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.  WYKAZ PRAC WCHODZACYCH W SKLAD ROZPRAWY DOKTORSKIEJ

1. Praca poglgdowa

Kwasniagk-Butowska Magdalena, Dulski Jarostaw, Pierzchlinska Anna, Biatecka
Monika, Wieczorek Dariusz, Stawek Jarostaw

Cardiovascular dysautonomia and cognition in Parkinson's Disease - a possible
relationship.

Neurologia Neurochirurgia Polska 2021;55(6):525-535.

doi: 10.5603/PJNNS.a2021.0040.
IF 2,223 | MNiISW 100| Q 4

2. Praca poglgdowa

Pierzchlinska Anna, Kwasniak-Butowska Magdalena, Stawek Jarostaw, Drozdzik
Marek, Biatecka Monika

Arterial Blood Pressure Variability and Other Vascular Factors Contribution to
the Cognitive Decline in Parkinson's Disease.

Molecules. 2021 Mar 10;26(6):1523.

doi: 10.3390/molecules26061523.
IF 4,927 | MNISW 140 | Q2

3. Praca oryginalna

Kwasniak-Butowska Magdalena, Konkel Agnieszka, Skrzypkowska Agnieszka,
Wieczorek Dariusz, Wqgz Piotr, Tomczyk Marta, Biatecka Monika, Szurowska
Edyta, Smolenski Ryszard Tomasz, Stawek Jarostaw

The impact of short-term blood pressure variability on cognitive decline in
Parkinson's disease patients without co-morbidities.

Journal of Neural Transmission (Vienna). 2025 Nov;132(11):1635-1644

doi: 10.1007/500702-025-02950-y.
IF 40| MNISW 70| Q1



4. Praca oryginalna

Kwasniak-Butowska Magdalena, Skrzypkowska Agnieszka, Konkel Agnieszka,
Wieczorek Dariusz, Tomczyk Marta, Biatecka Monika, Smolenski Ryszard
Tomasz, Stawek Jarostaw

Peripheral renin-angiotensin system and cognitive decline in Parkinson's
disease patients without co-morbidities.

Parkinsonism&Relat Disorders. 2025 Dec;141:108073

doi: 10.1016/|.parkreldis.2025.108073.
IF3,4 | MNISW 100| Q2

tgczna warto$¢ wskaznika oddziatywania (IF): 14,55

tagczna punktacja MNISW: 410

Wyniki badania zostaty zaprezentowane:

- wformie prezentacji ustnej pt. ,Wptyw krotkookresowej zmiennosci cisnienia
tetniczego na rozwdj otepienia w chorobie Parkinsona z oceng uktadu renina-
angiotensyna-aldosteron”  podczas XXV Zjazdu Polskiego Towarzystwa
Neurologicznego w Biatymstoku. Wystgpienie zostato wyrdznione nagrodg za

najlepszq prezentacje ustng. (2024)

- w formie plakatu pt. ,,The impact of short-term blood pressure variability on
dementia in Parkinson's disease in relation to the renin-angiotensin system”
podczas XXIX IAPRD World Congress on Parkinson's Disease and Related Disorders
w Lizbonie. (2024)



Il. WYKAZ STOSOWANYCH SKROTOW

ABPM - ambulatory blood pressure monitoring, catodobowe
monitorowanie cisnienia tetniczego

ACE - angiotensin converting enzyme, enzym konwertujgcy
angiotensyne

Ang Il — angiotensyna lI

AGT - angiotensynogen

ARQO - aktywnosc reninowa osocza

ARV — average real variability, srednia rzeczywista zmiennosc¢

ATIR — Angiotensin Il Type 1 Receptor, receptor typu 1 dla angiotensyny
Il

AT2R — Angiotensin Il Type 2 Receptor, receptor typu 2 dla angiotensyny
Il

AUC - area under the curve, pole pod krzywq

BNT — Boston Naming Test, Bostonski Test Nazywania

BP — blood pressure, cisnienie tetnicze

BPV — blood pressure variability, zmienno$¢ ciSnienia tetniczego
COWAT - Confrolled Oral Word Association Test, Test fluencji stownej
CV - Coefficient of Variation, wspdtczynnik zmiennosci

CVLT - California Verbal Learning Test, Kalifornijski Test Uczenia sie
Jezykowego

DBP — diastolic blood pressure, rozkurczowe cisnienie tetnicze
JOLO - Benton Judgment of Line Orientation

LEDD - levodopa equivalent daily dose, dobowa dawka rownowazna
lewodopy

MAF — minor allel frequency, czesto$¢ wystepowania rzadszego allelu

AMAP - spadek $Sredniego cisnienia tetniczego w godzinach nocnych
w poréwnaniu do wartosci z dnia wyrazony w %,

MCI - mild cognitive impairment, tagodne zaburzenia poznawcze

MDS - Movement Disorders Society, Miedzynarodowe Towarzystwo
Zaburzen Ruchowych i Choroby Parkinsona

MoCA - Monfreal Cognitive Assessment, Montrealska Skala Oceny

Funkcji Poznawczych



MRI - Magnetic Resonance Imaging, rezonans magnetyczny
NMSQ - Non-Motor Symptoms Questionnaire

OH - hipotonia ortostatyczna

PD — Parkinson’s disease, choroba Parkinsona

PDD - Parkinson’s disease dementia, otepienie w chorobie Parkinsona
PD-NC - grupa PD z prawidtowymi funkcjami poznawczymi
pkt. — punkt

PRA — plasma renin acitivity, aktywnos¢ reninowa osocza
RAA — uktad renina-angiotensyna-aldosteron

SBP —systolic blood pressure, skurczowe cisnienie tetnicze

SD -standard deviation, odchylenie standardowe

SH —supine hypetension, nadcisnienie w pozyciji lezgcej

SNP - Single Nucleotide Polymorphism, polimorfizm pojedynczego
nukleotydu

TSH — hormon tyerotropowy
UPDRS - Unified Parkinsons Disease Rating Scale

VEGF - Vascular Endothelial Growth Factor, czynnik wzrostu srodbtonka
naczyniowego

VOSP - Visual Object and Space Perception Battery, bateria percepcji
wizualnej obiektowi przestrzeni,

WAIS — Wechsler Adult Intelligence Scale, Skala Inteligencji Wechslera
dla Dorostych

WMH — white matter hiperintensities, zmiany hiperintensywne istoty biatej



ll. STRESZCZENIE W JEZYKU POLSKIM

Choroba Parkinsona (PD) jest jedng z najczesciej wystepujgcych chordb
neurozwyrodnieniowych. Szacuje sie, ze dotyczy ona okoto 1% populacji >65 roku
zycia izapadalnos¢ na nig wzrosnie dwukrotnie w ciggu najblizszej dekady.
W wyniku  nieprawidtowe] agregaciji a-synukleiny, dysfunkcji mitochondriéw
i izosomodw, zaburzen transportu pecherzykowego oraz synaptycznego, a takze
nasilonych proceséw zapalnych dochodzi do obumierania izaniku m.in.
neurondw  czesci zbite] istoty czarnej. Prowadzi to do  deficytu
dopaminergicznego. Procesem chorobowym objete sg réwniez inne obszary
oSrodkowego i obwodowego uktadu nerwowego, co zaburza przekaznictwo
cholinergiczne, noradrenergiczne iserotoninergiczne. Do objawdw osiowych
choroby nalezqg bradykinezja, sztywnos¢ oraz drzenie spoczynkowe. Istotny wptyw
na jakos$¢ zycia pacjentdw majq takze zaburzenia pozaruchowe. Do najczesciej
wystepujgcych  nalezg  zaburzenia  funkcji  poznawczych  izaburzenia
autonomiczne. Nie jest do konca jasne, czy jedynie ze sobg wspdotwystepujg czy

wzajemnie wptywajg na swoj rozwaj.

Celem pracy byta ocena wptywu czynnikbw naczyniowych, regulujgcych
przeptyw krwi w oSrodkowym uktadzie nerwowym, na funkcje poznawcze
pacjentdw z PD. W szczegdlnosci analizowano, czy krotkookresowa zmiennos$é
cisnienia tetniczego (BPV), mierzona w ciggu 24 godzin oraz zaburzenia regulaciji
ciSnienia tetniczego: hipotonia ortostatyczna (OH), nadcisnienie w pozycji lezgcej
(SH), nieprawidtowy profil ciSnienia w nocy, sg zwigzane zwystepowaniem
zaburzen poznawczych w starannie wyselekcjonowanej grupie chorych, bez
istotnych chordéb wspétistniejgcych oraz bez stosowania terapii wptywajgcych na

uktad sercowo-naczyniowy.

Zalezno$S¢ miedzy obwodowym uktadem renina-angiotensyna—aldosteron
(RAA), regulujgcym wysoko$¢ cisnienia tetniczego, a funkcjami poznawczymi
w PD pozostaje niejednoznaczna iopiera sie gtdwnie na posrednich
przestankach. W badaniu oceniono réwniez, czy aktywnoS¢ RAA moze
przyczynia¢ sie do zaburzen poznawczych w PD. Dodatkowo przeanalizowano
zaleznosci miedzy aktywnoscig RAA a nieprawidtowosciami regulacji cisnienia

tetniczego oraz BPV.



Podjeto réwniez probe oceny wptywu stosowanego leczenia
dopaminergicznego,  wybranych czynnikdw  metabolicznych (stezenia
homocysteiny, witaminy B12 czy kwasu foliowego) oraz wybranych czynnikow

genetycznych zwigzanych z aktywnoscig uktadu RAA na rozwdj otepienia.

Oceniono takze zwigzek wymienionych wyzej zmiennych z nasileniem
zmian  hiperintensywnych  istoty  biatej (WMH) w badaniu  rezonansu

magnetycznego mdzgowia i ich wptyw na rozwdj otepienia.

Do badania wtgczono 65 pacjentow zidiopatyczng PD leczonych
w Poradni  Neurologicznej Szpitala $w. Wojciecha w Gdansku. Kryteriami
wytgczenia byto stosowanie terapii zaawansowanych (infuzyjnych bqdz gtebokiej
stymulacji mézgu), wspodtistnienie chordb sercowo-naczyniowych (takich jak m.in.
nadcisnienie tetnicze, cukrzyca typu 2, niewydolno$¢ serca, migotanie
przedsionkdw), stosowanie lekdw wptywajgcych na uktad RAA, niewydolno$¢
nerek lub watroby, istotne zaburzenia elektrolitfowe. Dwdch chorych z powodu
rozpoznania cukrzycy typu 2 juz w trakcie tfrwania badania wytgczono z dalszych

analiz.

Na podstawie badania neurologicznego w stanie ON, przy uzyciu
odpowiednich skal oceniono stopien nasilenia objawdw (cze$¢ Il UPDRS, Shwalb-
England, NMSQ) i zaawansowania choroby (Hoehn-Yahr). Wszyscy chorzy przeszli
badanie neuropsychologiczne oceniajgce funkcje poznawcze i nastrdj. Na jego
podstawie uczestnicy badania zostali zakwalifikowani do jednej z grup: w normie
poznawczej (PD-NC), ztagodnymi zaburzeniami poznawczymi (MCI) oraz

z otepieniem (PDD).

U wszystkich chorych zmierzono cisnienie tetnicze w pozycji lezgcej,
wykonano prébe ortostatyczng oraz catodobowy pomiar ciSnienia tetniczego,
z ocenq jego profilu. Ocenianymi wskaznikami BPV byty: odchylenie standardowe
(SD) oraz wspdtczynnik zmiennosci (CV) ciSnienia  skurczowego  (SBP)
i rozkurczowego (DBP) dla wartoéci z dnia, z nocy oraz z doby; srednia rzeczywista

zmiennos$¢ (ARV) dla SBP i DBP w ciggu doby.

U chorych oznaczono poziom glukozy, homocysteiny, witaminy B12, kwasu

foliowego, reniny, angiotensyny Il (Ang Il), aldosteronu oraz aktywno$¢ reninowqg



osocza (ARO). Oceniono réowniez morfologie krwi obwodowe] oraz funkcje

tarczycy, nerek i wgtroby.

/badano takze polimorfizmy pojedynczego nukleotydu (SNP) w genach
angiotensynogenu (AGT: 15699 A>G, rs4762 G>T) ireceptoréow Ang Il (ATIR: rs5186
A>C, AT2R: rs5194 A>G; rs1403543 A>G) oraz polimorfizm (insercja/delecja, 1/D)

w genie konwertazy angiotensyny (ACE).

Nasilenie  WMH  oceniano na podstawie badania rezonansu
magnetycznego mozgowia wykonanego na 3T aparacie za pomocqg skali

Fazekas.

Pacjenci z otepieniem byli istotnie starsi i gorzej wyksztatceni, z bardziej
nasilonymi objawami choroby niz pacjenci w normie poznawczej. Czas trwania
choroby istosowane leczenie dopaminergiczne nie roznity sie istotnie miedzy

grupami.

Krotkookresowa zmienno$¢ cisnienia tetniczego w badanej grupie byta
wyzsza u chorych z otepieniem. Dodatkowo wyzsze wartosci SBP ARV korelowaty
znizszg punktacjg wskali MoCA igorszymi  wynikami w zakresie funkciji
wykonawczych i pamieci wzrokowo-przestrzennej. Wyzsza warto$¢ wspdtczynnika
SBP ARV zwiekszata w andalizie jednoczynnikowej ryzyko otepienia na poziomie
trendu statystycznego. Analiza krzywych ROC wykazata umiarkowang zdolnos¢
dyskryminacyjng wskaznikdw krotkookresowej BPV  w predykcji otepienia, przy
najwyzszych wartosciach AUC dla SBP ARV, DBP ARV oraz DBP SD iDBP CV
obliczanych dla okresu dziennego. Nowe wskazniki oceniajgce BPV, takie jak SBP
ARV i DBP ARV, niezalezne od dobowych wahan cisnienia tetniczego, mogg miec
szczegdlng warto$¢  kliniczng u chorych  z zaburzeniomi  autonomicznymi.
Podwyzszona krétkookresowa BPV u chorych z PD moze stanowi¢ czynnik ryzyka

rozwoju otepienia.

Krétkookresowa BPV nie wptywata na nasilenie WMH ocenianych w skali
Fazekas. Nasilenie WMH w skali Fazekas, w badanej grupie pacjentéw z PD (grupa
z zatozenia bez towarzyszgcych chordb sercowo-naczyniowych), nie wigzato sie

ze zwiekszonym ryzykiem wystepowania otepienia.
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Hipotonia ortostatyczna korelowata z pogorszeniem pamieci werbalnej
i wzrokowo-przestrzennej oraz funkcji jezykowych i wykonawczych. Nadcisnienie
W pozyciji lezgcej oraz zaburzenia dobowego profilu cisnienia tetniczego (niewielki
spadek lub wzrost w godzinach nocnych) korelowaty z obecnoscig otepienia i

w analizie jednoczynnikowej istotnie zwiekszaty ryzyko jego wystgpienia.

Stezenia badanych sktadowych uktadu RAA nie réznity sie miedzy grupami.
Niemnig], wyzszy poziom reniny iwieksza ARO wiqgzaty sie zlepszymi wynikami
w skalach oceniagjgcych wybrane funkcje poznawcze (m.in. wzrokowo-
przestrzenne czy jezykowe). Wyzsze stezenia Ang Il wptywaty negatywnie na
bezposredniq i odroczong pamiec stowng oraz na planowanie. Uktad RAA nie
wptywat bezposrednio na oceniane zaburzenia regulacji ciSnienia tetniczego ani
na krotkookresowq BPV, poza ujemng korelacjg miedzy stezeniem reniny i ARO
a SBP ARV oraz miedzy stezeniem reniny a ortostatycznym spadkiem DBP. Analiza
mediacji wykazata, ze SBP ARV posredniczyta w wptywie reniny i ARO na m.in.
globalne funkcje poznawcze. Najwyzszy poziom reniny i ARO byt w grupie

chorych z najbardziej nasilonymi WMH w badanej grupie (Fazekas 2).

llo$¢ przyjmowanych lekéw dopaminergicznych ocenianych tgcznie (LEDD)
oraz dawka lewodopy korelowaty jedynie z wysokoscig spadku DBP w probie
ortostatycznej. Stosowane leczenie dopaminergiczne nie wptywato na
krotkookresowg BPV i SH, obwodowy uktad RAA oraz nie zwiekszato ryzyka
wystgpienia otepienia i WMH.

Poziom witaminy B12, kwasu foliowego, TSH, glukozy nie réznit sie miedzy
grupami. Wyzszy poziom homocysteiny na poziomie frendu wystepowat u chorych

z otepieniem i korelowat z wyzszg dawkqg przyjmowanej lewodopy.

Monitorowanie cisnienia metodg ABPM, jako prosta i tania procedura,
powinno stanowiC¢ element rutynowej opieki nad pacjentami zPD, przy
zachowaniu standaryzaciji pomiaréw. Wczesne rozpoznanie ileczenie zaburzen
regulacji cis$nienia tetniczego moze zmniejszac¢ ryzyko rozwoju zaburzenh

poznawczych, co wymaga potwierdzenia w badaniach prospektywnych.
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IV. STRESZCZENIE W JEZYKU ANGIELSKIM

The influence of vascular factors on the pathogenesis of dementia

in Parkinson’s disease

Parkinson’s disease (PD) is one of the most common neurodegenerative
disorders, affecting approximately 1% of population over 65 years of age, with its
incidence projected to double within the next decade. The pathological process
involves abnormal aggregation of a-synuclein, mitochondrial and lysosomal
dysfunction, impaired vesicular and synaptic transport, and enhanced
neuroinflammatory processes, which lead to degeneration of, among others,
dopaminergic neurons in the substantia nigra pars compacta. This results in striatal
dopamine deficiency. The disease process also affects other regions of the central
and peripheral nervous systems, disrupting cholinergic, noradrenergic, and
serotonergic neurotransmission. The cardinal motor features of PD include
bradykinesia, rigidity and resting tremor. However, also non-motor symptoms,
particularly cognitive impairment and cardiovascular dysautonomia, significantly
impair patients’ quality of life. It remains unclear whether the relationship is

causative or associative.

The aim of the study was to evaluate the impact of vascular factors
regulating cerebral blood flow on cognitive function in PD patients. We
investigated whether short-term blood pressure variability (BPV), assessed over 24
hours, and abnormalities in blood pressure (BP) regulation, such as orthostatic
hypotension (OH), supine hypertension (SH), and altered nocturnal BP profile, were
associated with cognitive impairment in a selected group of PD patients without

comorbidities and not receiving medications affecting the cardiovascular system.

The relationship between the peripheral renin—-angiotensin—aldosterone
system (RAA, aregulator of blood pressure), and cognitive function in PD remains
inconclusive and largely based on indirect evidence. We additionally assessed
whether RAA activity contributes to cognitive impairment in this group. We also
examined associations between RAA activity and BP dysregulation as well as
short-term BPV.

12



Furthermore, we assessed the potential influence of dopaminergic
treatment, metabolic factors (homocysteine, vitamin B12, and folate levels), and
genetic polymorphisms related to RAA activity on the development of dementia.
The relationship between these variables and the severity of white matter
hyperintensities (WMH) on brain magnetic resonance imaging (MRI), as well as

their conftribution to dementia risk, were also assessed.

Sixty-five patients with idiopathic PD recruited from the Outpatient
Movement Disorder Clinic were enrolled. Exclusion criteria included advanced
therapies (infusion therapies or deep brain stimulation), cardiovascular diseases
(including hypertension, type 2 diabetes mellitus, heart failure, and atrial
fibrillation), use of RAA-modulating drugs, renal or hepatic insufficiency and
significant electrolyte disturbances. Two patients were subsequently excluded

from further analyses due to diabetes mellitus diagnosed after initial evaluation.

Disease severity was assessed in the ON state using validated clinical scales
(UPDRS part lll, Hoehn and Yahr staging, Schwab-England scale, and NMSQ). All
participants underwent neuropsychological examination of cognitive function
and mood. Based on the results they were classified as cognitively normal (PD-

NC), having mild cognitive impairment (MCI) , or with dementia (PDD).

Supine BP measurement, an orthostaftic test, and 24-hour ambulatory blood
pressure monitoring (ABPM) with circadian profile assessment were performed in
all patients. BPV indices included standard deviation (SD) and coefficient of
variation (CV) of systolic (SBP) and diastolic blood pressure (DBP) for daytime,
nighttime, and 24-hour periods, as well as average real variability (ARV) for SBP
and DBP over 24 hours.

Laboratory assessments included glucose, homocysteine, vitamin B12,
folate, renin, angiotensin Il (Angll), aldosterone, and plasma renin activity (PRA).
Complete blood count and thyroid, renal, and hepatic function tests were also
performed. Single nucleotide polymorphisms (SNPs) in the angiotensinogen (AGT:
rs699 A>G, rs4762 G>T) and Ang Il receptor genes (ATIR: rs5186 A>C; AT2R: rs5194
A>G, rs1403543 A>G), as well as the inserfion/deletion polymorphism in the
angiotensin-converting enzyme (ACE) gene, were analyzed. WMH severity was

assessed on 3T brain MRI using the Fazekas scale.
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Patients with dementia were significantly older, less educated and had
more advanced disease stage than PD-NC. Disease duration and dopaminergic

therapy were similar across the groups.

Short-term BPV was higher in PDD. Higher SBP ARV correlated with lower
MoCA scores and poorer executive and visuospatial memory performance. In
univariate analysis, SBP ARV increased the risk of dementia at a trend level. The
highest accuracy as predictors of dementia was observed for SBP ARV, DBP ARV,
and daytime DBP SD and CV. Novel BPV indices such as SBP ARV and DBP ARV,
independent of circadian BP fluctuations, may be of particular clinical value in
patients with autonomic dysfunction.  Increased short-term BPV may be

associated with cognitive decline in PD.

Short-term BPV was not associated with WMH severity on the Fazekas scale.
In this cohort of PD patients without cardiovascular comorbidities, WMH were not

associated with an increased risk of dementia.

Orthostatic hypotension correlated with impaired verbal and visuospatial
memory as well as language and executive dysfunction. Supine hypertension and
abnormal nocturnal BP profile (non-dipping or nocturnal rise) were associated with

dementia and significantly increased its risk in univariate analysis.

The total dopaminergic medication dose (calculated as levodopa
equivalent daily dose, LEDD) and levodopa dose correlated only with the
orthostatic DBP drop. Dopaminergic treatment did not affect short-term BPV,

supine hypertension, peripheral RAA activity, or the risk of dementia and WMH.

Renin-angiotensin system component levels did not differ between the
groups. However, higher renin levels and PRA were associated with better
performance in visuospatial and language functions, whereas higher Ang I
concentrations were negatively associated with immediate and delayed verbal
memory and planning. Renin-angiotensin system did not directly influence BP
dysregulation or short-term BPV, except for negative correlations between renin
levels and SBP ARV, and orthostatic DBP drop. Mediation analysis indicated that

SBP ARV mediated the relationship between renin and PRA and global cognitive

14



function. The highest levels of renin and ARO were observed in patients with the

most severe WMH (Fazekas grade 2).

Vitamin B12, folate, TSH, and glucose levels did not differ between groups.
Higher homocysteine levels showed a frend toward association with dementia

and correlated with higher levodopa doses.

ABPM, as a simple and inexpensive tool, should be considered in monitoring
of PD patients. The procedure needs to be standardized. Early identification and
management of BP abnormalities may potentially mitigate further cognitive

decline, what requires confirmation in prospective studies.

V. WPROWADZENIE

Choroba Parkinsona jest drugg, co do czestosci, po chorobie Alzheimera,
chorobg neurozwyrodnieniowq!. Czesto$¢ jej wystepowania w Polsce wynosi
okoto 269 chorych na 100 tysiecy mieszkancéw?2, Akumulacja a-synukleiny
w neuronach czesci zbitej istoty czarnej prowadzi do ich zaniku i w efekcie do
deficytu dopaminergicznego w prgzkowiu. Do osiowych objawdw ruchowych
choroby nalezg bradykinezja, sztywnos¢ i drzenie spoczynkowe 3. Ciata Lewy'ego
obecne sq takze winnych regionach mdzgu, w efekcie czego zaburzeniu ulega
rowniez przekaznictwo cholinergiczne, serotoninergiczne inoradrenergiczne.!
Prowadszi to do rozwoju szeregu objawdw pozaruchowych, takich jak pogorszenie
funkcji poznawczych, zaburzenia snu inastroju, dolegliwosci ze strony uktadu
sercowo-naczyniowego, pokarmowego Cczy moczowo-ptciowego.

Dysautonomia sercowo-naczyniowa oraz zaburzenia funkcji poznawczych
sg czeste i mogqg wystepowac juz na wczesnym etapie choroby4s. Otepienie
dotyczy okoto 30% chorych z PDé¢. Jego czesto$C wzrasta wraz z wiekiem i czasem
trwania choroby: po 10 latach dotyczy okoto 50% chorych, a po 20 latach nawet
80%!. Pozostatymi czynnikami ryzyka sg m.n.: starszy wiek w momencie
zachorowania, stopien zaawansowania choroby, obecnos$¢ zaburzeh osiowych,
niski poziom edukaciji, depresja i pte¢ meska’. Istotnie obniza ono jakos¢ zycia
chorych iich opiekundw. Efiologia otepienia nie jest do kohca poznana. Jego
rozwdj koreluje z wystepowaniem ciat Lewy'ego w korze nowej i uktadzie
limbicznym.?  Kolejng czesto stwierdzang patologig w badaniach posmiertnych

u PDD sg zmiany o typie zwyrodnienia alzheimerowskiego, tj. zewngtrzkomorkowe
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ztogi B amyloidu oraz wewngtrzkomorkowe odktadanie biatka tau.t Dodatkowo
obecnos¢ ztogdw B amyloidu w korze wigze sie ze zwiekszeniem iloSci a-synukleiny
w uktadzie limbicznym ikorze nowej. Nasilenie patologii tau koreluje zkolei
z ciezkosciq zaburzen jezykowych.8

Zanik neurondw miejsca sinawego, obecny od wczesnych etapdw
choroby, wigze sie zniedoborem noradrenaliny m.in. wkorze czotowej
i hipokampie, co prowadzi do pogorszenia uwagi, kontroli zachowan oraz
zaburzen pamieci roboczej i dtugotrwatej!: ?. Obnizeniu ulega rowniez stezenie
noradrenaliny w obwodowym uktadzie nerwowym, m.in. w pozazwojowych
wtdknach unerwigjgcych serce czy naczynia krwionosnel®, W efekcie odruch
z baroreceptoréw w odpowiedzi na pionizacje jest zaburzony i nie dochodzi do
fizjologicznego skurczu naczyn w celu utrzymania prawidtowych wartosci cisnienia
tetniczego!'. Spadek cisnienia skurczowego (SBP) o 20 mmHg lub ciSnienia
rozkurczowego (DBP) o 10 mmHg w trzeciej minucie po pionizacji nazywany jest
hipotonig ortostatyczng (OH)3. Wystepuje ona u okoto 30% pacjentdéw z PD i choc
jej czestos¢ wzrasta wraz z wiekiem, czasem frwania choroby, jej nasileniem oraz
iloscig przyjmowanych lekdw dopaminergicznych, moze by¢ obecna juz na
wczesnym jej etapie. Najczestszym objawem OH sg nieuktadowe zawroty gtowy,
uczucie zmeczenia oraz bdle gtowy i karku, zastabniecia, a czasami omdlenia’213,
Nawet jesli OH pozostaje bezobjawowa, zwieksza ryzyko upadkdw i obniza jakosc
zycia. Epizody OH wigzqg sie z nawracajgcq hipoperfuzjg osrodkowego uktadu
nerwowego (OUN), co moze byc¢ przyczyng pogorszenia funkcji poznawczych,
w szczegolnosci uwagi i funkciji wykonawczych'4,

U okoto 50% chorych z OH wspotwystepuje nadcisnienie w pozycji lezgcej
(SH), czyli wzrost SBP 2140 mmHg lub DBP 290 mmHg po 5 minutach odpoczynku
w pozycji lezgcej'>. Prowadzi ono do przerostu lewej komory serca, pogarsza
filtracje ktebuszkowq iwigze sie zrozwojem zmian hiperintensywnych istoty biatej
mozgu (WMH). Pacjenci z SH czesto majg réwniez nieprawidtowy dobowy profil
cis$nienia tetniczego, z brakiem jego fizjologicznego spadku w godzinach nocnych
a uczesci ze wzrostem powyzej wartosci obserwowanych w ciggu dnials.
Nieprawidtowy dobowy profil cisnienia tetniczego zwieksza ryzyko chordb
sercowo-naczyniowych oraz rowniez moze prowadzic do rozwoju WMH7,
W badaniu Tanaki obejmujgcym 137 pacjentdw z PD wzrost cisnienia w godzinach

nocnych wiqgzat sie ze zwiekszonym ryzykiem rozwoju otepienial®. W innym
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badaniu, do ktérego wtgczono 87 chorych, nieleczonych dotychczas
dopaminergicznie, takg zaleznos¢ zaobserwowano dla OH, SH i WMH, ale nie dla
braku spadku cisnienia w godzinach nocnych'é.

