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ABBREVIATIONS

Abbreviation Definition of abbreviation

CANTAB

CGT
CRT
ESS
GNT
HAD
HY
LDE
MCI
MDS
MMSE
OTS
PAL
PD
PD-CI
PD-D
PD-MCI
PDQ39
PDSS
PFS
Put/NC
RVP
SN
SPECT
SRM
SSP
SWM
TCS
UPDRS

Cambridge Neuropsychological Test AutomaBadtery
Cambridge Gambling Test

Choice Reaction Test

Epworth Sleepiness Scale

Graded Naming Test

Hospital Anxiety and Depression scale

modified Parkinson's disease scale accordingdehn and Yahr
levodopa dose equivalent

mild cognitive impairment

Movement Disorders Society

Mini-Mental State Examination

One Touch Stockings of Cambridge Test

Paired Associates Learning Test

Parkinson’‘s disease

cognitive impairment associated with Pargiris disease
dementia associated with Parkinson’‘s disease

mild cognitive impairment associated withri@ason's disease
Parkinson‘s Disease Quality of life questeaire
Parkinson‘s Disease Sleep Scale

Parkinson'‘s disease Fatigue Scale

Putamen/Nucleus caudattegtio

Rapid Visual Processing Test
substantia nigra

single-photon emission computed tomography
Spatial Recognition Memory Test

Spatial Span Test

Spatial Working Memory Test

transcranial sonography

Unified Parkinson's Disease Rating Scale



INTRODUCTION

Relevance of the study

Parkinson‘s disease (PD) is considered to be aisysliem degenerative disorder
involving nigrostriatal dopaminergic and multipletmnigral brain areas as well as
autonomic and peripheral nervous system, choliceagid serotoninergic nuclei. It
affects about 1,4% of population older than 55 gedine incidence is lower among
people younger than 40 years but grows up all daher world regarding to the
prolongation of survival rates and modern methodisdiagnostics and treatment.
Population-based, longitudinal studies have shooual0% of the patients with PD to
develop dementia within a follow-up period of 3 §&a percentage further increasing to
20% in 5 years and up to 80% in 20 years of diseds@tion. But cognitive
deterioration in PD receives more and more attantiaring past decade not only
because it may predict progression to dementia.

Frontostriatal, amnestic or mixed-type mild cogratdisorder (MCI) is revealed in 55%
of PD patients with disease duration longer thah y&ars. Deficits in random motor
generation, decline of psychomotor speed and atertave been reported in newly
diagnosed PD. Though scientific research reveagxudive, visuospatial and memory
dysfunction in 25%de novoPD patients but usually they are not diagnosedimcal
practice. The diagnosis of PD is still based on #&waluation of the main motor
symptoms (resting tremor, rigidity, bradykinesiagvanced-stage related postural
instability) which are usually contributed to nigtoatal degeneration but the margins of
understanding pathogenesis of this complex disdasag last decade are expanded in
contribution to hypothesis by H.Braak. It is obwothat clinical evolution of motor
symptoms is preceeded by non-motor problems agsdcdth extranigral deficits in 10
to 15 years. Today one of the most important objetresearch is the earliest, premotor
stage of PD considered to be associated with sleemd, autonomic and sensory
dysfunction and, perhaps, with subtle deficits lanping, conceptualisation, working

memory, external stimuli processing which progres$Cl or dementia in a subgroup



of patients. Though most frequent deficits of higleegnitive functioning, attention,
concentration and memory in early-stage PD are aedtribed, their pathophysiological
mechanisms and impact factors are still investajaténical symptoms frequently seem
heterogenious and relationship with dopaminergisfutyction remains not strictly
defined. According to the results of populationdshslinical studies, cognitive disorders
become more severe with the progress of PD buketiemo solid opinion on their
relationship with other clinical symptoms. Visuosgh dysfunction during mental
rotation and visual recognition, conditional asatiee learning and verbal memory
deficits that are observed in amnestic type of POMorrelate with higher functional
dependence and longer disease duration but dohoet any straight relationship with
dopaminergic dysfunction, and no influence of PDdimo&tion on these functions is
observed. The interactions between cognition artijue, somnolence, depression,
quality of night sleep are still a matter of funthresearch. The most common type of
cognitive disorder in early motor phase of PD igorted to be dysexecutive sindrome
which is strongly associated and particularly cdusg impaired allocation of attentional
resource. Visuospatial orientation, memory and lagg are considered to be preserved
long in the course of the disease. However, brail kveals signs of degeneration not
only in frontal but as well in temporal cortex evéam premotor PD. PD-MCI is
associated with regional glucose hypometabolismtamporoparietal areas during
positron-emission tomography with fludeoxyglucod8K-FDG). The establishment of
transcriptomics, proteomics, metabolomics, new Hoaical (-synuclein, DJ-1),
structural (TCS, MRI) and functional (SPECT, PENMHRI) biological markers of PD
encourages future investigations of their relatmsto cognitive functions in PD in
purpose of better understanding the pathologicalhaeisms, improving the diagnostic
possibilities and searching for modern neuroprotecgents.

The clinical decision on start of treatment of PBowd be made after thorough
evaluation of both motor and cognitive symptomsitas reported that patients on
dopaminergic medication express improvement in aldtexibility, tonic alertness and

working memory. Taking into account depression, ieiyx insomnia, restless legs



syndrome, REM (rapid eye movement sleep) behadmarder and PD specific fatigue,
it is essential to evaluate the necessity of supetdal treatment of these problems and
then compose an individual plan of cognitive rehgtion. Progressive deterioration of
executive functions, visuospatial orientation anenmory is associated with increasing
dependency in activities of daily living and PD-®rated as an independent predictor of
survival and quality of life. Though some authoexldre that delicate cognitive decline
does not correspond to the burden of disease bpbrgmts state that instruments
measuring quality of life are insensitive for theseticular symptoms. The latest reports
on quality of life in early-stage PD reveal the damental impact of non-motor
symptoms with probable co-variance of cognition plagticular trend being a matter of
research.

Despite the growing interest to this problem duriagt decade the diagnostic criteria of
PD-D have been proposed in 2007, and criteria ofM®D — in 2012 by Movement
Disorders Society (MDS) Task Force Group with fertihefinement and validation still
ongoing. Neuropsychological testing is most fredlyeperformed in ,paper-pencil* form
and the results of such testing depend on the clilgeproperties both of patient and
investigator. Automated tests allow to evaluate nitbign objectively, to define time
precisely, to repeat testing in standard envirortna@a most of them are culturally and
linguistically neutral. It is easier to save andlae such results as well as to insert them
into patient's case history. There are no compseeriests which had been specialised to
PD up to date. Cambridge Neuropsychological Tesoated Battery (CANTAB) gives
an opportunity to make individual set of tests diistinct objectives reflecting the five
major cognitive domains. There are only sporadicicadl studies using CANTAB tests
for examination of cognition in early-stage PD usum mixed sets with ,paper-pencil*
techniques or in a very distinct problems. For tieigson we have decided to perform a
research study on examination of cognition in eathge PD by computerised CANTAB
tests and have chosen 9 tests for different cagnitinctions in order to evaluate their
diagnostic properties and to propose practical memendations on testing cognition in

early-stage PD.



The aim of the study

To evaluate the cognitive functions of patientshwéarly-stage Parkinson‘s disease
without dementia using Cambridge Neuropsychologidast Automated Battery

(CANTAB Eclipse 3.0.0), to compare the obtainedulsswith the data of control

subjects, to determine the associations of thelshas of cognitive testing with biological

markers and clinical non-cognitive symptoms of Hes#n's disease.

Objectives

1. To examine attention, memory, visuospatial and ethee functions of patients
with early-stage Parkinson‘s disease without deraeasing CANTAB Eclipse
3.0.0 and to compare the obtained results witld#ia of control subjects.

2. To investigate the relationship between the cogmifunctions of patients with
early-stage Parkinson‘s disease and the severityiselase measured by UPDRS
score.

3. To evaluate the association of the cognitive fuomdiof patients with early-stage
Parkinson‘s disease with the echogenic propertielsrainstem nigral substance
examined by transcranial sonography.

4. To evaluate the association of the cognitive furdiof patients with early-stage
Parkinson‘s disease with the striatal binding afdsgmaptic dopamine transporter
determined by single-photon emission computed toamy with 1123-FP-CIT.

5. To investigate the association of the cognitivecfions of patients with early-
stage Parkinson's disease with sleep, fatigue antbdraphic factors.

6. To evaluate the relationship between the cognftimetions of patients with early-
stage Parkinson's disease and quality of life sore

7. To analize the diagnostic characteristics of paldic computerised tests for
evaluation of cognitive function in patients withrly-stage Parkinson's disease.

8. To investigate the association of the cognitivecfioms of patients with the usage

of medications for early-stage Parkinson'‘s disease.



Scientific novelty

This study corresponds to the main trends of modénical research in PD-associated
cognitive disorders. It has used a unique set ghitive tests in PD and has examined
their diagnostic properties. This scientific resdarcontributes to the first doctoral
dissertation in Lithuania where cognitive functidres/e been evaluated by computerised
tests battery. The innovative approach has leatbtstruction of diagnostic model for
early-stage PD according to the testing resultsaténtion, working memory and
behaviour strategy, evaluation of sleep qualit?idSS score and echogenic properties of

brainstem nigral substance examined by transcraaragraphy.

Principal statements for defence

1. The cognitive functions are impaired in the eartgge of motor PD. The
dominating cognitive profile of early-stage PD pats is described by disorders
of attention, working memory and reaction time.

2. Disorders of attention, working memory and exeautfunction in drug-naive
early-stage PD correlate with the severity of disemeasured by UPDRS score.

3. The cognitive functions of early-stage PD patiesats not associated with the
size of an area of hyperechogenic brainstem nigwddstance evaluated by
transcranial sonography.

4. Working memory, visuospatial and executive fundiioaf early-stage PD
patients are associated with the striatal bindirfg peesinaptic dopamine
transporter determined by single-photon emissiomprded tomography with
[123-FP-CIT.

5. The clinical factors having impact on cognitive ¢tions in early-stage PD
patients are different from those that have impattcognitive functions in
control subjects.

6. The cognitive dysfunction of early-stage PD paselst associated with worse

guality of life.
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7. The computerised tests SSP, OTS, SRM evaluatiegtaih, executive function
and working memory diagnose the cognitive dysfumctof early-stage PD
patients with the best accuracy.

8. The medications for early-stage Parkinson's diséase heterogenic impact on

cognitive functions.

MATERIALS AND METHODS

1. Study population, inclusion and exclusion critea

The study was performed at the Department of Negsobf Vilnius University Hospital
SantariSki Klinikos. The permission of Vilnius regional bib&tal commitee for this
study No. 158200-02-459-134 has been received.phti&nts diagnosed with clinically
probable early-stage PD who met inclusion critenia did not have any of exclusion
criteria and 42 control subjects matched by agedgeand duration of education who did
not have previous diagnosis of PD, other neurodegeine disorder or non-degenerative
parkinsonism and met inclusion criteria 3-6 weruded into the study.

Inclusion criteria:

1) diagnosis of clinically probable PD according teethodics of diagnostics and
reimbursed treatment of PD and secondary parkissoajpproved by Ministry of Health
of the Republic of Lithuania confirmed by Healthri4iter's act No.V-79; 2) severity of
PD staged 1.0-2.5 according to Hoehn-Yahr stagdigiormal consciousness (15 points
according to Glasgow coma scale); 4) the scoreipinmental state examination (MMSE)
28-30 points; 5) the pacient's consent to partigipa the study and signed Informed
consent form; 6) vision and audition sufficient feerfoming cognitive testing; 7) the
dosage of medication for PD treatment stable féeadt the last 12 weeks.

Exclusion criteria:

1) unmet at least one inclusion criterium; 2) detiaer8) other neurological disorders
which can cause cognitive impairment: CNS tumostsyke, demyelinating diseases,

epilepsy, infections, traumata, developmental defed) clinically diagnosed severe
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depressive disorder, psychosis, other primary psybidiseases (e.g., schyzophrenia,
bipolic affective disorder); 5) other underlyingtipalogy which can cause cognitive
dysfunction: alcohol, drugs or medication abusespal or hepatic insufficiency;

intoxication with pesticides or heavy metalB) concomitant usage of medications which
can affect cognitive or sleep profile: antipsycbhsticholinesterase inhibitors, memantine,
nootrops, modafinil, sedatives or any other tralegns; 7) allergy to iodine, pregnancy

and lactation as contraindication to SPECT; 8)<®f®@years or >70 years.

2. Study methods

2.1. Clinical assessment

All the participants have been interviewed with pecial study questionnaire, acquiring
demographic, disease history, medication data,estifspg complaints of memory and
fatigue and undergone general clinical and neurcébg@ssessment, haematological and
biochemical blood analysis. Patients with diagnosady-stage PD were consulted by
psychiatrist for excluding affective, psychotic,uab or any other psychiatric disorders.
The patients participating in the study were draiya or the dosage of medication for
PD treatment was stable for at least the last lékaighe treatment decision was made by
treating physician according to the standards aidgclinical practice. The participation
in the study did not affect patients's treatmenatsgy. All the participants fullfilled the
guestionnaires regarding to the quality of life rift@son‘s Disease Quality of life
guestionnaire-39, PDQ-39), fatigue (Parkinson‘ease Fatigue assessment Scale, PFS),
quality of sleep (Parkinson‘s Disease Sleep SEHISS), daytime somnolence (Epworth
Sleepiness Scale, ESS), mood (Hospital Anxiety [degression scale, HAD). The state
of dependency was evaluated by Schwab-England s€aletivities of daily living. The
functional condition of PD patients was evaluatgdJmified Parkinson‘s disease Rating
Scale (UPDRS), stage of disease was stated acgotdirHoehn-Yahr staging. All
participants were interviewed for obstipations,tuni@, complaints on smell and taste.
The impact of dopaminergic treatment was calculattevodopa dose equivalent (LDE)

encountering the doses of all medication used dawpto formula: LDE (mg) = standard
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release levodopa x 1 + controlled release levoddpd5 + pramipexole x 67 + ropinirole
x 16.67 + pergolide x 100 + cabergoline x 50 + tyma/entacaponum x 1.25 + rasagiline
x 100 + amantadine x 1.

