogenita substancia nigra 75,4 %, anamnéza úzkostné nebo depresivní poruchy 29,5 %, zácpa 

22,1 % a poruchy chování v REM (rapid eye movement) spánku 22 %. Závěr: Základní charakteristiky pacientů zařazených do studie BIO-PD jsou srovnatelné 

s ostatními kohortami nově diagnostikovaných pacientů s PD, což naznačuje, že se jedná o reprezentativní vzorek pacientů s PD. Hyposmie je nejčastější 

non-motorickou abnormalitou u nově diagnostikovaných pacientů s PD a je tedy vhodným diagnostickým markerem v časné fázi PD.
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der, smoking status, subjective hyposmia, 

constipation, and orthostasis was retrieved. 

Pesticide exposure was regarded positive in 

case of regular exposure for at least 1 year. 

The history of anxiety or depression was ac-

knowledged if their severity required psy-

chiatric examination or pharmacotherapy. 

The subjects were regarded as smokers in 

case of regular smoking for at least 1 year. 

Constipation was dia gnosed in the sub-

jects who scored ≥ 1 point in the MDS-UP-

DRS item 1.11 and referred ≤ 3 bowel move-

ments per week for most of the time during 

last 6 months. Orthostasis was dia gnosed 

in the subjects who scored ≥ 1 point in the 

MDS-UPDRS item 1.12 and confi rmed regu-

lar orthostasis during last 6 months in the 

interview. MDS-UPDRS scoring was per-

formed by a single MDS-certified rater (PD). 

For level 1 cognitive evaluation, MoCA was 

used. The subjects with MoCA score lower 

than 1.5 SD below the normative mean 

were classified as those with mild cogni-

tive impairment (MCI) [11]. Mood, anxiety, 

and sleepiness were assessed using the Beck 

depression inventory II (BDI-II), State-Trait 

Anxiety Inventory (STAI) X1/ X2 [12], and Ep-

Fig. 1. Protocol of the BIO-PD study.
BDI – Beck depression inventory; CSF – cerebrospinal fl uid; DAT-SPECT – dopamine transporter single-photon emission CT; ESS – Epworth 

sleepiness scale; FM – Farnsworth-Munsell; fMRI – functional MRI; ISI – insomnia severity index; MDS-UPDRS – Movement Disorders Society-

Unifi ed Parkinson‘s Disease Rating Scale; MoCA – Montreal Cognitive Assessment; PDQ – Parkinson‘s Disease Questionnaire; QSM – quantitative 

susceptibility mapping; RBD-SQ – REM Sleep Behavior Disorder Screening Questionnaire; SCOPA-AUT – Scales for Outcomes in Parkinson 

Disease-Autonomic; STAI – State-Trait Anxiety Inventory; TUG – Timed up and go; UPSIT – University of Pennsylvania Smell Identifi cation Test

Obr. 1. Protokol studie BIO-PD.
BDI – Beck depression inventory; CSF – mozkomíšní mok; DAT-SPECT – jednofotonová emisní CT; ESS – Epworth sleepiness scale; FM – 

Farnsworth-Munsell; fMRI – funkční MRI; ISI – index závažnosti nespavosti (insomnia severity index); MDS-UPDRS – Movement Disorders 

Society – Unifi ed Parkinson‘s Disease Rating Scale; MoCA – Montreal Cognitive Assessment; PDQ – Parkinson‘s Disease Questionnaire; QSM – 

quantitative susceptibility mapping; RBD-SQ – REM Sleep Behavior Disorder Screening Questionnaire; SCOPA-AUT – Scales for Outcomes 

in Parkinson Disease-Autonomic; STAI – State-Trait Anxiety Inventory; TUG – Timed up and go; UPSIT – University of Pennsylvania Smell 
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worth sleepiness scale (ESS) [13]. Olfaction 