IZmienno$¢ ciSnienia tetniczego (BPV), mierzona za pomocqg takich
wskaznikdw jak odchylenie standardowe (SD), wspdtczynniki zmiennosci (CV) czy
Srednia rzeczywista zmienno$¢ (ARV) dia SBP i DBP, opisuje wahania wartosci
cisnienia tetniczego w danym przedziale czasowym'?. Dtugookresowa BPV,
oceniana np. na podstawie pomiardw wykonywanych na kolejnych wizytach
ambulatoryjnych w ciggu miesiecy lub lat, w populacji ogdinej, ma zwigzek
z pogorszeniem funkcji poznawczych?. Sztywnosc tetnic zwigzana ze starzeniem
sie, podwyzszone wartosci BP oraz zmniejszona objeto$¢ hipokampa moze
stanowi¢ mechanizm lezgcy u podtoza zwigzku miedzy zmiennoscig SBP
a zaburzeniami funkcji poznawczych.2! Natomiast wyzsza zmienno$¢ DBP koreluje
z wiekszg objetoscig WMH, dysfunkcjg Srodbtonka oraz zwiekszong aktywnosciq
uktadu  wspotczulnego.2!22 Dodatkowo niestabilnos¢  hemodynamiczna
wywotana zwiekszong BPV moze prowadzi¢ do hipoperfuzji OUNZ. W grupie
chorych zPD zmienno$¢ ciSnienia tetniczego jest wyzsza niz  w populacji
ogdinej2+25. Alves iwsp. (2023) wykazali rowniez tendencje do bezobjawowego
uszkodzenia narzgdowego (zwiekszona grubos¢é kompleksu intima-media tetnic
szyjnych, obecnos$¢ blaszek miazdzycowych w odcinkach zewnagtrzczaszkowych
oraz podwyzszone ciSnienie tetna) u pacjentdw z PD z wyzszg zmiennosciq SBP, co
pozostaje wzgodzie zwyzej opisanymi badaniami opartymi na populacji
ogodlnej4. W przypadku krotkookresowej oceny BPV analizowany jest okres 24h,
a dane pochodzg z automatycznego, catodobowego monitorowania cisnienia
tetniczego (ABPM). Niewiele badan oceniato wptyw krétkookresowej BPV na
funkcje poznawcze u pacjentdw z PD, aich wyniki sg niespdjne itrudne do
pordbwnania, poniewaz w analizach stosowano rdézne wskazniki  oceny.
Dodatkowo wspdfistnienie chordb sercowo naczyniowych nie stanowito
wykluczajgcego  kryterium  uczestnictwa  w opublikowanych  dotychczas
badaniach. W wiekszosci badan wykorzystujgcych klasyczne wskazniki wykazano
istotne zwiekszenie jedynie dziennej BPV w poréwnaniu z osobami zdrowymi 23-25,
Odchylenie standardowe oraz CV obliczane dla okresu nocnego i 24-godzinnego
mogq nie odzwierciedla¢ wtasciwie zmiennosci cisnienia tetniczego w tej grupie

pacjentow z powodu braku nocnego spadku cisnienia tetniczego.
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Obwodowy uktad renina-angiotensyna-aldosteron (RAA) uczestniczy
w regulaciji cisnienia tetniczego, utrzymaniu rdwnowagi wodno-elektrolitowej oraz
kontroli ogdlnoustrojowego oporu naczyniowego, przez co posrednio moze
wptywa¢ na OUN. Jego sktadowe nie przenikajg bariery krew-mozg.
Angiotensynogen (AGT), prekursor angiotensyny Il (Ang ll), syntetyzowany jest
gtdwnie w wagtrobie. W krwiobiegu, pod wptywem reniny uwalnianej przez nerki,
przeksztatcany jest do nieaktywnej angiotensyny | (Ang 1). Angiotensyna |,
stanowigca gtowny efektor klasycznego ramienia RAA, powstaje z Ang | przy
udziale enzymu konwertujgcego angiotensyne (ACE). Aktywuje ona receptory
typu 1 (AT1R), co prowadzi do skurczu naczyn oraz retencji sodu i wody, skutkujgc
wzrostem ciSnienia tetniczego?. Angiotensyna Il, w tzw. alternatywnym szlaku,
moze réwniez oddziatywaé na receptory typu 2 (AT2R) oraz ulegac
przeksztatceniu przez enzym konwertujgcy angiotensyne 2 (ACE2) do
angiotensyny-(1-7), ktéra wigze sie zreceptorem Mas, bgdz — pod wptywem
aminopeptydaz A i N — do angiotensyny IV (Ang V), oddziatujgcej z receptorami
typu 4 (AT4R). Angiotensyna-(1-7) moze takze powstawac bezposrednio z Ang .
Alternatywne ramie RAA wywiera efekty przeciwstawne wobec sziaku Ang II/ATIR,
obejmujgce rozszerzenie naczyn, poprawe funkciji odruchu z baroreceptoréw oraz
redukcje stanu zapalnego i stresu oksydacyjnego.

Osrodkowy uktad nerwowy posiada wtasny tkankowy uktad RAA. Astrocyty
sq zdolne do syntezy AGT. Wysokq ekspresje ACE stwierdza sie m.in. w szlaku
nigrostriatalnym  ijgdrach podstawy. Enzym konwertujgcy angiotensyne
inaktywuje substancje P oraz metabolizuje bradykinine, a oba te procesy mogg
miec¢ znaczenie w patogenezie PD. W neuronach dopaminergicznych istoty
czarnej obecne sqg receptory ATIR i AT2R, dodatkowo ekspresia ATIR jest
zwiekszona w modelach zwierzecych PD. Pobudzenie receptoréw ATIR aktywuije
kompleks oksydazy NADPH, co skutkuje zwiekszong produkcjg reaktywnych form
tlenu i nasileniem stresu oksydacyjnego, co prowadzi do apoptozy, obejmujgcej
réwniez neurony dopaminergiczne?’ 28,

Niedawno opublikowana metaanaliza sugeruje zwigzek pomiedzy
stosowaniem inhibitorbw RAA a zmniejszonym ryzykiem rozwoju PD?. Ponadto
stosowanie lekdw z tej grupy, zdolnych do przenikania przez bariere krew-mozg,
moze wigzac sie z wolniejszg progresjg zaburzen pamieci w populacji ogdlnej®,

Efekt ten moze wynika¢ ze zmniejszenia stresu oksydacyjnego oraz ograniczenia
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utraty neuronéw dopaminergicznych poprzez modulacje funkcji mitochondridw.
Sugeruje to, ze tkankowy (mdzgowy) uktad RAA moze uczestniczyE w procesie
neurodegeneracji dopaminergicznej oraz progresji PD.

Dane literaturowe wskazuja, ze okreSlone polimorfizmy genu AGT (AGT:
rs699 A>G, rs4762 G>T), gendw receptorow ATIR i AT2R (ATR1: rs5186, ATR2: rs5194,
rs1403543) oraz genu ACE (genotyp DD, delecyjny) sq zwigzane ze zwiekszong
aktywnoscig RAA3132, ZaleznoS¢ miedzy zmiennosciqg genetyczng w uktadzie RAA
a funkcjami poznawczymi w PD oceniono dotychczas w jednym badaniu.3
Pomimo braku bezposredniej korelacji miedzy badanymi polimorfizsmami
a rozwojem otepienia w PD, autorzy sugerujg posredni wptyw tych genotypdw na
funkcje poznawcze, np. poprzez zwigzek zrozwojem zmian WMH albo
modyfikacjg odpowiedzi na inhibitory enzymu konwertujgcego angiotensyne.

Zmiany hiperintensywne istoty biatej widoczne w sekwencjach T2-
zaleznych w badaniu rezonansu magnetycznego modzgowia sg radiologicznym
markerem jej uszkodzenia. Mogg powstawac w wyniku choroby matych naczyn
W przebiegu schorzeh sercowo-naczyniowych (takich jok np. cukrzyca czy
nadcisnienie tetnicze), wtdrnie do opisanych wyzej zaburzen regulacji cisnienia
tetniczego  wynikajgcych  zdysautonomii  czy  w przebiegu procesow
neurozwyrodnieniowych (np. angiopatii amyloidowej).34 Ich nasilenie moze miec
zwigzek z pogorszeniem funkcji poznawczych w PD 35, zwtaszcza z zaburzeniami
funkcji wykonawczych, jezykowych ipamieciq. 3¢ Zalezno$¢ ta jest jednak
niejednoznaczna i wymaga dalszych analiz, gdyz nie we wszystkich badaniach jg
potwierdzono.3”

Rowniez stosowane leczenie dopaminergiczne, niezaleznie od
wystepowania zaburzen autonomicznych, moze obniza¢ wartosci cisnienia
tetniczego w PD. 3 Mechanizm w jokim do tego dochodzi nie jest do konca
poznany. Spekuluje sie, ze lewodopa moze wywierac taki wptyw m.in. poprzez
efekt kardiodepresyjny, oérodkowe hamowanie uktadu wspodtczulinego,
zmniejszone uwalnianie noradrenaliny z zazwojowych wtdkien wspdtczulnych oraz
zwiekszong natriureze 3740

W populacji pacjentéw z PD zaburzenia regulaciji cisnienia tetniczego majg
zatem charakter wieloczynnikowy. Istotng role mogg odgrywac m.in. leczenie
dopaminergiczne, aktywnos$¢ uktadu RAA, predyspozycje genetyczne oraz

wspotistniejgca dysautonomia. Radiologicznym markerem tych zaburzeh mogg

19



by¢ zmiany istoty biatej typu WMH, ktére potencjalnie wigzqg sie ze zwiekszonym
ryzykiem rozwoju zaburzen funkcji poznawczych. Poznanie zaleznosci miedzy tymi
zmiennymi moze pozwoli¢ na wyodrebnienie, juz na wczesnym etapie choroby,

grupy pacjentéw szczegdlnie narazonych na ryzyko rozwoju otepienia.

VI. CELE PRACY

Celem pracy byto okreslenie roli wybranych czynnikdw naczyniowych,
warunkujgcych przeptyw krwi w osrodkowym uktadzie nerwowym przez wptyw na

regulacje ciSnienia tetniczego, w patogenezie otepienia w chorobie Parkinsona.
Cele szczegodtowe pracy obejmowaty:

- ocene wptywu krétkookresowej zmiennosci cisnienia tetniczego (BPV) na ryzyko

wystgpienia otepienia

- ocene wptywu krotkookresowej BPV  na  ryzyko wystgpienia  zmian

hiperintensywnych istoty biatej mdézgu (WMH) oraz ich korelacja z otepieniem

- ocene zwigzku hipotonii ortostatycznej (OH), nadcisnienia tetniczego w pozyciji
lezqcej (SH) oraz zaburzen profilu dobowego cisnienia tetniczego (BP) z ryzykiem

wystgpienia otepienia oraz WMH

- ocene wptywu lekdbw dopaminergicznych, ze szczegdlny uwzglednieniem
lewodopy i agonistéw receptoréw dopaminergicznych, na krétkookresowq BPV,

OH i SH, profil dobowy BP oraz na ryzyko wystgpienia otepienia i WMH

- ocene wptywu wybranych czynnikbw naczyniowych (renina, aktywnosc
reninowa osocza, angiotensyna Il, aldosteron), metabolicznych (homocysteina,
kwas foliowy, witamina B12) oraz genetycznych (polimorfizm genu
angiotensynogenu, genu enzymu konwertujgcego angiotensyne |, receptorow
dla angiotensyny Il typu 1itypu 2) na ryzyko rozwoju otepienia oraz ich zwigzek

z krotkookresowq BPV i rozwojem WMH
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VII. MATERIAL | METODY

A) Grupa badana

W przekrojowym badaniu wzieto udziat 65 pacjentdw zrozpoznang na
podstawie kryteridw Movement Disorders Society (MDS)*! idiopatyczng chorobg
Parkinsona z Poradni Neurologicznej Szpitala sw. Wojciecha w Gdansku.
Badanie zostato pozytywnie zaopiniowane przez Niezalezng Komisje Bioetyczng
ds. Badan Naukowych przy  Gdanskim  Uniwersytecie  Medycznym

(NKBBN/415/2018).
Kryteria wykluczenia obejmowaty:
e parkinsonizm wtérny lub atypowy
e leczenie terapiamiinfuzyjnymi lub gtebokqg stymulacjg mdzgu

e choroby uktadu sercowo-naczyniowego (nadcisnienie tetnicze, choroba
niedokrwienna serca, niewydolno$¢ krgzenia, migotanie przedsionkdw),

cukrzyce, niewydolnos¢ nerek lub watroby

e przyjmowanie lekédw wptywajgcych na uktad renina-angiotensyna-

aldosteron

e przeciwwskazania do wykonania badania rezonansu magnetycznego
(MRI)

Nasilenie objawdw PD oraz stadium jej zaawansowania zostaty ocenione
u wszystkich pacjentéw przez tego samego neurologa (autora) nastepujgcymi

skalami:

e Unified Parkinsons Disease Rating Scale (UPDRS) cze$¢ Il w stanie ON

(zaburzenia ruchowe)
e Hoehn-Yahr (stopien zaawansowania klinicznego choroby)
e Schwab-England (poziom samodzielnosci w codziennych czynnosciach)

e Non-Motor Symptoms Questionnaire (NMSQ) (wystepowanie objawdw

pozaruchowych)

Wszyscy pacjenci ofrzymywali  leczenie dopaminergiczne. Dawki

przyjmowanych  preparatdw lewodopy, agonistow  dopaminergicznych,
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inhibitorow monoaminooksydazy  typu B, inhibitorow katecholo-O-
metylotransferazy oraz amantadyny przeliczono na dawki rownowazne
lewodopie (LEDD). Poniewaz wszyscy chorzy, z wyjgtkiem dwdch, przyjmowali
preparaty lewodopy, a wiekszo$¢ stosowata réwniez agonistow receptorow
dopaminowych, wptyw tych dwdch grup lekdw na badane zmienne dodatkowo
przeanalizowano osobno. Dawki agonistow receptorow dopaminowych zostaty

przeliczone na dawki rbwnowazne ropinirolu.*

Dwéch uczestnikdw  wykluczono z badania z powodu zdiagnozowania

cukrzycy typu 2, juz po otrzymaniu wynikdw wykonanych badan.
B) Badanie psychologiczne

Ocene funkciji poznawczych przeprowadzita grupa trzech
neuropsychologéw wedtug tej samej metodyki badania. Oceny przesiewowej

dokonano z wykorzystaniem Montrealskiej Skali Oceny Funkcji Poznawczych

(MoCA). Do oceny kazdej z domen poznawczych zastosowano dwie skale:

o funkcje wzrokowo-przestrzenne: Visual Object and Space Perception
Battery (VOSP, cze$¢ przesiewowa oraz podtesty: Niekompletne litery,
Liczenie kropek, Analiza szesciandw), Benton Judgment of Line Orientation
(JOLO)

e pamiec epizodyczna i uczenie sie: Kalifornijski Test Uczenia sie Jezykowego
(CVLT), Continous Visual Memory Test (CVMT)

e Uwaga, pamiec bezposrednia i operacyjna: podskala powtarzania cyfr ze

Skali Inteligencji Wechslera dla Dorostych (WAIS), Corsi Block Tapping Test

e funkcje jezykowe: Bostonski Test Nazywania (BNT), rozumienie polecen
przestrzennych oraz konstrukcji fleksyjnych z baterii testow tuckiego

i Maruszewskiego

e funkcje wykonawcze: test wiezy z Delis-Kaplan Executive Function System
(D-KEFS), Test fluencji stownej (fonemiczna — K, semantyczna - zwierzeta
i przedmioty ostre, COWAT), praksja dynamiczna (Alternating Motor

Pattern)

e ocena nastroju: Geriatryczna Skala Oceny Depresji
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tagodne zaburzenia poznawcze (MCI) zdefiniowano joko deficyty
w zakresie jednej domeny poznawczej, a otepienie jako zaburzenia w zakresie
wiecej niz jednej domeny poznawczej z negatywnym wptywem na codzienne
funkcjonowanie chorego, zgodnie z kryteriami Litvan iin. (2011)* oraz Emre iin.
(2007)*. Na podstawie badania neuropsychologicznego kohorte podzielono na
trzy grupy: PD z prawidtowymi funkcjami poznawczymi (PD-NC), PD z tagodnymi

zaburzeniami poznawczymi (PD-MCI) oraz PD z otepieniem (PDD).
C) Pomiary i ocena zmiennosci cisnienia tetniczego

Do pomiardéw cisnienia tetniczego uzyto naramiennego elektronicznego
ciSnieniomierza. Pomiary wykonano po co najmniej 5 minutach odpoczynku
w pozycji lezqcej. Nadcisnienie w pozycji lezgcej definiowano jako skurczowe
cisnienie krwi (SBP) 2140 mmHg lub rozkurczowe (DBP) 290 mmHg. Aby rozpoznac
hipotonie ortostatyczng (OH) wykonano test pionizacyjny. Hipotonie ortostatyczng
definiowano jako spadek SBP 220 mmHg lub spadek DBP =210 mmHg po 3
minutach pionizacji. Gdy wynik pomiaru byt prawidtowy po 3 minutach, badanie

przedtuzano do 10 minut i ciSnienie mierzono dodatkowo po 5i 10 minutach.

U chorych przeprowadzono 24 godzinne ambulatoryjne monitorowanie
ciSnienia krwi (ABPM) urzgdzeniem Watch BP0O3 na niedominujgcym ramieniu.
Pomiary wykonywano co 20 minut miedzy godzing 6:00 a 22:00 ico 30 minut
miedzy 22:00 a 6:00. Na podstawie uzyskanych wynikdw oceniono dobowe profile
cisnienia tetniczego - obliczane jako procentowa zmiana miedzy Srednim
ciSnieniem tetniczym w ciggu dnia i w nocy. Klasyfikacja profili w zaleznosci od
wartosci spadku nocnych wartosci byta nastepujgca: reverse dipper <0%, non-

dipper 0-10%, dipper 10-20%, extreme-dipper >20%.

Ocena wskaznikdw krétko-okresowej zmiennosci cisnienia tetniczego (BPV)

w oparciu o ABPM obejmowata:

e odchylenie standardowe (SD) liczone osobno dla SBP i DBP dla wartosci

z dnia, nocy iz 24 godzin

e wspotczynnik zmiennosci (CV, SD podzielone przez odpowiedniq srednig)

liczony osobno dla SBP i DBP dla wartosci z dnia, nocy i z 24 godzin
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e Srednig rzeczywistg zmienno$S¢  (ARV, obliczang jako @ $rednia
bezwzglednych réznic miedzy kolejnymi pomiarami cisnienia) dla SBP i DBP

W Ciggu 24 godzin
D) Badania laboratoryjne

Probki krwi zylnej pobierane byty na czczo okoto godziny 7 rano, po
minimum 8 godzinnej przerwie w przyjmowaniu lekéw dopaminergicznych.
Oceniono morfologie krwi obwodowej, lipidogram, wskaznik filtracji ktebuszkowej,
poziom kreatyniny, glukozy, aminotfransferazy alaninowej, aminotransferazy
asparaginianowej, hormonu tyreotropowego, homocysteiny, witaminy B12, kwasu
foliowego. Ze sktadowych uktadu renina-angiotensyna-aldosteron (RAA)
oznaczono poziom reniny, aktywnosci reninowej osocza (ARO), angiotensyny I
(Angll), aldosteronu. Prébke krwi do oznaczenia ARO pobierano bez uzycia stazy,
nastepnie niezwtocznie wirowano, a osocze szybko zamrazano. Rutynowe
badania biochemiczne wykonywano przy uzyciu analizatoréw Cobas 6000/c501
lub Cobas 8000 (Roche Diagnostics Ltd.). Aktywno$¢ reninowq osocza oznaczano
metodq radioimmunologiczng za pomocqg zestawu ANnglRIA KIT (Beckman
Coulter, Immunotech, Praga, Czechy). Stezenia aldosteronu i Ang Il oznaczano
metodqg immunoenzymatyczng (ELISA) przy uzyciu odpowiednio zestawu DRG
(DRG Instruments GmbH, Marburg, Niemcy) oraz zestawu QAYEE-BIO (Shanghai
Qayee Biotechnology Co., Ltd., Chiny).

E) Badania genetyczne

Genomowe DNA wyizolowano z 1T ml prébki krwi obwodowej pobranej od
kazdego pacjenta do probdéwek z EDTA, stosujgc zestaw Genomic Mini AX Blood
1000 Spin (A&A Biotechnology, Gdynia, Polska). Wyizolowane DNA nastepnie
rozcienhczano do stezenia 20 ng/pL na podstawie pomiaru  absorbancii
spektrofotometrycznej (260/280 nm) przy uzyciu spektrofotometru/fluorymetru
DeNovix DS-11 FX+ (Wilmington, DE, USA).

Genotypowanie nastepujgcych polimorfizméw pojedynczego nukleotydu
(SNP) w genach angiotensynogenu (AGT: rs699 A>G, rs4762 G>T) oraz receptorow
Ang Il (ATR1: rs5186 A>C, ATR2: rs5194 A>G; rs1403543 A>G) przeprowadzono

z wykorzystaniem dyskryminacji allelicznej z zastosowaniem znakowanych sond

TagMan, metodg PCR w czasie rzeczywistym (Life Technologies, Waltham, MA,
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USA; identyfikatory testow TagMan: C__1985481_20, C__ 1985480_20,
C__3187716_10, C___1841567_20, C___7481825_10, odpowiednio) oraz TagMan
GTXpress Master Mix (Life Technologies, Waltham, MA, USA).

Wszystkie reakcje prowadzono w duplikatach w kohcowej objetosci 12 uL
(profil temperaturowy reakcji: 95°C, 20's; 40 x 95°C 1 s / 60°C 20 s; 40 cykli reakcji).

Genotypowanie przeprowadzono przy uzyciu systemu VIIA7 Real-Time PCR
(Applied Biosystems, Waltham, MA, USA). Genotypy przypisywano poszczegdlnym
probkom na podstawie analizy z wykorzystaniem oprogramowania TagMan

Genotyper (Thermo Fisher Scientific, Waltham, MA, USA).

Polimorfizm (insercja/delecja, I/D) w genie konwertazy angiotensyny (ACE)
analizowano metodg PCR zzastosowaniem drugie] rundy amplifikacii
U homozygotycznych nosicieli allelu D (ze wzgledu na preferencyjng amplifikacje
allelu D). Genotypy ACE I/D okreslano poprzez rozdziat produktéw PCR w 3% zelu
agarozowym z bromkiem etydyny (1 ug/mL)w Swietle UV. Jako bufor zastosowano
1X Tris-boran-EDTA (TBE) (Thermo Scientific, USA).

F) Badanie rezonansu magnetycznego gtowy

Badanie rezonansu magnetycznego gtowy aparatem 3 T - Philips Achieva,
Holandia, wykonano w Il Zaktadzie Radiologii GUMed. Do oceny nasilenia WMH
w skali Fazekas wykorzystano sekwencje FLAIR (fluid-attenuated inversion
recovery) w projekcji osiowej o parametrach: TR = 4800 ms, TE = 284,1 ms, FOV =
250 x 250 mm, kgt odchylenia 40°, wielko$¢ wokseli 1,12 x 1,12 x 1,12 mm oraz
grubos$¢ warstwy 1 mm. Do analiz statystycznych uwzgledniono wynik odnoszgcy

sie do zmian w gtebokiej istocie biate;.

G) Anadliza statystyczna

Test Shapiro-Wilka zastosowano do oceny normalnosci rozktadu danych
demograficznych i klinicznych. Nastepnie przeprowadzono jednoczynnikowq
analize wariancji (ANOVA) dla danych parametrycznych oraz jednoczynnikowy
nieparametryczny test Kruskalo-Wallisa. W analizach post hoc dla danych
parameftrycznych inieparametrycznych uzyto odpowiednio testu Tukeya oraz

testu Dunna. Do oceny zaleznosci miedzy dwiema zmiennymi ilosciowymi
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zastosowano wspdtczynnik korelacji p Spearmana. Poréwnania dla zmiennych
kategorialnych przeprowadzono za pomocq testéw x2. W przypadku trudnosci
Z wyznaczeniem wartosci p na podstawie asymptotycznego rozktadu x2 statystyki
testowej, wartos¢ te okreSlano za pomocqg symulacji Monte Carlo z 2000
powtdrzen. Do oceny korelacji miedzy dwiema zmiennymi nominalnymi

zastosowano wspotczynnik V Cramera.

Ibudowano takze modele regresji porzgdkowej, w ktérych zmiennymi
zaleznymi byty kategorie opisujgce funkcje poznawcze pacjentdw, a zmiennymi
niezaleznymi — wartosci charakteryzujgce badanych chorych. Nastepnie

przeprowadzono wielowymiarowe analizy regresji z wykorzystaniem metody
progresywnej selekcji krokowej (poréwnywanymi parametrami byty: kryterium
informacyjne Akaikego — AIC, bayesowskie kryterium informacyjne — BIC oraz

wartos¢ p).

Krzywe ROC (Receiver Operating Characteristic) wyznaczono na
podstawie modeli regresji logistycznej stworzonych dla pacjentéw z prawidtowymi
funkcjami poznawczymi oraz otepieniem, tak aby spetni¢ dwukategorialne

wymagania tej metody.

Przeprowadzono analize mediacji, aby zbadac, czy krétkookresowa BPV

posredniczy w wptywie RAA na funkcje poznawcze.

Obliczenia wykonywano z uzyciem funkcji i procedur srodowiska R (R Core

Team 2024). Poziom istotnosci statystycznej ustalono na a = 0.05.
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VIl. OMOWIENIE PUBLIKACJI WCHODIACYCH W SKLAD ROZPRAWY
DOKTORSKIEJ

W sktad rozprawy doktorskiej wchodzg dwie prace poglgdowe idwie
prace oryginalne opublikowane w miedzynarodowych, recenzowanych

czasopismach naukowych.

Publikacja 1.

Cardiovascular dysautonomia and cognition in Parkinson's Disease -a possible
relationship. (IF 2,223)

W omawianym artykule poglgdowym scharakteryzowano wybrane aspekty
zaburzen sercowo-naczyniowych o podtozu autonomicznym u pacjentéw z PD.
Jej celem byta analiza ich mozliwego zwigzku z zaburzeniami funkcji poznawczych
oraz opisanie mozliwosci terapeutycznych. Zarbwno zaburzenia autonomiczne jak
i pogorszenie funkcji poznawczych nalezg do czestych objawdw pozaruchowych
moggcych wystepowac juz na wczesnym etapie PD iistotnie obnizac jakos$¢ zycia

nie tylko pacjentéw, ale takze ich opiekundw.

We wstepie krotko podsumowano znane czynniki rozwoju otepienia
u chorych z PD i podkres$lono jego wieloczynnikowq etiologie. Zawiera on réwniez
schemat mogacy tumaczyEé wptyw zaburzeh autonomicznych na rozwdj
zaburzen poznawczych. W dalszej jego czesci wymienione zostaty zajete przez
proces chorobowy wPD strukfury oSrodkowego iobwodowego uktadu

nerwowego zwigzane z rozwojem zaburzeh autonomicznych.

W gtéwne] czesci artykutu scharakteryzowano kolejno najczescie]
wystepujgce zaburzenia sercowo-naczyniowe, 1. OH, SH oraz brak fizjologicznego
spadku cisnienia tetniczego w godzinach nocnych. Dla kazdego z objawdw
podano kryteria rozpoznania, czynniki majgce wptyw na ich nasilenie,
wymieniono objawy kliniczne oraz mozliwy mechanizm tgczqcy je zrozwojem
otepienia. Podkreslono role diagnostyczng 24 godzinnego ambulatoryjnego
monitorowania cisnienia tetniczego krwi i dotgczono przyktadowy, nieprawidtowy

wynik badania pacjenta zPD w formie wykresu. Przytoczono réwniez wyniki
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dostepnych badan naukowych ocenigjgcych te zaleznosci wérdd pacjentow
z PD.

W kolejnej czesci pracy przedstawione zostaty opcje terapeutyczne
dostepne w leczeniu zaburzeh autonomicznych, ze szczegdlnym uwzglednieniem

preparatow stosowanych w leczeniu OH.

W zakonczeniu podkresSlono ztozono$¢ procesdw majgcych wptyw na
rozwdj otepienia oraz niejednoznaczne wyniki dostepnych badan oceniajgcych
jego zwigzek z dysautonomiqg sercowo-naczyniowq i wynikajgcq z tego potrzebe

kontynuowania badan w tym zakresie.

Publikacja 2.

Arterial Blood Pressure Variability and Other Vascular Factors Contribution to

the Cognitive Decline in Parkinson's Disease. (IF 4,927)

Praca poglgdowa w szerokim zakresie omawia wptyw czynnikow
naczyniowych i metabolicznych na funkcje poznawcze w PD. Wystepujgca w PD
dysautonomia zaburza regulacje BP, co moze objawiac sie jako OH, SH czy brak
fizjologicznego spadku BP w godzinach nocnych. Zaburzenia te mogg prowadzi¢
do przewlektego niedokrwienia i uszkodzenia istoty biatej OUN, widocznego jako
WMH w badaniach obrazowych. W artykule przedstawiono  wyniki
dotychczasowych badan opublikowanych w bazie PubMed opisujgcych te
zagadnienia. Pomimo iz badania charakteryzowaty sie rézng metodologiqg,
wydaje sie, ze zaburzenia te mogg wigzac¢ sie z pogorszeniem funkcji

wykonawczych, uwagi i pamieci.

W publikacji zwrécono takze uwage na motzliwe dziatania niepozgdane
stfosowanego leczenia dopaminergicznego. Lewodopa oraz leki z grupy
agonistéw receptorow dopaminowych mogg nasila¢ OH i tym samym zwiekszac
dobowe wahania cisnienia tetniczego. W niektérych badaniach przyjmowanie
wyzszych  dawek lewodopy korelowato z nasileniem zaburzen  funkcji
poznawczych. Czesciowo moze to wynika¢ ze zwiekszonego stezenia
homocysteiny w tej grupie chorych, co prowadzi do uszkodzenia srédbtonka

naczyn i nasilenia stresu oksydacyjnego. Przewlekte stosowanie lewodopy wigze
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sie rowniez ze zwiekszong ekspresjg czynnika wzrostu Srédbtonka naczyniowego
(VEGF). Jego nadmierna aktywnos$¢ sprzyja uszkodzeniu naczyn i zwieksza

przepuszczalnos¢ bariery krew-mozg, prowadzgc do uszkodzenia istoty biate;.

W pracy zwrécono rowniez uwage na potencjalng role uktadu RAA w
rozwoju zaburzeh poznawczych, ktoéry reguluje ciSnienie tetnicze a na poziomie

tkankowym procesy zapalne i zwigzane ze stresem oksydacyjnym.

W publikacji analizowano réwniez znaczenie wybranych polimorfizmow
gendw kodujgcych katecholo-O-metylotransferaze (COMT), apolipoprtoeine E,

VEGF oraz elementy uktadu RAA w powstawaniu otepienia w PD.

W pracy podkreslono potencjalng zaleznos¢ miedzy czynnikami
naczyniowymi a neurozwyrodnieniowymi  w rozwoju zaburzen funkcji
poznawczych. Wczesna identyfikacja oraz leczenie modyfikowalnych czynnikéw
naczyniowych i metabolicznych, takich jak np. SH lub podwyzszony poziom

homocysteiny, moze miec korzystny wptyw na funkcje poznawcze w PD.

Publikacja 3.

The impact of short-term blood pressure variability on cognitive decline in

Parkinson's disease patients without co-morbidities. (IF 4,0)

Celem pracy byta ocena wptywu krétkookresowej BPV oraz wybranych
zaburzen regulaciji cisnienia tetniczego krwi (OH, SH, braku fizjologicznego spadku
ciSnienia tetniczego w godzinach nocnych) na rozwdj zaburzeh poznawczych
U pacjentdw z PD bez chordb wspdtistniejgcych oraz nieprzyjmujgcych lekéw

wptywajgcych na uktad sercowo-naczyniowy.

Wedtug wiedzy autoréw jest to pierwsze badanie ocenigjgce wptyw
krotkookresowej BPV na funkcje poznawcze u pacjentdw z chorobqg Parkinsona
bez obcigzen internistycznych mogacych wptywa¢ na uktad sercowo-

naczyniowy.

29



Do badania wtgczono 63 chorych (25 kobiet) zidiopatyczng chorobqg
Parkinsona. Przy uzyciu wymienionych w rozdziale ,,Materiat i metody”  skal
dokonano oceny stopnia zaawansowania choroby. Zebrano wywiad dotyczgcy
wyksztatcenia, czasu frwania choroby, stosowanej farmakoterapii. Wszystkich
pacjentdw zbadat ten sam neurolog. Na podstawie wynikdw badania
psychologicznego pacjenci zostali przydzieleni do grupy: w normie poznawczej
(20 chorych), ztagodnymi zaburzeniami poznawczymi (23 chorych) Ilub
z otepieniem (20 chorych). Pacjenci w normie poznawczej byli istotnie mtodsi,
lepiej wyksztatceni oraz mieli tagodniejszy przebieg choroby niz chorzy
z ofepieniem. Grupy nie roznity sie pod wzgledem czasu frwania choroby lub

stosowanego leczenia dopaminergicznego.