2.2. Assessment of cognitive functions with Cambrge Neuropsychological Test
Automated Bartery, CANTAB. PD patients and controls have undergone specific
neuropsychological testing of cognitive functionghwCambridge Neuropsychological
Test Automated Battery (CANTAB eclipse 3.0.0). Theation of testing of one subject
was 120-150 min., performed at the same time irfiteepart of the day (since 9:00 AM
to 13:00 PM), with physiological time-outs for 5-I8in. every 30 min., in the same
isolated room. The investigator was the same dualgassessments and gave the
instructions of testing. The laptop computer withdh-sensitive screen and handset with
two press buttons was used. The patient was seatdmbnt of the screen to feel
comfortable to touch it or press the buttons duti@sting. The cognitive battery was
composed of 9 tests empirically chosen from CANTARIlipse 3.0.0:1) Choice
Reaction Time, CRT,reflects intensity — sustained attention; outcomeasares: mean
correct latency (ms), CRTMecolat, total correctlsj CRTtocotr;2) Rapid Visual
Processing Test, RVP,is a test of visual sustained attention with a lsmarking
memory component. Outcome measures: total hits, TRUR, mean latency (ms),
RVPMelat, total correct rejections, RVPTocor, tdtke alarms, RVPTofal, total misses,
RVPTomis;3) One Touch Stockings of Cambridge, OTSieflects executive functions
(decision-making and planning) and working memanytcome measures: mean choices
to correct, OTSMech, mean latency to correct (r@8)SMelatco, mean latency to first
choice (ms), OTSMelatch, problems solved on firebice, OTSProfir;4) Paired
Associates Learning test, PAL,is a form of delayed response procedure (focused
attention), which tests two different aspects o€ thbility to form visuospatial
associations: a) the number of patterns placedbcity on the first presentation of each
trial gives an index of “list memory”; b) the nunibef repeat, reminder presentations
needed for the subject to learn all the associatmovides a measure of “list learning”;

outcome measures: first trial memory, PALfitrme,ameerrors to success, PALMeer,
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mean trials to success, PALMetr, stages complét@dlStage, stages completed on first
trial, PALStfir, total errors adjusted, PALToerambtal trials adjusted, PALTotrads)
Graded Naming Test, GNT, reflects semantic memory, recognition and naming;
outcome measures: total correct answers, GNTTatal errors, GNTToerf) Spatial
Span, SSPmeasures the capacity of working memory and atienbutcome measures:
span length, SSPSpan, total errors, SSPToerr, ustaje errors, SSPTous&}; Spatial
Recognition Memory, SRM,is a test of spatial recognition memory in a 2-chdbrced
discrimination paradigm reflecting divided attemticoutcome measures: mean correct
latency (ms), SRMmecolat, number of correct anspw&iRdMiconum@8) Spatial Working
Memory, SWM, evaluates the ability to retain the spatial infotiora and use it during
tasks of working memory; outcome measures: betveeens, SWMbeer (and SWMbeer
in 4, 6, 8 boxes); double errors, SWMdoer (and SWetdn 4, 6, 8 boxes); mean time to
first response (ms) — 4, 6, 8 boxes, SWMmtfi; maare to last response (ms) — 4, 6, 8
boxes, SWMmrla; mean token-search preparation (m® — 4, 6, 8 boxes, SWMmtok;
strategy, SWMstrat; total errors, SWMtoer (and S\Waitin 4, 6, 8 boxes); within errors,
SWMwer (and SWMwer in 4, 6, 8 boxe$), Cambridge Gambling Test, CGT reflects
the ability of planning and decision-making in siions associated with risk, risk
adjustment, impulsivity and self-control; outcomeasures: delay aversion, CGTdelav,
deliberation time (ms), CGTdelti, overall proportibet, CGTovprb, quality of decision
making, CGTgdema, risk adjustment, CGTriadj, regking, CGTritak.

2.3. Transcranial sonography of brainstem parenchym, TCS,was performed witlan
ultrasound system equipped with a 2-2.75 MHz phasemly transducer (Logiq 6S;
General Electrics) through the preauricular acoustne window in 75 (65.2%) PD
patients and 40 (95.2%) controls. Outcome measam®earance of theibstantia nigra
SN (categorised normal or hyperechogenic) and meamnt of the area (cm?) of SN.
11.3% of persons were echonegative.

2.4. Single-photon emission computed tomography, EET, with Datscan (1*-FP-
CIT), was performed in a subgroup of PD patients (N=363%) according to standard

protocol followed by quantitative and qualitativeadysis of data. Main outcomes:
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Putamen/Nucleus caudatyBut/NC) ratio and qualitative evaluation of Datscstriatal
binding.

2.5. Statistical analysis

Statistical analysis was performed using SPSS fmiddys (version 20.0) and Microsoft
Excell softwares. Categorical variables are preskmas frequency of distribution
(absolute and percentage). Continuous variableprasented as the mean and standard
deviation. Normality of distribution was evaluatbyd Kolmogorov-Smirnov (r50) and
Shapiro-Wilk (r<50) tests. The comparison between two groups petdo categorical
variable was performed by means of chi-squafedr Fisher's exact test. When normal
distribution of data was assumed the comparisomvdet two groups in respect of
continuous variable was performed by means of $itudiest for independent samples, in
other cases — Mann-Whitney non-parametric test.ulResf paired measurements
obtained from TCS were compared by Student t-testphired samples. Comparison
between more than two groups in respect to intewakdinal variable was performed by
Kruskal-Wallis test. When hypothesis of equality means was rejected, analysis of
covariance was performed using Welch or Brown-Rbes\criterium. Bivariate analysis
was performed using Pearson’s (for normally disteld data) and Spearman’s (for non-
parametric data) correlation methods. The streafjtiorrelation according to the value of
correlation coeficient (r), respectivey0.7 — very strong>0.5 — strongz0.3 — medium;
>0.1 — weak. Linear regression models were congduah order to determine the
association between CANTAB test results and PDestagptor and functional condition
measured by UPDRS, PFS, HAD, PDSS, ESS, SN ar¢dl®WPDQ39. The selection of
variables was performed by forward or enter stepwigethods with a critical p value set
to 0.05. The strength of association accordinthéovalues of regression coeficient (R),
respectively>0.7 — very strongz>0.51 — strongz0.36 — medium>0.14 — weak. Simple
and multiple regression analyses were performexider to determine the most important
variables describing the cognitive functions in lyatage PD. The discriminative
characteristics of CANTAB tests and predicted philiigt of regression models were

determined by ROC (Receiver operating charactesistanalysis. The cut-off score for
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cognitive impairment at 1SD below the standardesavas used to determine the number
of patients with abnormal test results taking iatocount all the principal outcome

measures of each test. Significance threshold ata® €.05 for all analyses.

RESULTS

1. Demographic and clinical characteristics of stug population

157 subjects (82 (52.2%) females and 75 (47.8%gshakere included into the study;
mean age 53.91+9.45 years (ranges from 35 to 66s)yeamean duration of education
15.26+1.96 years (ranges from 7 to 18 years). Hifems diagnosed with early-stage PD
were recruited; mean age 54.57+9.97 years, 55 ¥d)7rBales and 60 (52.2%) females.
All the participants were functionally independéehhe control group consisted of 42 age,
gender and education matched subjects without day lpystory of neurodegenerative or
psychiatric diseases. MMSE results in both grogy®aled no dementia (29-30 points).
PD patients had more frequent subjective complahtsiemory (42.6%) than controls
(28.6%). Mean duration of PD was 12.64+8.08 mongivsce subjective start of
symptoms, mean time since diagnosis of PD was 3.82+months. 71 (61.7%) patient
was diagnosed as 1.0 stage (unilateral PD), 13%)l—- 1.5 stage, 31 (27%) — 2.0 stage
of PD according to modified Hoehn-Yahr scale (gaheed PD, N=44; 38.3%). The
severity of disease measured by UPDRS score rafiged 4 to 39 points (mean
15.98+9.82 points), mean UPDRS Il (motor) subscaras 12.55+8.28 points. 18
(40.9%) patients with generalized PD had dominatregior, 22 (50%) had dominating
rigidity and 4 (9.1%) had mixed motor subtype. &atl$ with unilateral PD had more
frequent dominating tremor (44; 62%) than rigidi®7; 38%). Functional condition
according to UPDRS was worse in early-stage gemethlPD compared to unilateral
(respectively, 24.05+8.64 and 10.99+6.71 points0,p80), bradykinesia and axial
symptoms as well were worse in generalized PD.587306) patients did not take any
medication for PD. 48 (41.7%) patients took mediret for PD: 24 (respectively,
20.9%) pramipexole, 21 (18.3%) ropinirole, 15 (13¥#)antadine, 12 (10.4%) rasagiline,
5 (4.3%) levodopa. Mean LDE was 145.18+161.44 miggsults of interview on fatigue,
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somnolence, quality of life, sleep and mood in gtsdbjectsare presented in Table 1.
The mean scores in PD group were worse but dideaath clinically significant fatigue
(considered when PFS mean score/per one questief3.®, depression and anxiety

(considered when HAD, HADD, HADA scores argl) or somnolence (considered when

ESS score is10). PDQ39 total score was significantly higheearly-stage PD group.

TABLE 1. Comparison of mood, sleep, daytime sleepass, fatigue and quality of life
between early-stage PD patients and controls
M+SD | PD group Controls P value | Unilateral PD | Generalised P value

(N=115) (N=42) (N=71) PD

(N=44)

HAD 13,00+7,78 4,90+2,58 0,000* | 11,75+7,55 15,05+7,80 | 0,026
HADA | 6,52+4,26 2,45+1,45 0,000+ 6,04+3,93 7,30+4,69 0,126
HADD | 6,40+4,03 2,45+1,59 0,000* | 5,70+3,91 7,52+4,02 0,018
ESS 5,97+4,48 2,71+2,34 0,000* | 5,66+4,39 6,48+4,65 0,346
PFS 43,00+17,27 22,35+6,54 | 0,000* 38,80+£16,23 49,80+16,91 | 0,00
PDSS 107,48+27,04 139,0748,22| 0,000* | 114,73+21,53 95,80+30,96 | 0,000~
PDQ39 | 39,82+25,49 16,52+8,68 | 0,000+ | 32,06+25,92 52,36+19,21 | 0,00
Explanations. M+SD — mean + standard deviation, PD — Parkinsdisease, N — number, HAD —
Hospital Anxiety and Depression scatADD — HAD depression subscale, HADA — HAD anxiety
subscale, ESS — Epworth sleepiness scale, PFSfatigle scale, * p<0,05, ** p<0,001

2. Results of cognitive testing by CANTAB

2.1. Choice Reaction Test, CRTCRTMecolat was significantly longer in PD patients
compared to controls (respectively, 409.37+134.64amd 340.66+68.32 ms, p=0.001).
CRT tocotr was lower in PD group (99.29+0.71 and290.49, p=0.001). The strongest
association with PD group revealed by regressiomlyars was determined to
CRTMecolat (Table 2). Generalized PD patients slibd@nger CRTMecolat than
unilateral subgroup (445.80+137.93 and 401.94+12%30.001).

TABLE 2. Regression analysis of association betwe€RT results and early-stage PD
group

CRT outcome variables Eta Eta square F (df) p vake
CRTMecolat * PD group 0,246 0,060 9,971 1;155 0,002
CRTtocotr * PD group 0,213 0,045 7,350 1;155 0,007
CRTtointr * PD group 0,170 0,029 4,615 1;155 0,033

Abbreviations: PD- Parkinson’s disease, CRTmecolat — mean cdatsrtcy, CRTtocotr — total
correct trials, CRTtointr — total incorrect trials
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2.2. Rapid visual processing, RVPPD patients were slower than controls while
(RPMecolat, respectivelyy93,57£191,64 ms and
393,32+79,50 ms, p=0,000), their RVPtohit was low#4,13+7,18 and 20,90+5,55,
p=0,000). Unilateral untreated PD subgroup showigten RVPMelat (462,90+£196,24,
p=0,038) and RVPtomis (13,29+7,37, p=0,000) and eloviRVPtohit (13,67+7,43,
p=0,000) and RVPtocor (238,98+16,32, p=0,000) thantrol subjects. The strongest
association with PD group revealed by regressiaiyars was determined to RVPtocor
(Table 3).

determining visual stimuli

TABLE 3. Regression analysis of association betwe®VP results and early-stage PD
group

Eta Eta square F (df) p value
RVPtocor * PD group 0,443 0,196 37,805 1;155 0,000
RVPprhit * PD group 0,422 0,178 33,639 1;155 0,000
RVPtomis * PD group 0,417 0,174 32,600 1;155 0,000
RVPtohit * PD group 0,406 0,165 30,655 1;155 0,000
RVPMelat * PD group 0,255 0,065 10,779 1;155 0,001
RVPprfal * PD group 0,159 0,025 4,021 1,155 0,047

Abbreviations: PD- Parkinson’s disease, RVPMelat — mean coragehty, RVPtocor — total correct
rejections, RVPtomis — total misses, RVPtohit altbits, RVPprfal — probability of false alarm

2.3. One Touch Stockings of Cambridge, OTSAIl outcome results of OTS were
significantly worse in PD group compared to corgr@lable 4), even in unilateral group,
and OTSMelatco both with OTSMelatch were longer generalized PD subgroup

compared to unilateral patients (Table 5).

TABLE 4. OTS test results in early-stage PD and cdrol groups (Cl 95%)
Groups N Minimum Median Mean Standard Maximum | P

value deviation value value

OTS PD 115 | 1,05 1,25 1,29 0,20 1,95 0,000

Mech Cntr 42 1,00 1,05 1,14 0,16 1,50

OTS PD 115 | 6484,30 19520,70 23568,90 18787,04 8932(,85000

Melatco, Cntr 42 | 3669,40 7045,00 8926,48 5018,38 18380,70

ms

OTS PD 115 | 3587,75 13840,50 16636,97 12886,15 51310,2,000

Melatch, Cntr 42 | 3379,80 6858,00 7837,09 3525,80 16000,50

ms

OTS PD 115 | 9,00 16,00 15,86 2,31 19,00 | 0,000

profir Cntr 42 13,00 18,00 17,64 2,47 20,00

Abbreviations: PD- Parkinson’s disease, Cl — confidence inter@itr — control group, N — number,

OTSMech — mean choices to correct, OTSMelatco nneearect latency, ms, OTSMelatch — mean

latency to first choice, ms, OT Sprofir — problerossed in first choice
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TABLE 5. Paired comparisons of OTS test results imnilateral and generalized early-
stage PD subgroups (Cl 95%)

Lateralisation of PD | N Mean Standard P P

motor symptoms deviation value* value**
OTSMech unilateral PD 71 1,29 0,18 0,000

untreated unilateral | 42 1,34 0,19 0,000

PD

generalized PD 44 1,29 0,23 0,952
OTSMelatco, unilateral PD 71 19071,24 13528,01 | 0,000
ms untreated unilateral | 42 22252,26 15487,68 0,000

PD

generalized PD 44 30826,50 23463,12 0,004
OTSMelatch, unilateral PD 71 14302,87 13272,29 | 0,000
ms untreated unilateral | 42 17498,04 15734,97 0,000

PD

generalized PD 44 20402,31 11402,16 0,013
OTSprofir unilateral PD 71 15,72 2,30 0,000

untreated unilateral | 42 15,00 2,31 0,000

PD

generalized PD 44 16,09 2,34 0,403
Abbreviations: PD- Parkinson’s disease, N — number, OTSMech -nrokaices to correct,
OTSMelatco - mean correct latency, ms, OTSMelatatean latency to first choice, ms, OTSprofir —
problems solved in first choice, Cl — confidencteimal
* p value obtained in T test comparing unilaterdl #® controls with PFS, ESS, age, education chaser
control variables

** n value obtained in T test comparing unilateP&) to generalized PD with PFS, ESS, age, educatign
chosen as control variables (“

The strongest association with PD group revealeagsession analysis was determined

to OTSMelatco though all the outcomes were sigaiftty associated (Table 6).

TABLE 6. Regression analysis of association betwe@nT S results and early-stage PD

group

Eta Eta square F (df) p
OTSMech * PD group 0,331 0,110 19,124 1;156 0,000
OTSMelatco * PD group | 0,371 0,138 24,773 1;156 0,000
OTSMelatch* PD group 0,330 0,109 18,992 1;156 0,000
OTSProfir * PD group 0,319 0,102 17,619 1;156 0,000

Abbreviations: PD- Parkinson’s disease, OTSMech — mean choicesrtect, OTSMelatco - mean
correct latency, ms, OTSMelatch — mean latencyrsb ¢hoice, ms, OTSprofir — problems solved in

first choice

2.4. Paired Associates Learning Test, PALThere was no difference in PAL stages

completed between early-stage PD patients andalsrtiut other PAL outcomes were
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worse in PD group (Table 7). The analysis did maerl any significant differences in

PAL results between unilateral and generalizedyestdge PD patients.