was investigated using the 40-item Univer-

sity of Pennsylvania Smell Identifi cation Test 

(UPSIT) and the subjects were classified as 

normal (normosmic or mild microsmic ac-

cording to the UPSIT manual), hyposmic 

(moderate or severe microsmic according 

to the manual) or anosmic [14]. Color vision 

was examined using the Farnsworth-Mun-

sell Hue 100 test (FMT) [15]. The total FMT 

error scores were compared to the norma-

tive data published, using the following cut-

off s for abnormal color sensitivity: age 30–

39: > 80; age 40–49: > 100; age 50–59: > 130; 

age 60–69: > 170; age 70–79 > 195 [16]. Au-

tonomic functions were assessed using 

the Scales for Outcomes in PD-Autonomic 

(SCOPA-AUT) questionnaire [17,18]. Video-

polysomnography was performed over one 

night according to the American Academy 

of Sleep Medicine (AASM) recommendation  

with the supplementary recording of super-

fi cial EMG of bilateral fl exor digitorum su-

perfi cialis muscles; the presence of RBD was 

established according to the International 

Classifi cation of Sleep Disorders, third edi-

tion (ICSD-3) [19].

DAT-SPECT

DAT-SPECT was performed using the [123I]-2-b-

-carbomethoxy-3b-(4-iodophenyl)-N-(3-

fl uoropropyl) nortropane ([123I]FP-CIT, DaTs-

can®, GE Healthcare, Chicago, IL, USA) tracer 

according to the European Association of 

Nuclear Medicine (EANM) procedure guide-

lines [20]. The scans were acquired 3 hours 

after 185 MBq [123I]FP-CIT injection on a dual-

head camera system (Infi nia, GE Healthcare, 

Chicago, IL, USA) using common acquisition 

and reconstruction parameters described 

in detail elsewhere [21]. Automated semi-

quantitative analysis was performed using 

the BasGan V2 software [22] and specifi c 

binding ratios (SBR) in the caudate nucleus 

and putamen in each hemisphere relative 

to background binding were calculated. 

The SBR values below 95% prediction in-

terval constructed according to a reference 

database from 129 healthy subjects were 

considered abnormal [21]. The DAT-SPECT 

fi ndings in each patient were classified as 

normal, unilaterally abnormal, or bilaterally 

abnormal for the caudate and putamen, 

respectively.

Transcranial sonography 

Transcranial sonography (TCS) examination 

was performed by a single experienced so-

nographer (JM) using a commercial ultra-

sound device (Aplio 300, Toshiba, Tokyo, 

Japan) with a 2.5 MHz phased array trans-

ducer and commonly used settings. Sub-

stantia nigra (SN) echogenic areas on both 

sides were manually encircled and the values 

above our internal, previously determined, 

optimal cut off  value 0.126 cm2 were consid-

ered abnormal. Detailed description of the 

methodology is described elsewhere [23]. 

Statistics

Groupwise comparisons were performed 

between the PD and control groups. The Stu-

dent t-test or the Mann-Whitney U test were 

used depending on whether the data distri-

bution had a normal or non-normal shape. 

The categorical variables are described as 

frequency percentages and were analyzed 

using the Fisher’s exact or Chi square tests. 

Graphpad Prism version 6.07 (Graphpad 

software, San Diego, CA, USA) was used for 

statistical analysis.

Results
A total of 95 treatment-naive PD patients 

and 57 healthy controls with comparable 

age and gender distributions were enrolled 

to the longitudinal study. The fl ow diagram 

of patient inclusion is shown in Fig. 2. The 

comparison of demographic and clinical 

variables in patients and controls is shown 

in Tab. 1. 

The mean subjective motor symptom 

duration in PD patients at baseline was 

1.9 (SD = 1.7; range 0.3–11.3) years. Eleven 

(11.6%) patients fulfi lled the criteria for early-

onset PD, i.e., symptoms onset at the age 

below 40 years. First motor symptoms no-

ticed by patients were tremor in 59 (62%) 

subjects, impaired hand motor function in 

16 (17%) subjects, slow, shuffl  ing or unsteady 

gait in 11 (12%) subjects, arm stiff ness in 5 (5%) 

subjects, low-volume voice in 2 (2%) subjects 

and arm dysesthesia/pain in 2 (2%) subjects.    