W oparciu o wyniki przeprowadzonej proby ortostatycznej u 33% pacjentow
rozpoznano OH, u 31% SH a u 14% wspotwystepowaty oba zaburzenia. Pomimo iz
czesto$¢ wystepowania OH nie réznita istotnie miedzy grupami, jej obecnosc
korelowata z wiekszym nasileniem zaburzen pamieci werbalnej oraz funkgji
wzrokowo-przestrzennych, jezykowych iwykonawczych. Spadek DBP korelowat
LEDD (p= 0,46, p= 0,0001) oraz niezaleznie z dawkqg przyjmowanej lewodopy
(0=0.,44, p=0,0003).

Nadci$nienie w pozycji lezgcej byto zwigzane z wystepowaniem otepienia
(Cramer V = 10,2562, p= 0,0473).

Zaobserwowano korelacje na poziomie trendu miedzy mniejszym nocnym
spadkiem cisnienia tetniczego (%A MAP), odwrdéconym profilem dobowym
ciSnienia tetniczego (,reverse dipping”) a pogorszeniem funkcji poznawczych
(odpowiednio: Cramer V =0,2971; p = 0,09 oraz Cramer V = 0,2971; p = 0,08).

Odchylenie standardowe dla DBP z dnia i ARV SBP byty istotnie wyzsze
u chorych z otepieniem. Réznica na poziomie trendu dotyczyta rowniez CV DBP
zdnia i ARV DBP. Funkcje wzrokowo-przestrzenne, jezykowe iwykonawcze
negatywnie korelowaty z CV DBP dla wartosci z dnia. Nizsze wartosci w skali MoCA
i deficyty pamieci wzrokowo-przestrzennej oraz funkcji wykonawczych korelowaty
z wyzszymi wartosciami SBP ARV. Stosowana farmakoterapia nie wptywata na

badane wskazniki.
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Wyniki badan laboratoryjnych nie roznity sie miedzy grupami, poza wyzszym
poziomem homocysteiny na poziomie trendu u chorych zotepieniem, co

korelowato z wyzszg dawkqg przyjmowanej lewodopy.

Jednoczynnikowa analiza regresji wykazata, ze zmiennymi istotnie
wptywajgcymi na rozwdj otepienia byty: wiek, bardziej zaawansowane stadium
choroby oceniane w skali Hoehna-Yahra, wyzsza punktacja w skali NMSQ, SH,
odwrécony dobowy profil cisnienia tetniczego (reverse dipping) oraz w sposéb
odwrotnie proporcjonalny: nocny spadek cisnienia tetniczego, liczba lat edukaciji
i wynik w skali Schwab-England. Zwiekszona zmiennos$¢ SBP, wyrazona jako ARV,

byta zwigzana z zaburzeniami funkcji poznawczych na poziomie tfrendu.

Wieloczynnikowe modele regresji identyfikujgce istotne predyktory rozwoju
otepienia byty poréwnywalne inie zawieraty wystarczajgcej liczby parametrow

umozliwiagjgcych wybdr najlepszego modelu.

W analizie krzywych ROC, najwyzszq wartos¢ pola pod krzywqg (AUC), tym
samym najlepszg zdolno$¢ predykcyjng otepienia uzyskano dla SBP ARV, DBP ARV
oraz dla wartosci z dnia dla DBP SD i DBP CV.

Wyniki przeprowadzonego badania sugerujqg, ze krotkookresowa BPV, SH
oraz odwrécony dobowy profil ciSnienia tetniczego moze mie¢ zwigzek

Z rozwojem otepienia u pacjentéw z PD.

Publikacja 4.

Peripheral renin-angiotensin system and cognitive decline in Parkinson's

disease patients without co-morbidities. (IF 3,4)

Obwodowy uktad RAA reguluje wysokos¢ ciSnienia tetniczego oraz bierze
udziat w procesach zapalnych izwigzanych ze stresem oksydacyjnym. Celem
badania byta ocena zaleznosci miedzy obwodowym uktadem RAA a funkcjami
poznawczymi U pacjentéw z chorobqg Parkinsona, bez obcigzen internistycznych
i lekow wptywajgcych na ten uktad. Dodatkowo oceniono wptyw uktadu RAA na

krotkookresowq BPV oraz na wybrane zaburzenia regulacii ciSnienia fetniczego
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krwi (OH, SH, braku fizjologicznego spadku ciSnienia tetniczego w godzinach

nocnych).

Do badania wtgczono tgcznie 63 pacjentdw z chorobg Parkinsona
z Poradni Neurologicznej przy szpitalu $sw. Wojciecha w Gdansku. Metody oceny
i charakterystyke badanej grupy omodwiono w publikacji nr 3. U wszystkich
pacjentdw zgodnie z opisem metody powyzej oznaczono na czczo stezenia

reniny, Ang Il i aldosteronu w osoczu oraz ARO.

Nie wykazano istotnych statystycznie réznic miedzy ocenianymi sktadowymi
uktadu RAA a PD-NC, PD-MCI czy PDD. Niemniej w grupie wszystkich chory
ocenianych tqgcznie wyzsze stezenie reniny i wyzsza ARO wigzata sie zlepszymi
wynikami w skalach oceniagjgcych funkcje wzrokowo-przestrzenne, fluencje
stownq ibezposrednig pamie¢ wzrokowo-przestrzenng. Dodatkowo wyzsze
stezenie reniny korelowato z wyzszg punktacjg w skalach oceniajgcych funkcje
jezykowe oraz bezposredniqg iodroczong pamieC stowng. Przeciwnie, wyzsze
stezenia Ang Il wptywaty negatywnie na bezposrednig iodroczong pamiec

stownq oraz na planowanie.

Osoczowe stezenia wybranych zmiennych uktadu RAA nie wptywaty na
oceniane zaburzenia regulacii cisnienia tetniczego ani na krétkookresowq BPVY,
poza ujemng korelacjg miedzy stezeniem reniny i ARO a SBP ARV (odpowiednio:
Cramer's V= -0,2549, p = 0,05; Cramer’'s V = -0,2555, p = 0.04) oraz miedzy
stezeniem reniny a ortostatycznym spadkiem DBP (Cramer’s V=-0,2667, p = 0,04).

Stosowane leczenie dopaminergiczne nie wptywato na uktad RAA.

Analiza mediacji wykazata, ze SBP ARV posredniczyta w wptywie reniny
i ARO na globalne funkcje poznawcze (ocenione za pomocqg skali MoCA),
planowanie oraz niektére aspekty pamieci stownej (krzywa uczenia sie).
Ortostatyczny spadek DBP nie wykazywat istothego efektu mediacyjnego miedzy

rening a funkcjami poznawczymi.

Obwodowy uktad RAA moze wptywac na wybrane funkcje poznawcze
w PD. Obnizone stezenia reniny oraz zmnigjszona RAA U pacjentow

z dysautonomiq sercowo-naczyniowq mogg sprzyjac zwiekszonej krotkookresowej
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BPV, ocenianej za pomocqg SBP ARV. Dalsze dtugookresowe badania sq
niezbedne do petniejszego wyjasnienia zaleznos$ci pomiedzy obwodowqg RAA,
krotkookresowqg BPV oraz funkcjami poznawczymi w przebiegu choroby

Parkinsona.
NIEPUBLIKOWANE WYNIKI

Czestosci genotypdw badanych polimorfizmdw nie odbiegaty od
przewidywanych na podstawie rownowagi Hardy'ego-Weinberga, z wyjgtkiem
AGT rs699 A>G, ATRI1 rs5186 A>C oraz ACE I/D. Nie stwierdzono istotnych réznic

w czestosciach alleli ani genotypdw pomiedzy trzema grupami chorych (Tab.1).

Roznice w nasileniu WMH w skali Fazekas miedzy grupami pacjentéw nie
byty istothe statystycznie (p= 0,9971). Oceniane w badaniu zaburzenia regulacji
cisnienia tetniczego, krotkookresowa BPV, stosowane leczenie dopaminergiczne
czy czynniki metaboliczne nie wptywaty na nasilenie WMH. Najwyzszy poziom
reniny i ARO byt w grupie chorych z najbardziej nasilonymi WMH w badanej grupie
(Fazekas 2) (Tab.2).
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Polimorfizm Genotyp/allel PD-NC (n =20) PD-MCI (n =23) PD-D (n =20) p
AGTrs699 A>G 0.3
AG 9 (45.0) 9 (39.1) 13 (65.0)
GG 8 (40.0) 8 (34.8) 4 (20.0)
AA 3(15.0) 6 (26.1) 3(15.0)
MAF AG+GG 17 (85.0) 17 (73.9) 17 (85.0)
AGTrs4762 G>T 0.64
AA 0 (0) 2 (8.7) 2 (10.0)
AG 5(25.0) 6 (26.1) 3(15.0)
GG 15 (75.0) 15 (65.2) 15 (75.0)
MAF AG +GG 20 (100) 21 (91.3) 18 (90)
ATR1 rs5186 0.82
A>C AA 10 (50.0) 11 (47.8) 11 (55.0)
AC 9 (45.0) 9 (39.1) 6 (30.0)
CcC 1(5.0) 3(13.0) 3(15.0)
MAF AC+CC 10 (50.0) 12 (52.2)) 9 (45.0)
ATR2 rs5194 A>G 0.77
Meiczyznit+kobiety
G 19 (65.5) 22 (68.75) 12 (44.44)
A 10 (34.5) 10 (31.25) 15 (55.56)
MAF G 19 (65.5) 22 (68.75) 12 (44.44)
ATR2rs5194 A>G 0.67
kobiety GG 4 (44.44) 4 (44.44) 4 (57.14)
AG 3 (33.33) 4 (44.44) 2 (28.57)
AA 2 (22.23) 1(11.12) 1(14.29)
MAF AG + GG 7 (77.77) 8 (88.88) 6 (85.71)
ATR2 rs5194 A>G 0.33
mezczyzni G 8 (72.72) 10 (71.42) 6 (46.15)
A 3 (27.28) 4 (28.57) 7 (53.85)
MAF A 8 (72.72) 10 (71.42) 6 (46.15)
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ATR2 rs1403543 A>G

0.72
Meiczyini + kobiety A 18 (62.06) 21 (67.74) 11 (40.74)
G 11 (37.94) 11 (32.26) 16 (59.26)
MAF G 11 (37.94) 11 (32.26) 16 (59.26)
ATR2 rs 1403543 A>G 0.66
kobiety AA 4 (44.44) 2 (22.22) 1 (14.3)
AG 3(33.33) 5 (55.56) 3 (42.85)
GG 2 (22.23) 2 (22.22) 3 (42.85)
MAF AG+GG 5 (55.56) 7 (77.78) 6 (85.7)
ATR2 rs1403543 A>G 0.42
mezczyzni A 7 (63.63) 10 (71.42) 7 (53.85)
G 4(36.36) 4(28.57) 6 (46.15)
MAF G 4 (36.36) 4(28.57) 6 (46.15)
ACE 0.17
D/D 6 (30.0) 3(13.0) 2 (10.0)
/D 7 (35.0) 16 (69.6) 12 (60.0)
I/l 7 (35.0) 4(17.4) 6 (30.0)
MAF 1D+ 14 (70) 20 (87) 18 (90)

Tab.1. Czestosci wystepowania badanych polimorfizmdw u pacjentdw z chorobq
Parkinsona bez zaburzeh poznawczych (PD-NC), z tagodnymi zaburzeniami poznawczymi

(PD-MCI) oraz u pacjentdw z otepieniem w przebiegu choroby Parkinsona (PDD).

AGT - angiotensynogen, ATR1 — receptor angiotensyny Il typu 1, ATR2 — receptor

angiotensyny Il typu 2, ACE — enzym konwertujgcy angiotensyne, | —insercja, D — delecja,
MAF - czesto$¢ wystepowania rzadszego allelu
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Imiany hiperintensywne istoty biatej

Fazekas O Fazekas 1 Fazekas 2
o} Post-hoc
(n=28) (n=235) (n=15)
SBP SD dzieh 14 (4-18) 11 (6-57) 12 (6 - 24) 0.55¢ -
SBP SD noc 10 (4- 15) 9(3-19) 10 (3-22) 0.67¢ -
SBP SD dobowe 145 (7-15) 12 (6- 41) 12 (7-21) 0.71a -
] 0.114 (0.0348 - | 0.0887 (0.0488- | 0.099 (0.0588 -
SBP CV dzieh 0.53¢ -
0.151) 0.413) 0.178)
0.0707
0.0908 (0.0323 -
SBP CV noc ( 0.0789 0.440 -
0.13) (0.0261-0.142) (0.027- 0.204)
0.123 0.099 (0.0492 -
SBP CV dobowe : 0.0973 0670 -
(0.0625 - 0.128) 0.355) (0.068 - 0.168)
SBP ARV 10.1 (7.39- 11.5) | 9.87 (5.78 -18) | 9.21 (6.65 -13.4) 0.520 -
DBP SD dzief 8 (4-10) 7 (4- 54) 7 (4-27) 0.760
DBP SD noc 7(5-15) 6(3-15) 75 (3-16) 0.320 -
DBP SD dobowe 8(6-11) 8 (4-39) 8 (5-22) 0.91a -
] 0.105 (0.0571- | 0.103 (0.0563- | 0.094 (0.0597 -
DBP CV dzien 0.63¢@ -
0.125) 0.581) 0.307)
0.104 (0.0794- | 0.083 (0.0405- | 0.101 (0.0357 -
DBP CV noc 0.15¢@ -
0.185) 0.224) 0.25)
0.123 (0.0882- | 0.119 (0.0548 - 0.1 (0.0694 -
DBP CV dobowe 0.86¢ -
0.135) 0.523) 0.282)
DBP ARV 715 (5.42- 8.82) | 647 (3.61-16) | 623 (4.52-9.4) 0.58¢ -
Fazekas 1 <
ARO 0.52 (0.29 -4.7) | 0.43 (0.1 -2.74) | 0.83 (0.07 - 5.67) 0.040
Fazekas 2
Fazekas 1 <
Renina 10.4 (3.3 - 47) 58 (1.1-22.1) 10.6 (0.7 - 65) 0.007¢
Fazekas 2
Aldosteron 109 (75.7 - 332) | 86.1 (37.3 -148) | 99.9 (55.4- 192) 0.150 -
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Angiotensynal Il 15 (2.10-120) 7.58 (3.25-71.7) | 11.6 (3.56- 116) 0.48¢
Homocysteina 16.1 (6.8- 19.7) 13.8 (6.8 -47) 17.2 (9.9 - 26.6) 0.15¢
B12 319 (191 - 647) 340 (163 -798) 309 (151 -766) 0.64c
Kwas foliowy 8.78 (4.33-17.8) 6.68 (2.49 -20) 8.02 (2.12 - 15.4) 0.24a
AMAP % 8.27 (£3.55) 6.17 (£12.3) 7.72 (x8.79) 0.828p
dipper - 37% dipper - 33.3%
dipper - 25%
extreme dipper | extreme dipper
extreme dipper -
-9% -6.7%
0%
Profil dobowy BP . . inverse dipper - | inverse dipper - 0.08¢
inverse dipper —
34% 20%
0%
non-dipper — non-dipper -
non-dipper - 75%
20% 40%
Nieobecne - Nieobecne - Nieobecne -
SH 62.5% 71% 66.7% 091c
Obecne - 37.5% Obecne -29% | Obecne - 33.3%
A SBP (mmHg) 15 (3 - 31) 12 (-12- 79) 12 (-17 - 63) 0.68¢
A DBP(mmHg) 1(-6- 10) 0 (-14 - 34) -4(-13 - 24) 0.51a
Nieobecne - Nieobecne - Nieobecne -
OH 75% 69% 60% 0.78¢
Obecne - 25% Obecne - 31% Obecne - 40%
LEDD 1080 (680-1600) 1015 (260-2567) 1100 (550-2180) 0.66¢

Tab.2. Wartoséci ocenianych zmiennych a nasilenie WMH w skali Fazekas.

SBP — ci$nienie skurczowe, DBP — ci$nienie rozkurczowe, SD — odchylenie standardowe, CV
—wspotczynnik zmiennosci, ARV - srednia rzeczywista zmienno$¢, ARO — aktywnosé
reninowa osocza, AMAP - spadek $redniego ci$nienia tetniczego w godzinach nocnych
w poréwnaniu do wartosci z dnia wyrazony w %, BP — ciSnienie tetnicze, SH — nadcisnienie
w pozycji lezgcej, A SBP — ortostatyczny spadek SBP w probie ortostatycznej, A DBP -
ortostatyczny spadek DBP w prébie ortostatycznej, OH — hipotonia ortostatyczna, LEDD -
dobowa dawka réwnowazna lewodopy, @ test Kruskal-Wallis, © ANOVA, ctest x2
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IX. PODSUMOWANIE CALOSCI ROZPRAWY

1. Krotkookresowa zmienno$¢ ciSnienia tetniczego w badanej grupie byta
wyzsza U chorych z otepieniem, bez wzgledu na stosowane leczenie
dopaminergiczne. Nowe wskazniki oceniajgce BPV, takie jak SBP ARV i DBP
ARV, ktére sqg niezalezne od dobowych wahan cisnienia tetniczego, mogq
miec szczegdlng wartos¢ kliniczng u chorych z zaburzeniami
autonomicznymi. Podwyzszona krétkookresowa BPV, zwtaszcza wyzsze
wartosci SBP ARV, u chorych zPD moze stanowi¢ czynnik ryzyka rozwoju

otepienia.

2. Nadcisnienie w pozycji lezgcej oraz zaburzenia dobowego profilu cisnienia
tetniczego (niewielki spadek lub wzrost w godzinach nocnych) korelowaty
z obecnoscig otepienia i w analizie jednoczynnikowej istotnie zwiekszaty

ryzyko jego wystgpienia.

3. W grupie chorych z PD, bez towarzyszgcych choréb sercowo-naczyniowych,
krotkookresowa BPV, OH, SH oraz nieprawidtowy dobowy profil cisnienia
tetniczego nie wptywat na nasilenie WMH w skali Fazekas. Stezenie reniny
i ARO byty wyzsze u chorych z najbardziej nasilonymi WMH w badanej grupie.
Nie zaobserwowano zwigzku miedzy WMH ocenianym w skali Fazekas
a nasileniem zaburzen poznawczych.

4. Uktad RAA nie wptywat bezposrednio na oceniane zaburzenia regulacii
cisnienia tetniczego ani na krotkookresowqg BPV, poza ujemng korelacjg
miedzy stezeniem reniny i ARO a SBP ARV oraz miedzy stezeniem reniny
a ortostatycznym spadkiem DBP. Wptyw osoczowego uktadu RAA na funkcje
poznawcze w badanej grupie byt ztozony. Wyzsze stezenia reniny i wieksza
ARO wptywaty korzystnie na wybrane funkcje poznawcze a w procesie tym
czeSciowo posredniczyta SBP ARV. Wysokie stezenia Ang Il wigzaty sie
z uzyskaniem gorszych wynikéw w zakresie wybranych domen poznawczych.

5. Oceniane czynniki metaboliczne (poziom witaminy B12, kwasu foliowego,
TSH, glukozy) oraz genetyczne (polimorfizm genu AGT, ACE, ATIR, AT2R) nie
miaty wptywu na kroétkookresowq BPV, nasilenie WMH oraz ryzyko rozwoju
otepienia. Poziom homocysteiny, na poziomie trendu, byt wyzszy w grupie

chorych z otepieniem, co korelowato z przyjmowang dawkg lewodopy.
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6. Otepienie w PD wydagje sie mie¢ podtoze wieloczynnikowe.

Wspotwystepujgce u chorych zaburzenia uktadu autonomicznego, poprzez
wptyw na regulacje BP, mogg prowadzi¢ do nawracajgcej hipoperfuzji
wybranych obszarow modzgu i przyczyniac sie do pogorszenia funkciji
poznawczych, nasilajgc  deficyty zwigzane z  samym  procesem
neurodegeneracyjnym.

Powyzszg hipoteze nalezy zweryfikowal poprzez ocene wptywu leczenia
zaburzen autonomicznych, w szczegdlnosci sercowo-naczyniowych, na
rozwoj deficytéw poznawczych. Monitorowanie cisnienia metodg ABPM,
jako tatwa do wykonania, ogdlnie dostepna i tania procedura, powinno by
wykonywane w rutynowej opiece nad pacjentami z PD, przy zachowaniu
standaryzacji pomiardw. Wczesne rozpoznawanie ileczenie zaburzen
dobowej regulacji cisnienia moze potencjalnie chroni¢ przed dalszym
pogorszeniem funkcji poznawczych, co wymaga potwierdzenia w kolejnych

badaniach.
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ABSTRACT

Dementia in advanced Parkinson’s Disease (PD) is a fatal milestone resulting in reduced life expectancy and nursing home
placement. Cognitive impairment and cardiovascular dysautonomia are common and debilitating non-motor symptoms that
frequently coexist in PD since the early stages and progress in subsequent years.

In particular, blood pressure (BP) abnormalities, including orthostatic hypotension (OH), supine hypertension (SH) and the loss of
nocturnal BP fall (non-dipping) in PD have been associated with cognitive deterioration. They usually have multifactorial aetiology,
including neuronal (central and peripheral) mechanisms and concomitantintake of medications. BP abnormalities can influence cog-
nitionin many ways, including repeated cerebral hypoperfusion leading to cerebral ischaemic lesions, higher burden of white matter
hyperintensities, and possible impact on neurodegenerative process in PD. They are often asymptomatic and remain unrecognised,
hence 24-hourambulatory BP monitoring is recommended in patients with clinical symptoms of dysautonomia. Managementis chal-
lenging and should address the multifactorial nature of BP disturbances. The aim of this review was to present the state of currentkno-
wledge regarding the possible relationship between cardiovascular dysautonomia and cognition in PD, its diagnosis and treatment.

Key words: cognitive impairment, dementia, orthostatic hypotension, Parkinson’s Disease, supine hypertension

(Neurol Neurochir Pol 2021; 55 (6): 525-535)

Introduction

Parkinson’s Disease (PD) is, after Alzheimer’s Disease
(AD), the most frequent neurodegenerative disorder. Brady-
kinesia, tremor, rigidity and postural instability are the most
prominent motor features. PD pathophysiology includes the
impairment of not only dopaminergic but also cholinergic,
serotoninergic and noradrenergic systems. Therefore, cog-
nitive decline, sleep and mood disorders, gastrointestinal,
genitourinary or cardiovascular disturbances are common
since early stages and deteriorate with disease progression [1].
Among cardiovascular abnormalities there have been noted

orthostatic hypotension (OH), supine hypertension (SH) and
the absence of a decrease of blood pressure (BP) during the
night [2]. The aetiology of BP abnormalities in PD patients
is multifactorial. It is neurogenic, regarding the pathophys-
iology of PD and both peripheral and central denervation,
but also influenced by treatment, as almost all dopaminergic
medications (levodopa, dopamine agonists) can decrease BP
[3]. Dysautonomia and Parkinson’s Disease-related dementia
(PDD) are the most disabling non-motor symptoms resulting
in short life expectancy and nursing home placement [4].
The pathogenesis of cognitive impairment in PD remains
unclear [5]. Combination of Lewy- and Alzheimer-pathology
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Cardiovascular dysautonomia
in Parkinson's disease

A

i Abnormal nocturnal blood
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deterioration in PD

Figure 1.Cardiovascular dysautonomia in Parkinson’s Disease: possible mechanisms linking it with cognitive impairment

have presumably an additive effect on cognition impairment
[6]. Apolipoprotein E polymorphism (4 allele) was also
considered as a risk factor for PDD, although results are
inconsistent, with negative impacts (7, 8], not confirmed in
other studies [9, 10]. Also genetic forms of PD (mutations in:
a synuclein gene - SNCA, leucine-riche repeat serine/threo-
nine protein kinase gene - LRRK2) or specific genes variants
(glucocerebrosidase - GBA, microtubule-associated protein
tau - MAPT, and catechol-o-methyl transferase - COMT) can
influence cognition in PD [11, 12].

The relationship between cardiovascular risk factors and
cognition in PD studies remains inconclusive [13-17].

White matter hyperintensities (WMH) — T2 hyperintense
lesions seen on magnetic resonance imaging (MRI) scans, may
result from cerebrovascular disease. Several studies have indi-
cated a negative impact of WMH on cognition in PD [2, 14, 18,
19]. Increasing WMH volume leads to deteriorations in execu-
tive function, memory and language [20]. Correlation between
WMH and progression from mild cognitive impairment (MCI)
to PDD has been also described [21]. Higher scores of WMH
rating scales have been observed in a group of PD patients with
MCI and PDD than in a group with normal cognition [14, 20,
22], but these results were not confirmed in other studies [23, 24].

Autonomic dysfunction, especially BP fluctuations, are
an early manifestation of the disease, more pronounced in
advanced stages and may result (as part of the neurodegen-
erative process) in cognitive decline. Its aetiology might be
multifactorial and likewise in AD, vascular risk factor po-
tentially might be an important co-factor or even trigger the
neurodegeneration.

The aim of this review was to present the current state of
knowledge regarding the relationship between cardiovascular
dysautonomia (with the particular role of OH, SH and non-
dipping effect) and cognition in PD (Fig. 1).

Pathophysiology of dysautonomia
in Parkinson’s Disease

Structural — central and peripheral nervous
system involvement

Autonomic dysfunction in PD has a complex aetiology,
involving both central and peripheral mechanisms (Tab. 1)
[25]. Neuronal loss and Lewy bodies (with neuronal cyto-
plasmatic inclusions of a-synuclein) are observed not only in
the zona compacta of the substantia nigra, but also in regions
responsible for the control of autonomic functions such as
the hypothalamus, nucleus vagus dorsalis, intermediolateral
column of spinal cord and sympathetic ganglia, myenertic and
submucosal plexus of intestines [26].

In healthy subjects, baroreceptors response caused
by standing results in noradrenaline release from sympa-
thetic post-ganglionic nerves causing vasoconstriction.
This mechanism maintains BP in a standing position [27].
Post-ganglionic sympathetic neuron degeneration is the main
cause of cardiovascular dysautonomia in PD [27, 28]. Sym-
pathetic denervation of the heart in PD has been shown in
"“I-meta-iodobenzylguanidine (MIBG, radioactive molecu-
lar analogue of noradrenaline) scintigraphy (low myocardial
uptake) and in neuropathological studies (fibres loss) [29,
30]. The neuropathological hallmark of PD - Lewy bodies
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Table 1. Central and peripheral autonomic structures affected in Parkinson’s Disease (modified according to [25])

Autonomic structures affected in PD

Central
Hypothalamus +
Periaqueductal grey +
Ventrolateral medulla it
Medullary raphe SF
Dorsal motor nucleus of vagus +++
Nucleus ambigus +
Pontine micturion centre -
Sacral perganglionic neurons 3
Onufnucleus +

PD — Parkinson’s Disease

(LB) were found in cardiac plexus of patients with PD [31].
The function of extracardiac peripheral sympathetic nervous
system is also impaired, affecting sympathetic innervation
of blood vessels interfering with noradrenaline release and
vasoconstriction in a standing position [28]. Mean resting
noradrenaline plasma levels in PD-OH patients is lower com-
pared to patients without OH [32, 33]. Furthermore, during
tilt test this level decreases in PD-OH group [33], whereas
normally it should double after five minutes of standing [34].
Additionally, in this group of patients systolic BP increased
after administration of low doses of adrenoreceptor agonists.
This implies vascular adrenoreceptor supersensitivity result-
ing from noradrenaline deficiency [35]. It also proves extra-
cardiac sympathetic denervation. Patients with neurogenic
OH in phase II of Valsalva manoeuvre present a progressive
BP decrease and lack of BP overshoot during phase IV, which
suggests baroreflex sympathetic failure [28]. This may also
lead to SH. Neurogenic OH may result in heart rate blunted
response while changing from a supine/sitting position to
standing [36]. Orthostatic hypotension with increase in
heart rate < 15bpm [36] or baroreflex gain < 0.5bpm/mmHg
(change in heart rate/falling systolic blood pressure [SBP])
[37] can help to distinguish neurogenic from non-neurogenic
OH. Furthermore, cardiac responses to orthostatic stress
deteriorate in PD patients who begin to fall [38]. Moreover,
Tipre et al. [39] observed among PD-OH group a decreased
renal sympathetic innervation, presumably leading to natri-
uresis and diuresis, thus increasing susceptibility to blood
volume depletion.

Levodopa intake (the main medication used in PD treat-
ment), even when combined with carbidopa or benserazide,
increases plasma levels of dopamine and its metabolites. This
results in vasodilatation (via dopamine receptors on smooth
muscle cells) and increased natriuresis and diuresis, which
leads to a reduction of blood volume and extracellular fluid
[28]. In PD patients, both baroreflex and cardiovascular
sympathetic innervations are impaired, and together these

Peripheral

Enteric nervous system ++
Postganglionic sympathetic neurons ++
Cholinergic sudomotor +
Noradrenergic cardiac Sttt
Noradrenergic vasomotor ot
Adrenal gland it
Postganglionic parasympathetic neurons ++
Submandibular gland ++
Gonadal tissue 4
Pelvic ganglia +

mechanisms may result in BP decrease [27, 28]. However,
Noack et al. [40] suggested that hypotension response to lev-
odopa may be caused by negative cardiac inotropism rather
than vasodilatation.

The relationship between central autonomic structures
involvement and dysautonomia manifestations in PD is poorly
understood [25]. Affected structures are presented in Table 1.
The suprachiasmatic nucleus (SCN) of the hypothalamus, as
the central biological clock, regulates circadian rhythm of BP
and heart rate [41]. The SCN stimulates autonomic nervous
system not only through GABA-ergic neurons, but also by
regulation of melatonin release [41]. De Pablo-Fernandez et
al.in a neuropathological case control study found a-synuclein
depositions in the SCN of PD patients [26], and another group
observed blunted circadian rhythm of melatonin serum levels
in PD compared to controls [42]. Nucleus coeruleus, a main
source of noradrenaline in the brain, is affected in the early
stage of the disease [43] and noradrenaline transporter density
is decreased [44]. The number of catecholaminergic neurons
of nucleus of the solitary tract is reduced, which could be
connected with the baroreflex impairment [45].

In PD-OH patients, the increased density of Lewy Bod-
ies in the insular cortex has been observed [46] along with
a reduced functional connectivity between hypothalamus,
thalamus and striatum [47].

Orthostatic hypotension

Orthostatic hypotension (OH) is acommon nonmotor PD
manifestation (30% of patients) (48] and increases with age, dis-
ease duration, its severity and LD equivalent dose (LEDD) [49].
It is defined as a reduction in SBP 2 20 mmHg or > 10 mmHg
in diastolic blood pressure (DBP) after 3 minutes of standing
from a supine position. In some patients, testing should be pro-
longed, as they may suffer from a delayed OH [50]. Standards
for such testing have not been provided yet. Delayed OH can
evolve to classic OH after 10 years in up to 50% of cases [50].
Although age is one OH risk factor, it can also be observed in
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early stages of the disease and is one of the diagnostic markers
of prodromal PD in the Movement Disorder Society’s research
criteria [51, 52], predicting motor decline in this group [53].