TABLE 7. PAL test results in early-stage PD and catnol groups (Cl 95%)

Early-stage PD (N=115) Control group (N=42)

Mean SD Min. Max. Mean SD Min. Max. P
PALfirme 15,81 | 3,85 8,00 24,00 20,34 3,29 13,00 26,p@,000
PALMeer 3,26 2,16 0,75 12,17 1,37 1,60 0,00 5,86 0,000
PALMetr 2,16 0,76 1,25 5,00 1,48 0,43 1,00 2,57 0,000
PALstage 7,66 0,71 6,00 8,00 7,90 0,30 7,00 8,0( 0,8
PALstfir 4,99 1,02 3,00 7,00 6,12 0,97 4,00 8,00 0,000
PALtoerad 34,17 | 33,50| 6,00 143,00 10,48 11,19 2,00 41,0@,000
PALtotrad 17,58 6,72 10,00f 40,00 11,6( 2,85 8,0( 18,0@,000

Abbreviations: PD- Parkinson’s disease, N — number, SD — stardkrition, Min. — minimum value,
Max. — maximum value, PALfirme- first trial memoALMeer- mean errors to success, PALMetr -
mean trials to success, PALstage - stage obtai&ldstfir- stage obtained on first trial, PALtodra

total errors adjusted, PALtotrad - total trialgustied, Cl — confidence interval

The strongest association with PD group revealedehyession analysis was determined

to PALfirme and other outcomes were as well sigaifitly associated, the weakest

association being observed for the main outconieAdf test — PALstage (Table 8).

TABLE 8. Regression analysis of association betwe®&AL results and early-stage PD

group
Eta Eta square F (df) p
PALfirme* PD group 0,482 0,233 47,029 1;156 0,000
PALMeer* PD group 0,384 0,147 26,734 1;156 0,000
PALMetr* PD group 0,401 0,161 29,662 1;156 0,000
PALstage* PD group 0,170 0,029 4,620 1,156 0,033
PALstfir* PD group 0,451 0,203 39,535 1;156 0,000
PALtoerad* PD group 0,340 0,115 20,201 1;156 0,000
PALtotrad* PD group 0,409 0,167 31,171 1;156 0,000

Abbreviations: PD- Parkinson’s disease, PALfirme- first trial nay PALMeer- mean errors to
success, PALMetr - mean trials to success, PALstagfage obtained, PALSstfir- stage obtained on
first trial, PALtoerad — total errors adjusted,Rétrad - total trials adjusted

2.5. Graded naming Test, GNTNumber of correct answers was lower in early-stap
group compared to controls (21,83%5,65 and 27,8&;2p=0,000), in untreated early-
stage PD compared to controls (22,50%4,10, p=0,8068)in generalized PD compared to
unilateral PD subgroup (19,98+7,14 and 22,97+4pE8),014). According to the results

of dispersion analysis GNTtoco‘s association withwas medium (Eta=0,469).

2.6. Spatial Span, SSPSpan length in PD group was significantly shodempared to
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control (4,41+1,38 and 6,88+1,56, p=0,000), the esathifference being observed in
comparison between generalized and unilateral stalye PD subgroups (respectively,
3,91+0,96 and 4,72+1,50, p=0,001). Among all the NTAB tests the strongest
association with PD group revealed by regressialyars was determined to SSPSpan
(Eta=0,611, p=0,000).

2.7. Spatial recognition memory, SRM.SRM mean correct latency was higher in PD
group versus control (2458,19+969,99 ms and 1£45239,30 ms, p=0,000) and SRM
number of correct trials was significantly lowerRD group versus control (15,68+1,49
and 17,02+0,90, p=0,000), the difference was Siganit between unilateral PD patients
and control group (Table 9). According to the resuf dispersion analysis SRM
outcomes were significantly but medium associated PD group (SRMMecolat
Eta=0,448, p=0,000; SRMNumco Eta=0,404, p=0,000).

TABLE 9. Paired comparisons of SRM test results imnilateral and generalized early-stage
PD subgroups (Cl 95%)

Variables Unilateral Generalized PD Control group Untreated unilateral
PD (N=44) (N=42) PD (N=42)
(N=71)
SRMmecolat, | 2160,63+ 2938,33+£1002,43 1467,32+559,30 2323,49+983,76
ms 824,80 (p=0,000%) (p=0,000%) (p=0,000**)
SRMconum 15,7041,33 15,64+1,34 17,0240,90 15,33+1,37
(p=0,814%) (p=0,000%) (p=0,000**)

Abbreviations: PD- Parkinson’s disease, N — number,SRMmecotatan correct latency, ms,
SRMconum —number of correct trials, Cl — confideimterval

* p value obtained in T test comparing unilaterl t8 controls with PFS, ESS, age, education chaser
control variables

** p value obtained in T test comparing untreatedateral PD to generalized PD with PFS, ESS, age
education chosen as control variables

2.8. Spatial Working Memory, SWM. PD patients made more within errors in all the
stages (SWMwer, p=0,009), their total score of leetv errors (SWMbeer, p=0,000),
double errors (SWMdoer, p=0,046) and total err&&/Mtoer, p=0,000) was higher than
in control group and SWM strategy was worse (p=D)0Results of regression analysis
are presented in Table 10. Patients with unilat®fal both treated and unmedicated,
showed worse results of SWM even while controlledRFS, ESS, age and duration of

education. SWMmtok6 had the strongest associatiinseverity of disease measured by

21



UPDRS score and stage of PD (adjusted R squar&38,0p=0,000).

TABLE 10. Regression analysis of association betwe&WM results and early-stage PD
group

Eta Eta square F (df) p value
SWMwer* PD group 0,283 0,080 19,744 1;156 0,018
SWMmlar8, ms * PD 0,290 0,084 22,670 1,156 0,012
group
SWMmtok8, ms *PD | 0,263 0,069 18,152 1;156 0,030
group
SWMtoer * PD group | 0,341 0,116 27,139 1;156 0,005
Abbreviations: PD - Parkinson’s disease, SWMwer — within err8&/Mmlar8 — mean time to last
reponse, 8 boxes, SWMmtok8 — mean token search &ilbexes, SWMtoer — total errors

2.9. Cambridge gambling test, CGT CGT results in PD and control groups (Table 11)
did not reveal impulse control disorder in PD grol patients were slower while
choosing the colour and sum for bet. The assoaafoCGT outcomes with PD group
was medium for CGTdelti (Eta=0,356, Eta square=0),1@nd weak for CGTriad]
(Eta=0,289, Eta square=0,083) and CGTdelav (Et®90) R2ta square=0,067). We did not
observe any significant association between CGTlliesind PD severity measured by
stage and UPDRS.

TABLE 11. CGT test results in early-stage PD and adrol groups (Cl 95%).

Early-stage PD (N=115) Control group (N=42) p value

Mean Standard deviation Mean Standard deviation

CGTdelav 0,30 0,26 0,46 0,32 0,001
CGTdelti, ms 3256,75 1189,20 2283,40 983,73 0,000
CGTovprb 0,53 0,14 0,56 0,14 0,306
CGTqdema 0,91 0,12 0,89 0,16 0,399
CGTriad] 0,55 0,60 0,11 0,72 0,000
CGTritak 0,56 0,15 0,53 0,23 0,498
Abbreviations: PD- Parkinson’s disease, N — number, Cl — confidénterval, CGTdela — delay
aversion, CGTdelti — deliberation time, CGTovprvexall proportion bet, CGTqdema — duality of
decision making, CGTriadj — risk adjustment, CGakit risk taking

3. Incidence of cognitive impairment in PD group.We used the cut-off score for
cognitive impairment at 1SD below the standard es@nd determined the number of
patients with abnormal test results taking intooaict all the principal outcome measures

of each test. The results of analysis are presexgddgure 1.
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Figure 1. Incidence of abnormal cognitive tests rests in early-stage PD patients compared to
controls.

Following the MDS Task Force Guidelines of Diagmostriteria for MCI in PD
(MovDisor, Vol.27, No.3, 2012), we pooled the abmal results of two tests for one
cognitive domain (except language as only GNT wssduo evaluate language in this
study) and found possible single-domain MCI in 2@Pfpatients: attention and working
memory (SSPSpan, SWMtoer, RVPtohit) 14%, visuoapalysfunction (SRMNumco+
SRMmecolat, SWMtoer) 7% and executive dysfunctio®@T$profirtOTSMech,
CGTriadj, SWMmtfi6) in 6% of early-stage PD casBsssible cortical (temporal) MCI
was found in 6% according to PAL and GNT results.

4. Relationship between cognitive functions evaluatl by CANTAB testing and
clinical non-cognitive symptoms.The impact of demographic factors and clinical non-
cognitive symptoms on cognitive functions in eastgge PD was revealed by linear
regression analysis. Significant linear regressmmdels for description of cognitive test
results with adjusted R square >0,2 are presentdtei Table 12 for PD group and Table
13 for control group. In patients’ group there vaas obvious association of attention,
working memory, planning with functional (UPDRSabtand motor condition (UPDRS
[ll). We did not observe any linear associationwasn episodic memory (except

PALfirme) and behaviour strategy in risky condigowith functional or motor condition
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and stage of PD. Attention and behaviour strategplanning and decision-making of
early-stage PD patients was significantly assodiatéh fatigue, working memory —

with age and duration of education, episodic memeayg more related to age, depression

and sleep.
TABLE 12. Linear regression models demonstrating irpact of clinical non-cognitive symptoms and
demographic factors on cognitive functions evaluateby computerised testing in early-stage PD
Variable Model R2
RVPMelat 182.632-22.742 x ESS+PFS x 5.646 0.407
OTSMelatco HAD x 1154.637-1430.714 xESS+3155.998PORS 111+539.904 x Age, | 0.379
years-2221.833x UPDRS -16459.336
OTSMelatch HAD x981.352-ESS x667.452+341.426 x Agers+ UPDRS Il x 0.350
348.632+PDSSx 127.711-28877.097
PALfirme 19.175-0.088 x UPDRS -PFS x0.087+ESS 99.2 0.245
PALMeer Age, yearsx0.065+HADx0.078-0.127XxESS—0.524 0.201
PALMetr 0.823+0.22xAge, years+HADx0.034-ESSx0.055 0.265
PALStage 9.841-0.055xHAD+0.053XESS-0.019xAge, y@ab97xPDSS 0.380
PALtoerad HADx1.748-2.820XxESS+0.958xAge, years923, 0.332
PAL totrad 5.800+0.198xAge, years+0.324xHAD-0.548%E 0.305
GNTtoco 4.277+1.310x Education, years -0.276xHADRSAXESS 0.379
SSPSpan 5.319+0.103x UPDRS IllI+ Education, years4xESS-0.085xHAD- 0.414
0.021xPDSS
SWMwer -10.782+0.176xPFS+0.67xPDSS-0.269x ESS 0.358
Abbreviations: RVPMelat — mean latency, OTSMelatco - mean latea@orrect, OTSMelatch - mean latency t@
first choice,PALfirme — first trial memory, PALMeer — mean ersdp succes$ALstage -PAL stage obtained,
PALtoerad — total errors adjusted, PALtotrad —lItbtals adjusted, GNTtoco — total correct answ&SPSpan —
span length, SWMwer — within errors

The most important factor associated with resultsagnitive testing in control group

was sleepiness, less impact of age and educatiog bbserved with least of fatigue and

depression.

TABLE 13. Linear regression models demonstrating irpact of clinical non-cognitive symptoms and
demographic factors on cognitive functions evaluatéby computerised testing in control group
Variable Model R2
CRTtocotr 96.963-ESSx0.147+ Education, years xG:PF&6x0.018 0.597
PALfirme 14.430-ESSx0.774+ Education, years x0.528 0.316
PALstfir 0.797+ESSx0.149+PDSSx0.041 0.358
SWMdoer 3.131+PFS x 0.149+ESS x 0.474 - Educayiears x 0.418 0.459
SWMwer 4.852+PFSx0.208+ESSx0.712- Education, yeai606 0.423
CGTritak ESS x 197.526+PDSS x 50.046-5212.670 0.215
CGTqgdema 1.065-ESSx0.29-HADx0.020 0.269
Abbreviations: CRTtocotr - total correct trials, PALfirme — first trial meary, PALstfir —stage obtained on first
trial, SWMdoer — double errors, SWMwer — withinars, CGTritak — risk taking, CGTqdema — qualitydetision
making
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5. Analysis of association between results of cogjme testing and biological markers

of PD determined by imaging techniques

5.1. Analysis of association between results of gogve testing and brainstem TCS
results. Bilateral brainstem TCS was performed in 62 PDepés and 33 controls. The
mean area of hyperechogenic SN was larger in PDupgroompared to controls
(respectively, 0,26+0,10 cm? and 0,13+£0,04 cm?,,@80) and did not differ between
unilateral and generalized disease. Mean area pérkghogenic SN was larger in

unilateral PD in the contralateral side to the dwating motor symptoms (Table 14).

TABLE 14. Mean SN hyperechogenic area in early-stagPD according to the
lateralisation of motor symptoms (95%CI)
The side of dominating N Mean St. p value
motor symptoms deviation
Mean SN hyperechogenic Right 35 0,31 0,06 0,000**
area, left, cm2 Left 32 0,28 0,05
Mean SN hyperechogenic Right 35 0,26 0,10, 0,038*
area, right, cm2 Left 32 0,30 0,05
Explanation: PD — Parkinson’s disease, Si¥ubstantia nigraN — number, * p<0,05, ** p<0,001

According to the results of binary logistic regiessanalysis diagnostic characteristics of
mean SN hyperechogenic area for diagnosing earlyweMe following: sensitivity 90,4%,
classification accuracy 90,4%, specificity — 35, Résults of ROC analysis are presented
in Table 15.

TABLE 15. Summary of ROC analysis of mean SN hyperhogenic area evaluated by TCS

AUC Std. Asymptotic Asymptotic 95%
Erro” Sig® Confidence Interval
Lower Upper
Bound Bound
- >
Mean SN hyperechogenic area, cmz; 0.906 0.026 0,000 0.854 0.958

diagnostic group — early PD

Mean SN hyperechogenic area, cmz, left
side; diagnostic group — early PD with | 0,903 0,038 0,000 0,827 0,978
dominant motor symptoms in the right

Explanation: PD — Parkinson’s disease, SNubstantia nigraAUC — area under curvéynder the
nonparametric assumptichnull hypothesis: true area = 0,5

There was only one weak correlation between SN @ndaCANTAB results (OTS mean

latency to correct, r=-0,189, p=0,043). Subjectsreweivided into two subgroups
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according to the mean SN hyperechogenic area witkoft value of > 0,2 cm? and
comparison of cognitive testing results betweergsulps controling for UPDRS, PDSS,
HAD, HADD was performed. Patients with mean SN are®,2 cm? showed worse
results in RVPtoco (p=0,031), RVPprfal (p=0,049) $SMelatco (p=0,007), OTSprofir
(p=0,003), OTSMech (p=0,000), PALstage (p=0,00@ALstfir (p=0,004), PALtoerad
(p=0,004), SSPMistatt (p=0,001), SWMbeer (p=0,0@WMtoer (p=0,000). By means
of linear regression with CANTAB test outcome apeatedent variable and mean SN
hyperechogenic area as independent variable twoelsiodiere constructed (for
SRMmecolat and CGTriad)) but adjusted R square<ias.