Compared to controls, PD patients were 

more likely to be never smokers and had 

a history of anxiety or depression disor-

der, constipation and subjective hyposmia. 

In addition, PD patients had worse scores 

in MDS-UPDRS III, UPSIT, FMT, BDI-II, STAI 

X1/ 2, and SCOPA-AUT (Tab. 1). The differ-

ence between PD patients and controls in 

the SCOPA-AUT score was mostly driven by 

higher gastrointestinal, urinary, and cardio-

vascular autonomic region sub-scores in the 

former group. The odds ratio for having con-

stipation was 7.8 (95% CI 1.9–34.6) in PD rela-

tive to controls. Nine patients were not able 

to determine the onset of constipation. Me-

dian latency from constipation onset to fi rst 

motor symptoms was one (IQR 0–7.8) year 

in remaining 12 patients whereby consti-

pation paralleled the occurrence of motor 

symptoms in six of them. Subjective hypos-

mia in PD was more common than in con-

trols yielding the odds ratio 42.5 (95% CI 6.8–

440.2). The median latency from subjective 

hyposmia onset to fi rst motor symptom was 

5 (IQR 1–15) years whereby seven patients 

reported the onset of hyposmia paralleling 

or succeeding the occurrence of fi rst motor 

Fig. 2. Flow diagram of patient inclusion.
Obr. 2. Vývojový diagram procesu zařazení pacientů.

134 patients referred to the BIO-PD study

6 did not have parkinsonism at screening

98

2 had normal DaTscan

128

3 started medication before baseline

96

1 re-diagnosed as corticobasal 

syndrome during follow-up

125

27 refused participation

95 treatment-naive PD patients 

were included
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symptoms and two patients were not able 

to determine the hyposmia onset. The prev-

alence of hyposmia/ anosmia objectively 

dia g  nosed according to the UPSIT test, as 

compared to subjective hyposmia, was 

higher in both groups. The odds ratio for 

being hyposmic or anosmic was 17.2 (95% CI 

7.5–38.3) for PD patients compared to con-

trols. The mean FMT total error score was 

larger in the PD group, but only 10% of pa-

tients had abnormal color sensitivity based 

on normative data. The history of anxiety or 

depression disorder was also more frequent 

in PD patients compared to controls with the 

odds ratio 3.0 (95% CI 1.9–34.6). Anxiety or 

depression preceded motor symptoms by 

a median 4.5 (IQR 0.25–17.5) years whereby it 

paralleled or succeeded motor symptoms in 

six patients. RBD was dia gnosed in 20 (22%) 

PD patients after the exclusion of four pa-

tients in whom REM sleep was not captured 

during video-polysomnography. RBD was 

an exclusion criterion in the control group 

and resulted in the exclusion of one subject.  

DAT-SPECT was performed in all PD pa-

tients, since a decreased putaminal bind-

ing was an inclusion criterion. It was abnor-

mal unilaterally in 17 (17.9%) and bilaterally 

in 78 (82.1%) patients. In the caudate nu-

cleus, a bilaterally decreased binding was ob-

served in 30 (31.6%), a unilaterally decreased 

binding in 31 (32.6 %) and a normal fi nding 

in 34 (35.8%) patients. TCS was performed 

in 86 PD and 47 control subjects whereby 

21 (24.4%) PD and 3 (6.3%) control subjects 

did not have bilaterally permeable temporal 

window. From the analyzed subjects, 75.4% 

PD and 13.6% controls had at least unilater-

ally enlarged SN hyperechogenity area, yield-

ing the dia gnostic odds ratio 19.4 (95% CI 

6.8–54.3). Seven (10.7%) PD patients had bi-

laterally enlarged SN hyperechogenity area. 