Blood pressure drop during an orthostatic test depends on
the duration of rest before supine BP measurement, the way
of obtaining upright position (active stand or passive tilt), and
the duration of standing [54]. Orthostatic hypotension in PD
occurs more frequently after tilting than on standing and is
often delayed [54]. Symptomatic OH presents as lighthead-
edness, dizziness, presyncope, syncope, visual disturbances,
fatigue, and generalised weakness [36]. Both symptomatic and
asymptomatic OH are associated with an increased prevalence
of falls, hospital admissions and lower quality of life [55].

Mild cognitive impairment may be present at the early
stage of PD in 25% of patients and may develop into dementia
in up to 78% after 12 years of follow up [56].

Several pathological mechanisms are considered to be
responsible for the relationship between OH and cognition,
such as cerebral hypoperfusion as a result of recurrent episodic
hypotension, widespread neurodegeneration, or central and
peripheral noradrenergic dysfunction [27, 57, 58].

In several cross-sectional studies, a positive correlation
between OH and cognitive deterioration has been observed
(Tab. 2). Attentional/executive and visuospatial functions were
more impaired among patients with OH [58]. Age, male sex,
baseline REM-sleep Behaviour Disorder (RBD), OH and MCI
have been identified as predictors of PDD [59, 60]. In studies
thatincluded only a Mini Mental State Examination (MMSE)
in the neuropsychological assessment, OH did not influence
cognition [61-63]. The MMSE is a screening tool dedicated
to AD that may be not sensitive enough, and is not indicated
as the only tool to diagnose cognitive decline in PD.

Cicero et al. [4] examined the correlation between car-
diovascular autonomic function and MCI among 185 PD
patients from two Movement Disorders centres. Orthostatic
hypotension was recorded in 52 of them, significantly more
frequently in patients with long disease duration, and was
associated with amnestic MCL

The relationship between OH and posture-related cog-
nitive impairment in PD has been investigated, comparing
cognition among PD patients with and without OH to controls.
Groups were matched for age, sex, premorbid verbal IQ and
PD groups also for disease stage/duration and LEDD. In supine
position, both PD groups demonstrated fronto-striatal and
visuospatial cognitive deficits, but a transient exacerbation of
cognition in an upright-tilted position was observed only in
PD-OH group [65]. Sforza et al. replicated these findings in
a small cohort of 28 PD patients [66]. Additionally, asystolic
drop was greater and attention more deteriorated among PDD
than PD patients while standing [67].

Differences in cognitive impairment between sympto-
matic and asymptomatic PD-OH patients were compared in
the Longardner et al. study. The first part was performed as
a cross-sectional, retrospective study and included 226 PD

o1
N
[o<]

patients of whom 62 had longitudinal follow-up (second part).
Lower Montreal Cognitive Assessment (MoCA) scores and
worse decline during follow-up period were observed among
PD-OH group. Presence of OH symptoms did not influence
cognitive deterioration [68].

It is still unclear whether the relationship between OH
and cognitive dysfunction is causative or associative, because
the results of some studies were not adjusted for important
variables e.g. comorbidities, medications, or age [57].

Supine hypertension

In approximately 50% of PD-OH patients, orthostatic
hypotension often coexists with supine hypertension (SH)
[69, 70]. Patients with SH often have an abnormal nocturnal
BP profile as well [2]. SH is defined as a SBP > 140 mmHg
or a DBP > 90 mmHg after at least 5 min of rest in supine
position [71]. This is often overlooked, because BP is usually
measured in a seated position and it remains asymptomatic.
The underlying mechanisms may result from baroreflex failure
or vascular hypersensitivity, or both mechanisms combined
[71]. Supine hypertension is probably associated with milder
peripheral sympathetic denervation than OH alone [72]. Old-
er age, akinetic-rigid motor subtype (predisposing to cognitive
decline), and pre-existing hypertension are independent risk
factors [72]. Supine hypertension alone can cause cognitive
impairment and white matter hyperintensities (WMH), also
in early PD [2]. The impairment is more severe when SH is
combined with OH [2]. However, a few studies did not confirm
this observation [68, 69, 73].

Palma et al. [74], in a prospective study of patients with
a-synucleinopathies (35 with multiple system atrophy, 14 with
PD, and eight with pure autonomic failure) and coexisting OH,
observed that SH is associated with an increased risk of left
ventricular hypertrophy, higher blood urea nitrogen levels,
glomerular filtration rate decrease and WMH volume, and, in
longitudinal observation, with cardiovascular adverse events
and premature death. Both chronic SH and OH are associated
with the development of WMH [75].

Abnormal nocturnal blood pressure

Physiologically, BP followsa circadian rhythm characterised
by adecrease of >10% BP at night (dipping) [76]. An abnormal
nocturnal BP profile is another frequent manifestation of auto-
nomic dysfunction in PD. Most PD patients present as either
non-dippers or reverse dippers (also called risers) i.e. with loss
of nocturnal BP fall or even an increase of BP values during
the night, respectively [76, 77] (Fig. 2). These disturbances of
circadian BP pattern have been associated with coronary heart
disease, stroke and increased mortality [77]. Furthermore, they
have been linked with target organ damage, impairment of
cognition in the elderly, and increased burden of WMH (77, 78].

The literature on the disturbances of the circadian BP
rhythm in PD is scarce and only a few studies have explored
this topic. Tanaka et al. [77] assessed 137 PD patients with
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Table 2. Studies on association between orthostatic hypotension and cognitive decline (modified according to [58], with supplement of later studies)

Study
Allcock et al.
(2004) [62]

Allcock et al.
(2006) [63]

Allcock et al.
(2006) [96]

Peralta etal.
(2007) [67]

Idiaquez et al.
(2007) [61]

Hohler etal.
(2012) [97)

Kim etal. (2012)
[2]

Pilleri et al. (2013)
(73]

Bae etal. (2014)
[98)

Anangetal.
(2014) [99]

Centi etal. (2016)
[65]

Sforza et al.
(2018) [66]

Design

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Prospective
- followed up
mean 4.4 years

Cross-sectional

Cross-sectional

www journals.viamedica pl/neurologia_neurochirurgia_polska

Subjects
PD-OH, n=42, mean age 72.6
PD without OH, n = 45, mean age 68.2

PD-OH, n= 80, mean age 72.1, median UPDRS 19,
median PD duration 3 years

PD without OH, N =79, mean age 69.1, median
UPDRS 17, median PD duration 5 years

PD-OH, n =87, mean age 72.4, median UPDRS 18.5,
median PD duration 3.5 years

PD without OH, n = 88, mean age 69.2, median
UPDRS 17, median PD duration 5 years

PD, n =10, mean age 74.1, mean disease duration 6.4
years, mean H&Y 2.1

PDD, n = 8, mean age 77.3, mean disease duration
7.8, mean H&Y 2.9

PD, n = 29, mean age 66.2, mean PD duration 9.9
years, mean H&Y 2.6

PDD, n = 11, mean age 76.4, mean PD duration 10.5
years, mean H&Y 3.4

PD-OH,n=17
PD without OH, n = 27

PD with normal cognition, n= 25, mean age 63.4,
mean PD duration 1.8 years, mean H&Y 1.4

PD-MCI, n =48, mean age 70, mean PD duration 1.9,
mean H&Y 1,7

PDD, n = 14, mean age 66.2, mean PD duration 1.6
years, H&Y 2.1

PD-OH, n = 23, mean age 64.96, mean PD duration
11.48 years, mean H&Y 2.76

PD without OH, n = 25, mean age 65.6, mean PD
duration 11.6 years, mean H&Y 2.76

PD-OH, n= 18, mean age 61.3, mean PD duration
13.8 months, mean H&Y 2

PD without OH, n = 27, mean age 65.5, mean PD
duration 16.1 months, mean H&Y 2

PDD, n = 27, mean age 70.5, mean PD duration 6.02
years, mean H&Y 2,8

PD without dementia, n = 53, mean age 63.5, mean
PD duration 54 years, mean H&Y 2.3

PD-OH, n= 18, mean age 64.3, mean PD duration 6.7
years, mean H&Y 2

PD without OH, n = 19, mean age 65.6, mean PD
duration 5.7 years, mean H&Y 2

Controls, n = 18, mean age 62.9

PD-OH, n= 14, mean age 73.5, mean PD duration 9
years, mean H&Y 2.54

PD without OH, n = 14, mean age 72.5, mean PD
duration 8 years, mean H&Y 2.39

Cognitive outcome

No difference in MMSE score between two groups

No difference in MMSE score between two groups

PD-OH group performed worse on digit vigilance and
picture recognition tasks.

No difference in MMSE score between two groups

OH in 5 PDD, 2 PD. Decrease in attention scores in
PDD in tilt position. Significant correlation between
orthostatic changes and attention scores in PDD and
no influence on word fluency tasks observed. Results
not adjusted for dopaminergic medication

No correlation between PD, OH, cognitive impairment
(MMSE, FAB). In PDD, cardiovascular symptoms more
prominent

PD-OH patients had lower cognitive FIM score and
lower MMSE, worse motor, walking and balance
compared to PD without OH. Results not adjusted for
dopaminergic medication or age

Drug-naive patients, early stage disease. OH was cor-
related with verbal immediate and delayed memory
and CHIPS scale, Patients with coexisting OH and SH
had more severe cognitive impairment and higher
CHIPS scores. Mean CHIPS score was higher in PDD
than in others

Among PD-OH patients, impairment of attention,
visuospatial working memory, verbal delayed recall
compared to PD without OH were observed. No diffe-
rences in WMH between groups. LEDD were similar

Drug-naive patients. Verbal memory recognition
performance worse in PD-OH patients

Strong association between OH and risk of dementia.
SBP drop of >10 mmHg increased odds of developing
dementia by 84%. Risk factors for developing demen-
tia: baseline MCI, RBD, higher baseline BP, abnormal
colour vision, proportion of gait involvement, falls and
freezing. Not adjusted for dopaminergic medication
orage

In both PD groups, in supine position deficits in
sustained attention, response inhibition, semantic
fluency, verbal memory observed. In upright posture,
they exacerbated and broadened (phonemic fluency,
psychomotor speed, auditory working memory) only
in PD-OH group

In supine position, no differences in cognition
between two groups observed. In upright position,
PD-OH patients were worse at Stroop's test word
reading time, interference time, number of errors at
interference section than patients without OH
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Table 2 cont. Studies on association between orthostatic hypotension and cognitive decline (modified according to [58], with supplement of later studies)

Study Design Subjects Cognitive outcome
Cicero etal. Cross-sectional ~ PD with normal cognition, n = 106, mean age 63.6, OH significantly more frequent in patients with long
(2019) [4] mean PD duration 4.9 years, mean H&Y 2.2 disease duration and associated only with amnestic
Ml subgrol
PD-MCI, n = 79, mean age 66, mean PD duration 6.5 SR
years, mean H&Y 2.3
Longardneretal.  First part First part: PD-OH patients had lower MoCA scores than patients

(2020) [68] cross-sectional, < without OH. After adjusting for age and disease
second part D0 D69 Ineanage 71 0inean EUCHiahanie 3 duration, this difference was observed at trend level.
longitudinal prac e b 2 Furthermore, MoCA score declined more for PD-OH
observation PD without OH, n = 157, mean age 64.8, mean PD group during follow-up period. Cognitive deteriora-
(mean follow- duration 4.5 years, mean H&Y 2.1 tion did not differ between symptomatic and asymp-
-up 5.3 years) tomatic PD-OH patients, either in cross-sectional or in

Second part: longitudinal analyses

PD-OH, n = 28, baseline mean age 62.7, baseline PD
duration 3.2 years, follow-up interval 5.5 years, base-
line mean H&Y 1.8, follow-up mean H&Y 2.3

PD without OH, n = 14, baseline mean age 58.3,
baseline PD duration 2.4 years, follow-up interval
5.0 years, baseline mean H&Y 1.6, follow-up mean

H&Y 24

CHIPS scale — cholinergic pathways hyperintensities scale, a measure of WMH; FAB — frontal assessment battery; FIM — functional independence measure; MoCA — Montreal Cognitive Assessment
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Figure 2. Non-dipping pattern at 24h ambulatory blood pressure monitoring in patient with Parkinson’s Disease

24-hour ambulatory BP monitoring, MMSE, the Hasegawa
dementia scale-revised (HDS-R), Hoehn and Yahr scale (H&Y)
and MRL Twenty-seven patients met the diagnostic criteria
of the Movement Disorder Society Task Force for Parkinson’s
Disease with dementia (PDD). The authors found statistically
significant correlations between non-dipping pattern (nega-
tive) and riser pattern (positive) and dementia [77]. The cor-
relation between abnormal nocturnal BP and dementia was
independent of age, gender, H&Y score, diabetes, history of
stroke and WMH [77]. Moreover, non-dipping pattern was

significantly associated with an increased burden of periven-
tricular hyperintensities [77]. Kim et al. [2] assessed 87 patients
with early, not treated (medication-naive) PD at average H&Y
score of 1.7 + 0.7 with 24-hour BP recording, 3.0-Tesla MRI
of the brain and neuropsychological tests. They found MCI
and PDD in 48 and 14 patients, respectively. The non-dipping
pattern was present in the majority of patients (79.3%) and
was associated with higher burden of WMH and lower scores
in the neuropsychological tests, although the differences were
not statistically significant [2].
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Table 3. Medications used to treat orthostatic hypotension in Parkinson'’s Disease (modified according to [27])

Medication Recommended dosing
Midodrine 2.5-5 mg three times a day (last dose 3-4

hours before bedtime) agonist
Droxidopa* 100-600 mg three times a day (last dose

3-4 hours before bedtime) or according

Mechanism of action

Direct a, — adrenergic receptor

Synthetic noradrenaline precursor

Adverse event

SH, piloerection, scalp tingling, urinary
retention; use carefully in congestive heart
failure and chronic renal failure

SH, headache, dizziness, nausea; use care-
fully in congestive heart failure and chronic

to patient’s needs renal failure

Fludrocortisone 0.05-0.2 mg daily Synthetic mineralocorticoid — SH, low potassium level, renal failure,
increase of sodium and water myocardial fibrosis, oedema; use carefully in
reabsorption congestive heart failure

Pyridostygmine 30-60 mg twice or three times a day Acetyl-cholinesterase inhibitor. Abdominal pain, diarrhoea, sialorrthea,
Marginal efficacy in nOH excessive sweating, muscle twitches; does

not cause SH
Atomoxetine 10-18 mg twice a day Noradrenaline transporter (NET) SH, insomnia, irritability, decreased appetite

blocker

nOH — neurogenic orthostatic hypotension; SH — supine hypertension; *The only one licensed for this indication

As in other neurodegenerative diseases, cognitive
deterioration in PD most probably develops as a result of
multiple underlying processes [79]. In addition to alpha-
synuclein aggregations spread into limbic and neocortical
regions, there are also accompanying Alzheimer’s type and
vascular pathologies [79]. In previous studies, patients
with cognitive decline due to AD exhibited a non-dipping
or a reverse dipping pattern significantly more often than
healthy controls [80]. Additionally, abnormal nocturnal BP
was linked with greater p-amyloid deposition in the brain
[81]. Abnormal nocturnal BP was found to be also associated
with cognitive deterioration related to cerebrovascular le-
sions 77, 82]. An absence of dipping significantly correlated
with vascular cognitive impairment and dementia (VCI)
and WMH burden [82]. Moreover, there was a statistically
relevant association between periventricular WMH and
VCI [82]. The relationship between the extent of WMH and
abnormal nocturnal BP was also demonstrated in PD and it
was most pronounced in the reverse dipping pattern [78].
Furthermore, the burden of WMH significantly correlated
with risk of dementia in PD [21].

Thus, disturbances of circadian BP rhythm may contribute
to cognitive decline in PD through many different and inde-
pendent mechanisms.

Treatment options

Before starting the treatment, 24h ambulatory BP mon-
itoring should be performed. This can provide information
about the frequency of OH episodes as well as the severity
and duration of SH or abnormal nocturnal BP.

The first step in OH treatment should be a revision of con-
comitant medications and non-pharmacological interventions.
Many PD patients previously treated with antihypertensive
medications (also those for benign prostate hyperplasia as
alfa-1 receptor antagonists) present OH when dopaminergic
therapy (levodopa, dopamine agonists as ropinirole, pram-
ipexole or rotigotine) is started, due to a cumulative effect.

Therefore, doses should be adjusted, or even some medications
withdrawn, if possible [83]. Whenit is safe for the PD patient,
there should be avoided substances causing intravascular
volume reduction, vasodilatation and affecting noradrenaline
release or its activity - mainly antihypertensive and tricyclic
antidepressants [27]. Antiparkinsonian medications such as
monoamine oxidase B inhibitors (MAO-B, like selegiline), and
N-Methyl-D-aspartate receptor antagonist (amantadine) may
also exacerbate OH [84].

Fluid and salt intake are recommended, to 2-2.5 L/day and
by adding 1-2 teaspoons of salt daily respectively [27, 36]. Fast
but short-lasting increase of BP can be achieved by quickly
drinking 500 mL of water [85]. Consumption of caffeine and
alcohol needs to be restricted, due to their diuretic effect [27].
Postprandial hypotension can be improved by eating more, but
smaller, meals, with a limited amount of carbohydrates [86].
Other recommended methods are: physical counterpressure
manoeuvres, abdominal binders, and high waist compression
stockings [87]. Physical exercises in a lying or sitting position
may also be helpful [27]. Some patients, despite properly per-
formed non-pharmacological methods, require pharmacologi-
cal treatment to relieve OH symptoms. If OH is symptomatic
and results in syncope with falls, the use of specific medications
is recommended: acting via increasing intravascular volume
(fludrocortisone) or increasing peripheral vascular resistance
(midodrine, droxidopa, noradrenaline transporter inhibitors).
Droxidopa is the only licensed medication for OH treatment;
othersare included in experts’ recommendations (Tab. 3). Most
of them (particularly fludrocortisone and midodrine) cause
SH as a side effect. Therefore, 24h BP monitoring is crucial to
avoid long-acting medication effects and in cases of nocturnal
non-dipping. After midodrine, supine position is not recom-
mended [88]. Short-acting drugs taken before bedtime, such
as captopril, clonidine, hydralazine, losartan or a nitroglycerin
patch are recommended in non-dippers [36, 88]. a-blockers,
B-blockers and short-acting calcium channel blockers should
be used with caution.
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Moreover, patients should be aware of drugs used for
different indications which can raise BP (e.g. ibuprofen,
indomethacin, atomoxetine) [88]. Sleeping with a head-up
tilt can be helpful for both OH and SH. This reduces night
time natriuresis and thus improves morning orthostatic
tolerance [89]. Patients suffering from SH should also
avoid lying down during the day and limit water intake
near bedtime [88].

Conclusions

Our literature review suggests a possible association
between cardiovascular dysautonomia, OH in particular,
and cognitive impairment not only among PD patients, but
also in the general population [90-94]. The observed differ-
ences between the studies may result from small groups of
patients, short follow-ups, no controls, or different methods
used to assess OH. Cognitive screening tests such as MMSE
or MoCA are inappropriate for a full assessment of cognition
ina-synucleinopathies [95]. Active screening for OH, SH and
abnormal nocturnal BP profile should be provided among PD
patients, since these treatable abnormalities are commonly
unrecognised and undertreated [49].

A few questionsstill need to be answered, such as the safe
level of SH among patients treated for OH, or the way of treat-
ing OH with pre-existing hypertension [70]. The relationship
between dysautonomia and the possible prevention of cogni-
tive decline needs more thorough studies.
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Abstract: Dementia is one of the most disabling non-motor symptoms in Parkinson’s disease (PD).
Unlike in Alzheimer’s disease, the vascular pathology in PD is less documented. Due to the un-
certain role of commonly investigated metabolic or vascular factors, e.g., hypertension or diabetes,
other factors corresponding to PD dementia have been proposed. Associated dysautonomia and
dopaminergic treatment seem to have an impact on diurnal blood pressure (BP) variability, which
may presumably contribute to white matter hyperintensities (WMH) development and cognitive
decline. We aim to review possible vascular and metabolic factors: Renin-angiotensin-aldosterone
system, vascular endothelial growth factor (VEGF), hyperhomocysteinemia (HHcy), as well as the
dopaminergic treatment, in the etiopathogenesis of PD dementia. Additionally, we focus on the
role of polymorphisms within the genes for catechol-O-methyltransferase (COMT), apolipopro-
tein E (APOE), vascular endothelial growth factor (VEGF), and for renin-angiotensin-aldosterone
system components, and their contribution to cognitive decline in PD. Determining vascular risk
factors and their contribution to the cognitive impairment in PD may result in screening, as well as
preventive measures.

Keywords: white matter hyperintensities; dysautonomia; genetic polymorphisms; dementia; lev-
odopa; renin-angiotensin system; orthostatic hypotension

1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder with a wide spectrum of
motor (bradykinesia, tremor, rigidity, loss of postural stability) and non-motor (cognitive
decline, depression, dysautonomia, psychosis) symptoms. Parkinson’s disease dementia
mostly affects the executive and visuospatial functions, as well as attention. However, the
impairment in memory and language functions are less pronounced than in Alzheimer’s
disease (AD) [1]. Dementia in PD is six times more common than in age-matched general
population [2]. As a result of an 8-year prospective study, the cumulative prevalence of
dementia was assessed to be 78% [3]. According to a 5-year prospective study in more
than 400 patients with PD, the risk factors for dementia included older age, longer disease
duration, later age-at-onset and higher daily levodopa (L-dopa) dosage [4]. In contrast
to Alzheimer’s disease, vascular contribution to PD dementia is not so obvious. The
available data demonstrate the multifactorial origin of PD dementia: The combination of
pathological findings of Alzheimer-like and cortical Lewy-bodies, but also a possible role
of vascular burden due to hyperhomocysteinemia and dysautonomia with abnormal blood
pressure (BP) variability [5,6]. In this review paper, the authors present the current state

Molecules 2021, 26, 1523. https:/ /doi.org/10.3390/molecules26061523

https:/ /www.mdpi.com/journal/molecules

55



Molecules 2021, 26, 1523

20f20

of information about the role of BP variability and other vascular risk factors, as well as
selected genetic polymorphisms, in the pathogenesis of PD dementia.

2. Blood Pressure Variability

In healthy individuals a compensatory mechanism, involving the sympathetic and
parasympathetic systems, provides an adequate response of BP and cerebral perfusion
to environmental (e.g., seasons, altitude), physical (e.g., posture), and emotional factors.
The size and patterns of these BP variations constitute BP variability, which occurs within
seconds and minutes (very short-term), along 24 h (short-term), between days (mid-term),
months or even years (long-term; visit-to-visit BP variability) [7].

Numerous studies have shown a dysfunctional response of autonomic nervous system
controlling blood pressure in PD [8,9]. Dysautonomia in PD is manifested, among others, in
orthostatic hypotension (OH), supine hypertension or loss of circadian rhythm of BP, which
may be the results of both autonomic nervous system dysfunction and pharmacological
management, including dopaminergic medications.

Orthostatic hypotension is defined as a systolic pressure fall of at least 20 mmHg
and/or diastolic pressure fall of 10 mmHg upon standing or passive tilting. Supine
hypertension in PD is often associated with OH and causes an increase in BP when lying
down—to at least 150 mmHg in systolic and /or 90 mmHg in diastolic BP. This phenomenon
often remains unrecognized, thus an ambulatory 24-h BP monitoring provides a valuable
insight into the BP alterations and enables non-pharmacological and pharmacological
management. Supine hypertension can be additionally worsened by the drugs prescribed
against OH. On the other hand, the treatment of hypertension may worsen OH, thus it
should include non-pharmacological measures as a priority [8]. Four clinical trials have
addressed OH in conditions with dysautonomia, including PD, and have posted results
by the time of this review (clinicaltrials.gov: NCT00738062, NCT00782340, NCT01176240,
NCT00633880). In all of them droxidopa—a precursor of norepinephrine—was compared
with placebo. The results showed some discrepancies, as only two of the trials established
significant clinical changes favoring droxidopa in terms of increasing upright systolic
BP, ameliorating symptoms associated with OH and improving daily life activities (i.e.,
standing, walking) (NCT00782340, NCT00633880) [10].

Evaluating the circadian blood pressure profile in healthy subjects demonstrated a
physiological decrease of arterial BP at night, while sleeping (dipping) [11]. This phe-
nomenon is influenced by several factors, and we briefly describe only some of them. First
of all, photoreceptor cells in retina detect the environmental darkness, subsequently, the
information is conveyed via the suprachiasmatic nucleus—the central oscillator—to the
pineal gland, which reacts by producing melatonin. Melatonin decreases BP by its impact
on vasodilation, nitric oxide, and norepinephrine levels. Accordingly, the pivotal role in
the circadian BP pattern is exerted by the sympathetic nervous system with norepinephrine
and epinephrine having the lowest levels in the evening and the highest in the morning.
Sleep itself affects BP, decreasing its values especially during the deep sleep stages [12].
Similarly, physical activity may change the circadian rhythm—people who work at night,
are likely to have blunted nocturnal drop in systolic BP. Dipping depends also on the BP
liability upon dietary sodium intake and endothelial function [13]. The loss of night BP
reduction (non-dipping) has been recognized as a risk factor of cardiovascular patholo-
gies, e.g., left ventricle hypertrophy [14]. Nocturnal hypertension is usually diagnosed
when BP is higher than 120/70 mmHg [8]; whereas the term “non-dipping” relates to a
relative difference between daytime and nighttime BP (i.e., <10% of difference). It is often
associated with other cardiovascular autonomic abnormalities, such as OH and supine
hypertension [15]. The 24-h BP monitoring showed that over 70% of PD patients did not
have a proper circadian BP profile compared to 48% in the control group [16]. The analysis
performed by Berganzo et al. revealed that the most frequent phenotype among the PD
patients was non-dipper, while the number of the risers (mean arterial BP higher in the
night than during the day) was the same as subjects having the physiological diurnal
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pattern [16]. Orthostatic hypotension was more prevalent in non-dippers and risers; those
phenotypes administrated a higher dose of dopaminergic treatment; however, none of the
associations reached statistical significance.

Neurocirculatory abnormalities in PD have been linked to cognitive impairment. In
patients with early stage of the disease, who were not receiving dopaminergic medication,
dementia was significantly more often in the subjects with OH or supine hypertension [17].
Strikingly, none of the patients suffering from both OH and supine hypertension was
cognitively intact. The disruption of the nocturnal BP fall was related to worse visuospatial
memory registration; however, mild cognitive impairment (MCI) or dementia were sim-
ilarly frequent in dipper and non-dipper groups. Anang et al. carried out a prospective
research with a comprehensive assessment of 80 PD patients who were cognitively intact at
baseline [18]. After 4.4 years’ follow-up, higher BP at the entry and OH were predisposing
factors for cognitive decline. Some of the cross-sectional studies reviewed by Udow et al.
did not provide a correlation linking OH in PD with cognitive impairment assessed with
Mini-Mental State Examination (MMSE) [19]. On the other hand, in analyses using more
detailed neuropsychological tests OH was associated with worse performance. In one
of the recent studies the riser pattern in PD was significantly correlated with dementia,
whereas the dipper status was much less common in demented (3.7%) than non-demented
(23.6%) subjects [20]. The authors found no association between dementia and non-dipper
or extreme dipper (nocturnal BP lower >20% compared to daytime) phenotypes. Both
OH and supine hypertension were significantly more prevalent in the dementia group.
Thus, cardiovascular autonomic dysfunction can be considered as a plausible predictor of
PD dementia.

3. The Role of Levodopa in Neurocirculatory Abnormalities and Cognitive Decline in
Parkinson’s Disease

The dopaminergic medications used in the treatment of PD produce positive effects on
PD motor manifestations, but at the same time may promote the development of side effects,
e.g., dyskinesia may enhance autonomic disturbances [21]. Positron emission tomography
(PET) and functional magnetic resonance imaging (fMRI) in experimental models and
in PD patients have shown changes in dopaminergic synapses during long-term admin-
istration of L-dopa. The chronic use of L-dopa resulted in endothelial cell proliferation,
promoted angiogenesis in the striatum and other structures of the basal ganglia in animals
with L-dopa-induced dyskinesia [22]. Animal models have also evidenced that chronic
L-dopa treatment induced expression of vascular endothelial growth factor (VEGF) in the
basal ganglia in a dose-dependent manner [23]. VEGF exerts angiogenic activity and is
essential for vasculogenesis. It can also enhance blood-brain barrier permeability, which
in turn increases the bioavailability of L-dopa to the central nervous system (CNS). In the
aforementioned model, VEGF was expressed predominantly in astrocytes and astrocytic
processes around blood vessels. Administration of a VEGF signaling inhibitor blocked
the appearance of markers of blood-brain barrier permeability (albumin extravasation)
as well as of angiogenic response—nestin (a marker of immature endothelial cells) and
VEGF expression. Furthermore, it was found that VEGF inhibition significantly attenuated
the expression of dyskinesia in animal models with L-dopa-induced dyskinesia. Human
tissue from the autopsies of chronically L-dopa-treated PD patients established increased
nestin staining and VEGF mRNA expression in the striatum [23,24]. Pulsatile stimulation of
dopamine receptors, which may be a result of abnormal L-dopa pharmacokinetics in the ab-
sence of efficient, endogenous regulatory mechanisms, is regarded as the main mechanism
of peak-of-dose choreic dyskinesia (the result of D-receptor hypersensitivity or excessive
dopamine release). Chronic L-dopa administration, apart from inducing angiogenesis and
changes in blood-brain barrier permeability, stimulates vasodilation through D1 receptor
agonist action, thus increasing regional blood flow [24].

According to a 5-year prospective study higher L-dopa dose was established as one of
dementia risk factors in PD—the mean L-dopa dosage equivalent (LDE) was 514 mg per day,
whereas non-demented patients received 316 mg of LDE per day [4]. Moreover, L-dopa-
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induced dyskinesia were correlated with the progression of cognitive decline, especially
executive functions [25]. Daily changes in BP, dipper or non-dipper phenotype, OH and
supine hypertension may modulate CNS blood flow, and thus affect L-dopa distribution,
which may result in cognitive performance deterioration, and other side effects. Up to now,
no studies have addressed the role of BP variability, especially nocturnal BP reduction, in
the development of L-dopa complications, e.g., peak-of-dose dyskinesia due to impaired
drug distribution.