5.2. Analysis of association between results of cotive testing and SPECT with
Datscan. SPECT was performed in 36 patients, unilateral PD21 (58,3%) and
generalized in 15 (41,7%). Pathological patterndddtribution of 1'23-FP-CIT with
asimetry and decreased intake in putaminal areargwasaled in all the patients. Mean
Putamen/Nucleus Caudatus ratfButNC) was 0,67+0,11 and was lower in generalized
PD compared to unilateral (0,62+0,10 and 0,70+0,A80,021). There was a significant
correlation between Put/NC and SSPSpan (r=0,576,008), SSPMistatt (r=-0,421,
p=0,002), SWMbeer (r=-0,374, p=0,008), SWMtoer @348, p=0,013), SWMmtfi6
(r=0,407, p=0,003). Binding of Datscan in Putamemntmlateral to the side of
dominating motor symptoms correlated with CRTMet@=a0,322, p=0,024), RVPMelat
(r=0,521, p=0,000), RVPtohit (r=0,364, p=0,010), R¥mis (r=0,361, p=0,001). By
means of linear regression with CANTAB test outcamalependent variable and Put/NC

ratio as independent variable six models were cocigtd (presented in Table 16).

TABLE 16. Linear regression models predicting impat of Put/NC ratio on results of cognitive tests
Linear regression models R2

SSPSpan = 7,492 Rut/NC- 0,773 0,364
SSPMistatt =2,504 - 1,425 Rut/NC 0,173
SRMMecolat = 5279,754 - 3975,239But/NC 0,161
OTSMelatco = 34350,926-24344,453Put/NC 0,093
OTSMelatch = 23482,917-16679,852Put/NC 0,091
SWMbeer = 74,273 - 51,162 Rut/NC 0,064
Abbreviations: SSPSpan — span length, SSPMistatt — mistakesreetrial, SRMMecolat — mean correct latency
OTSMelatco — mean latency to correct, OTSMelatahean latency to first choice, SWMbeer — betweearsrr
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The best descriptive characteristics of Put/NCor&ive been observed for SSPSpan,
SSPMistatt and SRMmecolat.

5.3. Analysis of association between results of gotive testing, SN hyperechogenic
area and Put/NC ratio. By means of linear regression with CANTAB test aue
associated with one of biological markers duringvpus analysis as dependent variable
and Put/NC ratio together with SN hyperechogengaaas independent variables one
stable model was constructed with adjustd R sgga2d1. Model's summary:
SRMMecolat=4407,428 - 3907,321 x Put/NC + 3091,98&N area.

6. Analysis of relationship between results of cogive testing and medications for
PD. Attention. PD patients treated with dopaminergic medicatioowad lower
CRTMecolat than untreated PD subgroup (359,19+8Mg6and 445,33+150,61 ms,
p=0,000) and higher CRTtocotr (99,46+0,68 and 201R, p=0,038), longer SSPSpan
(4,92+1,58 and 4,04+1,08, p=0,001), without anyedédnce in SSP errors. CRTtocotr
was lower in ropinirole subgroup compared to praxgle (99,09+0,76 and 99,74+0,72,
p=0,002). CRTMecolat was lower in amantadine sulpgroompared to dopaminergic
medication monotherapy (307,15£38,44 ms, p=0,000) @RTtocotr optimal (p=0,000).
SSP span length did not differ in subgroups takingntadine and rasagilinéxecutive
function. All principal outcome measures of OTS and CGTritadye better in patients
on dopaminergic medications. Amantadine was aswsutith better self-control than
dopaminergic monotherapy subgroup (CGTovpr 0,46x0ghd 0,57+0,53, p=0,006).
Working and episodic memory.Patients on medication made less mistakes and showe
lower latency. SWMbeer and SWMtoer correlated Wiiie (r=0,462, p=0,001; r=0,388,
p=0,007), SWMwer and SWMdoer correlated with praargle dose (r=0,537, p=0,000;
r=0,553, p=0,000). Patients on medication reachwd Higher PAL stage (PALstage
7,87+0,68 and 7,42+0,86, p=0,020) and needed teaks to success (PALMetr
2,00+0,49 and 2,28+0,90, p=0,03¥jsuospatial orientation. SRMConum was higher in
patients on dopaminergic medication compared tceatdd (respectively, 16,10+1,52 and

15,34+1,40, p=0,009), and higher in subgroups orardadine and rasagiline while
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compared to dopaminergic monotherapy but SRMMecdidtnot differ in treatment
groups. There was a correlation of medium strerggtiveen SRMNumco and LDE,
doses of ropinirole and amantadir@emantic memory.GNT results did not differ in
treatment groups.

7. Diagnostic value of computerized testing of cogive functions in early-stage PD.
Binary logistic regression analysis was performedider to determine the diagnostic
value of computerised test results in examiningnadoge functions of early-stage PD
patients, diagnosing early-stage PD and differéangageneralized PD from unilateral.
Variables for further ROC analysis were selectexzbeding to significant odds ratio. The
best discriminative characteristics were estabiisfier OTSMelatco (AUC 0,865
(0,803;0,927), SSPSpan (AUC 0,864 (0,804;0,923)TtBbb (AUC 0,825 (0,756;0,895),
PALMetr (AUC 0,819 (0,740;0,899), PALFirme (AUC a8 (0,732;0,899),
SRMMecolat (AUC 0,809 (0,733;0,885), SRMnumco (A0@B01 (0,702;0,864). Linear
regression models are presented in Table 17. ResuUROC analysis for the best fitting
model(6,898 — 1,053 x SSPSpan; OR 0,154 (0,112;0,178)pr@sented as Figure 2.

SSPSpan AUC 0,864 (0,804: 0,923)

10

0,5+

0,6+

Sensitivity

0,44

0,24

o0 T T T
0,0 02 04 06 08 10

1 - Specificity
Diagonal segments are produced by ties.

Figure 2. Discriminative properties of SSPSpan revaed by ROC analysis
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TABLE 17. Diagnostic properties of computerised tesg of cognitive functions in early-
stage PD

Linear Regression Model: Classification Sensitivity | Specificity Nagelkerke R2
dependent variable — PD group | accuracy

6,898 — 1,053 x SSPSpan 84,1%, 90,4%, 57,1% 0,495
9,664 — 0,339 x GNTtoco 80,3% 89,6% 54,8% 0,375
2,586 x PALMetr — 3,450 79,7% 96,5% 33,3% 0,317
7,561 - 0,359 x PALfirme 80,9% 98,3% 33,3% 0,345
0,002 x SRMMecolat — 2,963 80,9% 93,0% 47,6% 0,379
8,994 — 1,424 x PALstfir 79,0% 98,3%, 26,2% 0,324
6,289 x OTSMech — 6,519 82,8% 100% 26,2% 0,203
7,329 — 0,379 x OTSprofir 81,5% 100% 31,0% 0,162
Abbreviations: SSPSpan — span length, GNTtoco — total correatenss PALMetr — mean trials to success,
SRMmecolat — mean correct latency, PALstfir — stagdirst trial, OTSMech — mean choices to corr€tSprofir
— problems solved on first choice

Complex diagnostic models of early-stage PCsearching for higher specificity binary

logistic regression was performed with more vagabin order to compose a set of
cognitive tests with best diagnostic properties descripton of early-stage PD. The
variables were introduced in regression by forwardl enter stepwise methods and
models of binary logistic regression were consedavhere independent variable was PD
(group01, were 0 — control group, 1 — PD) and dates — cognitive tests outcomes
and/or noncognitive clinical factors (PDSS, ESSSPIHAD), age, duration of education,

SN hyperechogenic area.

Three models were constructed:

1. Model ,Tests/PD” includes 4 cognitive tests variables:

In (P(group=PD)/ P(group=control))=1,379 x CGTriadj-0,686 x SRMconumg,970 x
SSPSpan-0,204 x PALfitrme+21,017

Model summary: chi-square =96,337; p=0,000, Hosbeeneshow chi-square =30,894;
p=0,705. Nagelkerke R square =0,668. Cox and $stjuare = 0,459.
ROC analysis of the model ,Tests/PD” for predicfgdbability of PD is presented as

Figure 3, results are summarised in Table 18.
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SSPSpan+SRMNumco+CGTriadj+PALfirme _ AUC 0,924 (0,880;0,969)
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Figure 3. Results of model’s , Tests/PD” ROC analysifor predicted probability of PD

TABLE 18. Results of model’s ,Tests/PD” ROC analys for predicted probability of PD

AUC Std. Asymptotic | Sensitivity | Specificity Accuracy Youden's
(95% ClI) Error? Sig® index
0,924 0,023 0,000 96,5% 64,3% 87,9% 0,608
(0,880;0,969)

Explanation: AUC — area under curv&jnder the nonparametric assumptidnull hypothesis: true are

=05 W

2. Model ,Tests+PDSS/PD”includes 2 cognitive tests variables and PDSSescor

In (P(group=PD)/ P(group=control))==22,826 x CGTgdema-2,759 x SSPSp#n509
x PDSS+62,608

Model summary: chi-square = 152,219; p=0,000, doiese = 50,739; p=0,395.
Nagelkerke R square = 0,904. Cox and Snell R squéxé21.

ROC analysis of model "Tests+PDSS/PD” for predigtesbability of PD is presented as
Figure 4, results are summarised in Table 19.
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SSPSpan+PDSS+CGTqdema AUC 0,993 (0,984;1,000)
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Figure 4. Results of model's ,Tests+PDSS/PD” ROC atysis for predicted probability of PD

TABLE 19. Results of model's , Tests+PDSS/PD” ROC aaysis for predicted probability
of PD

AUC Std. Asymptotic | Sensitivity | Specificity Accuracy Youden's
(95% ClI) Error? Sig® index
0,993 0,023 0,000 98,3% 92,9% 96,8% 0,912
(0,984;1,000)

Explanation: AUC — area under curv@jnder the nonparametric assumptidnull hypothesis: true area = 0,5

3. Model ,Tests+PDSS+SNarea /PD’includes 2 cognitive tests variables, PDSS

score and size of SN hyperechogenic area:

In (P(group=PD)/ P(group=control))=16,406 x CGTqdema - 2,117 x SSPSpa 0,412
x PDSS + 16,454 x SNarea + 48,722,

Model summary: chi-square=161,219; p<0,000, Hosheeneshow chi-square =1,025;
p= 0,998. Nagelkerke R square= 0,934. Cox and $stjuare = 0,642.

ROC analysis of model "Tests+PDSS+Snarea/PD” fadisted probability of PD is
presented as Figure 5, results are summarisedoie 8.
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SSPSpan+CGTqdema+PDSS+SNarea AUC 0,996 (0,990;1,000)
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Figure 5. Results of model’s , Tests+PDSS+SNarea/PIROC analysis for predicted probability of
PD

TABLE 20. Results of model’s , Tests+tPDSS+SNarea/PCROC analysis for predicted
probability of PD

AUC Std. Asymptotic | Sensitivity | Specificity Accuracy Youden's
(95% ClI) Error® Sig” index
0,996 0,003 0,000 99,1% 95,2% 98,1% 0,972
(0,990;1,000)

Explanation: AUC — area under curv@jnder the nonparametric assumptidnull hypothesis: true area = 0,5

According to the results of logistic regressionlgsia, set of SSP and CGT tests together
with evaluation of SN hyperechogenic area by TC& slaep quality by PDSS classifies
PD patients and controls with 98.1% accuracy.

According to the results of regression analysisdiagnostic group of generalized PD no
cognitive tests can be reliably suggested for dbffiéation between unilateral and early-
generalized PD.

8. Relationship of cognitive functions and qualityof life assessed by PDQ39 in early
PD. Linear regression models were constructed amgythe impact of cognitive
functions on quality of life measured by PDQ39 wehendependent variables were

cognitive tests results. The main results are ptesen Table 21.
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TABLE 21. Linear regression models predicting impatof results of cognitive tests on
quality of life measured by PDQ39

Early-stage PD (N=115) Control group (N=42)

PDQ39= R? PDQ39= R?
83,756-2,0136NTtoco 0,199 0,058¢RTMecolat-3,403 0,212
14,131+48,1658GTovpr 0,070 17,029-4,439%GTriad] 0,134
109,171-4,42383RMNumco 0,067 15,486+435,67RPprfal 0,108
15,968+42,4598GTritak 0,062

51,926-23,130RVPprhit 0,058

23,101+0,005& G Tdelti 0,057

45,246-9,935€GTriad] 0,056

51,926-23,130RALstage 0,055

Explanations: R? - adjusted R square, PD — Parkinson’s dis€alNdtoco — total correct, CGTovpr — overall
proportion bet, SRMNumco number correct, CGTritalksk taking, RVPprhit — probability of hit, CGTitie-
deliberation time, CGTriad] — risk adjustment, P#dge — stage obtained, CRTMecolat — mean corremtdy,
RVPprfal — probability of false alarm

Predicted probability for quality of life in early- stage PD according to computerised
cognitive tests results and clinical non-cognitivesymptoms. Multiple regression
analysis was used to identify the prognostic valueognitive functions in early-stage PD
in context of other clinical symptoms and factotsene PDQ39 score was considered to
be dependent variable and independent variables: dgration of education, gender,
HAD, PDSS, ESS, PFS, PD duration, UPDRS Il scoré¢semor (UPDRS 20),
bradykinesia (UPDRS 23-26 + 31), rigidity (UPDRS),22xial symptoms (UPDRS
5+7+14), non-motor symptoms - sensory symptomsofaaog to UPDRS 17+2, with 1
point for anosmia/hyposmia and 1 point for gustatdisorder), constipations, nicturia,
dopaminergic medication, LDE, mean SN hyperechagarea and its cut-off value >0,2
cm? and principal outcome measures of CANTAB teMariable was included into
regression if p value was < 0,05. The summary mwélfversion of model of predicted
probability for quality of life in early-stage Px@ording to computerised cognitive tests
results is presented below:

PDQ39= 142,315 + 2,469 x HAD — 5,697 x SRMNumco,391 x PALstage + 11,588 X
PL stage HY + 3,440 x (UPDRS 17+2) + 0,503 x SWMatr-8,540 x CGTriadj - 1,900

x SSPSpan+39,130 x CGTovpr + 4,612 x UPDRS 20 - duration of education —

6,257 x dopaminergic treatment.
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Model's adjusted R square=0,934. The main factoeslipting quality of life in early-
stage PD are depression and anxiety, working memstigge of disease, sensory
symptoms, attention, risk adjustment, tremor, donabf education and dopaminergic

treatment.

CONCLUSIONS

1. The cognitive dysfunction of patients with Parkinso disease according to
computerised tests results and comparison to dosuigects is observed in the early
motor stage of the disease. The dominating cognitprofile of early-stage
Parkinson’s disease is described by disorders teintatn, working memory and
reaction time.

2. Disorders of attention, working memory and exeaufiunction in drug-naive early-
stage Parkinson’s disease patients correlate wélséverity of disease measured by
Hoehn-Yahr stage, functional condition and burdémotor symptoms. Results of
episodic, semantic memory and behaviour strateggomditions associated with risk
taking do not have straight association with theeggy of the disease.

3. There is no linear association between the cognitimctions of patients with early-
stage Parkinson’s disease and the size of areapdréchogenic brainstem nigral
substance evaluated by transcranial sonographjen®atwith mean area of nigral
substance > 0.2 cm? have worse sustained ancediatiention, working and episodic
memory, slower planning and decision-making.