Discussion
We present the protocol and baseline clin-

ical data of patients included in the BIO-

PD longitudinal cohort study. Compared 

to the controls, the PD patients were more 

likely to be never smokers and had more fre-

quent history of anxiety/ depression disor-

ders, hyposmia, constipation, and enlarged 

SN echogenic area. The PD patients also had 

worse scores in the tests assessing motor, 

olfactory, and autonomic functions, as well 

as color sensitivity and anxiety/ depression 

symptoms. 

The protocol of this study is compatible 

with the set of bio marker assessments rec-

Tab. 1. Demographic and clinical variables in patients and controls.

PD patients Controls P
males/females (n) 58/37 42/15 0.157†

age (years)* 61.0 (12.4) 62.2 (9.4) 0.491b

education (years)* 15.1 (3.4) 14.8 (3.1) 0.882a

body mass index* 27.6 (3.9) 27.6 (4.2) 0.908b

family history of PD (%) 15.8 5.3 0.069†

pesticide exposure (%) 9.5 3.5 0.211†

history of unconscious head trauma (%) 18.9 10.5 0.250†

smoking current/past/never (%) 6.3/31.6/62.1 17.5/40.4/42.1 0.022‡

Motor

MDS-UPDRS III* 29.5 (12.8) 3.5 (3.8) < 0.001b

Sensory

subjective hyposmia (%) 43.2 1.8 < 0.001†

UPSIT score* 22.4 (6.8) 31.9 (4.2) < 0.001b

UPSIT result normal/hyposmia/anosmia (%) 17.6/48.4/34.0 78.6/19.6/1.8 < 0.001‡

FM-100 Hue test error score* 75.8 (49.7) 53.8 (41.1) 0.002a

FM-100 Hue test abnormal (%) 10 1.8 0.089†

Autonomic

constipation (%) 22.1 3.5 0.002†

orthostasis (%) 7.4 1.8 0.259†

SCOPA-AUT total* 9.1 (5.2) 5.8 (3.9) < 0.001b

SCOPA-AUT gastrointestinal* 2.2 (2.1) 0.9 (1.2) <0.001a

SCOPA-AUT urinary* 3.5 (2.1) 2.6 (2.0) 0.007a

SCOPA-AUT cardiovascular* 0.6 (0.8) 0.2 (0.5) 0.001a

SCOPA-AUT thermoregulatory* 1.6 (1.6) 1.1. (1.1) 0.064a

SCOPA-AUT pupillomotor* 0.4 (0.5) 0.3 (0.5) 0.595a

SCOPA-AUT sexual* 0.8 (1.4) 0.7 (1.1) 0.902a

Psychiatric

history of anxiety or depression disorder (%) 29.5 12.3 0.017†

BDI-II* 8.6 (5.7) 4.3 (4.1) < 0.001b

STAI X1* 40.5 (10.1) 31.5 (6.9) < 0.001b

STAI X2* 40.2 (9.4) 32.1 (7.3) < 0.001b

Sleep

REM sleep behavior disorder (%) 22 0 n.d.

ESS* 6.1 (3.6) 5.7 (3.4) 0.644a

Cognitive

MoCA score* 24.8 (3.0) 25.4 (2.4) 0.169b

MCI level 1 (%) 15.6 10.5 0.465†

Imaging

increased SN echogenicity on TCS (%) 75.4 13.6 < 0.001†

Signifi cant diff erences are marked with bold text.

*values reported as mean (SD); †Fisher’s exact test; ‡Chi square test; a Mann-Whitney U test; 
b Student t-test

BDI – Beck depression inventory; ESS – Epworth Sleepiness Scale; FM – Farnsworth-Munsell; 

MCI – mild cognitive impairment; MDS-UPDRS – Movement Disorders Society-Unifi ed Par-

kinson‘s Disease Rating Scale; MoCA – Montreal Cognitive Assessment; n – number; n.d. – 

not done; PD – Parkinson‘s disease; REM – rapid eye movement; SCOPA-AUT – Scales for 

Outcomes in Parkinson Disease-Autonomic; STAI – State-Trait Anxiety Inventory; UPSIT – Uni-

versity of Pennsylvania Smell Identifi cation Test
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