Dopaminergic treatment was suggested to exacerbate dysautonomia in PD; L-dopa
may worsen or cause OH [26], however, Goldstein et al. indicated that OH occurs in-
dependently from L-dopa treatment [27]. Although L-dopa is well known for its BP
decreasing function [9,28], the available literature does not give a clear answer to the
question whether it decreases supine hypertension [28,29]. There are some discrepancies
on the role of dopamine agonists as well. Non-ergot derivatives of dopamine agonists
possibly influence cardiovascular functions less, compared to ergot-derivatives [30]. Nev-
ertheless, the side effects of non-ergot derivatives depend on the affinity to dopaminergic
and w«-adrenergic receptors [31]. Although non-ergot dopamine agonists were gener-
ally correlated with OH occurrence, rotigotine was showed to improve the abnormal
24-h BP pattern in PD patients [32]. On the other hand, rotigotine may increase the
risk of the atrioventricular block. Pramipexole in turn, due to its high affinity towards
a2-adrenergic receptors, may decrease the adrenergic tone and myocardial contractility,
facilitating heart failure occurrence. Pramipexole may unmask a subclinical heart failure
or exacerbate preexisting cardiovascular comorbidities [31]. Another non-ergot dopamine
agonist—apomorphine—was suggested to prolong QT interval; however, no causality has
been established [31,33]. Undoubtedly, the aforementioned cardiovascular side effects
influence BP and may lead to the impairments within the cerebrovascular functions, such
as episodes of hypo- and hyperperfusion.

The relationship between dopaminergic treatment and the BP variability needs to
be further assessed. It seems important because disturbances in the diurnal BP pattern,
especially nocturnal hypertension, are associated with an increased risk of cerebrovascular
complications. Nevertheless, despite many side effects, levodopa is still the most often
prescribed antiparkinsonian medication due to its effectiveness against motor symptoms.
Non-ergot derivatives are in turn beneficial in treating non-motor symptoms, e.g., de-
pression, sleep disorders, and nocturnal akinesia [31]. In most cases positive effects of
dopaminergic medication (L-dopa and dopamine agonists) surpass potential side effects in
the cardiovascular system, however, the risk must be always individually estimated.

4. White Matter Hyperintensities

Shimada et al. documented that an absent or insufficient nocturnal BP fall in elderly
hypertensives was associated with a silent cerebrovascular damage seen in MRI as white
matter hyperintensities (WMH) [34]. In recent years, WMH appearance has become the
radiological marker of CNS ischemia. White matter hyperintensities are more frequently
observed in subjects over 60 years of age with cardiovascular disease, diabetes, hyperhomo-
cysteinemia, and other vascular risk factors [35,36]. Chronic ischemia being a consequence
of BP variability was established as one of the possible factors leading to the development
of WMH. In addition to a non-dipper phenotype, an excessive nocturnal BP fall of more
than 20% compared to daytime BP values was found to be an important risk factor of
WMH. The extreme dipper phenotype also was proven to be a risk factor for clinically
silent brain ischemia episodes, particularly those associated with more extensive white
matter damage, and can be related to nocturnal cerebral hypoperfusion [37,38]. Studies
analyzing neurocirculatory abnormalities in PD demonstrated a correlation between WMH
and OH [17,39]. Cerebral hypoxia along with hypoperfusion were proposed as mechanisms
linking OH and WMH [40]. Indeed, hippocampal atrophy was correlated with WMH in
the study performed by Stawek et al. [41]. Furthermore, WMH in PD was also associated
with other cardiovascular dysautonomic features, as supine hypertension [17] or nocturnal
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hypertension [42]. Up to date, the only study examining nighttime BP falland WMH in
PD showed no correlation between non-dipping status and WMH [42].

According to the meta-analysis performed by Debette and Markus, WMH predicted
faster decline in global cognitive performance and executive function [43]. In PD associated
dysautonomia and dopaminergic medication-induced hypotension may be responsible for
WMH formation and cognitive decline. In a prospective study in PD patients a significant
relationship between increased WMH volume and cognitive burden was demonstrated.
Moreover, the risk for the development of MCI in the course of PD was higher in the
subjects with greater WMH [44]. Subsequent studies supported the finding, demonstrating
a significant correlation between WMH and MCI or dementia in PD [45,46]

Cardiovascular dysautonomia in PD, along with dopaminergic therapy, leading to
episodes of cerebral hypo- and hyperperfusion, may be one of the most important patho-
physiological mechanisms leading to WMH and, presumably, dementia.

The studies on the impact of BP variability on cognition and WMH in PD are summa-
rized in Table 1.

Table 1. Studies on the impact of blood pressure (BP) variability and white matter hyperintensities (WMH) on cognitive
performance in Parkinson’s disease (PD).

Blood Pressure Variability

Authors (year),
Type of the Study

Subjects Factor Outcome

Better performance assessed with MMSE positively
associated with the percentage of nocturnal BP fall in PD.

Oka et al. (2020) [47], gD = ‘7? Circadian blood pressure variability. No correlation with SH.
retrospective study %Eé\? 204) Supine hypertension. Nocturnal BP fall (%) positively associated with better
- performance in Frontal Assessment Battery. SH
negatively correlated with Frontal Assessment Battery.
’ In upright position, PD-OH(+) performed worse at the
anr;a et :;_(201:;1(518]’ PD=28 Orthostatic hypotension. Stroop’s test word reading time and number of errors at
Tesrogpechve stucy: the interference section compared to PD-OH(—).
Tanaka et al. (2018) [20], PD-NCI=110 Circadian blood pressure variability. The riser patiem associaed with dementia. Coexsience
5 ! 2 y of the riser pattern and OH more associated with
retrospective study PDD =27 Orthostatic hypotension. A R
dementia than the riser pattern alone.
Upright posture correlated with the deficits in sustained
Centi et al. (2017) [49] PD-OH(+) =18 attention and response inhibition, reduced semantic
tre ecl et g PD-OH(—) =19 Orthostatic hypotension. fluency and verbal memory in the PD-OH(+).
IRagpsCuE Iy controls = 18 OH correlated with the deficits in executive function,
memory and visuospatial function.
Anang et al: (o14) [18], FD=80 (dem‘enha free at Orthostatic hypotension. OH strongly associated with dementia risk.
prospective study baseline)
—— & PD-OH(+) performed significantly worse in sustained
Pﬂ?«:l gcl:;i(\%g 13‘),([;0]' PD =48 Orthostatic hypotension. attention, visuospatial and verbal memory, compared
SPegRHssCY with PD-OH(-).
The OH group had more severe impairment in verbal
Kim etal. 2012) [17] PD-NCI =25 Circadian blood pressure variability, immediate/delayed memory.
relroa e'-:tive S £ PD-MCI =48 supine hypertension and orthostatic Dementia significantly more prevalent in patients having
P Suey PDD = 14 hypotension. OH, SH or OH + SH.
Non-dipping not associated with cognitive impairment.
OH(+) subjects worse in sustained attention and visual
- - episodic memory.
Allr::(l:set;:“(iﬂg(:(::i[j 1 ;3_‘8]]__[[((:)) & ;Z Orthostatic hypotension. OH not associated with the MMSE score, the prevalence
P study - of dementia, or the simple and choice reaction times,
working memory or long term memory.
White Matter Hy perintensities
Authors (Year), "
Type of the Study Subjects Factor Outcome
Nicoletti etal. (2021) [52], PD-NCI = 84 H )
prospective study PD-MCI = 55 WMH WMH was a predictor of PDD development.
Farly PD: PD-MCTI associated with the periventricular WMH but
Huang et al. (2020) [53], PD“V%I - WM not with total WMH.
retrospective study PD-MCT = 94 Periventricular WMH associated with worse executive
- function and visuospatial function.
Ramirez et al. (2020) [54], PD=139 WMH WMH negatively associated with global cognition.

retrospective study

59



Molecules 2021, 26,1523

6 of 20

Table 1. Cont.

Dadar et al. (2020)
[55], prospective study

PD =50
controls = 45

WMH

No correlation between WMH and total Dementia Rating

Scale.
Greater WMH burden in patients diagnosed with
dementia at 36 months.

Linortner et al. (2020) [56],
retrospective study

PD =85
controls = 18

WMH

Dementia and executive impairment significantly more
prevalent in PD patients with WMH than without WMH.
WMH associated with worse performance in Symbol
Digit Modalities and Stroop tests.

Lee et al. (2020) [57],
retrospective study

PD = 136 (de novo)

WMH

Performance in language function, frontal/executive and
visual memory associated with the severity of WMH.

Chahine et al. (2019) [58],
prospective study

PD =141
controls = 63

WMH

Annual rate of change in global cognition correlated with
WMH

Higher temporal WMH associated with greater decline
over time in verbal memory.

Hanning et al. (2019) [59],
prospective study

Drug-naive:
PD-NCI =79
PD-MCI =29
controls = 107

WMH (volume and CHIPS score)

No association between global or localised WMH and
cognitive decline, both cross-sectional and longitudinal.

Pozorski et al. (2019) [60],

PD =29

WMH

Greater regional and global WMH at baseline more
strongly associated with lower executive function in PD
than in controls.

Increased regional WMH more strongly associated with

Prospecivestudy controls =42 impaired memory performance in PD relative to controls.
Longitudinally, no associations between WMH and
cognitive change.
Stojkovic et al. (2018) [61], gg;g ig WMH PDD patients had significantly greater whole brain
retrospective study PDD = _23 WMH than PD-NCT subjects.
PD subjects with greater WMH had significantly mor
Dadaretal. (2015) [62], FD'=365 (deniovo) WMH seg\:xé cnqgl‘lvilliveg ::leedine than PD q:l;‘nyec; wit‘a’ low o
pospectivestudy controls =174 WMH load or controls with high WMH load.
Ham et al. (2016) [63], PD = 171 (non-demented) WMH Total WMH and deep WMH associated with worse
retrospective study performance in semantic fluency.
Greater total and periventricular WMH in PD-MCI than
Maket al. (2015) [64] PD-NCI = 65 inEDNCE
i ect SRl 2 PD—;v[CI _25 WMH Spatial distribution of WMH associated with global
i E cognition, performance on the Frontal Assessment
Battery and Fruit Fluency.
The progression from PD-MCI to PDD correlated with
- -z WMH volume and CHIPS score.
Sunwooet :}"(2(:1‘3 3], Ir:g-_l\\rjlg - 4665 WMH (volume and CHIPS score) In PD-MCI patients WMH volume and CHIPS score
prospective stucy B associated with longitudinal decline in general cognition,
semantic fluency and Stroop test scores.
PD-MCI patients had significantly greater volume of
Kandiah et al. (2013) [44], PD-NCI =67 WMH periventricular and deep subcortical WMH than PD-NCI.
prospective study PD-MCI =24 Regional WMH significantly greater among PD-MCI in
the frontal, parietal and occipital regions.
PD-NCI=135
Stawek etal. (2013) [41]; PDD = 57 WMH WMH significantly greater in PDD than PD-NCI group.
retrospective study controls = 184
PD-NCI =25 The severity of WMH in the periventricular and
Kim etal. (2012) [17], PD—f\AC! E 18 WMH (CHIPS score) subcortical white matter higher in PDD than in PD-NCI
retrospective study PDD = 14 i or PD-MCIL.
& No difference in WMH between PD-NCI and PD-MCL
The CHIPS score significantly higher in PDD than in
o PD-NCI =44 PD-NCI or PD-MCI. WMH negatively associated with
5::3:: ael;:((iz‘glszzuﬁ;]/ PD-MCI =87 WMH (CHIPS score) performance in MMSE.
P! Y PDD = 40 The CHIPS score correlated with the performance in
contrasting programme and forward digit span tests.
PD-NCI =11 Greater total and periventricular WMH in the PDD
Leeet al. (2010) [66], PD—MCI _25 WMH group compared to PD-MCI and PD-NCI groups.
retrospective study PDD = 35 No difference in WMH between PD-MCI and PD-NCI
groups.
Drug-naive: i ¢
e No differences between the groups in total volume or
Dalal;er e:ti 520(‘)3()1[67], I;,%'\r\]:él__l%s WMH spatial distribution of WMH. No correlation between
reospectYeSCY o WMH and cognitive functions.
controls = 102
Beyer et al. (2006) [68], mgb%a =1 6} 9 WMH PDD group had significantly more WMH in deep white

retrospective study

controls = 20

matter and periventricular areas than the PD-NCI group.
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Table 1. Cont.

Interaction between WMH and BP Variability

Authors (year),
type of the study

Subjects Factor Outcome

A correlation between WMH burden and worse Montreal
Cognitive Assessment (MoCA) score in PD over time.

Dadavel a:; (,203011[69], D= S:SJd_e;\;‘;ro) Orthost QWI;\M’-I terich WMH linked with diastolic OH.
PIReCRYC ST, VLSS OSRNE AYRORNON. Direct effect of diastolic OH on the rate of cognitive
decline via WMH burden.
Ohetal. (2013) [39], PD =117 Orthostati hWM'H < . Orthostatic hypotension and supine hypertension
retrospective study B o hc YPARCIIon, SPINE: correlated with WMH score.
ypertension.
Nocturnal hypertension associated with WMH in the
Ohetal. (2013) [42], Drug-naive: WMH basal ganglia. No influence of the non-dipping pattem
retrospective study PD =129 Circadian blood pressure variability. on WMH.
Nighttime systolic BP closely correlated with WMH.
PD-NCI = 25 WMH (CHIPS score) WMH significantly more severe in patients having OH,
Kim etal. (2012) [17], PD-MCT = 18 Circadian blood pressure variability, SH or OH + SH.
retrospective study PDD = 14 supine hypertension and orthostatic No difference in WMH between the dippers and
B hypotension. non-dippers.

BP—blood pressure; DLB—dementia with Lewy Bodies; CHIPS—Cholinergic Pathways Hyperintensities Scale, measures the extent of
WMH in the periventricular and subcortical white matter; MCl—mild cognitive impairment; MMSE—Mini-Mental State Examination;
NCI—no cognitive impairment; OH(+)—with orthostatic hypotension; OH(—)—without orthostatic hypotension; PDD—PD dementia;
WMH-—white matter hyperintensities.

5. Metabolic and Vascular Risk Factors

The etiology of cognitive impairment in PD presumably involves other than dopamine-
dependent mechanisms, from which factors affecting the cerebrovascular status seem
highly probable (Figure 1) [61]. Hypertension, diabetes mellitus and hypercholesterolemia
lead to structural changes in the vessels [52], hypoperfusion, endothelial disorders, and
altered blood-brain barrier permeability [70]. This results in cerebrovascular pathologies,
seen as WMH—a marker of cognitive deterioration [52].

Vascular risk factors and their significance in PD and PD dementia have been in-
vestigated in several analyses, one of which was a cohort study on Finnish population
assessing the impact of diabetes on PD occurrence. The hazard ratio of PD among patients
with type 2 diabetes at baseline was estimated as 1.83 (95% CI 1.21-2.76) [71]. However,
in the Nurses” Health Study and the Health Professionals Follow-up Study the relation-
ship between PD and self-reported diabetes was not confirmed [72]. In the same analysis
self-reported history of hypertension or high cholesterol levels were not established as PD
risk factors either. In the meta-analysis performed by Cereda et al. diabetes was correlated
with PD, although the diagnosis of idiopathic PD without imaging techniques in some
studies seemed to be uncertain, since diabetes might lead to microvascular complications
with parkinsonism as clinical outcome [73]. The impact of diabetes on PD dementia in a
meta-analysis by Xu et al. was not confirmed, in contrast to hypertension (OR 1.57, 95%
CI1.11-2.22) [74]. The relationship between hypertension and cognitive performance was
additionally found in Doiron et al. research [70]. In this prospective study, the history
of hypertension was followed by lower Z-scores on immediate and delayed free recall,
recognition, and verbal fluency tests. However, the numbers of years with hyperlipidemia
did not correlate with a change in any of the Z-scores at the 24-month follow-up. In a
prospective research, hypertension was correlated with an increased risk of the MCI devel-
opment in PD patients, whereas MCI and WMH predicted the conversion to PDD [52]. No
impact of hypertension on the progression from MCI to PDD was established. Thus, it is
likely that hypertension contributes to increasing WMH, which in turn modulates the risk
of dementia. On the other hand, vascular factors (e.g., smoking status, body mass index,
hypertension, and diabetes)—calculated together into Framingham General Cardiovascular
Disease Risk Score—increased the risk of both MCI and dementia in PD [61]. Homocys-
teine (Hcy) is an established risk factor for vascular damage. Additionally, it has been
correlated with neurodegeneration related to oxidative stress, calcium accumulation and
apoptosis [75]. An elevated concentration of homocysteine (hyperhomocysteinemia: HHcy;
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value over 15 umol/L of blood) was more frequently observed in PD dementia than in PD
patients without dementia [41]. Hcy elevated levels might result from L-dopa methylation
by catechol-O-methyltransferase (COMT), but the authors assessed the correlation between
Hcy levels and L-dopa dose as weak (coefficient of determination R2 = 0.12). However,
an increase in Hey level was established for the treatment with duodenal levodopa gel
(duodopa), due to its formulation which negatively affects the absorption of B6 vitamin
and folate, necessary for reducing Hcy levels [76,77]. The correlation between Hey and
cognitive status in PD was demonstrated in a meta-analysis performed by Xie et al., with
suggestion that the detrimental effect of HHcy could be mitigated with folate and/or B12
vitamin supplementation [78].

L-dopa treatment

neurocirculatory

abnormalities:

SH&.OH. episodes of BBB disruption
non:dipping hypertensionor | white matter —

hypotension hyperintensities

dopaminergic

treatment
VEGF expression,

> BBB disruption -

vasculogenesis

AB plaque formation

abnormalities in the RAA ovidative:stress |

Parkinson's

ol neuroinflammation disease
dementia
hypoperfusion
diabetes, BBB disruption
hypercholesteroleamia ' white matter
hyperintensities
apoE4 . AB plaque formation

BBB disruption

L-dopa treatment

—»{ hyperhomocysteinaemia oxidative stress I—

apoE4 - apolipoprotein E4; AR — amyloid-f; BBB — blood-brain barrier; OH - orthostatic hypotension;
RAA - renin-angiotensin-aldosterone; SH — supine hypertension; VEGF — vascular entothelial growth factor

Figure 1. Possible vascular-related mechanisms leading to dementia in Parkinson’s disease.

The plasma and tissue renin-angiotensin-aldosterone (RAA) system has recently
emerged as another risk factor for PD and PD dementia. It plays a key role in controlling
BP as well as water and electrolytes homeostasis. The conversion of angiotensinogen to
angiotensin II (Ang]l) is catalyzed by renin, and then angiotensin converting enzyme (ACE).
The resultant Angll binds to type 1 or 2 angiotensin receptors (AT1R, AT2R), expressed
among others in peripheral vessels, heart, kidneys and CNS. Initially, the effects of the RAA
system in CNS were considered to be mediated only through circumventricular organs,
since active products of this system do not cross the blood-brain barrier [79]. However,
at this moment it is known that the brain has an independent local RAA system, and the
existence of the intracellular RAA system has been confirmed. As demonstrated in the
experimental model, angiotensinogen in CNS is produced by astrocytes with a limited
contribution from neurons, and central Angll levels may be even higher than the peripheral
concentration [80]. The role of the RAA system in the nigro-striatal pathway seems to be of
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particular interest. Dopamine deficiency leads to compensatory RAA system hyperreactiv-
ity and an increased expression of AT1R and AT2R [81]. In neurons, interaction of AnglI
with its receptor AT1 leads to activation of neuronal NADPH oxidase and production of
reactive oxygen species (ROS). This triggers oxidative stress and inflammatory processes
that are additionally enhanced by ROS from other sources i.e., mitochondria or activated
microglia. Free radicals from the latter are released extracellularly, and consequently, may
lead to progressive damage to dopaminergic neurons [79].

Experimental and clinical evidence demonstrates beneficial effects of AT1 receptor
blocking or converting enzyme inhibition on RAA system function, and dopamine con-
centration in striatum, as well as a reduction in inflammatory processes [79,82]. The RAA
system is closely linked to VEGF synthesis, and like Angll, VEGF stimulates angiogenesis,
affects permeability of blood vessels and blood brain barrier function. Janelidze et al.
established the correlation between cerebrospinal fluid (CSF) biomarkers of angiogenesis
and PD with and without dementia [40]. Levels of VEGF, placental growth factor (PIGF),
and one of VEGF receptors (VEGFR-2) were significantly higher in both demented and
non-demented PD patients comparing to the control group. However, no difference was
observed between PD and PD dementia groups. In another study, the CSF level of VEGF
was considerably higher in PD dementia (grouped together with patients with Lewy bodies
dementia) than in the control subjects [83]. VEGF was suggested as a potent trigger of
vascular leakage and blood-brain barrier dysfunction, which is in line with elevated en-
dothelial cell nuclei and vessels in the substantia nigra pars compacta of PD patients found
in post-mortem studies [23,84]. Moreover, it was noted that patients with diastolic OH had
increased levels of VEGF and PIGF in comparison with subjects without OH. Insufficient
autoregulation of cerebral blood flow in PD patients results in hypoxia-induced VEGF
signaling and, consequently, in an angiogenic response [40].

Some proteins from the VEGF family demonstrate neuroprotective activity (VEGF-B),
asrevealed in diencephalon cell cultures exposed to rotenone (widely used as an experimen-
tal model of PD). The neuroprotective effect of VEGF on 6-hydroxydopamine (6-OHDA)
treated dopaminergic neurons was reported to be mediated by both direct and indirect
vascular and neuronal mechanisms. The neuroprotective effect of VEGF in PD models
was dose-dependent, i.e., the low dose protected dopaminergic neurons, whereas the high
dose induced severe brain edema [85]. Excessive activation of the tissue and /or plasma
RAA system resulting from dopamine deficiency may lead to the fostering of processes
damaging dopamine neurons. This in turn may increase the risk of L-dopa-induced side
effects (e.g., dyskinesia) due to both increased neurodegeneration and changes in L-dopa
distribution within CNS (pulsatile dopamine receptor stimulation).

Muiioz et al. demonstrated that administration of candesartan, AT1 receptor blocker,
significantly reduced dyskinesia in the 6-OHDA induced, experimental model of PD [86].
In animals with dyskinesia, higher concentrations of VEGF and IL-1f within striatum
and substantia nigra were found. Furthermore, animals treated with candesartan along
with L-dopa were characterized by lower levels of VEGEF, IL-1§3, and less severe dyskinesia
compared to animals receiving only L-dopa. L-dopa monotherapy reduces the activity of
the RAA system. It is likely that the effects of L-dopa on angiogenesis in the course of
chronic treatment cannot be eliminated, but can be mitigated by AT1R blockade. Moreover,
the reduction of L-dopa-induced dyskinesia did not diminish L-dopa effectiveness against
motor symptoms. Taking into consideration the aforesaid facts that long-term L-dopa
treatment is a risk factor for developing PD dementia and that L-dopa-induced dyskinesia
correlate with cognitive decline, it is possible that blocking AT1R may decrease the risk of
cognitive decline.

A recent prospective study assessed the impact of several angiotensin II-stimulating
(thiazides, dihydropyridine calcium channel blockers, AT1R blockers) and angiotensin
[I-inhibiting (ACE inhibitors, 3-blockers, nondihydropyridine calcium channel blockers)
antihypertensive drugs on the risk of dementia in older people (70-78 years at baseline) [87].
Subjects administrating Angll-stimulating antihypertensives had significantly lower risk
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of developing dementia compared to Angll-inhibiting drugs, independently of systolic
BP or the baseline history of stroke, diabetes or CV diseases. As for the individual types
of antihypertensives, the only significant decrease of dementia risk was associated with
dihydropyridine calcium channel blockers. The beneficial role of upregulating Angll may
result from the neuroprotection connected with AT2R. On the other hand, as ACE was
showed to degrade amyloid-f (AB) in experimental models, the use of ACE inhibitors
may promote A plaque formation [87,88]. Regardless of the pivotal role of Ap in AD, its
deposition in PD was associated with cognitive decline [89]. However, in the aforemen-
tioned prospective study, the incidence rate of dementia in the group using ACE inhibitors
did not differ from other types of antihypertensive drugs [87]. Moreover, Zhuang et al.
showed in their meta-analysis that ACE inhibitors, as well as AT1R blockade, lowered the
risk of AD, and ATIR blockade additionally decreased the risk of cognitive impairment
associated with age [90]. Thus, the possible involvement of ACE in cognitive impairment
and the effects exerted by ACE inhibitors seem to be far from being elucidated.

6. Genetic Factors

Although several causative genes for PD have been found, they scarcely account
for some of the familial cases, whereas for the idiopathic form of PD and PD demen-
tia, only susceptibility genes have been established, though not without inconsistency.
Among the analyzed susceptibility genes are these coding for catechol-O-methyltransferase
(COMT), apolipoprotein E (APOE), vascular endothelial growth factor (VEGF) and for
renin-angiotensin-aldosterone system.

6.1. COMT

Catechol-O-methyltransferase (COMT) catalyzes the transfer of a methyl group from
S-adenosyl-methionine to a hydroxyl group on a catecholamine (e.g., dopamine, nore-
pinephrine, or catechol estrogen), thus regulating dopamine level in the prefrontal cor-
tex, and is also a crucial enzyme involved in L-dopa metabolism [91,92]. Furthermore,
the methylation of L-dopa is followed by the production of S-adenosylhomocysteine, hy-
drolyzed to homocysteine, which in turn may be responsible for HHcy in L-dopa medicated
PD patients. However, homocysteine levels can be reduced by concurrent administration of
COMT inhibitors in PD patients [93]. A common polymorphism in COMT gene—a G—A
substitution (rs4680) results in an amino acid codon alteration (Val158Met in the membrane-
bound form of COMT), and according to Chen et al., significantly lower enzymatic activity
in homozygous COMT-Met in comparison with homozygous COMT-Val in post-mortem
human prefrontal cortex tissues [91]. The dopaminergic imaging study demonstrated that
Met homozygotes were characterized by an increased level of caudate striatal dopamine
transporter (DAT), and a slightly protective effect on dementia was found for homozygous
COMT-Met carriers [94]. Additionally, in a prospective analysis, Val homozygotes were
at greater risk of developing PD-MCI than the other COMT genotypes, although the cor-
relation with PD dementia was not observed [95]. Interestingly, Williams-Gray et al. [96]
demonstrated in their longitudinal CamPalGN study a varying impact of COMT alleles
in relation to the disease duration. In “early” disease (<1.6 years), there was a significant
decrease in the Tower of London (TOL; test of planning) scores with an increasing number
of Met alleles, whereas no effect was observed in the “later” disease group (>1.6 years).
Moreover, after 5.2-year follow-up, Met homozygotes were more likely to improve the
TOL test score, in contrast to Val homozygotes or heterozygotes. The observed difference
is possibly a consequence of an inverted U-shaped relationship between dopamine levels
and prefrontal function, assessed mainly by working memory [96].

The COMT polymorphism seems to affect Hey total level as well. Tunbridge et al.
established that Val carriers had 1 umol/L higher Hcy plasma values compared with Met
homozygotes [92]. Additionally, the effect correlated with a polymorphism in methylenete-
trahydrofolate reductase (MTHFR 677C > T; rs1801133) gene, which is commonly analysed
with regard to Hcy /folate metabolism, resulting in the highest Hey level among PD pa-
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tients with both MTHFR 677TT and COMT-Val genotypes [92,97]. This indicates a necessity
of COMT inhibitors administration, especially in patients at the greatest genetic risk for
developing HHcy. However, in another study, significantly higher Hcy plasma levels were
observed only in PD patients with MTHFR 677TT and low activity-determining COMT
genotypes (based on the genotyping of four COMT single nucleotide polymorphisms—
SNPs: rs4680, rs6269, rs4633 and rs4818) at the same time. The authors showed a correlation
between Hcy levels and PD dementia, although none of the analyzed polymorphisms had
an impact on cognitive impairment [97].

6.2. APOE

Apolipoprotein E (apoE) is associated with cerebrovascular and neurodegenerative
diseases, such as late onset AD and PD [98,99]. The APOE gene polymorphism is identified
in the form of three major alleles APOE2, APOE3, and APOE4, which determine three
protein isoforms (E2, E3, and E4, resp.) and six possible genotypes (e2/e2, e2/e3, e2/e4, e3/e3,
e3/e4, and e4/e4). Several studies showed that the ¢2 allele is associated with a higher risk
of PD [100,101], whereas in others, the ¢4 allele was a risk factor. However, the data is
inconsistent [102,103]. It was suggested that APOE4 expression exerts detrimental effects
on the cerebrovascular system, including blood-brain barrier impairments [104]. Indeed,
Bell et al. showed that mice expressing human APOE4 had altered blood-brain barrier
permeability and reduced cerebral blood flow compared with animals expressing APOE2
or APOE3 [105]. In addition, apoE mediates the clearance of AP across blood-brain barrier,
through binding to its liver receptor (low-density lipoprotein receptor-related protein-1—
LRP1), and that APOE4 allele contributes to cerebral accumulation of Af [105].

In a study performed by Janelidze et al., blood-brain barrier permeability character-
ized by the use of the cerebrospinal fluid /plasma albumin ratio (Qalb) differed significantly
in groups with dementia (AD, dementia with Lewy bodies or PD dementia, vascular de-
mentia or frontotemporal dementia) compared to healthy controls, although no impact of
APOE4 allele on Qalb was found [83]. Nevertheless, Qalb seemed to correlate with CSF
biomarkers of angiogenesis or endothelial damage, i.e., intracellular adhesion molecule 1
(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1) and VEGE in all diagnostic groups.
Those results support the role of the blood-brain barrier leakage in dementia, including
PD dementia.

Despite some discrepancy in the studies assessing the role of APOE4 in cognitive
status of PD patients, possibly due to different diagnostic criteria for dementia [106], two
meta-analyses [101,107] showed an over-representation of APOE4 carriers in PD dementia
groups compared to cognitively normal PD patients. Additionally, the most recent meta-
analysis revealed that APOE4 was a risk factor for PD dementia development regardless of
the population origin [107].

6.3. VEGF

Variability in VEGF expression, induced by specific VEGFA variants, is involved in
angiogenesis-related disorders. At least30 SNPs in this gene have been described, and some
SNPs can alter VEGF serum levels. Three common SNPs, namely —2578C/ A in the pro-
moter region (rs699947), —634C /G in the 5-untranslated region (rs2010963) and +936C/T in
the 3-untranslated region (rs3025039) are related to VEGF protein production [108,109], al-
though no association between VEGF serum level and PD has been established so far [110].
Some VEGF SNPs have been examined as susceptibility factors to AD. Del Bo et al. found
a correlation between AD and —2578A /A and —1198C/T genotypes [111]. Although the
VEGF serum level did not differ between AD patients and controls, increased values were
correlated with VEGF polymorphisms, which had previously been described as associated
with AD. Furthermore, a link between the severity of cognitive impairment and VEGF
level was determined in Alvarez et al. study—the protein values were higher in AD than
in MCI patients and in the controls [112]. The number of wild-type VEGF —2578C alleles
was positively associated with total grey matter volume, total white matter volume and
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total arterial blood volume in young adults [113]. Considering that brain atrophy, thus
smaller brain volume, correlates with cognitive decline in in PD [114], this can suggest a
protective role of the C allele.

In the studies on VEGF genetic polymorphisms in PD patients, rs3025039 was the
only VEGF polymorphism determined to correlate with PD development [110,111,115].
VEGF gene expression interacted with the genetic susceptibility factor for PD dementia.
i.e,, APOE4, on global cognition in AD, but not on AD neuropathology suggesting inde-
pendence of the interaction from AD neuropathology [116]. However, no research has
analyzed the impact of VEGF polymorphisms on cognitive performance or dementia in PD.