4. Working memory, visuospatial function, timing, cagre speed and sustained
attention of patients with early-stage Parkinsodisease are associated with the
striatal binding of presinaptic dopamine transpordetermined by single-photon
emssion computed tomography. The decrease of adtrd@dpaminergic reserve
correlates with impulsivity. Attention disorder the earliest stage of Parkinson’s
disease is associated with decreased presinagtamdoe transporter concentration in

putamen at the contralateral side to dominatingomaymptoms. Semantic and
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episodic memory is not related to the striatal emi@ation of presinaptic dopamine
transporter.

. The main clinical factors having impact on cogrmtifunctions in early-stage
Parkinson’s disease are fatigue for attention afdhbiour strategy, age and education
for working memory, depression and sleep disorflar&pisodic memory. Cognitive
functions in control subjects according to compatat tests are mostly associated
with age, duration of education and sleepiness.

. The cognitive dysfunction in early-stage Parkinsogisease is associated with worse
quality of life. Specific cognitive risk factora Parkinson’s disease are disturbances
of semantic memory, behaviour strategy, visuospati@ntation, attention and risk
adjustment. The best predictors of quality of lifeearly-stage Parkinson’s disease are
cognitive functions, depression, sensory symptdrasjor and stage of the disease.

. The tests of computerised battery used in this wark suitable for evaluation of
cognitive functions of patients with early-stagerf@son’s disease. The best
diagnostic accuracy is established for computerigests representing attention,
executive function, working, semantic and episad&mory. The diagnostic value of
computerised cognitive testing is increased by watan of hyperechogenic nigral
substance area on transcranial sonography and glegity with Parkinson’s disease
sleep scale.

. The medications for early-stage Parkinson‘s disdases heterogenic impact on
cognitive functions. Patients on dopaminergic treait have better visuospatial
function, planning and decision-making. Patientsaorantadine have better sustained
and focused attention and decrease of reaction fiitmere is no association between

the results of semantic memory and medicationgdoly-stage Parkinson’s disease.
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PRACTICAL RECOMMENDATIONS

1. It is recommended to examine cognitive functionspeeially attention, working
memory, visuospatial and executive functions whiliiagnosing early-stage
Parkinson’s disease because they are impairedene#nly motor stage being an
independent indicator of severity of disease.

2. According to our results, MMSE is not sensitive éarly-stage cognitive impairment
in Parkinson’s disease so it is recommended toatéshtion, executive function and
memory what has beed made with SSP, SRM, OTS, GKL,tests in our study.

3. It is recommended to perform cognitive testing W8P, SRM, PAL, CGT together
with evaluation of nigral substance on transcras@lography and sleep quality by
PDSS when diagnosing early-stage Parkinson’s diseas

4. The evaluation of fatigue, depression, anxiety soohnolence should be performed
before testing the cognitive functions.

5. In order to improve the diagnostics of Parkinsodisease-associated cognitive
impairment it is recommended to translate into wahian and validate global
cognitive assessment scales approved for Parkingheéase and established criteria
of Parkinson’s disease- associated mild cognitiveairment.

6. CANTAB tests OTS, SRM, CGT, SSP are suitable fornitwoing of treatment

effectiveness in early-stage Parkinson’s disease.
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REZIUM E

SANTRUMPOS

Santrumpa Santrumpos paaiskinimas liejkalba

CANTAB

CGT
CRT
ESS
GNT
HAD

HY

JM
LDE
LKS
MMSE
OTS

PAL
PDQ39

PDSS
PFS
PJSA
PL
PL-D
PL-KS
PL-LKS
Put/NC
RKT
RVP

SRM

SSP
SWM
TKS
UPLVS

Kembridzo neuropsichologini kompiutering testy rinkinys (angl.
Cambridge Neuropsychological Test Automated Battery

Kembridzo loSimo testas (an@lambridge Gambling Test)

pasirinkimo reakcijos laiko testas (ar@hoice Reaction T@st

Epvorto mieguistumo skdkangl.Epworth Sleepiness Scale

poriniy asociack iSmokimo testas (angGraded Naming Test)
ligoninei pritaikyta depresijos ir nerimo skglngl.Hospital Anxiety and
Depression scale)

modifikuota Parkinsono ligos skapagal Hoehn ir Yahr

juodoji medziaga

levodopos doxs ekvivalentas

lengvas kognityvinis sutrikimas

trumpas protiés biklés tyrimas (anglMini-Mental State Examinatign
vieno prisilietimo Kembridzo kojigitestas (anglOne Touch Stockings of
Cambridge test)

poriniy asociaciy iSmokimo testas (angPaired Associates Learning tgst
Parkinsono ligos gyvenimo kokgbskaé (angl.Parkinson‘s Disease
Quiality of life scale)

Parkinsono ligos miego skéhngl.Parkinson‘s Disease Sleep Scale)
Parkinsono ligos nuovargio skédngl.Parkinson's disease Fatigue Scale)
Pasaulio jugimo sutrikimy asociacija

Parkinsono liga

su Parkinsono liga susijusi demencija

su Parkinsono liga sussjkognityvinis sutrikimas

su Parkinsono liga suss lengvas kognityvinis sutrikimas
Putamen/Nucleus caudataantykis

radionuklidire kompiuterire tomografija

greito regimosios informacijos apdorojimo testéangl. Rapid Visual
Processing tet

erdvires regimosios atminties testas (an§patial Recognition Memory
tes)

erdvias dcmesio apimties testdangl.Spatial Span test)

erdvires darbirs atminties testas (an@patial Working Memory test
transkranijigé sonografija

unifikuota Parkinsono ligos vertinimo skal
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IVADAS

Tiriamoji problema

Parkinsono liga (PL) — tai degeneraciiga, kurios metu pazeidziamgsgairios nery
sistemos strukiros: ne tik nigrostriatiniai dopaminerginiai,¢iau ir cholinerginiai,
serotoninerginiai, taip pat autonominiai ir kitirgerinés nery sistemos neuronai bej |
tarpusavio rySiai. PL serga 1,4% zmgnyresny nei 55 m.; réiau suserga jaunesni nei
40 m. asmenys. Visame pasaulyje sergamumas P¢jadithip pat, atsizvelgiang
gyvenimo truknés ilgéjima bei nauy diagnostikos priemoni atsiradim, dideja ir
ligotumas. Populiagy tyrimy duomenimis, apie 10% PL pacignper 3 m. nuo
diagnozs nustatymo atsiranda demencijos poaynoi \eliau Sis procentas dégh: po 5
m. siekia 20%, po 20 m. - 80%. &dau pazinimo funkcij sutrikimas PL metu
pastaraisiais deSimtriais kelia vis didjant susidongjimg ne tik &l galimo
progresavimo iki demencijos. Frontostriatinio, astm@o arba miSraus tipo lengvas
kognityvinis sutrikimas (LKS) tdingas 55% sergényjy PL ilgiau nei 3,5 m. Atliekant
mokslinius tyrimus, vykdomosios, vizuadi® erdvires/konstrukcigs funkcijos bei
atminties sutrikimp nustatoma 25%de novo PL pacieni be demencijos, &au
praktikoje jie dazniausiai lieka neiSaiskinti. Nk ir Siandien diagnozuojama remiantis
svarbiausiais motoriniais simptomais (rar@ybtremoru, rigidiSkumu, bradikineze,
vélesrese stadijose iSsivystaim posturaliniu nestabilumu), kurie tradiciSkaijami su
nigrostriatires dopaminergiés sistemos degeneracija¢ital, H.Braak hipotezei iSgtus
Sios ligos patogenég suvokimo ribas, motorigi simptomy svarba ankstyvoje ligos
stadijoje nublanksta:yj klinikine evoliucijs daugiau nei 10-15 metaplenkiajvairiy
ekstranigraling nerw; sistemos stiy pazeidimo sukelti nemotoriniai Klinikiniai
simptomai. Premotorin ligos stadija, daugelio autgrinuomone, susijusi ne tik su
miego, nuotaikos, autonond@® funkcijos ir sensoriniais sutrikimais, - dka, kad
tuomet, o ne toli pazengus ligai, vystosi ir sdigtiiplanavimo, konceptualizacijos,
darbires atminties, iSorimj stimuly apdorojimo sutrikimai, kurie daliai pacignitgainiui

progresuoja iki demencijos. Nors ankstyvos PL nutaniausiai pasitaikantys aulst
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kognityviniy funkcijy, démesio ir koncentracijos bei atminties sutrikimodsiomai yra
iSsamiai aprasyti, t&au jy iSsivystymo mechanizmai ir veiksniai vis dar tmig
klinikiniai simptomai daznai ina heterogeniski, o rySys su dopaminergine disfijgkc
néra vienareikSmiskai apibztas. Klinikiniy kohorty tyrimy duomenimis, kognityviniai
sutrikimai sunkja PL progresuojant, ¢&au réera vieningos nuomass apie y ry§ su
kitais Klinikiniais simptomais, nes pastebima, kamnestiniam su PL susijusio LKS
tipui badingi vizualires erdvires funkcijos sutrikimai mentalés rotacijos ir regos
atpazinimo metu, adyginio asociaciy iSmokimo bei verbaliés atminties deficitai
koreliuoja su didesne negalia bei ilgesne ligokrre, t&iau réra tiesiogiai susg su
dopaminergine disfunkcija, o PL gydyti skiriami stai Sy funkcijy neveikia.

Paprastai teigiama, kad ankstyva PL setggg kognityviniam profiliui kidingi
kaktinio pozievinio (frontostriatinio) sutrikimo bozai, kai vyrauja émesio ir
vykdomosios funkcijos sutrikimas, o vizuairerdvire orientacija, atmintis bei kalba
ilgiau iSlieka nepazeista. Tiau, atliekant galvos smegeMRT, jau premotorigs PL
metu galima nustatyti ne tik kaktipi bet ir smilkininiy skil¢iy Ziews degeneracijos
pozymiy, 0 su PL susijusiu LKS sergantiesieniglingas regioninis temporoparietalini
sriciy gliukozs metabolizmo sumagmas PET tyrimo metu. Nayj biochemini,
molekuliniy, struktiriniy ir funkciniy biologiniy PL Zymem nustatymas skatina ieskoti
Jy rysio su pazinimo funkcijomis, tikintis, kad bualigna geriau suprasti kognityvinio
sutrikimo priezastis, o tada kuo atiai ji diagnozuoti ir nutiesti keliefektyvesams
neuroprotekcinio gydymo paieSkoms. Svarstydami,akpdadti gydyti ankstyva PL
sergant asmem gydytojai tugty ijvertinti ne tik motorinius, bet ir kognityvinius
simptomus, nes vartojant dopaminerginaisyy gegja ne tik motorig biklé, bet ir
protinis lankstumas, énesio pastovumas bei darbiratmintis. Kadangi depresija,
nerimas, nemiga, neramkojy sindromas, paradoksinis miego elgesio sutrikime i
specifinis nuovargis neigiamai veikia ir pazinindbyrimo rezultatus, ir bengfunkcing
btukle, pasirenkant terapgn strategij reikia jvertinti papildomo §j simptomy
dopaminerginio bei nedopaminerginio gydymo galinsyleetuomet sudaryti individual

kognityvinés reabilitacijos plas
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Progresuojant vykdomosios funkcijos, vizuabnerdvires orientacijos bei atminties,
ypa semantiis ir trumpalaiks, sutrikimui, sutrinka asmens savarankiSkumasy Bls
susijusi demencija (PL-D) yra savarankiSkas neigsmyvenimo trukis bei kokylés
veiksnys. Nors kai kurie autoriai nurodo, kad lengazinimo funkcij pakitimai ligos
nastos nepadidina, dau prieSingos nuomeés remgjai teigia, kad gyvenimo kokyis
vertinimo instrumentai nepakankamai jautriai atdpisubtilaus kognityvinio sutrikimo
jtakg. Vertinant naujausi Klinikiniy tyrimy rezultatus, akivaizdu, kad ankstyva PL
sergadiyjy gyvenimo kokyk labiausiai priklauso nuo nemotonnsimptomy, tocl jy
savalaikis bei adekvatus gydymas tiesiogiai pagerpacieny gyvenimo kokylk ir
trukme, o kartu sumazimtprieziiros ir slaugos kastus.

Nors cmesys kognityviniams sutrikimams sergant PL pagtadeSimtmet didéja
geometrine progresija, dau diagnostikos priemouni standartizavimas ir kriterjj
nustatymas gerokai atsilieka. 2007 m. PJSAghasiPL-D diagnostikos kriterijai vis dar
tebéra tikslinami. PL-LKS samprata apé#ata tik 2012 m., Siuo metgdiasi diagnostikos
kriterijy bei instrument validizavimo procesas. DaZzniausiai neuropsicholiogise
tyrimuose naudojam,popieriaus-piestuko” tegtrezultatai priklauso ir nuo tiriamojo, ir
nuo tyrkjo subjektyviy savybi;. Kompiuterizuoti testai leidzia objektyvizuoti paimo
funkcijy vertinimg, tiksliai jvertinti laiko rodiklius, kartoti testus vienodomaglygomis
ir tokiu paiu tempu, nepriklausomai nuo subjekiyvyréjo sugeldjimy; dauguma tokj
tesyy yra neutrais kulfiriniu ir lingvistiniu poziiriu; jy rezultatus paprésau archyvuoti,
analizuoti, galimgkelti j elektronirg paciento kortel. Néra ankstyvai PL specializupt
kompiuteriniy kognityviniy testy nei jy rinkiniy, tatiau Kembridzo kompiuterin
neuropsichologinio istyrimo sistema CANTAB leidzisudaryti tinkamiaugi test
rinkinj, kuris atspindty pagrindinius 5 kognityvinius domenus. Kol kas pebk tik
pavieniai PL sergaiyjy asmen tyrimai, kuriy metu atskiri CANTAB testai derinami su
neautomatine metodika. Tédankstyva PL serg&nyjy pazinimo funkcijas nuspretohe
tirti CANTAB sistemos kompiuterizuotais testaiskétlamiesi nustatyti §i test
diagnostir verk ir suformuluoti rekomendacijas tolesniam praktmi#ei moksliniam
darbui.
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Darbo tikslas
Ivertinti ankstyva PL be demencijos serganasmen pazinimo funkcijas naudojant
kompiuterizuog testy rinkini CANTAB Eclipse 3.0.0, palyginti rezultatus su katinés

grups asmen duomenimis bei nustatyti kognityvipirodikliy rySius su biologiniais

Darbo uzdaviniai

1. Istirti ankstyva PL serg&n; asmen démesio, atminties, regos erdyiir vykdomgsias
funkcijas, naudojant kompiuterizuptesty rinkini CANTAB eclipse 3.0.0, ir palyginti
juos su kontrolini asmen duomenimis.

2. Nustatyti ankstyva PL sergén pacienty kognityviniy funkcijy ry§ su UPLVS skale
jvertintu ligos sunkumu.

3. ]vertinti ankstyva PL sergéiyjy kognityviniy funkcijy ry§ su TKS metodu nustatytu
juodosios medziagos echogeniSkumu.

4. ]vertinti ankstyva PL sergéi; asmen kognityviniy funkcijy ry§ su presinapsinio
dopamino reabsorbcijos transporterio koncentratijguotame #ne, nustatyta RKT
su 1'23-FP-CIT kdu.