6.4. RAA System Genes

The neuroprotective effects of ACE inhibitors or AT1R antagonists observed in animal
PD models suggest that abnormalities in the RAA system may promote the PD develop-
ment [117]. Over the past several years, numerous polymorphic loci in genes encoding
various components of the RAA system were defined, e.g., an insertion /deletion poly-
morphism in angiotensin converting enzyme gene (ACE) [118] or SNPs in angiotensin II
receptor type 1 (AGTRI) [119], angiotensin II receptor type 2 (AGTR2) [120] or in an-
giotensinogen (AGT) [121] genes.

The insertion/deletion polymorphism in the angiotensin-converting enzyme gene
(ACE 1/D) was the first in the RAA system to be examined as a potential susceptibility
factor in PD [122]. Though no association was found by Mellick et al. in an Australian
population [122], or Pascale et al. in an Italian one [123], a study in a Chinese population
showed an increased frequency of DD genotype in PD compared to the control group [124].
This discrepancy may result from differences in ACE 1/D polymorphism frequency among
the respective populations, since the prevalence of the D allele is estimated to be 50-58% in
Caucasians and 35-39% in a Chinese population [124].

On the other hand, in a Swedish study the II homozygotes had a two-fold higher
risk of dementia (including AD and vascular dementia) than the other ACE 1/D carri-
ers [125]. However, the polymorphism was not associated with dementia in the follow-up.
Similarly, the CC genotype of AGTRI rs5186 was associated with dementia only at base-
line [126]. Three other SNPs in AGTR1 (rs2638363, rs1492103, rs2675511) were signs of
worse episodic memory performance in a 4 years’ follow-up and additionally correlated
with a hippocampal atrophy in older adults [127].

Purandure et al. reported a link between ACE I/D polymorphism and WMH in
patients of Caucasian origin with AD or vascular dementia [128]. White matter hyperin-
tensities were more severe in patients carrying the DD than ID (p = 0.01) or II genotype
(p = 0.009) and the correlation remained significant after a correction for cardiovascular
risk factors, thus suggesting other mechanisms contributing to WMH development. It is
worth mentioning that carriers of both APOE4 genotype and ACE I allele were at higher
risk of developing late-onset AD [129].

Other ACE polymorphisms (rs4362), along with the SNP in the angiotensinogen
gene (AGT rs699) and the SNP in angiotensin II receptor type 1 gene (AGTR1 rs5182)
were evaluated in older Australians [130]. A male-only relationship between AGT 1s699
and ACE rs4362 polymorphisms and WMH was found, independently of hypertension.
Moreover, the authors reported a synergistic effect of AGT rs699 and AGTR1 rs5182 on
WMH. Although it was established that ACE 1/D polymorphism accounts for 47% of the
variation in ACE serum level [131], other genetic polymorphisms, including synonymous
ones, can affect gene expression and protein synthesis. Therefore, they may exert an impact
on WMH and cognitive functions.
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The available literature does not provide a comprehensive assessment of variability in
genes encoding the RAA system components and their associations with BP variability in
the course of PD or cognitive decline in PD (Table 2).

Table 2. Genetic factors influencing vascular functions and cognitive decline in PD.

Gene Name of the Protein Function of the Protein Role in Cognitive Decline References
metabolism of catecholamines ; ; :
COMT "y tchatelecl'lol-o- and L-dopa, involved in Hey po]ymorphl,’sm assocnafed with [92]
yltransferase 5 Hcy overproduction
synthesis
R — APOE4 variant linked to Ap
APOE apolipoprotein E Fl’ N accumulation and BBB [105]
ipoproteins di X
isruption
VEGE vascular endothelial angiogenic activity, microvascular pathologies, 23]
growth factor essential in vasculogenesis. BBB disruption :
MTHER methylenetetrahydrofolate Hey and folate metabolism polymor}:)hlsm correlated [132]
reductase with HHey
. . . - AP degradation;
ACE ““g“’te‘;f;“yi;’;“’em“g f::}?hzﬁ t’;‘g fgz‘vg}e};}f polymorphism associated with 87,130]
; : precursor of all components  polymorphism associated with 5
AGT angiotensinogen wiithin the RAA Bpstat: WMH [130]
oxidative stress and
. y neuroinflammation;
AGTR1 angiotensin receptor type 1 All receptor polymorphisms associated [79,127]
with hippocampal atrophy
AGTR2 angiotensin receptor type 2 All receptor possible neuroprotection [87]
HMGCR HMG-CoA reductase rate-controlling enzyme in the polymorphism decreases [133]

cholesterol synthesis pathway

cholesterol production

All—angiotensin II; AB—amyloid-p; BBB—blood-brain barrier; Hcy—homocysteine; HHcy—hyperhomocysteinemia; HMG-CoA—
3-hydroxy-3-methylglutaryl-CoA; RAA—renin-angiotensin-aldosterone; WMH—white matter hyperintensities.

7. Conclusions

There is a growing demand to determine factors predisposing to the development of

PD dementia. The impact of abnormal circadian BP variability observed in PD patients
seems to contribute to WMH, which in turn may be a radiological marker for cognitive
decline. Many of the presented factors, correlating with WMH hyperintensities and /or
cognitive decline in PD, may and should be treated as far as possible (Figure 2). Hyperten-
sion, OH, supine hypertension and the absence of nocturnal BP fall can be diagnosed by
an ambulatory 24-h BP monitoring and then managed by both nonpharmacological and
pharmacological measures. Similarly, the impact of hyperhomocysteinemia—a metabolic
risk factor for dementia in PD—may be possibly alleviated by more frequent blood concen-
tration assessments and folate and /or B12 vitamin supplementation. As for the genetic risk
factors, they may serve as markers of cognitive decline in PD or indicate a future direction
for specific treatment, e.g., AGT1 receptor blockers and inhibitors of the RAA system.
In summary, knowledge on vascular risk factors and their contribution to the cognitive
impairment in PD may result in prophylaxis and better screening methods. However, this
matter needs to be addressed in future studies, including clinical trials.
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Figure 2. Possible measures decreasing the risk of developing WMH, and /or dementia, in Parkinson’s
disease.

Author Contributions: Conceptualization, M.B. and ].S.; investigation, A.P. and M.K.-B.; writing—
original draft preparation, A.P.; writing—review and editing, J.S., M.D. and M.B.; supervision, M.B.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1:

Poewe, W.; Gauthier, S.; Aarsland, D.; Leverenz, ].B.; Barone, P.; Weintraub, D.; Tolosa, E.; Dubois, B. Diagnosis and management
of Parkinson’s disease dementia. Int. J. Clin. Pract. 2008, 62, 1581-1587. [CrossRef]

Emre, M. Dementia associated with Parkinson’s disease. Lancet Neurol. 2003, 2, 229-237. [CrossRef]

Aarsland, D.; Andersen, K.; Larsen, ].P;; Lolk, A.; Kragh-Serensen, P. Prevalence and characteristics of dementia in Parkinson
disease: An 8-year prospective study. Arch. Neurol. 2003, 60, 387-392. [CrossRef] [PubMed]

Zhu, K.; van Hilten, ].J.; Marinus, J. Predictors of dementia in Parkinson’s disease; findings from a 5-year prospective study using
the SCOPA-COG. Parkinsonism Relat. Disord. 2014, 20, 980-985. [CrossRef]

Horvath, J.; Herrmann, ER.; Burkhard, P.R.; Bouras, C.; Kovari, E. Neuropathology of dementia in a large cohort of patients with
Parkinson’s disease. Parkinsonism Relat. Disord. 2013, 19, 864-868. [CrossRef] [PubMed]

Hanganu, A.; Bedetti, C.; Jubault, T.; Gagnon, ].E; Mejia-Constain, B.; Degroot, C.; Lafontaine, A.L.; Chouinard, S.; Monchi, O.
Mild cognitive impairment in patients with Parkinson’s disease is associated with increased cortical degeneration. Mov. Disord.
2013, 28, 1360-1369. [CrossRef]

Parati, G.; Stergiou, G.S.; Dolan, E.; Bilo, G. Blood pressure variability: Clinical relevance and application. |. Clin. Hypertens. 2018,
20,1133-1137. [CrossRef]

Pathak, A.; Senard, J.M. Blood pressure disorders during Parkinson’s disease: Epidemiology, pathophysiology and management.
Expert Rev. Neurother. 2006, 6, 1173-1180. [CrossRef]

68



Molecules 2021, 26, 1523 15 of 20

10.

11.

12.

13.

14.

15

16.

17.

18.

19.

20.

21,

24.

26.

27.

28.

29.

31.
32.

Jain, S.; Goldstein, D.S. Cardiovascular dysautonomia in Parkinson disease: From pathophysiology to pathogenesis. Neurobiol.
Dis. 2012, 46, 572-580. [CrossRef] [PubMed]

Biaggioni, I.; Arthur Hewitt, L.; Rowse, G.J.; Kaufmann, H. Integrated analysis of droxidopa trials for neurogenic orthostatic
hypotension. BMC Neurol. 2017,17, 90. [CrossRef]

Milazzo, V.; Di Stefano, C.; Vallelonga, E; Sobrero, G.; Zibetti, M.; Romagnolo, A.; Merola, A.; Milan, A.; Espay, A.].; Lopiano,
L.; et al. Reverse blood pressure dipping as marker of dysautonomia in Parkinson disease. Parkinsonism Relat. Disord. 2018, 56,
82-87. [CrossRef] [PubMed]

Fabbian, E; Smolensky, M.H.; Tiseo, R.; Pala, M.; Manfredini, R.; Portaluppi, F. Dipper and non-dipper blood pressure 24-hour
patterns: Circadian rhythm-dependent physiologic and pathophysiologic mechanisms. Chronobiol. Int. 2013, 30, 17-30. [CrossRef]
Agarwal, R. Regulation of circadian blood pressure: From mice to astronauts. Curr. Opin. Nephrol. Hypertens. 2010, 19, 51-58.
[CrossRef] [PubMed]

Kuwajima, I.; Suzuki, Y.; Shimosawa, T.; Kanemaru, A.; Hoshino, S.; Kuramoto, K. Diminished nocturnal decline in blood
pressure in elderly hypertensive patients with left ventricular hypertrophy. Am. Heart. ]. 1992, 123,1307-1311. [CrossRef]
Fanciulli, A.; Strano, S.; Ndayisaba, ].P.; Goebel, G.; Gioffre, L.; Rizzo, M.; Colosimo, C.; Caltagirone, C.; Poewe, W.; Wenning,
G.K.; et al. Detecting nocturnal hypertension in Parkinson’s disease and multiple system atrophy: Proposal of a decision-support
algorithm. J. Neurol. 2014, 261, 1291-1299. [CrossRef]

Berganzo, K.; Diez-Arrola, B.; Tijero, B.; Somme, J.; Lezcano, E.; Llorens, V.; Ugarriza, I.; Ciordia, R.; Gomez-Esteban, ].C.; Zarranz,
J.J. Nocturnal hypertension and dysautonomia in patients with Parkinson’s disease: Are they related? . Neurol. 2013, 260,
1752-1756. [CrossRef]

Kim, ].S.; Oh, YS.; Lee, K.S.; Kim, Y.I; Yang, D.W.; Goldstein, D.S. Association of cognitive dysfunction with neurocirculatory
abnormalities in early Parkinson disease. Neurology 2012, 79, 1323-1331. [CrossRef]

Anang, ].B.; Gagnon, ].E.; Bertrand, J.A.; Romenets, S.R.; Latreille, V.; Panisset, M.; Montplaisir, J.; Postuma, R.B. Predictors of
dementia in Parkinson disease: A prospective cohort study. Neurology 2014, 83, 1253-1260. [CrossRef]

Udow, SJ.; Robertson, A.D.; MacIntosh, B.].; Espay, A].; Rowe, ].B.; Lang, A.E.; Masellis, M. “Under pressure”: Is there a link
between orthostatic hypotension and cognitive impairment in a-synucleinopathies? J. Neurol. Neurosurg. Psychiatry 2016, 87,
1311-1321. [CrossRef]

Tanaka, R.; Shimo, Y.; Yamashiro, K.; Ogawa, T.; Nishioka, K.; Oyama, G.; Umemura, A.; Hattori, N. Association between
abnormal nocturnal blood pressure profile and dementia in Parkinson’s disease. Parkinsonisnt Relat. Disord. 2018, 46, 24-29.
[CrossRef]

Calabresi, P.; Di Filippo, M.; Ghiglieri, V.; Tambasco, N.; Picconi, B. Levodopa-induced dyskinesias in patients with Parkinson’s
disease: Filling the bench-to-bedside gap. Lancet Neurol. 2010, 9, 1106-1117. [CrossRef]

Westin, J.E.; Lindgren, H.S.; Gardi, ].; Nyengaard, ].R.; Brundin, P.; Mohapel, P.; Cenci, M.A. Endothelial Proliferation and
Increased Blood-Brain Barrier Permeability in the Basal Ganglia in a Rat Model of 3,4-Dihydroxyphenyl-L-Alanine-Induced
Dyskinesia. |. Neurosci. 2006, 26, 9448-9461. [CrossRef] [PubMed]

Ohlin, K.E.; Francardo, V;; Lindgren, H.SS,; Sillivan, S.E.; O'Sullivan, S.S.; Luksik, A.S.; Vassoler, EM.; Lees, A J.; Konradi, C.; Cenci,
M.A. Vascular endothelial growth factor is upregulated by L-dopa in the parkinsonian brain: Implications for the development of
dyskinesia. Brain 2011, 134, 2339-2357. [CrossRef] [PubMed]

Ko, J.H.; Lerner, R.P; Eidelberg, D. Effects of levodopa on regional cerebral metabolism and blood flow. Mov. Disord. 2015, 30,
54-63. [CrossRef] [PubMed]

Yoo, H.S.; Chung, SJ.; Lee, Y.H.; Lee, H.S.; Ye, B.S.; Sohn, Y.H.; Lee, P.H. Levodopa-induced dyskinesia is closely linked to
progression of frontal dysfunction in PD. Neurology 2019, 92, e1468-1478. [CrossRef] [PubMed]

Espay, A.].; LeWitt, PA.; Hauser, R.A.; Merola, A.; Masellis, M.; Lang, A.E. Neurogenic orthostatic hypotension and supine
hypertension in Parkinson’s disease and related synucleinopathies: Prioritisation of treatment targets. Lancet Neurol. 2016, 15,
954-966. [CrossRef]

Goldstein, D.S.; Eldadah, B.A.; Holmes, C.; Pechnik, S.; Moak, J.; Saleem, A_; Sharabi, Y. Neurocirculatory abnormalities in
Parkinson disease with orthostatic hypotension: Independence from levodopa treatment. Hypertension 2005, 46, 1333-1339.
[CrossRef]

Wolf, ].P; Bouhaddi, M.; Louisy, F.; Mikehiev, A.; Mourot, L.; Cappelle, S.; Vuillier, F; Andre, P; Rumbach, L.; Regnard, J.
Side-effects of L-dopa on venous tone in Parkinson’s disease: A leg-weighing assessment. Clin. Sci. 2006, 110, 369-377. [CrossRef]
Fanciulli, A.; Gobel, G.; Ndayisaba, J.P.; Granata, R.; Duerr, S.; Strano, S.; Colosimo, C.; Poewe, W.; Pontieri, FE.; Wenning, G.K.
Supine hypertension in Parkinson’s disease and multiple system atrophy. Clin. Auton. Res. 2016, 26, 97-105. [CrossRef]
Montastruc, F.; Moulis, E; Araujo, M.; Chebane, L.; Rascol, O.; Montastruc, J.L. Ergot and non-ergot dopamine agonists and heart
failure in patients with Parkinson’s disease. Eur. J. Clin. Pharmacol. 2017, 73, 99-103. [CrossRef] [PubMed]

Torti, M.; Bravi, D.; Vacca, L.; Stocchi, E. Are All Dopamine Agonists Essentially the Same? Drugs 2019, 79, 693-703. [CrossRef]
Oka, H.; Nakahara, A.; Umehara, T. Rotigotine Improves Abnormal Circadian Rhythm of Blood Pressure in Parkinson’s Disease.
Eur. Neurol. 2018, 79, 281-286. [CrossRef] [PubMed]

Watanabe, Y.; Nakamura, Y.; Cao, X.; Ohara, H.; Yamazaki, Y.; Murayama, N.; Sugiyama, Y.; [zumi-Nakaseko, H.; Ando, K_;
Yamazaki, H,; et al. Intravenous Administration of Apomorphine Does NOT Induce Long QT Syndrome: Experimental Evidence
from In Vivo Canine Models. Basic Clin. Pharmacol. Toxicol. 2015, 116, 468-475. [CrossRef] [PubMed]

69



Molecules 2021, 26, 1523 16 of 20

35.

G 7

39.

41.

43.

45.

47.

49.

51.

52.

53

55.

57..

58.

59.

Shimada, K.; Kawamoto, A.; Matsubayashi, K.; Nishinaga, M.; Kimura, S.; Ozawa, T. Diurnal blood pressure variations and silent
cerebrovascular damage in elderly patients with hypertension. J. Hypertens. 1992, 10, 875-878.

Bohnen, N.I; Albin, R.L. White matter lesions in Parkinson disease. Nat. Rev. Neurol. 2011, 7,229-236. [CrossRef] [PubMed]
Bohnen, N.I; Miiller, M.L.; Zarzhevsky, N.; Koeppe, R.A.; Bogan, C.W.; Kilbourn, M.R ; Frey, K.A_; Albin, R.L. Leucoaraiosis,
nigrostriatal denervation and motor symptoms in Parkinson’s disease. Brain 2011, 134, 2358-2365. [CrossRef]

Siennicki-Lantz, A_; Reinprecht, F.; Axelsson, ].; EImstahl, S. Cerebral perfusion in the elderly with nocturnal blood pressure fall.
Eur. J. Neurol. 2007, 14, 715-720. [CrossRef]

Axelsson, J.; Reinprecht, E; Siennicki-Lantz, A.; Elmstdhl, S. Lower cognitive performance in 81-year-old men with greater
nocturnal blood pressure dipping. Int. J. Gen. Med. 2009, 1, 69-75. [CrossRef]

Oh, YS.; Kim, ].S.; Lee, K.S. Orthostatic and supine blood pressures are associated with white matter hyperintensities in Parkinson
disease. J. Mov. Disord. 2013, 6, 23-27. [CrossRef]

Janelidze, S.; Lindqvist, D.; Francardo, V.; Hall, S.; Zetterberg, H.; Blennow, K.; Adler, C.H.; Beach, T.G.; Serrano, G.E.; van Westen,
D.; et al. Increased CSF biomarkers of angiogenesis in Parkinson disease. Neurology 2015, 85, 1834-1842. [CrossRef] [PubMed]
Stawek, J.; Roszmann, A.; Robowski, P; Dubaniewicz, M.; Sitek, E.J.; Honczarenko, K.; Gorzkowska, A.; Budrewicz, S.; Mak, M.;
Golab-Janowska, M.; et al. The impact of MRI white matter hyperintensities on dementia in Parkinson’s disease in relation to the
homocysteine level and other vascular risk factors. Neurodegener. Dis. 2013, 12, 1-12. [CrossRef] [PubMed]

Oh, Y.S,; Kim, J.S.; Yang, D.W.; Koo, ].S.; Kim, Y.I; Jung, H.O; Lee, K.S. Nighttime blood pressure and white matter hyperintensities
in patients with Parkinson disease. Chronobiol. Int. 2013, 30, 811-817. [CrossRef] [PubMed]

Debette, S.; Markus, H.S. The clinical importance of white matter hyperintensities on brain magnetic resonance imaging:
Systematic review and meta-analysis. BM] 2010, 341, c3666. [CrossRef]

Kandiah, N.; Mak, E.; Ng, A.; Huang, S.; Au, W.L; Sitoh, Y.Y.; Tan, L.C. Cerebral white matter hyperintensity in Parkinson’s
disease: A major risk factor for mild cognitive impairment. Parkinsonism Relat. Disord. 2013, 19, 680-683. [CrossRef]

Sunwoo, M.K; Jeon, S.; Ham, ] H.; Hong, ].Y;; Lee, ].E.; Lee, .M.; Sohn, Y.H.; Lee, PH. The burden of white matter hyperintensities
is a predictor of progressive mild cognitive impairment in patients with Parkinson’s disease. Eur. J. Neurol. 2014, 21, 922-e50.
[CrossRef] [PubMed]

Compta, Y.; Buongiorno, M.; Bargall, N.; Valldeoriola, F.; Munoz, E.; Tolosa, E.; Rios, J.; Camara, A.; Fernandez, M.; Marti, M.J.
White matter hyperintensities, cerebrospinal amyloid-p and dementia in Parkinson’s disease. |. Neurol. Sci. 2016, 367, 284-290.
[CrossRef] [PubMed]

Oka, H.; Umehara, T.; Nakahara, A.; Matsuno, H. Comparisons of cardiovascular dysautonomia and cognitive impairment
between de novo Parkinson’s disease and de novo dementia with Lewy bodies. BMIC Neurol. 2020, 20, 350. [CrossRef]

Sforza, M.; Assogna, F; Rinaldi, D.; Sette, G.; Tagliente, S.; Pontieri, F. Orthostatic hypotension acutely impairs executive functions
in Parkinson’s disease. Neurol. Sci. 2018, 39, 1459-1462. [CrossRef]

Centi, J.; Freeman, R.; Gibbons, C.H.; Neargarder, S.; Canova, A.O.; Cronin-Golomb, A. Effects of orthostatic hypotension on
cognition in Parkinson disease. Neurology 2017, 88, 17-24. [CrossRef] [PubMed]

Pilleri, M.; Facchini, S.; Gasparoli, E.; Biundo, R.; Bernardi, L.; Marchetti, M.; Formento, P,; Antonini, A. Cognitive and MRI
correlates of orthostatic hypotension in Parkinson’s disease. J. Neurol. 2013, 260, 253-259. [CrossRef]

Allcock, L.M.; Kenny, R.A.; Mosimann, U.P; Tordoff, S.; Wesnes, K.A.; Hildreth, A.J.; Burn, D.J. Orthostatic hypotension in
Parkinson’s disease: Association with cognitive decline? Int. . Geriatr. Psychiatry 2006, 21, 778-783. [CrossRef]

Nicoletti, A.; Luca, A.; Baschi, R.; Cicero, C.E.; Mostile, G.; Davi, M.; La Bianca, G.; Restivo, V.; Zappia, M.; Monastero, R. Vascular
risk factors, white matter lesions and cognitive impairment in Parkinson’s disease: The PACOS longitudinal study. ]. Neurol.
2021, 268, 549-558. [CrossRef] [PubMed]

Huang, X.; Wen, M.C.; Ng, S.Y.; Hartono, S.; Chia, N.S.; Choi, X.; Tay, K.Y.; Au, W.L.; Chan, L.L.; Tan, EK,; et al. Periventricular
white matter hyperintensity burden and cognitive impairment in early Parkinson’s disease. Eur. |. Neurol. 2020, 27, 959-966.
[CrossRef]

Ramirez, J; Dilliott, A.A.; Binns, M.A; Breen, D.P; Evans, E.C.; Beaton, D.; McLaughlin, PM.; Kwan, D.; Holmes, M.E; Ozzoude,
M.; et al. Parkinson’s Disease, NOTCH3 Genetic Variants, and White Matter Hyperintensities. Mov. Disord. 2020, 35, 2090-2095.
[CrossRef] [PubMed]

Dadar, M.; Gee, M.; Shuaib, A.; Duchesne, S.; Camicioli, R. Cognitive and motor correlates of grey and white matter pathology in
Parkinson’s disease. Neuroimage Clin. 2020, 27, 102353. [CrossRef]

Linortner, P; McDaniel, C.; Shahid, M.; Levine, T.E; Tian, L.; Cholerton, B.; Poston, K.L. White Matter Hyperintensities Related to
Parkinson’s Disease Executive Function. Mov. Disord. Clin. Pract. 2020, 7, 629-638. [CrossRef] [PubMed]

Lee, Y.H.; Lee, W.J.; Chung, SJ.; Yoo, H.S,; Jung, ].H.; Baik, K.; Sohn, Y.H.; Seong, ] K.; Lee, PH. Microstructural Connectivity is
More Related to Cognition than Conventional MRI in Parkinson’s Disease. |. Parkinsons Dis. 2020. [CrossRef]

Chahine, L.M.; Dos Santos, C.; Fullard, M.; Scordia, C.; Weintraub, D.; Erus, G.; Rosenthal, L.; Davatzikos, C.; McMillan, C.T.
Modifiable vascular risk factors, white matter disease and cognition in early Parkinson’s disease. Eur. ]. Neurol. 2019, 26, 246-e18.
[CrossRef] [PubMed]

Hanning, U.; Teuber, A.; Lang, E.; Trenkwalder, C.; Mollenhauer, B.; Minnerup, H. White matter hyperintensities are not
associated with cognitive decline in early Parkinson’s disease—The DeNoPa cohort. Parkinsonism Relat. Disord. 2019, 69, 61-67.
[CrossRef]

70



Molecules 2021, 26,1523 17 of 20

61.

62.

67.

69.

70.

71,

72.

73.

74.

75

76.

78.

79.

81.

82.

Pozorski, V.; Oh, ].M.; Okonkwo, O.; Krislov, S.; Barzgari, A.; Theisen, E; Sojkova, J.; Bendlin, B.B.; Johnson, S.C.; Gallagher, C.L.
Cross-sectional and longitudinal associations between total and regional white matter hyperintensity volume and cognitive and
motor function in Parkinson’s disease. Neuroimage Clin. 2019, 23, 101870. [CrossRef] [PubMed]

Stojkovic, T.; Stefanova, E.; Soldatovic, I.; Markovic, V.; Stankovic, L; Petrovic, I.; Agosta, F.; Galantucci, S.; Filippi, M.; Kostic, V.
Exploring the relationship between motor impairment, vascular burden and cognition in Parkinson’s disease. |. Neurol. 2018, 265,
1320-1327. [CrossRef] [PubMed]

Dadar, M.; Zeighami, Y.; Yau, Y.; Fereshtehnejad, S.M.; Maranzano, J.; Postuma, R.B.; Dagher, A.; Collins, D.L. White matter
hyperintensities are linked to future cognitive decline in de novo Parkinson’s disease patients. Neuroimage Clin. 2018, 20, 892-900.
[CrossRef] [PubMed]

Ham, J.H.; Lee, ].].; Sunwoo, M.K_; Hong, J.Y.; Sohn, Y.H.; Lee, PH. Effect of olfactory impairment and white matter hyperintensi-
ties on cognition in Parkinson’s disease. Parkinsonisn Relat. Disord. 2016, 24, 95-99. [CrossRef] [PubMed]

Mak, E.; Dwyer, M.G.; Ramasamy, D.P; Au, W.L.; Tan, L.C.; Zivadinov, R.; Kandiah, N. White Matter Hyperintensities and Mild
Cognitive Impairment in Parkinson’s Disease. . Neuroimaging 2015, 25, 754-760. [CrossRef]

Shin, J.; Choi, S.; Lee, J.E.; Lee, H.S.; Sohn, Y.H.; Lee, PH. Subcortical white matter hyperintensities within the cholinergic
pathways of Parkinson’s disease patients according to cognitive status. |. Neurol. Neurosurg. Psychiatry 2012, 83, 315-321.
[CrossRef] [PubMed]

Lee, SJ.; Kim, J.S.; Yoo, ].Y.; Song, L.U.; Kim, B.S.; Jung, S.L.; Yang, D.W.; Kim, Y.L; Jeong, D.S.; Lee, K.S. Influence of white matter
hyperintensities on the cognition of patients with Parkinson disease. Alzheimer Dis. Assoc. Disord. 2010, 24, 227-233. [CrossRef]
Dalaker, T.O,; Larsen, J.P.; Dwyer, M.G.; Aarsland, D.; Beyer, M.K.; Alves, G.; Bronnick, K.; Tysnes, O.B.; Zivadinov, R. White
matter hyperintensities do not impact cognitive function in patients with newly diagnosed Parkinson'’s disease. Neuroimage 2009,
47,2083-2089. [CrossRef] [PubMed]

Beyer, M.K.; Aarsland, D.; Greve, O] .; Larsen, ].P. Visual rating of white matter hyperintensities in Parkinson’s disease. Mov.
Disord. 2006, 21, 223-229. [CrossRef]

Dadar, M.; Fereshtehnejad, S.M.; Zeighami, Y.; Dagher, A.; Postuma, R.B.; Collins, D.L. White Matter Hyperintensities Mediate
Impact of Dysautonomia on Cognition in Parkinson’s Disease. Mov. Disord. Clin. Pract. 2020, 7, 639—647. [CrossRef]

Doiron, M.; Langlois, M.; Dupré, N.; Simard, M. The influence of vascular risk factors on cognitive function in early Parkinson’s
disease. Int. J. Geriatr. Psychiatry 2018, 33, 288-297. [CrossRef]

Hu, G.; Jousilahti, P; Bidel, S.; Antikainen, R.; Tuomilehto, J. Type 2 diabetes and the risk of Parkinson’s disease. Diabetes Care
2007, 30, 842-847. [CrossRef] [PubMed]

Simon, K.C.; Chen, H.; Schwarzschild, M.; Ascherio, A. Hypertension, hypercholesterolemia, diabetes, and risk of Parkinson
disease. Neurology 2007, 69, 1688-1695. [CrossRef]

Cereda, E.; Barichella, M.; Pedrolli, C.; Klersy, C.; Cassani, E.; Caccialanza, R.; Pezzoli, G. Diabetes and risk of Parkinson’s disease:
A systematic review and meta-analysis. Diabetes Care 2011, 34, 2614-2623. [CrossRef]

Xu, Y.; Yang, ].; Shang, H. Meta-analysis of risk factors for Parkinson’s disease dementia. Transl. Neurodegener. 2016, 5, 11.
[CrossRef] [PubMed]

Stawek, J.; Biatecka, M. Homocysteine and Dementia. In Diet and Nutrition in Dementia and Cognitive Decline; Martin, C.R., Preedy,
V.R., Eds.; Academic Press: Cambridge, MA, USA, 2015; Chapter 57; pp. 611-621. [CrossRef]

Nyholm, D. Duodopa® treatment for advanced Parkinson’s disease: A review of efficacy and safety. Parkinsonism Relat. Disord.
2012, 18, 916-929. [CrossRef] [PubMed]

Klostermann, E,; Jugel, C.; Miiller, T.; Marzinzik, F. Malnutritional neuropathy under intestinal levodopa infusion. J. Neural.
Transm. 2012, 119, 369-372. [CrossRef] [PubMed]

Xie, Y.; Feng, H.; Peng, S.; Xiao, J.; Zhang, J. Association of plasma homocysteine, vitamin B12 and folate levels with cognitive
function in Parkinson’s disease: A meta-analysis. Neurosci. Lett. 2017, 636, 190-195. [ CrossRef]

Labandeira-Garcia, J.L.; Rodriguez-Pallares, J.; Dominguez-Meijide, A.; Valenzuela, R.; Villar-Cheda, B.; Rodriguez-Perez, A.I.
Dopamine-Angiotensin interactions in the basal ganglia and their relevance for Parkinson’s disease. Mov. Disord. 2013, 28,
1337-1342. [CrossRef] [PubMed]

Milsted, A.; Barna, B.P.; Ransohoff, R.M.; Brosnihan, K.B.; Ferrario, C.M. Astrocyte cultures derived from human brain tissue
express angiotensinogen mRNA. Proc. Natl. Acad. Sci. USA 1990, 87, 5720-5723. [CrossRef] [PubMed]

Labandeira-Garcia, J.L.; Garrido-Gil, P.; Rodriguez-Pallares, ].; Valenzuela, R.; Borrajo, A.; Rodriguez-Perez, A.I. Brain renin-
angiotensin system and dopaminergic cell vulnerability. Front. Neuroanat. 2014, 8, 67. [CrossRef]

Villar-Cheda, B.; Valenzuela, R.; Rodriguez-Perez, A I; Guerra, M.J.; Labandeira-Garcia, ].L. Aging-related changes in the nigral
angiotensin system enhances proinflammatory and pro-oxidative markers and 6-OHDA-induced dopaminergic degeneration.
Neurobiol. Aging 2012, 33, 204.e1-204.e11. [CrossRef]

Janelidze, S.; Hertze, ].; Nédgga, K.; Nilsson, K.; Nilsson, C.; Swedish BioFINDER Study Group; Wennstrom, M.; van Westen, D.;
Blennow, K.; Zetterberg, H.; et al. Increased blood-brain barrier permeability is associated with dementia and diabetes but not
amyloid pathology or APOE genotype. Neurobiol. Aging 2017, 51, 104-112. [CrossRef]

Faucheux, B.A_; Bonnet, A.M.; Agid, Y.; Hirsch, E.C. Blood vessels change in the mesencephalon of patients with Parkinson’s
disease. Lancet 1999, 353, 981-982. [CrossRef]

71



Molecules 2021, 26,1523 18 of 20

87.