5. Jvertinti ry§ tarp ankstyva PL sergé&njy pazinimo funkciy ir miego, nuovargio bei
demografini veiksni.

6. vertinti ry§ tarp ankstyva PL sergénjy pazinimo funkciy ir gyvenimo kokybs
rodikliy.

7. ISanalizuoti kompiuterizuotais testaigertinty kognityviniy funkcijy diagnostig vert
sergant ankstyva PL.

8. Ivertinti ankstyva PL sergéaiyjy pazinimo funkciy ry§ su PL gydyti skiriam vaisy
vartojimu.

Darbo naujumas

Sio mokslinio darbo tema atitinka dabartines Plinyr kryptis visame pasaulyje. Tai

pirmas disertacinis darbas Lietuvoje, kuriame pazinfunkcijos istirtos kompiuterizugt

testy rinkiniu. Siame darbe, novatoriskai pazvelgiisankstyvos PL diagnostikos
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probleny, sukurtas modelis, leidziantis tiksliau atskirtnkatyva PL sergatiuosius,
jvertinus @mesio, darbias atminties ir elgesio strategiptspinditiy kompiuterizuog
testy rezultatus, miego rodiklius pagal PL specializuatiego kokylés ska¢ bei galvos

smegen kamieno juodosios medziagos ultragarsines chaistkas.
Ginamieji teiginiali

1. PL serganiy asmen pazinimo funkcijos yra sutrik ankstyvoje motorigje ligos
stadijoje. Ankstyva PL sergantiesiems vyraujamdsio, darbias atminties ir
psichomotoring reakciy grekio sutrikimas.

2. Ankstyva PL sergafiyjy démesio, darbias atminties ir vykdomosios funkcijos
sutrikimas negydant koreliuoja su UPLW&rtintu ligos sunkumu.

3. Ankstyva PL sergafiyjy pazinimo funkcijos nesusijusios su TKS metodu syt
galvos smegen kamieno juodosios medziagos pagigio echogeniSkumo ploto
dydZiu.

4. Ankstyva PL sergaiy asmen darbire atmintis, regos erdvin orientacija ir
vykdomoji funkcija susi su presinapsinio dopamino reabsorbcijos transporte
koncentracija dryZzuotameaike, nustatyta RKT su 113-FP-CITidu.

5. Ankstyva PL sergafiyjy ir nesergadiyjy asmen pazinimo funkcijoms povejk
turintys klinikiniai veiksniai skiriasi.

6. Pazinimo funkciy sutrikimai sergant ankstyva PL neigiamai susy gyvenimo
kokybe.

7. Ankstyva PL sergafiyjy pazinimo funkciy sutrikimus tiksliausiai diagnozuoja SSP,
SRM, OTS testai, atspindintysmeg, vykdomgja funkcija, darbire atminj.

8. PL gydyti skiriami vaistai diferencijuotai veikidskiras pazinimo funkcijas.
DARBO METODAI

1. Tiriamuyjy atranka, grupiy sudarymas,jtraukimo ir ne jtraukimo Kriterijai

Tyrimas buvo atliktas Vilniaus universiteto ligoam SantariSkj kliniky konsultaciy
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poliklinikoje ir neurologijos skyriuje. Gautas Vilus regioninio biomedicinigi tyrimy
etikos komiteto leidimas Nr. 158200-02-459-134. iMtta 115 pacient sergatiy
ankstyva kliniSkai tiktina PL, kurie atitikojtraukimo kriterijus bei nebuvo iteaukimo
kriterijy, ir 42 pagal amazi lytji, mokymosi trukm atrinkty kontroliniai tiriamieji, kurie
nesirgo PL ar kitomis degeneragimis CNS ligomis bei nedegeneragsn kilmés
parkinsoniniu sindromu, bet atitiko 3#8aukimo kriterijus.

Itraukimo kriterijai:

1) diagnozuota kliniSkai tétina PL, vadovaujantis Parkinsono ligos ir antrinio
parkinsonizmo diagnostikos bei ambulatorinio gydyrkoempensuojamo iS privalomojo
sveikatos draudimo fondo biudzetésy, metodika, patvirtinta Lietuvos Respublikos
sveikatos apsaugos ministijsakymu Nr.V-79; 2) PL sunkuma®2,5 st. pagal Hoehn-
Yahr stadij skak; 3) normali gmorés hiklé (pagal Glazgo kom skak 15 baly); 4)
trumpo protigs hiklés tyrimo (MMSE) rezultatas 28-30 Ipal5) pacientas sutiko
dalyvauti tyrime ir pasiraSAsmens informavimo forgbei Informuoto asmens sutikimo
forma; 6) regjimas ir klausa tinkami, kad galimaity atlikti testus; 7) vartojam PL
gydyti vaisty doz iSlieka stabili ilgiau nei 12 savii.

Nejtraukimo kriterijai:

1) neatitikimas bent vienaniraukimo kriterijui; 2) demencija; 3) kita neurolog
patologija, galinti glygoti pazinimo sutrikimus: kitos CNS ligos (navikansultali,
demielinizuojantys susirgimai, epilepsija, infeksj traumos, raidos sutrikimai); 4)
kliniSkai nustatyti suniks depresiniai sutrikimai, psichoziniai sutrikim&itos pirmirés
psichikos ligos (pvz., Sizofrenija, bipolinis afes sutrikimas); 5) kita patologija, galinti
salygoti pazinimo sutrikimus: piktnaudziavimas ar Kieusomyle nuo alkoholio,
narkotiky, vaisty; inksty ar kepen nepakankamumas, apsinuodijimas pesticidais ar
sunkiaisiais metalaisg) vaisty, kurie galijtakoti pazinimo funkcijas ir miego rodiklius
(neuroleptiky, cholinesterazi inhibitoriy, memantino, nootrap modafinilio, stipri CNS
slopinartiy preparai), vartojimas; 7) alergija jodui, é8tumas ir laktacija
(kontraindikacija radionuklidiés kompiuterigs tomografijos tyrimui); 8) amzius <30 m.

ir >70 m.
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2. Tyrimo metodai

2.1. Bendras Klinikinis ir neurologinis iStyrimas

Visi tyrime dalyvaujantys asmenys apklausti naudbjapecial tyrimo ankej dél
demografing ir anamne&s duomen, subjektyvy skund; atmintimi bei nuovargiu,
atliktas bendras Kklinikinis ir neurologinis iStyr@®, hematologinis ir biocheminis kraujo
tyrimas. Pacientus, kuriems diagnozuota ankstyvg Rhnsultavo psichiatras éd
afektiniy, suvokimo sutriking, priklausomyhy ar kitos psichikos patologijos. Tyrime
dalyvavo pacientai, kurie nevartojo specifivaistyy PL gydyti arba vaistdoz nesikei¢
bent 12 savéiy; pastaruoju atveju gydymas buvo pias gydatio gydytojo sprendimu
remiantisjprasta klinikine praktika. Visiems tiriamiesiemsesjaliy klausimyny pagalba
jvertinta gyvenimo kokyly PDQ-39, miego kokyh PDSS, mieguistumas dignESS,;
depresija ir nerimas, HAD; nuovargis, PFS, savaikoknas Svabo-Inglando skale.
Nustatyta PL stadija pagal HY, o PL sunkumas vexsirppagal UPLVS. Dopaminerginio
gydymoijtakai vertinti susk&iuotas LDE.

2.2. Pazinimo funkcijy iStyrimas kompiuterizuota sistema CANTAB

Pazinimo funkcijos jvertintos kompiuterizugt neuropsichologini test; rinkiniu
CANTAB Eclipse 3.0.0Vieno asmens kompiuterizuotas iStyrimas truko 120-inin.,
buvo atliekamas tuo par metu (pirmoje dienos péig, nuo 9:00 iki 13:00), darant
fiziologines 5-10 min. pertraukas kas 30 min., tpgioje izoliuotoje nuo pasaligi
trukdziy patalpoje. Twjas vigy tyrimy metu buvo tas pats. Programai naudotas
nesiojamasis kompiuteris su liesti jautriu ekranuwviejy mygtulky pulteliu. Pazinimo
funkcijy tyrimo baterija buvo sudaryta, atrinkus 9 CANTAB gramos testus, empiriniu
budu: 1) pasirinkimo reakcijos laiko testas,CRT, — jvertintas démesio selektyvumas;
svarbiausi rodikliai: vidutié atsako stimul trukmé (ms) CRTMecolatbendras teising
bandymy skatius, CRTtocotr 2) greito regimosios informacijos apdorojimo testas
RVP, atspindi vizualin demeg, stimuly blokavimo gebjima, darbire atmini. Svarbiausi
rodikliai: teisingai atpazimt seky skatius, RVPTohit, vidutinis latencijos laikas, ms,
RVPMelat, teisingai atmestos sekos, RVPTocor, kigig signal; skatius, RVPTofal,

praleist; seky skatius, RVPTomis3) vieno prilietimo KembridZo kojini y testas, OTS,
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atspindi frontalines funkcijas (sprendjnpriemima ir planaving) bei darbig atminj.
Vertinami 4 rodikliai: vidutinis bandym skatius iki teisingo atsakymo atsakymo,
OTSMech, vidutinis laikas iki teisingo atsakymo,,n@&TSMelatco, vidutinis laikas iki
pirmo pasirinkimo, ms, OTSMelatch, vidutinis pirmoandymu iSsgisty uzdu@iy
skacius, OTSProfir;4) poriniy asociacig iSmokimo testas, PAL,vertina nauj dalyky
iISmokimy ir trumpalaile regimgja atming. Svarbiausi rodikliai: uzduiy, teisingai atliki
pirmu bandymu, skaius, PALfitrme, vidutinis klaid skatius iki sskmés, PALMeer,
vidutinis bandyng skatius iki sskmés, PALMetr, jvykdyty stadiy skatius, PALStage,
pirmuoju bandymuvykdyty stadiy skatius, PALStfir, vigy klaidy skatius, PALToerad,
visy atlikty bandymy skatius, PALTotrad;5) laipsnisSko jvardinimo testas, GNT,
atspindi  semantin atming, regos stimuj atpazinim ir jvardinimg, zodziy paieSk.
Vertinami teising atsakyny absoliutus sk&ius, GNTToco, ir bendras klajdskatius,
GNTToer; 6) erdvinés démesio apimties testas, SSPleidZia iSmatuoti darbirs
atminties talp, jvertinti d¢mesio apimtir nustatyti, keliais objektais asmuo vienu metu
gali operuoti mintyse. Vertinamas erdésndemesio apimties testo teisingai atkartotos
ilgiausios sekos & wiy, SSPSpan, visos, SSPToerr, visos tecmktaidos, SSPTouser;
7) erdvinés regimosios atminties testas, SRMyertina erdvig regimgja atminj.
Svarbiausi rodikliai — vidutinis laikas iki teisingatsakymo, ms, SRMmecol, teising
atsakyny absoliutus ska&ius, SRMconum;8) erdvinés darbinés atminties testas,
SWM, vertina gebjima iSlaikyti erdvirg informacip ir pasinaudoti ja darbés atminties
uzdu@iy metu. Svarbiausi rodikliai: tarpupiklaidy bendras skaius, SWMbeer, dvigup
klaidy bendras skaius, SWMdoer, erdvigs darbigs atminties testo strategija,
SWhMstrat, viso testo bendras klaidkatius, vidiniy klaidy bendras skaius, SWMwer;
9) Kembridzo loSimo testas, CGT, atspindi planavimo ir sprendim priémimo
gelejimus, rizikosjvertinimg ir polinkj rizikuoti, impulsyvum ir savikontro¢. Rodikliai:
delsimo latencijos koeficientas, CGTdelav, svarstylaikas, ms, CGTdelti, statoma
turimos sumos dalis CGTovpr), sprendirkokybés koeficientas, CGTqgdema, rizikos
jvertinimo koeficientasCGTriadj, rizikos koeficientas, CGTritak.

2.3. Galvos smegan kamieno TKS. TKS metodu 75 (65,2%) sergantiesiems PL ir 40
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(95,2%) kontroling asmen jvertintas galvos smegerkamieno juodosios medziagos
(JM) echogeniSkumas, aps&aiotas JM padigusio echogeniskumo plotas. 11,3%uwvis
tirty asmen tyrimo metu galvos smegerkamieno struktry jvertinti nepavyko d blogo
kaukoks kauly pralaidumo ultragarsui.

2.4. Galvos smegan RKT su radiofarmaciniu preparatu Datscan (123-Joflpanu)
PL sergatiyjy asmen pogrupiui (N=36; 31,3%) buvo atlikta RKT su radiohaciniu
preparatu DatSCAN (1-123 joflupanu) pagal standarprotokoh. Tyrimo rezultatai
pateikti Putamen/N.caudatusantykio pavidalu ir kokybiSkai apraSytivertinant PL
budinga radionuklido telkimosi asimetsgjkiaute bei uodeguotame branduolyje.

2.5. Statistiniai metodai

Kokybiniams kintamiesiems pateikiamas absoliutugkisi ir procentia iSraiSka.
Kiekybiniams kintamiesiems pateikiamas aritmetinislurkiststandartinis nuokrypis.
Duomem pasiskirstymo normalumuivertinti buvo atlikti Kolmogorovo-Smirnovo
(n>50) ir Sapiro-Vilko (angl.Shapiro-Wilj (n<50) testai. Lyginant grupes kokybinio
kintamojo atvilgiu taikytas chi-kvadratg® arba FiSerio (angFishep tikslusis testas.
Kai duomem pasiskirstymas buvo normalusis, lyginant dvi gaifeekybinio kintamojo
atzvilgiu taikytas Stjudento t-testas (an§tudent t-te$tnepriklausomoms imtims, kitais
atvejais taikytas jo neparametrinis analogas — Mditmo testas (anglMann-Whitney
tes). TKS pakartotiny tyrimy rezultatams palyginti taikytas Stjudento t-tegtasinéms
imtims. Lyginant daugiau nei dvi grupes intervadirarba ranginio kintamojo atzvilgiu
taikytas neparametrinis Kruskalio-Voliso (andkruskal-Wallig testas. Dispersés
analizs metu, atmetus hipoteapie dispersij lygybe, hipotezei apie vidurki lygybe
tikrinti vietoje FiSerio kriterijaus naudotas Velgangl. Welcl) arba Brauno-Forsaito
(angl. Brown-Forsythg kriterijus. Duomen rysio analiz atlikta taikant Pirsono (angl.
Pearson (normaliai pasiskitdusiems duomenims) arba Spirmano (an§pearmah
(neparametriniams kintamiesiems) koreliacijos mesodKoreliacijos koeficiento (r)
reikSnes: >0,7 — rysys labai stiprug0,5 — rySys stiprus:0,3 — rysys vidutinis>0,1 —
rySys silpnas. Tiriant PL stadijos, pacigntiotorires bei bendros funkcés hiklés,

nuovargio, nuotaikos ir miego sutrikynTKS iSmatuoto juodosios medziagos ploto, RKT
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jvertinto Put/NC santykio, gyvenimo kokdd rodikliy ry§ su CANTAB tesy rezultatais
konstruoti zingsniés tiesirés regresijos modeliai. Kintaypy atrankai taikytas laipsnisko
(angl. forward) arba rankinio (anglentep veiksny jtraukimo metodas. Kintamasis
trauktas; mode], jei jo reikSmingum nusakanti p reikSt nevirSijo 0,05. Tiesiés
regresijos koeficiento (R) reik$st >0,7 — rySys labai stiprus:0,51 — rySys stiprus;
>0,36 — rySys vidutinisz0,14 — rySys silpnas. leSkant rodikligeriausiai atspindiiy
pazinimo funkciy sutrikimus ankstyvos PL metu, konstruoti paprasto# daugialyps
logistinés regresijos modeliai. CANTAB tegtrodikliy klasifikavimo geba bei sukuyt
modely prognostigs savyks vertintos atliekant ROC (anglReceiver operating
characteristicy kreiviy analiz. Vertinant ankstyva PL sergénjy pazinimo funkcij
sutrikimy dazn, apskatiuotos imties standartizuotosios reik&mir iSskirtimi laikytos
lygti -1>z>1 atitinkagios PL sergatiyjy kintamyjy veris, prieSingos kontrolini
asmem Z reikSmes vektoriaus kry@iai. Statistiis analizs rezultag reikSmingumo
rodiklis p<0,05. Visos darbe pateikiamos p reikSmskirtos tikrinti dvipudms

hipotezZms.