89.

91.

92.

93.

94.

95.

96.

97.

98.

100.

101.

102.

103.

104.

105.

106.

107.

Yasuhara, T.; Shingo, T.; Muraoka, K.; wen Ji, Y.; Kameda, M.; Takeuchi, A.; Yano, A; Nishio, S.; Matsui, T.; Miyoshi, Y.; et al. The
differences between high and low-dose administration of VEGF to dopaminergic neurons of in vitro and in vivo Parkinson’s
disease model. Brain Res. 2005, 1038, 1-10. [CrossRef]

Muiioz, A, Garrido-Gil, P; Dominguez-Meijide, A.; Labandeira-Garcia, ]J.L. Angiotensin type 1 receptor blockage reduces
l-dopa-induced dyskinesia in the 6-OHDA model of Parkinson’s disease. Involvement of vascular endothelial growth factor and
interleukin-1p. Exp. Neurol. 2014, 261, 720-732. [CrossRef] [PubMed]

Van Dalen, J.W.; Marcum, Z.A.; Gray, S.L.; Barthold, D.; Moll van Charante, E.P; van Gool, W.A.; Crane, PK_; Larson, E.B.; Richard,
E. Association of Angiotensin II-Stimulating Antihypertensive Use and Dementia Risk: Post Hoc Analysis of the PreDIVA Trial.
Neurology 2021, 96, e67-e80. [CrossRef]

Kehoe, P.G. The Coming of Age of the Angiotensin Hypothesis in Alzheimer’s Disease: Progress Toward Disease Prevention and
Treatment? |. Alzheimers Dis. 2018, 62, 1443-1466. [CrossRef]

Lim, E.W,; Aarsland, D.; Ffytche, D.; Taddei, RN.; van Wamelen, D.J.; Wan, Y.M.; Tan, E.K; Ray Chaudhuri, K.; Kings Parcog
groupMDS Nonmotor Study Group. Amyloid-p and Parkinson’s disease. |. Neurol. 2019, 266, 2605-2619. [CrossRef] [PubMed]
Zhuang, S.; Wang, H.E; Wang, X.; Li, J.; Xing, C.M. The association of renin-angiotensin system blockade use with the risks of
cognitive impairment of aging and Alzheimer’s disease: A meta-analysis. J. Clin. Neurosci. 2016, 33, 32-38. [CrossRef] [PubMed]
Chen, J.; Lipska, B.K.; Halim, N.; Ma, Q.D.; Matsumoto, M.; Melhem, S.; Kolachana, B.S.; Hyde, TM.; Herman, M.M.; Apud, J.;
et al. Functional analysis of genetic variation in catechol-O-methyltransferase (COMT): Effects on mRNA, protein, and enzyme
activity in postmortem human brain. Am. |. Hum. Genet. 2004, 75, 807-821. [CrossRef] [PubMed]

Tunbridge, E.M.; Harrison, P.J.; Warden, D.R.; Johnston, C.; Refsum, H.; Smith, A.D. Polymorphisms in the catechol-O-
methyltransferase (COMT) gene influence plasma total homocysteine levels. Am. |. Med. Genet. B Neuropsychiatr. Genet.
2008, 147B, 996-999. [CrossRef]

Lamberti, P; Zoccolella, S.; Tliceto, G.; Armenise, E.; Fraddosio, A.; de Mari, M.; Livrea, P. Effects of levodopa and COMT
inhibitors on plasma homocysteine in Parkinson’s disease patients. Mov. Disord. 2005, 20, 69-72. [ CrossRef]

Huertas, I; Jests, S.; Garcia-Gomez, F.J.; Lojo, J.A.; Bernal-Bernal, I.; Bonilla-Toribio, M.; Martin-Rodriguez, J.F.; Garcia-Solis, D.;
Gomez-Garre, P; Mir, P. Genetic factors influencing frontostriatal dysfunction and the development of dementia in Parkinson’s
disease. PLoS ONE 2017, 12, e0175560. [CrossRef]

Backstrom, D.; Eriksson Domellof, M.; Grandsen, G.; Linder, ].; Mayans, S.; Elgh, E.; Zetterberg, H.; Blennow, K.; Forsgren, L.
Polymorphisms in dopamine-associated genes and cognitive decline in Parkinson’s disease. Acta Neurol. Scand. 2018, 137, 91-98.
[CrossRef]

Williams-Gray, C.H.; Evans, ].R.; Goris, A_; Foltynie, T.; Ban, M.; Robbins, T.W.; Brayne, C.; Kolachana, B.S.; Weinberger, D.R.;
Sawcer, S.J.; et al. The distinct cognitive syndromes of Parkinson’s disease: 5 year follow-up of the CamPaIGN cohort. Brain 2009,
132, 2958-2969. [CrossRef]

Biatecka, M.; Kurzawski, M.; Roszmann, A.; Robowski, P; Sitek, E.J.; Honczarenko, K.; Gorzkowska, A.; Budrewicz, S.; Mak,
M.; Jarosz, M.; et al. Association of COMT, MTHFR, and SLC19A1(RFC-1) polymorphisms with homocysteine blood levels and
cognitive impairment in Parkinson’s disease. Pharmacogenet. Genom. 2012, 22, 716-724. [CrossRef]

Mata, L.E; Leverenz, ].B.; Weintraub, D.; Trojanowski, ].Q.; Hurtig, H.I; Van Deerlin, V.M.; Ritz, B.; Rausch, R.; Rhodes, S.L.;
Factor, S.A.; et al. APOE, MAPT, and SNCA genes and cognitive performance in Parkinson disease. JAMA Neurol. 2014, 71,
1405-1412. [CrossRef]

Zlokovic, B.V. Cerebrovascular effects of apolipoprotein E: Implications for Alzheimer disease. JAMA Neurol. 2013, 70, 440-444.
[CrossRef] [PubMed]

Huang, X.; Chen, P.C.; Poole, C. APOE-[epsilon]2 allele associated with higher prevalence of sporadic Parkinson disease.
Neurology 2004, 62, 2198-2202. [CrossRef] [PubMed]

Williams-Gray, C.H.; Goris, A.; Saiki, M.; Foltynie, T.; Compston, D.A.; Sawcer, S.].; Barker, R.A. Apolipoprotein E genotype as a
risk factor for susceptibility to and dementia in Parkinson’s disease. ]. Neurol. 2009, 256, 493-498. [CrossRef] [PubMed]

Li, Y.J.; Hauser, M.A; Scott, W.K.; Martin, E.R.; Booze, M.W.; Qin, X.].; Walter, ].W.; Nance, M.A.; Hubble, ].P.; Koller, W.C; et al.
Apolipoprotein E controls the risk and age at onset of Parkinson disease. Neurology 2004, 62, 2005-2009. [CrossRef]

Pankratz, N.; Byder, L.; Halter, C.; Rudolph, A.; Shults, C.W.; Conneally, PM.; Foroud, T.; Nichols, W.C. Presence of an APOE4
allele results in significantly earlier onset of Parkinson’s disease and a higher risk with dementia. Mov. Disord. 2006, 21, 45-49.
[CrossRef]

Alata, W.; Ye, Y.; St-Amour, I; Vandal, M.; Calon, F. Human apolipoprotein E £4 expression impairs cerebral vascularization and
blood-brain barrier function in mice. J. Cereb. Blood Flow Metab. 2015, 35, 86-94. [CrossRef] [PubMed]

Bell, R.D.; Winkler, E.A ; Singh, 1; Sagare, A.P.; Deane, R.; Wu, Z.; Holtzman, D.M.; Betsholtz, C.; Armulik, A.; Sallstrom, J.; et al.
Apolipoprotein E controls cerebrovascular integrity via cyclophilin A. Nature 2012, 485, 512-516. [CrossRef] [PubMed]
Pierzchliriska, A.; Bialecka, M.; Kurzawski, M.; Stawek, J. The impact of Apolipoprotein E alleles on cognitive performance in
patients with Parkinson’s disease. Neurol. Neurochir. Pol. 2018, 52, 477-482. [CrossRef]

Pang, S.; Li, J.; Zhang, Y.; Chen, J. Meta-Analysis of the Relationship between the APOE Gene and the Onset of Parkinson’s
Disease Dementia. Parkinsons Dis. 2018, 2018, 9497147. [CrossRef] [PubMed]

72



Molecules 2021, 26,1523 19 of 20

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Koukourakis, M.L; Papazoglou, D.; Giatromanolaki, A.; Bougioukas, G.; Maltezos, E.; Sivridis, E. VEGF gene sequence variation
defines VEGF gene expression status and angiogenic activity in non-small cell lung cancer. Lung Cancer 2004, 46, 293-298.
[CrossRef]

Renner, W.; Kotschan, S.; Hoffmann, C.; Obermayer-Pietsch, B.; Pilger, E. A common 936 C/T mutation in the gene for vascular
endothelial growth factor is associated with vascular endothelial growth factor plasma levels. |. Vasc. Res. 2000, 37, 443-448.
[CrossRef] [PubMed]

Mihci, E.; Ozkaynak, S.S.; Sallakci, N.; Kizilay, F.; Yavuzer, U. VEGF polymorphisms and serum VEGF levels in Parkinson’s
disease. Neurosci. Lett. 2011, 494, 1-5. [CrossRef]

Del Bo, R.; Scarlato, M.; Ghezzi, S.; Martinelli Boneschi, F.; Fenoglio, C.; Galbiati, S.; Virgilio, R.; Galimberti, D.; Galimberti, G.;
Crimi, M.; et al. Vascular endothelial growth factor gene variability is associated with increased risk for AD. Ann. Neurol. 2005,
57,373-380. [CrossRef] [PubMed]

Alvarez, X.A.; Alvarez, I.; Aleixandre, M.; Linares, C.; Muresanu, D.; Winter, S.; Moessler, H. Severity-Related Increase and
Cognitive Correlates of Serum VEGF Levels in Alzheimer’s Disease ApoE4 Carriers. |. Alzheimers Dis. 2018, 63, 1003-1013.
[CrossRef]

Takeuchi, H.; Tomita, H.; Taki, Y.; Kikuchi, Y.; Ono, C.; Yu, Z.; Sekiguchi, A.; Nouchi, R.; Kotozaki, Y.; Nakagawa, S.; et al. The
VEGEF gene polymorphism impacts brain volume and arterial blood volume. Hum. Brain Mapp. 2017, 38, 3516-3526. [CrossRef]
Donzuso, G.; Monastero, R.; Cicero, C.E.; Luca, A.; Mostile, G.; Giuliano, L.; Baschi, R.; Caccamo, M.; Gagliardo, C.; Palmucci, S.;
et al. Neuroanatomical changes in early Parkinson’s disease with mild cognitive impairment: A VBM study; the Parkinson’s
Disease Cognitive Impairment Study (PaCoS). Neurol. Sci. 2021. [CrossRef] [PubMed]

Wu, Y,; Zhang, Y.; Han, X; Li, X.; Xue, L.; Xie, A. Association of VEGF gene polymorphisms with sporadic Parkinson’s disease in
Chinese Han population. Neurol. Sci. 2016, 37, 1923-1929. [CrossRef]

Moore, A.M.; Mahoney, E.; Dumitrescu, L.; De Jager, P.L.; Koran, M.; Petyuk, V.A.; Robinson, R.A.; Ruderfer, D.M.; Cox, N.J.;
Schneider, ].A; et al. APOE e4-specific associations of VEGF gene family expression with cognitive aging and Alzheimer’s
disease. Neurobiol. Aging 2020, 87, 18-25. [CrossRef] [PubMed]

Perez-Lloret, S.; Otero-Losada, M.; Toblli, J.E.; Capani, F. Renin-angiotensin system as a potential target for new therapeutic
approaches in Parkinson'’s disease. Expert Opin. Investig. Drugs 2017, 26, 1163-1173. [CrossRef]

Rigat, B.; Hubert, C.; Corvol, P.; Soubrier, R. PCR detection of the insertion/deletion polymorphism of the human angiotensin
converting enzyme gene (DCP1) (dipeptidyl carboxypeptidase 1). Nucleic Acids Res. 1992, 20, 1433. [CrossRef] [PubMed]
Bonnardeaux, A.; Davies, E.; Jeunemaitre, X.; Féry, I.; Charru, A_; Clauser, E.; Tiret, L.; Cambien, F.; Corvol, P.; Soubrier, F.
Angiotensin II type 1 receptor gene polymorphisms in human essential hypertension. Hypertension 1994, 24, 63-69. [ CrossRef]
Schmieder, R.E.; Erdmann, |.; Delles, C.; Jacobi, J.; Fleck, E.; Hilgers, K.; Regitz-Zagrosek, V. Effect of the angiotensin II type
2-receptor gene (+1675 G/A) on left ventricular structure in humans. J. Am. Coll. Cardiol. 2001, 37, 175-182. [CrossRef]
Caulfield, M.; Lavender, P,; Farrall, M.; Munroe, P,; Lawson, M.; Turner, P.; Clark, A J. Linkage of the angiotensinogen gene to
essential hypertension. N. Engl. |. Med. 1994, 330, 1629-1633. [CrossRef]

Mellick, G.D.; Buchanan, D.D.; McCann, S.J; Davis, D.R.; Le Couteur, D.G.; Chan, D.; Johnson, A.G. The ACE deletion
polymorphism is not associated with Parkinson’s disease. Eur. Neurol. 1999, 41, 103-106. [CrossRef]

Pascale, E.; Purcaro, C.; Passarelli, E.; Guglielmi, R.; Vestri, A.R.; Passarelli, E; Meco, G. Genetic polymorphism of Angiotensin-
Converting Enzyme is not associated with the development of Parkinson’s disease and of L-dopa-induced adverse effects. J.
Neurol. Sci. 2009, 276, 18-21. [CrossRef]

Lin, J.J.; Yueh, K.C.; Chang, D.C,; Lin, S.Z. Association between genetic polymorphism of angiotensin-converting enzyme gene
and Parkinson’s disease. . Neurol. Sci. 2002, 199, 25-29. [CrossRef]

Gustafson, D.R.; Melchior, L.; Eriksson, E.; Sundh, V,; Blennow, K_; Skoog, I. The ACE Insertion Deletion polymorphism relates to
dementia by metabolic phenotype, APOEepsilon4, and age of dementia onset. Neurobiol. Aging 2010, 31, 910-916. [CrossRef]
Zettergren, A.; Kern, S.; Gustafson, D.; Gudmundsson, P.; Sigstréom, R.; C)stling, S.; Eriksson, E.; Zetterberg, H.; Blennow, K.;
Skoog, I. The ACE Gene Is Associated with Late-Life Major Depression and Age at Dementia Onset in a Population-Based Cohort.
Am. |. Geriatr. Psychiatry 2017, 25,170-177. [CrossRef] [PubMed]

Zannas, A.S.; McQuoid, D.R.; Payne, M.E.; MacFall, ].R.; Ashley-Koch, A.; Steffens, D.C.; Potter, G.G.; Taylor, W.D. Association of
gene variants of the renin-angiotensin system with accelerated hippocampal volume loss and cognitive decline in old age. Am. |.
Psychiatry 2014, 171, 1214-1221. [CrossRef] [PubMed]

Purandare, N.; Oude Voshaar, R.C.; Davidson, Y.; Gibbons, L.; Hardicre, J.; Byrne, J.; McCollum, C.; Jackson, A.; Burns, A_;
Mann, D.M. Deletion/insertion polymorphism of the angiotensin-converting enzyme gene and white matter hyperintensities in
dementia: A pilot study. J. Am. Geriatr. Soc. 2006, 54, 1395-1400. [CrossRef] [PubMed]

Wang, B.; Jin, E; Yang, Z.; Lu, Z,; Kan, R.; Li, S.; Zheng, C.; Wang, L. The insertion polymorphism in angiotensin-converting
enzyme gene associated with the APOE epsilon 4 allele increases the risk of late-onset Alzheimer disease. ]. Mol. Neurosci. 2006,
30, 267-271. [CrossRef]

Assareh, A.A.; Mather, K.A.; Crawford, ].D.; Wen, W.; Anstey, K.J.; Easteal, S.; Tan, X.; Mack, H.A.; Kwok, ].B.; Schofield, PR ; etal.
Renin-angiotensin system genetic polymorphisms and brain white matter lesions in older Australians. Am. |. Hypertens. 2014, 27,
1191-1198. [CrossRef] [PubMed]

73



Molecules 2021, 26,1523 20 of 20

131. Rigat, B.; Hubert, C.; Alhenc-Gelas, F.; Cambien, F,; Corvol, P; Soubrier, E. An insertion/deletion polymorphism in the angiotensin
I-converting enzyme gene accounting for half the variance of serum enzyme levels. |. Clin. Investig. 1990, 86, 1343-1346.
[CrossRef]

132. Rai, V. Methylenetetrahydrofolate Reductase (MTHFR) C677T Polymorphism and Alzheimer Disease Risk: A Meta-Analysis.
Mol. Neurobiol. 2017, 54, 1173-1186. [CrossRef] [PubMed]

133. Wright, SM.; Jensen, S.L.; Cockriel, K.L.; Davis, B.; Tschanz, ].T.; Munger, R.G.; Corcoran, C.D.; Kauwe, J. Association study
of rs3846662 with Alzheimer’s disease in a population-based cohort: The Cache County Study. Neurobiol. Aging 2019, 84,
242 .e1-242.e6. [CrossRef] [PubMed]

74



Journal of Neural Transmission (2025) 132:1635-1644
https://doi.org/10.1007/500702-025-02950-y

NEUROLOGY AND PRECLINICAL NEUROLOGICAL STUDIES - ORIGINAL ARTICLE o')

Check for
updates

The impact of short-term blood pressure variability on cognitive
decline in Parkinson’s disease patients without co-morbidities

Magdalena Kwasniak-Butowska'2® . Agnieszka Konkel? - Agnieszka Skrzypkowska>3 - Dariusz Wieczorek® -
Piotr Waz°® - Marta Tomczyk® - Monika Biatecka’ - Edyta Szurowska® - Ryszard T. Smolenski® - Jarostaw Stawek'2

Received: 4 February 2025 / Accepted: 6 May 2025 / Published online: 26 May 2025
© The Author(s) 2025

Abstract

Cardiovascular dysautonomia, cognitive decline and dementia are common non-motor features of Parkinson’s disease. Short-
term blood pressure variability may play a role in the pathogenesis of dementia. Sixty five patients with Parkinson’s disease,
without cardiovascular comorbidities, with no concomitant medications affecting cardiovascular system were enrolled in this
cross-sectional study. They were divided according to their cognitive status and underwent clinical examination, 24 h ambula-
tory blood pressure monitoring, orthostatic test, brain magnetic resonance imaging and laboratory tests. Twenty patients were
cognitively intact, 23 presented mild cognitive impairment and 20 had dementia. There were no differences in duration of the
disease or dopaminergic therapy between the groups. Patients with dementia when compared to those cognitively intact, had
higher short-term blood pressure variability, assessed as standard deviation of daytime diastolic blood pressure and average
real variability of systolic blood pressure. They also had a higher frequency of supine hypertension and lower nocturnal
blood pressure fall (reverse dipping). Average real variability of systolic blood pressure, supine hypertension and reverse
dipping correlated with cognitive impairment, especially with visuospatial, language and executive functions. Short-term
blood pressure variability, supine hypertension and reverse dipping may contribute to the pathogenesis of dementia in PD.
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Parkinson’s disease (PD) is one of the most common neu-
rodegenerative disorders with motor (bradykinesia, rigidity
and tremor) and non-motor symptoms (Alster and Madetko-
Alster 2024). Among non-motor symptoms cognitive
impairment and cardiovascular dysautonomia are frequent
and can be present from early stages of the disease (Chaud-
huri et al. 20064, b; Fanciulli et al. 2025). Moreover, car-
diovascular dysautonomia, particularly orthostatic hypoten-
sion (OH), at prodromal phase may predict phenoconversion
and may be associated with more severe disease progression
(Goldstein and Sharabi 2023).

Dementia is noticed in up to 17% of PD patients within
5 years from the disease onset, 46% at 10 and even 80% at
20 years and probably has a complex aetiology (Aarsland
et al. 2021). Cardiovascular dysautonomia may contribute
to this process (Longardner et al. 2022). Orthostatic hypo-
tension is a frequent manifestation of PD with 30% preva-
lence, increasing with age, disease duration or levodopa
equivalent dose (LEDD) (Espay et al. 2016; Malkiewicz
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and Siuda 2024). It coexists often with supine hypertension
(SH) (Espay et al. 2016). Loss of nocturnal blood pressure
fall (non-dipping) has been also observed in this group of
patients (Tanaka et al. 2018). Furthermore, they tend to have
higher blood pressure variability (BPV) compared with
healthy subjects (Alves et al. 2023; Kanegusuku et al. 2017).
This study aims to determine whether a short-term BPV
(measured within 24 h) and other blood pressure abnor-
malities may contribute to cognitive impairment in a highly
selected group of PD patients without co-morbidities and
concomitant medications affecting cardiovascular system.

Subjects and methods

Sixty five patients of Caucasian origin, recruited from Out-
patient Movement Disorder Clinic, with clinical diagnosis of
idiopathic PD based on Movement Disorders Society Clini-
cal Diagnostic Criteria (Postuma et al. 2015) were enrolled
in the cross-sectional study (Table 1). Recruitment lasted
3 years and during that time approximately 500 patients were
screened. The exclusion criteria were: secondary or atypi-
cal Parkinsonism, advanced therapies for PD (deep brain
stimulation or infusion therapies), renal or liver impairment.
To assess the real impact of dysautonomia on cognitive
impairment in PD we excluded patients with cardiovascular
diseases (e.g. hypertension, ischemic heart disease, heart
failure, atrial fibrillation) or known as major risk factors
(diabetes mellitus) and any medications (except for PD treat-
ment) with known mechanism of action influencing blood
pressure (renin-angiotensin system, RAS). Two participants
were subsequently excluded due to diabetes mellitus diag-
nosed after initial evaluation.

The severity of the disease was assessed with the use of
the Unified Parkinson’s Disease Rating Scale (UPDRS; part
III) in “on” state, Hoehn—Yahr staging, and the Schwab-
England activities of daily living scale (Poewe 2009). Non
motor symptoms were assessed with the non-motor symp-
toms questionnaire (NMSQ) (Chaudhuri et al. 2006a, b).
All assessments were performed by the same physician. All
patients received dopaminergic treatment. Dopaminergic
therapies (levodopa, dopamine receptors agonists, MAO-B
inhibitors, COMT inhibitors and amantadine) were con-
verted to levodopa equivalent dosage (LEDD). All patients,
except two, were taking levodopa and the majority were tak-
ing dopamine receptors agonists, therefore these two drug
groups are listed separately in Table 1. Dopamine agonists
were converted to ropinirole dose equivalence (Thobois
2006). Nevertheless, the influence of dopamine agonists and
levodopa was analysed separately.

The detailed neuropsychological testing methods are pre-
sented in Table 3. Mild cognitive impairment (MCI) was
defined as deficits in single cognitive domain and dementia

@ Springer

as impairment in more than one cognitive domain with nega-
tive impact on daily life, according to Litvan et al. (2011)
and by Emre et al. (2007) criteria respectively. Based on the
neuropsychological examination, the cohort was divided into
three groups: PD with normal cognition (PD-NC), with mild
cognitive impairment (PD-MCI) and with dementia (PD-D)
(Table 1).

The examination with 3 T MRI (Philips Achieva, Nether-
lands) was performed in all subjects to exclude brain struc-
tural lesions. The groups did not differ in terms of white mat-
ter hyperintensities assessed in Fazekas scale, but specific
imaging data were not analysed in this paper.

To measure BP an electronic inflatable brachial sphyg-
momanometer was used. Blood pressure was measured
after at least five minutes of rest in a supine position. Supine
hypertension was defined as systolic blood pressure (SBP)
> 140 mmHg or diastolic blood pressure (DBP) > 90 mmHg
(Fanciulli et al. 2018). Orthostatic hypotension was defined
as a reduction in SBP >20 mmHg or > 10 mmHg in DBP
after 3 min of standing from a supine position. When the
result was negative after 3 min, testing was prolonged to 10
min and BP was additionally measured after 5 and 10 min
(Fanciulli et al. 2025).

Patients underwent 24-h ambulatory blood pressure
monitoring (ABPM) using a Watch BP03 device on the
non-dominant arm. Recordings were made every 20 min
between 6:00 am and 10:00 pm and every 30 min between
10:00 pm and 6:00 am. The classification of nocturnal BP
profiles, computed as percent change between daytime and
night-time values, was as following: reverse dipper < 0%,
non-dipper 0-10%, dipper 10-20%, extreme-dipper >20%.
Measured indices of BPV, based on ABPM, were: standard
deviation (SD), coefficient of variation (CV, SD divided by a
corresponding mean) both calculated for daytime, night-time
and 24 h SBP and DBP as well as average real variability
(ARYV, calculated as the average of absolute changes between
following BP readings) of 24 h SBP and DBP (Schutte et al.
2022).

Blood samples were collected early in the morning, after
overnight fasting, at least 8 h after the last dose of dopamin-
ergic medications. Vascular and dementia risk factors (vita-
min B12, folic acid, thyrotropic hormone, glucose) together
with renal and hepatic functions were assessed.

Informed written consent was obtained from all patients.
Study protocol was approved by the Bioethics Committee
for Scientific Research of Medical University of Gdansk
(NKBBN/415/2018).

Statistical analysis
The Shapiro-Wilk test was used for the assessment of nor-

mal distribution for demographic and clinical data. The
one-way parametric ANOVA and one-way non-parametric
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Table 1 Demographic and clinical data of the study group
Variable PD-NC (n =20) PD-MCI (n =23) PD-D (n=20) p-values
Sex (female/male) 9/11 9/14 7713 0.81*
Age (years) 62.6 (+ 4.62) 64.6 (+6.92) 67.7 (£5.11) 0.02
Years of education 15.5 (11-23) 14 (10-24) 13 (10-17) 0.02¢
Duration of the disease (years) 7 (2-20) 6 (4-20) 9.5 (3-20) 0.25°
LEDD (mg) 1017 (+ 418) 1110 (+ 492) 1314 (+ 511) 0.139
Levodopa (mg) 693 (+ 408) 812 (+ 445) 1011 (+ 442) 0.075
Ropinirole dose equivalence (mg) 9.42 (0-20) 7.38 (0-24) 8 (0-20) 0.246°
Hoehn-Yahr scale 2(1-3) 2 (1-3) 2(1-3) 0.01¢
NMSQ 9.15 (+ 3.69) 114 (+3.96) 13.6 (= 3.70) 0.003"
UPDRS (part IIT) 10 (3-35) 15 (2-40) 19.5 (4-31) 0.06°
Schwab&England scale 90 (70-100) 85 (60-100) 77.5 (40-90) 0.004¢
SBP SD daytime 11 (4-57) 11 (6-29) 13.5 (6-43) 0.29°
SBP SD night-time 8.5 (3-15) 9 (3-22) 10 (3-19) 0.25°
SBPSD 24 h 12 (7-41) 10 (6-28) 14 (6-34) 0.27°
SBP CV daytime 0.09 (0.03-0.41) 0.089 (0.05-0.21) 0.11 (0.06-0.35) 0.51¢
SBP CV night-time 0.08 (0.03-0.14) 0.07 (0.03-0.2) 0.08 (0.03-0.14) 0.28°
SBPCV 24h 0.09 (0.05-0.35) 0.08 (0.05-0.18) 0.11 (0.04-0.3) 0.38°
SBP ARV 8.75 (5.78-18.0) 9.46 (7.68-17.6) 10.5(7.39-17.7) 0.059¢
DBP SD daytime 6 (4-54) 7 (3-27) 8 (6-45) 0.028¢
DBP SD night-time 7(3-11) 5 (3-16) 6.5 (3-15) 0.74°
DBPSD 24 h 8 (4-39) 8 (5-22) 8.5 (6-34) 0.47
DBP CV daytime 0.08 (0.05-0.58) 0.09 (0.04-0.31) 0.1 (0.07-0.55) 0.10°
DBP CV night-time 0.1 (0.04-0.2) 0.08 (0.04-0.25) 0.08 (0.03-0.19) 0.67
DBPCV 24h 0.11 (0.05-0.52) 0.11 (0.06-0.28) 0.12 (0.07-0.46) 0.80°
DBP ARV 5.52 (3.61-16) 6.67 (3.95-9.64) 6.58 (4.65-15.5) 0.059¢
Homocysteine (umol/l) 14 (7.9-26.6) 14 (6.8-47) 18.4 (6.8-31.2) 0.09°
%A MAP (%) 11.1 (= 9.92) 6.95 (+9.91) 276 (+ 10.4) 0.04°
Nocturnal blood pressure profile Dipper—40% Dipper—43.5% Dipper—25% 0.28"

Extreme dipper—10% Extreme dipper—4% Extreme dipper—5%

Reverse dipper—10% Reverse dipper—30% Reverse dipper—45%

Non-dipper—40% Non-dipper—22.5% Non-dipper—25%
Supine hypertension Present—15% Present—26% Present—50% 0.05*
ASBP (mmHg) 55(— 12to 35) 12 (- 6 to 67) 16 (= 17 to 79) 0.20¢
ADBP (mmHg) -3(-12t09) 0(—12t032) 2(— 14t034) 0.27°
Orthostatic hypotension Present—20% Present—43% Present—35% 0.52°

Data are presented as a mean (+ standard deviation) or a median (minimum-maximum)

LEDD levodopa equivalent dose (mg). UPDRS Unified Parkinson’s Disease Rating Scale, NMSQ non-motor symptoms questionnaire, SBP sys-
tolic blood pressure, DBP diastolic blood pressure, SD standard deviation, CV coefficient of variation, ARV average real variability, %A MAP
nocturnal blood pressure fall in %, ASBP orthostatic systolic blood pressure drop, ADBP orthostatic diastolic blood pressure drop, PD-NC-
patients with normal cognition, PD-MCI patients with mild cognitive impairment, PD-D patients with dementia

axl
"PANOVA
“Kruskal-Wallis test

Kruskal-Wallis testing were further performed. For post
hoc analyses of parametric and non-parametric data were
used Tukey’s test and Dunn’s test, respectively. Spearman'’s
p coefficient was used to determine the correlation between
the two quantitative variables. Comparisons for categorical
variables were performed using X: tests. In case of problems

with determining the p-value from the asymptotic XZ dis-
tribution of the test statistic, Monte-Carlo simulations with
2000 repetitions were used to determine this value. Cramer's
V was used to test the strength of the relation between the
two nominal variables.
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Ordinal regression models were also constructed. In these
models, the dependent variables were categories related to
the patients'cognitive functions, and the independent varia-
bles were values characterizing the studied individuals. Then
multivariate regression analyses, using the forward stepwise
selection method, were conducted (compared parameters
were: Akaike information criterion—AIC, Bayesian infor-
mation criterion—BIC, p).