REZULTATAI

1. Demografinés ir klinikin és tiriamyju charakteristikos

Tyrime dalyvavo 157 asmenys (82 (52,2%) moterys5ir(47,8%) vyrai), kugg amzius
buvo nuo 35 iki 69 mat (vidurkistSN 53,91+9,45 m.), mokymosi truknbuvo 7 -18
mety (vidurkistSN 15,26+£1,96 m.). Ankstyva PL sergajy grup; sudaé 115 asme
kurie pagal amzi, lytj bei iSsilavinina nesiskyé nuo kontrolits grugs. Vidutinis
pacienty amzius buvo 54,57+9,97 m., 55 vyrai (47,8%) imdoter (52,2%). Visi tyrime
dalyvaw asmenys visiSkai savarankiski. Amjeggrupiyy MMSE rezultatas atitikoikle be
demencijos (29-30 ba). PL sergantieji dazniau skutsd atmintimi (42,6%) nei
nesergantieji (28,6%). ViduwnPL trukme nuo subjektyviajvertintos simptom pradzios
buvo 12,64+8,08 #n.,vidutinis laikas nuo PL diagnéz nustatymo buvo 2,42+3,39%m
71 (61,7%) pacientui buvo diagnozuota 1,0 stadijegenpug PL), o kitiems
(generalizuota PL, N=44; 38,3%) - 13 (11,3%) —stddijos, 31 (27%) — 2,0 stadijos PL
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pagal HY. PL sunkumas pagal UPLVS svyravo nuo 43kibail; (vidurkis 15,98+9,82
b.), UPLVS Il poskals jvercio vidurkis 12,55+8,28 b. Generalizuotos PL gfepl8
(40,9%) pacient vyravo tremoras ir 22 (50%) rigidiSkumas, 4 (9)186Srus motorinj
simptomy tipas, o vienpuse PL sergaufjy - 44 (62%)tremoras, o r@au — 27 (38%)
rigidiSkumas.Generalizuota PL sergéinjy funkciré biklé pagal UPLVS buvo sunkesn
(24,0548,64 ir 10,99+6,71 balo, p=0,000), sunkdsradikinez ir aSiniai simptomai. 67
(58,3%) tiriamieji nevartojo joki vaisyy PL gydyti. Vidutinis LDE: 145,18+161,44 mg/p.
PL sergatiyjy depresijos ir nerimo, mieguistumo, miego, nuowargiertiai buvo
reikSmingai blogesni nei kontrolwtiriamyjy. Ankstyva PL sergatiyjy PDQ39 bendras
jvertis didesnis nei kontrolini(39,82+25,49 ir 16,52+8,68; p=0,000).

2. Pazinimo funkcijuy tyrimo kompiuterizuotais testais rezultatai

CRT. PL grugje CRTMecolat reikSmingai buvo ilgesiip=0,001), o teising bandyny
maziau (p=0,001). Stipriausiai su priklausomybe dtupei susijusi buvo pasirinkimo
reakcijos vidutig atsakoj stimul trukmé (CRTMecolat Eta=0,246).Vienpuse negydyta
PL sergatiyjy CRTMecolat buvo didegnnei kontroliny (p=0,001).RVP. Pacieng
RVPMecolat didesnis nei kontroliniasmen (p=0,000), maziau teisingai atpaijrgek;
(p=0,000), daugiau klaidimgavarini signal; (p=0,015). Diziaugi jtaka priklausomyk
PL grupei tuégjo RVP testo teisingai atmestseky skatiui RVPtocor (Eta=0,443),
teisingo atsakymo tikimybei RVPprhit (Eta=0,422)alpistyy selky skatiui RVPtomis
(Eta=0,417). Vienpuse negydyta PL sexgarRVPMelat, RVPtomis didesni, o0 RVPtohit
ir RVPtocor mazesni nei kontrolipiasmen (p<0,05)OTS.Visi pacienty OTS testo
rezultatai reikSmingai blogesni nei kontroljnasmen (p=0,000), taip pat ir lyginant
vienpugs PL pogrup su kontroline grupe (p=0,000). Diziagigtaka priklausomylé PL
grupei tugjo OTS vidutiniam laikui iki teisingo pasirinkim@TSMelatco (Eta=0,371),
taciau kiti rodikliai tap pat susjjvidutiniu rySiu.PAL. PL ir kontrolines grugs tiriamyjy
pasiekta PAL stadija reikSmingai nesiskyp=0,850), o kiti pacient rodikliai buvo
blogesni. Vienpuss ir generalizuotos PL pogrupPAL rodikliai nesiskyé. Stipriausiai
su priklausomybe PL grupei susijusi buvo PAL fir(k#a=0,482), PALstfir (Eta=0,451),
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PALtotrad (Eta=0,409).GNT. PL serganiyjy teisingai jvardinty objekiy skatius
mazesnis nei kontroligi(p=0,000), o generalizuota liga serganmazesnis nei vienpuse
(p=0,014). Remiantis dispergmanalizs rezultatais, GNT rezultatas vidutiniSkai sgssij
su priklausomybe PL grupei (Eta=0,4685P.Pacient teisingai atkartota ilgiausia seka
buvo trumpesé negu kontroligs grugs tiriamyy (4,41+£1,38 ir 6,88+1,56, p=0,000),
generalizuota PL sergén trumpesg nei vienpuse (3,91+0,96 ir 4,72+1,50, p=0,001).
SSPSpan vidutiniSkai stipriai susj su priklausomybe PL (SSPSPan Eta=0,611,
p=0,000). SRM. PL pacientai ilgiau uztruko iki teisingo atsakymei rkontroliniai
(2458,19+969,99 ms ir 1467,32+559,30 ms, p=0,000)aziau uzdudiy jvykdé teisingai
(15,68£1,49 ir 17,02+0,90, p=0,000), skirtumas dukeikSmingas ir lyginant vienpgs
PL su kontroline grupe. RysSys su priklausomybe Rlvab vidutinis (SRMMecolat
Eta=0,448; SRMNumco Eta=0,408§WM. PL pacientai visose pakopose padadaugiau
vidiniy (SWMwer, p=0,009),y didesnis bendras tarpin(SWMbeer, p=0,000), dvigub
(SWMdoer, p=0,046) ir vigklaidy bendras (SWMtoer, p=0,000), o SWMstrat blogesn
(p=0,007). Su priklausomybe PL sergamy grupei stipriausiai buvo sug§ bendras
SWMtoer (Eta=0,341). Sergantys vienpuse PL ir nggydiamieji, nepriklausomai nuo
nuovargio, mieguistumo, mokymosi truksn ir amziaus, daugiau klydaCGT. PL
sergantieji ilgiau svarét pasirinkdami spaly (CGTdelti, p=0,000), taip pat ir sum
didé¢jimo, ir mazjimo etapuose labiau délspasirinkdami statog suny (CGTdelav,
p=0,001). g rizikos jvertinimo koeficientas buvo blogesnis (CGTriadj,0f300), bet
polinkis rizikuoti tarp kontrolids grugs ir PL pacienf (CGTtritak) nesisky. Su
priklausomybe PL sergamjy grupei iS CGT rodikly vidutiniSkai buvo susgs CGT
svarstymo laikas (Eta=0,356).

3. Ankstyva PL sergaréiyju pazinimo funkciju sutrikim y daznis, remiantis

Apibendrire atskiny testy rezultatus, nustéme skatiy pacient, kuriy viso testo rezultat
standartizuotos reiksts atitiko lygi -1>z>1: SSP 38,3%, GNT 26,9%, CRT 18,3%,
SWM 14,8%, SRM 14,8%, RVP 13,9%, PAL 13,9%, OT&%. CGT bendragertis
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neigjo IS slenkstinio intervalo. Pagal PJSA PL-LKS diagtikos rekomendacijas, galimo
vieno domeno PL-LKS kriterijus atitiko 27% anksty\RL sergadiyjy; dazniausiali
nustatytas éimesio ir darbias atminties domeno galimas LKS (14%)Xia@ — vizualires
erdvirés funkcijos (7%) ir vykdomosios funkcijos (6%) mahs PL-LKS. Epizodiés
atminties LKS lygmens sutrikimo dvigjest; rezultatais pagsti nepavyko. Visi nustatyti
domem pazeidimai bdingi kaktiniam pozieviniam (frontostriatia funkcijos) sutrikimui.
Galimg instrumentin Zievinj (temporalif) sutrikimg pagal dviey testy (PAL ir GNT)
rezultatus nustame 9 (7,8%) ankstyva PL sergantiesiems. Remdanisgiesijos
lygtimis nusakytais tesgtrezultaty ir pazinimo funkciy veiksniy rySiais, konstatavome,
kad cmesio, darbias atminties, planavimo funkcija labiausiai susigis PL sunkumu ir
motorine lkle. Epizodirs atminties rodikliai, iSskyrus PALfirme, kuris labsiai
atspindi darbia atming, ir rizikingo elgesio strategija su PL sunkumusiigo rySio
neturi. PL serganyjy démesys ir elgesio strategija reikSmingai spsj nuovargiu,
darbire atmintis — su amziumi ir iSsilavinimu, o epizod&mintis — daugiau su amziumi,

depresija ir miego sutrikimais.

4. Ankstyva PL sergariyjy asmeny pazinimo funkcijy rySys su vaizdinimo metodais
nustatytais biologiniais ligos Zzymenimis

Pazinimo funkcijy rySio tyrimo su TKS duomenimis rezultatai. PL grugs asmen
TKS badu istirtas vidutinis galvos smeggerkamieno JM padigusio echogeniSkumo
plotas buvo didesnis nei kontroln{0,26+0,10 cm? ir 0,13+0,04 cm?, p=0,000). Vierpus
PL serganiyjy JM plotas buvo reikSmingai didesnis prieSingoje tariaiams
simptomams puge. Atlikus dvinag logistine regresij, nustatytas TKS JM ploto
nustatymo metodo jautrumas atskiriant seégasius PL nuo nesergénjy 90,4%,
bendras klasifikavimo tikslumas 75,8%gitau specifiSkumas nedidelis — 35,7%. Palggin
CANTAB tesyy vidurkius tarp pogrupi pagal JM vidutip plot3 > 0,2 cm?
kontroliuojamais faktoriais pasirighkJPLVS, PDSS, HAD ir HADDverius, nustaime,
kad tiriamyjy, kuriy JM plotas virSijo slenkstin vere, RVPtoco buvo mazesnis
(p=0,031), RVPprfal didesnis (p=0,049), OTSMelattgesnis (p=0,007), OTSprofir
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(p=0,003) ir OTSMech (p=0,000), PALstage (p=0,0D0PALstfir (p=0,004) mazesnis,
daugiau klaid PALtoerad (p=0,004), SSPMistatt (p=0,001), SWMb&ax0,000) ir
SWMtoer (p=0,000). N@dami nustatyti JM pakitimp jtakg pazinimo funkciy test
rezultatams, konstravome tie&sn regresijos modelius, kur priklausomu kintamuoju
laikéeme pazinimo testrezultatus, o nepriklausomu — TKS iSmatueidutini JM plot,
cm2. Sukurti 2 modeliai, kurie nurodo JM plojtaka erdvires regimosios atminties
uzduoties atlikimo laikui SRMmecolat ir rizikggertinimo koeficientui CGTriadj, taau
abiey modely determinacijos koeficientas R2<0,1.

Pazinimo funkcijy rysio tyrimo su RKT duomenimis rezultatai. Vidutinis ankstyvos
PL grupgs asmen galvos smegen RKT su 123-joflupanu metu nustatytas Put/NC
santykis 0,67+0,11. Vienpuse ir generalizuota Pigaeiyjy vidutinis Put/NC santykis
reikSmingai skysi: 0,70+0,10 ir 0,62+0,17, p=0,021. Vidutinis Bedn telkimas
vyraujantiems motoriniams simptomams prieSingosplsaute Putamenkoreliuoja su
CRTMecolat (r=0,322, p=0,024), RVPMelat (r=0,52E0®00), RVPtohit (r=0,364,
p=0,010), RVPtomis (r=0,361, p=0,001). WNdami nustatyti presinapss
dopaminergias transmisijosjtaka pazinimo funkciy testy rezultatams, konstravome
tiesines regresijos modelius, kur priklausomu kintamuopikdme pazinimo test
rezultatus, o nepriklausomu — RKT apskaots Put/NC santyk Sukurti 6 modeliai,
kurie apilidina dopaminergigs disfunkcijosjtaka erdvinio c¢mesio apindiai SSP ir
klaidy skatiui/vienam bandymui SSPMistatt, uzduoties atlikinatkui SRMmecolat,
mastymo tempo rodikliui OTSMelatco ir strategijogsrikno rodikliui OTSMelatch bei
darbires atminties dvigulp klaidy skatiui SWMbeer.

Pazinimo funkciju drauginés priklausomybés nuo TKS ir RKT nustatytu biologiniu
PL zymem tyrimo rezultatai. Pavyko sudaryti viep stabily mode], pagrindziant
RMmecolat priklausomypnuo JM ploto ir Put/NC santykio, o kiti kintamigjesioginiu

rySiu su abiem nepriklausomais rodikliais nebuvkamingai susj.

5. PL gydyti skirty vaisty poveikis pazinimo funkcijoms

Démesys.Dopaminergini vaisy vartojantys pacientgi CRT stimuj reagavo greiau
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nei jy nevartojantys (359,19+87,76 ms ir 445,33£150,61pwn®,000)ir dazniau teisingai
pasirinko (99,46+0,68 ir 99,18+0,72, p=0,038), SE&Silgis buvo didesnis (4,92+1,58 ir
4,04+1,08, p=0,001), o SSP klgidskatius nesisky&. Ropinirolio vartojusi CRT
teisingy atsakymy buvo maziau (99,09+0,76 ir 99,74+0,72, p=0,002mahtadino
vartojusiy CRT laikas buvo trumpesnis nei dopaminegégirmonoterapijos pogrupio
(307,15+38,44 ms, p=0,000), teisingatsakym skatius optimalus (p=0,000).
Vartojartiy amantadino ir rasagilino SSPSpan seka nesiskyo dopaminergimni vaisiy
monoterapijos grugs. Vykdomoji funkcija. Visi OTS rodikliai, CGT rizikogvertinimo
koeficientas buvo reikSmingai geresni vartégjgndopaminerginj vaisy. Amantadino
grupgje CGTriadj buvo optimalus — 1,00+0,78, savikordrofjera, lyginant su
dopaminergids monoterapijos pogrupio pacientais (CGTovpr 0,48a&0r 0,57+0,53,
p=0,006).Darbiné ir trumpalaik ¢ atmintis. Vaisty vartojusieji SWM testo metu dar
maziau tarpinj klaidy, gretiau atliko uzdugt SWM tarpini ir visy klaidy skatius
tiesiogiai koreliavo su LDE (r=0,462, p=0,001; r388, p=0,007), o vidini ir dviguhy -
su pramipeksolio doze (r=0,537, p=0,000; r=0,55%),p00). SWM strategija tarp grupi
nesiskye ir su LDE nekoreliavo. Vartoja@ny vaisyy PL gydyti didesa pasiekta stadija
(PALstage 7,87+0,68 ir 7,42+0,86, p=0,020), mazamdyny iki teisingo pasirinkimo
(PALMetr 2,00+0,49 ir 2,28+0,90, p=0,034), bendr&tidy skatius mazesnis
(23,17£13,40 ir 42,06+40,79, p=0,001Regos erdvire orientacija. SRM teising
atsakyny skatius dopaminergin vaisiyy vartojusy didesnis nei negydoun ligoniy
(atitinkamai, 16,10£1,52 ir 15,34+1,40, p=0,009mamtadino ir rasagilino vartojusi
reikSmingai didesnis nei dopaminerggnmonoterapijos pogrupi bet vidutinis laikas iki
teisingo atsakymo reikSmingai nesiskyrfSRM bendras teisimg atsakym skatius
tiesiogiai vidutiniSkai stipriai koreliuoja su  LDEropinirolio, amantadino doze.

Semantiné atmintis. GNT rodikliai gydymo grupse nesisky.

6. Kompiuterizuotos CANTAB baterijos testy diagnostiné verté nustatant ankstyva
PL sergartiujy pazinimo funkciju sutrikimus

Norédami nustatyti kompiuterizugtpazinimo funkciy vertinimo tesy rodiklius, kurie
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geriausiai apibdina ankstyva PL sergéimjy kognityvini profilj ir atskiria PL
sergadiuosius pagal pazinimo funkgijtesty rezultatus nuo nesergagy PL, atlikome
dvinags logistires regresijos anakz Pagal reikSming galimybiy santylk atrinktiems
testy rodikliams nubraigme ROC kreig. Tokia p&ia metodika nustaime pazinimo test
rodikliy gelejimg skirti vienpuse ir generalizuota PL sergaosius. Geriausiai
sergadiuosius ankstyva PL nuo nesergafy skyr vidutinis laikas iki teisingo
atsakymo OTSMelatco (plotas po ROC kreive 0,8680®,0,927), ilgiausios sekos
rodiklis SSPSpan (plotas po ROC kreive 0,864 (0@023), teising atsakyny skatius
GNTtoco (plotas po ROC kreive 0,825 (0,756;0,89%8)utinis bandym skatius
PALMetr (plotas po ROC kreive 0,819 (0,740;0,89®duaiy, teisingai atliky pirmu
bandymu, sk&iui PALFirme (plotas po ROC kreive 0,815 (0,732988 erdvires
darbires atminties vidutiniam latencijos laikui SRMMeco(atotas po ROC kreive 0,809
(0,733;0,885), teising atsakyny skatiui SRMnumco (plotas po ROC kreive 0,801
(0,702;0,864). Sudaryti 6 modeliai, IS kugeriausios diskriminaciéis savylds modelio
(6,898 — 1,053 x SSPSpardeterminacijos koeficientas R2 adiaisias (0,495), bendras
klasifikacinis tikslumas 84,1%, jautrumas 90,4%;iaa specifiSkumas tik 57,1%, nors
galimybiy santykis SSPSpan reikSmingas — 0,154 (0,112;0, 5&p, OTS, GNT, SRM,
PAL testai gerai apildina ankstyva PL sergéinjy pazinimo funkcijas ir geriau atskiria
sergadiuosius PL nuo nesergénjy, tatiau gali dazniau klaidingai priskirti svejk
asmem sergantiesiems nei priskirti pveikiems. Nardami padidinti 3) diagnostini
metod; jautrum, turgjome papildyti modg) sudarydami ankstyvos PL pazinimo funicij
jvertinimui tinkamy kompiuterizuog testy rinkinj. Zingsniniu ir rankiniu bdu atrinkome
reikSmingus kintamuosius ir konstravome dvésarlogistires regresijos modelius,
kuriuose nepriklausomu kintamuoju larke PL sergatiyjy gruge (grupe 01, kur O —
kontroliniai asmenys, o 1 — PL), o kovariaciniagktbriais — pazinimo funkajj test;
rodiklius ar/ir kitus pazinimo funkaij veiksnius: amzj, mokymosi trukm, PDSS, ESS,
PFS, HADjverius, TKS JM plag. Sudaryti 3 modeliai:

1. Ln (P(grupé=PL)/ P(grupé=kontrolin &))=1,379 x CGTriadj-0,686 x SRMconum-
0,970 x SSPSpan-0,204 x PALfitrme+21,0kMNagelkerks R2=0,668, jautrumas 96,5%,
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specifiSskumas 64,3 %, bendras klasifikavimo tiksksr87,9%.

2. Ln (P(grupé=PL)/ P(grupé=kontrolin ¢))==22,826 x CGTqdema-2,759 x SSPSpan-
0,509 x PDSSviso+62,608 Nagelkerks R2= 0,904, jautrumas 98,3%, specifiSkumas
92,9%, bendras klasifikacinis tikslumas 96,8%.

3. Ln (P (grupé=PL)/P (grupé=kontrolin ¢))=16,406 x CGTgdema - 2,117 x SSPSpan
- 0,412 x PDSS + 16,454 x TKSvid + 48,72Rlagelkerks R2= 0,934, jautrumas 99,1%,
specifiSkumas 95,2%, bendras klasifikacinis tiksigrf8,1%.

Remdamiesi pastaruoju modeliu, galime teigti, k&P & CGT tesi rinkinys, papildytas
TKS juodosios medziagos ploto vertinimo rodiklimisniego kokylés rodikliais pagal
PDSS leidzia 98,1% tikslumu atskirti sergarosius PL nuo nesergénjy. Remdamiesi
Sio tyrimo rezultatais, negalime palsii testy, kurie patikimai atskixt ankstyvos PL

metu vykstantklinikinés generalizacijos procgs

7. Pazinimo funkcijy jtaka ankstyva PL sergariyjy gyvenimo kokybei

Kiekvienam svarbiausiam CANTAB baterijos testurjrdée jo rodiklius pagal duomen
pasiskirstymo normalugm sudaéme tiesirgs regresijos lygt prognozuojant gyvenimo
kokybe pagal PDQ39. Remiantis sukurtais 8 modeliais Plgasdiesiems ir 3
kontroliniams asmenims, svarbiausi PDQ39 veiksrnimivo GNTtoco, CGTovpr,
SRMnumco, CGTritak, RVPprhit, CGTdelti, CGTriadjABstage ankstyva PL be
demencijos sergé&nyjy grupeje ir CRTMecolat, CGTriadj, RVPprfal kontrolipiasmen
gyvenimo kokybei.

Kompiuterizuoty pazinimo funkciju testy rezultaty prognostiné verté ankstyva
Parkinsono liga sergaiiuju gyvenimo kokybei.Norédamijvertinti pazinimo funkciy
prognostig jtaka gyvenimo kokybei PL metu,akéme daugialyps tiesires regresijos
modelius, kur priklausomu kintamuoju latke PDQ39 sk&k bendg jvert, o
nepriklausomu — amgj lytj, mokymosi trukm, HAD, PDSS, ESS, PFS, PL trukpPL
stadip, UPLVS Ill, tremoro (UPLVS 20), bradikinezijos (UPS 23-26 + 31),
rigidiSkumo (UPLVS 22), aSigi simptomy (UPLVS 5+7+14) sunkug) nemotorinius

simptomus (sensorinius simptomus pagal UPLVS 176Bstipacijas, nikturg),
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vartojamy dopaminergin gydyms, LDE, vidutin juodosios medziagos padjdsio
intensyvumo ultragarso signalo ploir jo slenkstig vert >0,2 cm? bei svarbiausius
CANTAB tesy rezultatus. Kintamasis trauktasnodel, jei jo reikSmingum nusakanti p
vert nevirSijo 0,05. Galutingyvenimo kokyks pagal PDQ39 prognozavimo maogel
vertinant kompiuterizuatpazinimo funkciy test; rezultatus, apraso Si lygtis (R?=0,934):
PDQ39= 142,315 + 2,469 x HAD — 5,697 x SRMNumco,391 x PALstage + 11,588 x
PL stadija HY + 3,440 x (UPLVS 17+2) + 0,503 x SWMst -8,540 x CGTriadj -
1,900 x SSPSpan+39,130 x CGTovpr + 4,612 x UPLVS 202,014 X mokymosi
trukm é — 6,257 x dopaminerginis gydymas.

[rodéme, kad ankstyvos PL metu pazinimo funkcijos tig&ib susijusios su paciant
gyvenimo kokybe. PL be demencijos serday gyvenimo kokyk lemiantys
kognityviniai veiksniai - dmesio apimtis, erdvinvizualine orientacija, erdvié darbire
atmintis bei iSmokimas, sprendijmpriémimo ir rizikos vertinimo gegjimas. Ankstyva PL
sergadiyjy gyvenimo kokyk taip pat tiesiogiai priklauso nuo nemotogirsimptomy
(depresijos, jutimo sutrikig), tremoro bei ligos stadijos. Gerésgyvenimo kokyk

susijusi su ilgesne mokymosi trukme ir dopamindatggydymu.

ISVADOS

1. Parkinsono liga sergémly asmen pazinimo funkcijos, remiantis kompiuterizyot
tesyy rezultatais, yra sutrik ankstyvoje motorigje ligos stadijoje, lyginant su
kontrolines grugs asmen pazinimo funkcijomis; ankstyva Parkinsono liga
sergantiesiems vyraujamesio, darbigs atminties ir psichomotorigireakciy grekio
sutrikimas.

2. Ankstyva Parkinsono liga sergagjy démesio, darbias atminties ir vykdomosios
funkcijos sutrikimas negydant tiesiogiai koreliugja ligos stadija, funkcineakle bei
motoriniy simptomy nasta. Epizodiss atminties, su rizika susijusio elgesio strategyijo
ir semantigs atminties tyrimo rezultatai su Parkinsono ligemlaimu tiesioginio

rySio neturi.
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. Ankstyva Parkinsono liga sergagjy pazinimo funkcijos tiesiniu rySiu nesusijusios
su transkranijids sonografijos metodu nustatytu galvos smedamieno juodosios
medziagos padigusio echogeniskumo ploto dydziugi@u asmen, kuriy juodosios
medziagos plotas virSija slenkstiverte 0,2 cm?, dmesio sutelktumas ir pastovumas,
sprendimo ir planavimo greitis, darbibei epizodig atmintis sutrik rySkiau.

. Ankstyva Parkinsono liga serganjy darbire atmintis, regos erdvin orientacija,
laiko planavimas, gstymo tempas ir @nesio pastovumas susigu radionuklidiis
kompiuterires tomografijos metodyvertinta presinapsinio dopamino reabsorbcijos
transporterio koncentracija dryzuotamen&. Mazjantis dopaminerginis dryZuotojo
kiino rezervas koreliuoja su impulsyvumu. Sergant tgnlkeusia motorine Parkinsono
liga, d¢mesio sutrikimas sus su presinapsinio dopamino transporterio konceldra
vyraujantiems motoriniams simptomams prieSingos épukiaute. Semantén ir
epizodire atmintis nesusijusi su presinapsinio dopamino sedizrijos transporterio
koncentracija dryZzuotameike.

. Ankstyva Parkinsono liga be demencijos setggn demesys ir elgesio strategija
susijusi su nuovargiu, darkratmintis — su amziumi ir iSsilavinimu, o trumpkai
atmintis — su amziumi, depresija ir miego sutrikisn&ontroliniy asmen pazinimo
funkcijos, remiantis kompiuterizugt testy rezultatais, labiausiai priklauso nuo
amziaus, iSsilavinimo ir mieguistumo.

. Pazinimo funkciy sutrikimai sergant ankstyva Parkinsono liga be el®ijos
neigiamai susg su gyvenimo kokybe. Parkinsono liga sekgajy gyvenimo kokybei
didziausiy jtaka daro semantis atminties, regos erdwis orientacijos, émesio
selektyvumo bei pastovumo ir elgesio strategijdslgmai. Ankstyva Parkinsono liga
sergadiyjy prognozuojama gyvenimo kokgkpriklauso nuo kognityvimi sutrikimy,
depresijos, jutimo sutrikim tremoro ir ligos stadijos.

. Darbe naudoti kompiuterizuoti testai tinka anksty®Rarkinsono liga sergaiyjy
pazinimo funkciy sutrikimo diagnostikai. Ankstyva Parkinsono ligargagiuosius
nuo nesergaiiyjy tiksliausiai atskiria testai, atspindintyéndes, vykdomyja funkcija,

darbirg, semantin ir epizodire atmini. Kompiuterizuot pazinimo funkciy test

59



rinkinio diagnostig verg, skiriant ankstyva Parkinsono liga sergaosius nuo
nesergadiyjy, didja, papildzius iStyrirg transkranijits sonografijos tdu nustatytais
juodosios medziagos ploto rodikliais ir Parkinsdigai specializuotos skét pagalba
nustatytu miego kokyds jverciu.

8. Ankstyvai Parkinsono ligai gydyti skiriami vaistaiferencijuotai veikia atskiras
pazinimo funkcijas. Pacienpt vartojargiy dopaminerginj vaist, geresni planavimo
bei sprendim priemimo kokykes ir erdvires regimosios orientacijos rodikliai, o
vartojartiy amantadino geresnis émesio selektyvumas ir pastovumas Dbei

psichomotoring reakciy greitis.

PRAKTINIAI PASI ULYMAI IR REKOMENDACIJOS

Diagnozuojant ankstyv Parkinsono lig, rekomenduojama iStirti sergdng asmen
pazinimo funkcijas, ypadémes bei darbig atming, vizualine erdvire ir vykdomgja
funkcija, nes Sios funkcijos sutrinka aikesusiai motorigs ligos stadijos pradzioje, ir yra
savarankiSkas Parkinsono ligos sunkumo rodiklis. $Mtestas neatspindi ankstyvo
pazinimo funkciy sutrikimo sergant Parkinsono liga, ébdekomenduojama atlikti SSP,
SRM, OTS, GNT, PAL testus, atspindins d¢mes, vykdomyja funkcija, darbirg,
semantig ir epizodir atminf. Diagnozuojant ankstyv Parkinsono lig,
rekomenduojama iStirti &neg, darbire ir epizodire atmini bei vykdomaja funkcija
atliekant SSP, SRM, PAL ir CGT testusjertinti galvos smegenkamieno juodja
medziag TKS badu bei miego kokybpagal PDSS. Pries tiriant ankstyva Parkinsono liga
sergadiyjy pazinimo funkcijas, iitina objektyviai jvertinti nuovargio, depresijos bei
nerimo ir mieguistumataks. Gerinant PL-KS diagnostik rekomenduojama iSversti
lietuviy kalbg ir validizuoti Parkinsono ligai tinkamas globabnkognityvinio vertinimo
skales bei patvirtinti PL-LKS ir PL-D diagnostikedgoritrg. CANTAB baterijos testai
OTS, SRM, CGT, SSP tinka Parkinsono liga setggn gydymo poveikiojvertinimui,
todkl galéty bati rekomenduojami pacienigydymo efektyvumo monitoringui.
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