Receiver Operating Characteristic (ROC) curves were
determined from the logistic regression models created for
patients with normal cognition and dementia, to meet the
dichotomous requirements for this method. The sensitivity
and specificity values shown in the graph determine the clas-
sification correctness of variables describing BP abnormali-
ties and short-term BPV indices as predictors of dementia
(Fig. 1).

The calculations used functions and procedures from the
R environment (R Core Team 2024). The significance level
was set at a= 0.05.
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Results
Demographic data

The detailed demographics are presented in Table 1. Among
63 patients, 25 were women (39.7%). Twenty patients had
normal cognition, 23 and 20 were diagnosed MCI and
dementia respectively. Patients with normal cognition were
significantly younger, better educated and had a more benign
disease course than PD-D (Table 2). There were no differ-
ences in duration of the disease or dopaminergic therapies
between the groups.

Blood pressure abnormalities

Thirty three percent of patients had OH (12% delayed to
5-10 min), 31% SH and in 14% both coexisted. Although
differences in a prevalence of OH in all three groups were
not statistically significant, it was correlated with more
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Fig.1 ROC curves. Accuracy of short-term BPV indices as predictors for dementia. SBP systolic blood pressure, DBP diastolic blood pressure,
ARV average real variability, CV coefficient of variation, SD standard deviation
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Table 2 Post hoc test results (p-values) presenting specific differences
between the study groups

Variable PD-NC vs PD-NCvs PD-D PD-MCI
PD-MCI vs PD-D
Age! 0.26 0.03 0.24
Years of education® 0.26 0.01 0.26
NMsSQ! 0.17 0.003 0.17
Schwab&England scale®  0.31 0.003 0.04
UPDRS® 0.39 0.05 0.40
SBP ARV® 0.42 0.05 0.42
DBP ARV® 0.09 0.09 0.83
DBP SD daytime® 0.28 0.02 0.28
DBP CV daytime® 0.53 0.09 0.53
Homocysteine (umol/l)®  0.64 0.10 0.19
%A MAP (%)* 0.38 0.07 0.28
Supine hypel‘lensionr 0.43 0.05 0.18

UPDRS Unified Parkinson’s Disease Rating Scale, NMSQ non-motor
symptoms questionnaire, SBP systolic blood pressure, DBP diastolic
blood pressure, SD standard deviation, CV coefficient of variation,
ARV average real variability, %A MAP nocturnal blood pressure fall
in %, PD-NC patients with normal cognition, PD-MCI patients with
mild cognitive impairment, PD-D patients with dementia

ITukey’s test

“Dunn’s test

"McNemar corrected with Bonferroni method

severe impairment in a verbal memory and visuospatial,
language and executive functions (Table 3). Drop in DBP
correlated with LEDD (p =0.46, p-value =0.0001) and
separately with levodopa dose (p =0.44, p-value =0.0003).

Supine hypertension was associated with dementia
(Cramer’s V= 0.2562, p-value =0.0473).

There was a trend towards association between lower noc-
turnal blood pressure fall (% AMAP), reverse dipping pattern
and cognitive decline (Cramer’s V= 0.2971, p-value =0.09;
Cramer’s V= 0.2971, p-value =0.08, respectively).

Short-term blood pressure variability

Standard deviation of daytime DBP was significantly higher
in PD-D (Table 1). Also average real variability of SBP was
significantly higher in the PD-D when compared to PD-NC
(Table 2). Coefficient of variation of daytime DBP and
DBP ARV were also higher in PD-D patients, but differ-
ences remained at the trend level. Visuospatial, language
and executive functions were negatively related to CV of
daytime DBP (Table 3). Average real variability of SBP cor-
related with decreased MoCA scores and deficits in visuos-
patial memory and executive functions (Table 3). Levodopa
equivalent dosage and ropinirole dose equivalence did not
show any correlation with assessed parameters.

Laboratory tests

Laboratory tests, including vascular or dementia risk factors
(vitamin B12, folic acid, thyrotropic hormone, glucose) did
not differ between groups. There was a trend towards higher
homocysteine level in PD-D group and it correlated with
higher levodopa dosage (Table 2).

Regression analyses

Univariate regression analyses in models for dementia iden-
tified age, Hoehn-Yahr’s more advanced stage, NMSQ score,
SH, reverse dipping pattern and inversely: nocturnal blood
pressure fall, years of education and scores in Schwab-Eng-
land scale as significant variables. Higher SBP ARV was
associated with cognitive impairment at the trend level
(Table 4). Multivariate regression analyses models identi-
fying significant predictors for the development of dementia
were comparable and did not have sufficient parameters to
choose the best one.

The highest accuracy as predictors of dementia was
achieved for SBP ARV, DBP ARV and DBP SD and DBP
CV, both calculated for daytime period. (Fig. 1).

Discussion

This is to our knowledge the first study assessing the impact
of short-term BPV on cognition in a highly selected group of
PD patients without comorbidities and co-medications. We
found that PD-D patients presented higher BPV, reverse dip-
ping and SH when compared to PD-NC. Moreover, results of
our study suggest, that those variabilities may be associated
with cognitive decline in PD.

Blood pressure variability

Short-term BPV characterizes BP fluctuations through 24
h (ABPM) (Schutte et al. 2022). It can be assessed with
several indices and the classic ones include: SD (corre-
lated with average BP) and CV (independent on the aver-
age BP), both influenced by diurnal BP variation (Schutte
etal. 2022). Average real variability is not affected by altera-
tions in circadian rhythm, but depends on the number of BP
measurements (Mena et al. 2005; Schutte et al. 2022). In
the literature there are no clear recommendations which of
the indices should be used and which has the strongest prog-
nostic value. Results of a recent, large meta-analysis indicate
an association of long-term systolic and diastolic BPV (visit
to visit assessments during months or years) with cogni-
tive decline in a general population, stronger than for mean
BP (Heus et al. 2021). However, there are only few studies
assessing such relationship between short-term BPV and
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Table 3 Tests used for cognitive assessment and their correlations with blood pressure variables (performed by the Spearman’s rank correlation

coefficient)

Cognitive domain

SH-DBP  %AMAP SD DBPday ARV SBP ARV DBP CV DBP day
>90

General cognitive functions
MoCA
Visuospatial functions
Benton JoLO
VOSP
Screening test
Incomplete letters
Dots counting
Cube analysis
Verbal memory
WAIS
Digit span forward
Digit span backwards
CVLT
List A Tasks 1-5
List A Task 1
List A Task 5
List A Free recall after distrac-
tion
List A Free recall after 20 min
Guided recall after distraction
Guided recall after 20 min
Perseverations
Confabulations in free recall
Confabulations in guided recall
Recognition—total hits
Recognition mistakes
Visuospatial memory
Corsi Block-Tapping test
Span forward
Span backward
CVMT
Hits
False alarms
&
Total score
Delayed recognition
Language
BNT-30
Executive functions
D-KEFS Tower test
Mean time of first move
Sum 1-9 trial
Total number of rule violations
COWAT
Phonemic (“K™)
Animals

mmHg

-0.16 -0.07 -0.16 -0.29* -0.21 -0.21
-0.03 -0.06 -0.05 -0.19 -0.08 -0.09
0.08 -0.09 -0.23 -0.11 -0.12 -031%*
-0.05 -0.10 -0.17 -0.16 -0.26" —-0.34%
-0.17 -0.08 0.00 =025 0.10 0.03
-0.03 -0.12 -0.21 -0.22 -0.12 -0.30*
-0.04 0.08 0.08 -0.01 -0.06 -0.13
0.15 0.11 0.01 0.03 -0.08 =025
-0.10 -0.08 -0.20 -0.20 -022 -0.23
-0.12 -0.07 -0.240 -0.14 -0.12 -0.11
-0.11 -0.17 -0.19 -0.22 -0.23 -0.247
-0.10 0.03 -0.07 0.00 -0.17 -0.22
-0.19 -0.18 -0.14 -0.16 -0.12 -0.18
-0.21 -0.15 -0.06 -0.247 -0.18 -0.10
-0.10 -0.05 -0.22 -0.30* -0.25~ -023
-0.09 -0.22 -0.17 -0.15 -0.13 -0.27*
0.18 0.05 0 0.09 -0.10 -0.05
-0.15 0 0.15 0.22 0.18 0.16
0 0.02 0.08 0.12 0.11 0.07
-0.16 -0.20 -0.14 -0.23 -0.247 -0.19
0.04 0.06 0.02 0.04 -0.07 -0.16
0.04 -0.05 -0.19 -0.13 -0.10 -0.277
-0.10 -0.03 -0.12 -0.32% -0.20 -0.17
0.18 0.13 0.01 -0.03 0.10 -0.15
-0.21 -0.18 -0.05 -0.11 -0.17 0.09
-0.09 -0.08 -0.06 -0.12 -0.05 0.12
0 -0.02 -0.06 -031* -0.25 0.06
0.08 -0.08 -0.25 -0.15" -0.08 -0.30%
0 0.06 0.15 0.12 -0.04 0.09
-0.12 -0.05 -0.07 -034%  -0.17 -0.14
-0.10 -0.03 0.06 0.19 0.14 0.30%
-0.10 -0.03 -0.15 -0.04 -0.16 —0.34%*
-0.07 -0.04 -0.17 -0.19 -0.21 —-0.38%*
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Table 3 (continued)

Cognitive domain ADBP ASBP  SHSBP SH-DBP  %AMAP SD DBPday ARV SBP ARV DBP CV DBP day
>140 >90
mmHg mmHg
Sharp items -003 -0.17 -0.11 0.05 0.09 -0.11 -0.16 -0.15 —0.34%%
Dynamic praxis (sum) -0.12 -0.35%* -0.33*% -0.28* -0.14 -0.08 -0.20 -0.21 0.01
Alternating motor pattern
Total number 0 0.12  -0.06 -0.13 -0.06 0.01 -0.11 -0.12 -0.08
Number of errors 0.25 0.287 0.16 0.22 0.27 0.11 0.04 0.04 -0.10
Correct rate -0.28" -031* -0.23 - 0.34* -027  -0.11 -0.11 -0.12 0.02

MoCA Montreal cognitive assessment, JoLO judgement of line orientation, VOSP visual objects and space perception battery, WAIS Wechsler
Adult Intelligence Scale, CVLT California verbal learning test, CVMT continuous visual memory test, BNT Boston naming test, D-KEFS Delis-
Kaplan executive function system, COWAT controlled oral word association test, ASBP orthostatic systolic blood pressure drop, ADBP ortho-
static diastolic blood pressure drop, %A MAP nocturnal blood pressure fall in %, SH supine hypertension, SBP systolic blood pressure, DBP
diastolic blood pressure, SD standard deviation, CV—coefficient of variation, ARV average real variability

Significance codes: **p-value <0.01, *p-value <0.05, Ap-value <0.1

Table 4 Ordinal regression
analysis for risk of dementia

Explanatory variables (predictors)

Ordinal regression

B OR CI p-value
Lower Upper

Age 0.1 1.11 1.03 1.21 0.01
Years of education -023 0.79 0.67 0.93 0.005
Hoehn-Yahr scale 1.1 299 1.348 7.092 0.01
Schwab-England scale —0.08 0.92 0.876 0.969 0.002
NMSQ 0.21 1.24 1.095 1.419 <0.001
SBP ARV 0.19 1.21 1.002 1.494 0.059
Reverse dipping 1.39 4.02 1.199 14.470 0.03
SH 1.29 3.63 1.297 10.783 0.02
% AMAP - 0.06 0.94 0.894 0.985 0.01

B-unstandarized regression coefficient, SH supine hypertension, % AMAP nocturnal blood pressure fall in
%, SBP ARV average real variability of systolic blood pressure, NMSQ non-motor symptoms questionnaire

cognition (Sun 2023). Arterial stiffness related to ageing,
high BP values and reduced hippocampal volume may be
the underlying mechanisms linking systolic BPV with cogni-
tive impairment, whereas higher diastolic BPV is correlated
with greater white matter hyperintensities (WMH) volume,
endothelial dysfunction and increased sympathetic activity
(Gutteridge et al. 2022; Schillaci et al. 2012). Furthermore
increased BPV may cause hemodynamic instability, what
may lead to cerebral hypoperfusion (Sun 2023). An Alves
etal. (2023) showed a tendency to asymptomatic organ dam-
age (carotid intima-media thickness, extracranial plaques
and increased pulse pressure) in PD patients with higher
systolic BPV, what is in concordance with described above
studies based on general population (Heus et al. 202 1; Schil-
laci et al. 2012). Higher levels of BPV were also observed
among advanced PD patients (Shen et al. 2022).

The results of studies assessing short-term BPV in PD
patients are inconsistent and difficult to compare as different

indices were used for the assessments (Alves et al. 2023;
Chen et al. 2024; Kanegusuku et al. 2017; Kim et al. 2012;
Sebastian et al. 2022; Shen et al. 2022; Tsukamoto et al.
2013; Yoo et al. 2020). In the majority of studies using clas-
sical ones, only daytime BPV was significantly increased,
when compared to healthy controls (Kanegusuku et al. 2017;
Alves et al. 2023; Shen et al. 2022). Standard deviation and
CV from night-time and 24 h period may not show the BPV
adequately in this group of patients due to reduced nocturnal
blood pressure fall.

The association between short-term BPV and cognition
in PD was previously analysed in one study with drug naive
patients (Kim et al. 2012). Participants with hypertension or
diabetes mellitus were also enrolled and BPV of DBP was
not studied. In our study we excluded such patients to make
the results more clear and related to PD or PD medications
itself. Although our group was treated for PD, LEDD was
not statistically different between the groups. In Kim et al.
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(2012) study SD and CV of SBP were significantly higher in
PDD. Moreover, frontal executive functions were negatively
related to the SD of SBP. It is partly consistent with our
results, where higher levels of BPV also characterized the
PD-D group (together with decrease in executive functions)
for SBP ARV, SD of daytime DBP and on a trend level for
daytime DBP CV and DBP ARV. Furthermore, our findings
suggest, that increased SBP ARV may predict dementia and
it was precisely associated with the worse global cognitive
function and poor performance in visuospatial memory and
executive function (Table 3, Fig. 1).

Orthostatic hypotension

Orthostatic hypotension along with SH are supposed to
be a risk factors for cognitive decline (Espay et al. 2016).
The prevalence of both increases with the disease dura-
tion (Kwasniak-Butowska et al. 2021). The association of
OH with dementia was not confirmed in our study, how-
ever orthostatic changes in SBP and DBP affected certain
cognitive domains (verbal memory, visuospatial, language
and executive functions) (Table 3). This may be due to lim-
ited number of recruited patients, early disease stage or the
assessment method, as OH occurs more frequently after tilt-
ing than on standing (Jamnadas-Khoda et al. 2009). It seems
to be consisted with the findings by Vallelonga et al. (2019,
2024), who observed that a number of ABPM hypotensive
episodes (defined as systolic drop >15 mmHg compared
with the average 24-h SBP during the waking period) have
a stronger association with dementia than the simple bedside
assessment. Executive performances in PD patients with OH
are also temporarily worsen upon postural change, owing
to impair cerebral autoregulation during orthostatic stress,
with a negative influence on patients quality of life (Centi
et al. 2017). Prevalence of SH in our study was similar to
that observed by other authors and it was associated with
dementia (Kim et al. 2012; Umehara et al. 2016). Longitudi-
nal presence of SH was recently found to be associated with
verbal memory decline, possibly resulting from hippocampal
atrophy (Miller-Patterson et al. 2024).

Nocturnal blood pressure

Abnormal nocturnal BP profile in PD patients is common,
independently from coexisting hypertension (Milazzo et al.
2018). Reverse pattern, according to Milazzo et al. (2018),
can be a marker of cardiovascular dysautonomia and may
lead to left ventricular hypertrophy, similar to essential
hypertensive patients (Di Stefano et al. 2020) and develop-
ment of WMH (Tanaka et al. 2018). In our study it was also
identified as a predictor of dementia, what was confirmed in
Tanaka et al. (2018) and Chen et al. (2024) studies as well.

@ Springer

Role of laboratory findings

We failed to demonstrate an association between Hcy, cog-
nitive dysfunction and WMH described in previous study
(Stawek et al. 2013). However Hcy levels correlated with
higher levodopa doses and potentially may be harmful due
to its vascular and neurotoxic properties (Stawek et al. 2013).

Role of medications

Levodopa dose in our study group correlated with orthostatic
drop of DBP. However, like other authors, we did not observe
such association for orthostatic drop of SBP (Earl et al. 2024;
Jost et al. 2020). Levodopa may affect BP due to baroreflex
impairment (Earl et al. 2024). Stimulation of central D1
receptors (Durrieu et al. 1990) and peripheral D2 receptors
on postgangliotic sympathetic nerves (Mannelli et al. 1999)
can lead to lower norepinephrine plasma levels, as it was found
in previous studies (Bouhaddi et al. 2004). It might be hypoth-
esized that due to autonomic denervation in PD, dopaminergic
therapy enhance a deficit in blood pressure regulation, what
needs to be investigated in further studies.

Strengths and limitations

The major strength was the study design. Neuropsychological
testing was detailed and based on both general and highly spe-
cific outcome measures. Each cognitive domain was assessed
with two tests and the number of patients in each group
according to cognitive status was equal. This was in concord-
ance with the current dementia and PD related MCI definitions
(Emre et al. 2007; Litvan et al. 2011). Groups also did not dif-
ferin terms of dopaminergic therapies. One of the most impor-
tant strengths of the study was the exclusion of patients with
cardiovascular diseases or taking medications affecting RAS,
thus potential confounders leading to dysautonomia or having
influence on BPV were excluded. However, this limited the
total number of patients enrolled. A weakness of this study is a
relatively small sample size, but it was related to the mentioned
above restrictions in recruiting patients without co-morbidities
and commonly used in this population medications. Nonethe-
less this had a negative impact on the statistical power of our
analyses and strength of our conclusions. Furthermore, ABPM
was performed only once and OH was assessed on standing,
not on tilting, but it resembles the clinical practice (Fanciulli
etal. 2025).

Conclusions
Increased SBP ARV, SH and reverse dipping correlated with

dementia in PD. The ABPM should be considered in the
monitoring of PD patients as it is an easy to perform and
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inexpensive. The procedure should be standardized, as some
of the BPV indices depend on the number of the measure-
ments. Recognition and treatment of circadian BP abnor-
malities in PD patients potentially may protect them from
further cognitive decline what requires further longitudinal
studies.
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Keywords:
Parkinson’s disease
Renin-angiotensin system

Introduction: Peripheral renin angiotensin system (RAS) regulates blood pressure and is involved in inflammation
and oxidative stress processes. We aimed to determine whether a peripheral RAS may contribute to cognitive
impairment in a highly selected group of Parkinson’s disease (PD) patients without co-morbidities and
concomitant medications affecting RAS, Correlations between RAS, blood pressure abnormalities and short-term
blood pressure variabilities (BPV) were additionally assessed

Material and methods: A total of 63 PD patients were enrolled. Clinical evaluation included assessment of motor
abilities with dedicated scales. According to neuropsychological examination patients were classified into a
group: with normal cognition (n = 20), mild cognitive impairment (MCI) (n = 23) or dementia (n = 20). All
groups did not differ in terms of disease duration and dopaminergic treatment. Patients underwent 24h ambu-
latory blood pressure monitoring and orthostatic test. Plasma levels of renin, angiotensin II, aldosterone and
plasma renin activity (PRA) were measured in a fasting state

Results There were no differences in assessed parameters of RAS between all 3 groups. Better performance in
visuospatial memory, visuospatial and executive functions was correlated to higher renin levels and PRA
Angiotensin II higher levels correlated with poor verbal memory and executive functions. Lower levels of renin
and PRA resulted in increase of short-term BPV

Conclusions: Peripheral RAS did not correlate with dementia or MCI, but may have an impact on selected
cognitive domains and may contribute to an increase in BPV

Cognitive impairment
Short term blood pressure variability
Non-motor symptoms

1. Introduction synthesized by angiotensin converting enzyme (ACE-1), promotes also

pro-inflammatory processes and oxidative stress [5]. Its effects are

Patients with Parkinson’s disease (PD) tend to have higher blood
pressure vatiability (BPV) [1]. Furthermore cardiovascular dysautono-
mia is a part of non-motor symptoms of PD [2] and may decrease
cognitive functions in this group [3]. Peripheral renin-angiotensin sys-
tem (RAS) is involved in blood pressure (BP) regulation, maintaining
water and electrolyte balance and systemic vascular resistance [4]. The
classic axis of RAS, with angiotensin II (Angll) as a main component,

mediated mainly by type 1 receptors (AT1R). Elevated peripheral ACE-1
levels in cognitively intact study group of general population were
associated with worse processing speed and working memory, whereas
higher Angll concentrations with lower total grey matter and hippo-
campal volumes assessed in MRI [6,7]. Brain posses its own RAS [4].
Excessive activation of AnglI/AT1R in the substantia nigra can lead to
degradation of dopaminergic neurons, due to activation of microglia and
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the development of neuroinflamation [4]. Furthermore use of antihy-
pertensive medications acting on RAS may reduce risk of PD [3] and
AT1R blockersin particular were reported to improve motor impairment
[9] and showed potentially protective effect on cognitive decline in PD
[10].

However till now, the relationship between peripheral RAS and
cognitive function in PD remains unclear and the impact on cognition
was only suspected and based on indirect evidence.

This study aims to determine whether a RAS activity may contribute
to cognitive impairment in a highly selected group of PD patients
without co-morbidities and concomitant medications affecting cardio-
vascular functions. We assessed additionally correlations between RAS
and blood pressure abnormalities and short-term blood pressure vari-
abilities (BPV).

2. Material and methods

The study protocol and outcomes regarding blood pressure abnor-
malities and BPV have been published previously [11].

In this cross-sectional study were encolled 63 patients of Caucasian
origin with idiopathic PD according to Movement Disorders Society
Clinical Diagnostic Critetia. (Table 1). Patients with advanced therapies
for PD (deep brain stimulation or infusion therapies), renal or liver
impairment, electrolyte imbalance, cardiovascular diseases (including
hypertension, ischemic heart disease or diabetes mellitus) and taking
medications affecting RAS were excluded from the study. The Unified
Parkinson’s Disease Rating Scale (UPDRS; part III) in ,on” state,
Hoehn-Yahr staging, the Schwab-England activities of daily living scale
and non-motor symptoms questionnaire (1IMSQ) were used to assess the
severity of the disease. All assessments were performed by the same
physician. Dopaminergic therapies were converted to levodopa equiv-
alent dosage (LEDD).

Each cognitive domain was assessed with two dedicated testing
methods (Table 2). Litvan etal. [12] and Emre etal. [13] criteria were

Table 1
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used to define mild cognitive impairment (MCI) and dementia, respec-
tively. Patients were classified into three groups: PD with normal
cognition (PD-11C), with mild cognitive impairment (PD-MCI) and with
dementia (PDD) (Table 1).

Blood pressure was measured with an electronic inflatable brachial
sphygmomanometer. Measurement was conducted after at least 5 min of
rest in a supine position. Supine hypertension was defined as systolic
blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) >
90 mmHg. A fall in SBP >20 mmHg or >10 mmHg in DBP after 3 min of
standing from a supine position was defined as orthostatic hypotension
(OH). Testing was prolonged to 10 min, if the result was negative after 3
min, and BP was measured then also after 5 and 10 min.

Twenty-four-hour ambulatory blood pressure monitoring (ABPM)
was recorded using a Watch BPO3 device on the non-dominant arm.
Measurements were made in 20 min intervals between 6:00 a.m. and
10:00 p.m. and in 30 min intervals between 10:00 p.m. and 6:00 a.m.
Standard deviation (SD), coefficient of variation (CV) both calculated for
daytime, night-time and 24h SBP and DBP as well as average real
variability (ARV, calculated as the average of absolute changes between
following BP readings) of 24h systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were measured indices of short-term BPV.

Blood samples were collected early in the morning around 7 a.m. in
all patients, after overnight fasting at least 8 h after the last dose of
dopaminergic medications. Renin, plasma renin activity (PRA, calcu-
lated as a synthesis rate of Angl by a plasma sample under controlled
conditions), angiotensin II and aldosterone were assessed as the pa-
rameters of RAS. Blood sample for PRA measurement was collected
without venous stasis, promptly centrifuged and quickly frozen. Renin
concentration was determined by chemiluminescence immunoassay
(CLIA) on LIAISOIN XL analyzer. Plasma renin activity was measured by
radioimmunoassay using an Ang I RIA KIT (Beckman Coulter, Immu-
notech, Prague, Czech Republic). Aldosterone and angiotensin II con-
centrations were determined by enzyme-linked immunosorbent assay
(ELISA) using a DRG kit (DRG Instruments GmbH, Marburg, Germany)

Demographic and clinical data of the study group. LEDD-levodopa equivalent dose (mg), UPDRS - Unified Parkinson’s Disease Rating Scale, NMSQ - non-motor
symptoms questionnaire, SBP — systolic blood pressure, DBP — diastolic blood pressure, SD — standard deviation, CV - coefficient of variation, ARV - average real
variability, ASBP — orthostatic systolic blood pressure drop, ADBP — orthostatic diastolic blood pressure drop, PD-NC- patients with normal cognition, PD-MCI —

patients with mild cognitive impairment, PD-D — patients with dementia

Variable PD-NC (n = 20) PD-MCI (n = 23) PD-D (n = 20) p-values Post-hoc analysis

Sex (Female/Male) 9/11 9/14 7/13 0.81%

Age (years) 62.6 (+4.62) 64.6 (+6.92) 67.7 (+5.11) 0.02" PD-NC < PDD’

Years of education 15.5 (11-23) 14 (10-24) 13 (10-17) 0.02 PD-NC > PDD"

Duration of the disease (years) 7 (2-20) 6 (4-20) 9.5 (3-20) 0.25°

LEDD (mg) 1017 (+£418) 1110 (+492) 1314 (£511) 0.139%

Levodopa (mg) 693 (+408) 812 (+445) 1011 (£442) 0.075"

Ropinirole dose equivalence (mg) 9.42 (0-20) 7.38 (0-24) § (0-20) 0.246°

Hoehn-Yahr scale 2 (1-3) 2 (1-3) 2(1-3) 0.01°

NMSQ 9.15 (+3.69) 11.4 (£3.96) 13.6 (+3.70) 0.003 PD-NC > PDD*

UPDRS (part III) 10 (3-35) 15 (2-40) 19.5 (4-31) 0.06° PD-NC < PDD"

Schwab&England scale 90 (70-100) 85 (60-100) 77.5 (40-90) 0.004 PD-NC > PDD", PD-MCI = PDD*

SBP ARV 8.75 (5.78-18.0) 9.46 (7.68-17.6) 10.5 (7.39-17.7) 0.059 PD-NC < PDD*

DBP SD daytime 6 (4-54) 7 (3-27) 8 (6-45) 0.028° PD-NC < PDD*

DBP CV daytime 0.08 (0.05-0.58) 0.09 (0.04-0.31) 0.1 (0.07-0.55) 0.10° PD-NC < PDD*

DBP ARV 5.52(3.61-16) 6.67 (3.95-9.64) 6.58 (4.65-15.5) 0.059 PD-NC < PDD,
PD-MCI < PDD*

ASBP (mmHg) 55 (-12-35) 12 (-6 - 67) 16 (-17-79) 0.20

ADBP (mmHg) =3 (-12-9) 0(-12-32) 2(-14-349 0.27°

Renin 7.8 (1.3-65) 7.3 (0.7-47) 5.4 (1.5-42.5) 0.3609

PRA (ng/ml/h) 0.49 (0.16-47) 0.49 (0.07-3.26) 0.535 (0.13-5.67) 0.73°

Aldosterone (pg/ml) 96.3 (50-152) 95 (37.3-332) 90.1 (55.4-192) 0.88°

Angiotensin I (pg/ml) 856 (374-71.7) 8.22 (3.25-116) 7.64(2.10-120) 0.596

Data are presented as a mean (+ standard deviation) or a median (minimum-maximum)

32
® ANOVA

¢ Kruskal-Wallis test
¢ Tukey's test.
Dunn’s test
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Table 2

Tests used for cognitive assessment and their correlations with renin-angiotensin
system (performed by the Spearman’s rank correlation coefficient). Significance
codes: ** p-value <0.01, * p-value <0.05, " p-value <0.1

PRA Renin Aldosterone  Angiotensin
i
General cognitive function
MoCA 0.07 0.21 0.10 -0.07
Visuospatial function
Benton JoLO 0.387** 0.34** 0.23 -0.1
VOSP
Screening test 0.24" 0.13 0.22 —-0.03
Incomplete letters 0.26" 0.15 —-0.03 0.19
Dots counting 0.33* 0.29* 0.21 —0.04
Cube analysis 0.21 0.05 0.02 0.08
Verbal Memory
WAIS-R
Digit span forward 0.16 0.26" 0.34* —0.26"
Digit span 0.2 0.27* 0.20* —0.29*
backwards
CVLT
List A Tasks 1-5 0.10 0.07 =0.13 0.19
List A Task 1 0.2 0.13 —0.06 0.05
List A Task 5 0.12 0.07 -0.1 0.20
List A Free recall 0.27* 0.30* 0.001 0.13
after distraction
List A Free recall 0.17 0.21 —-0.08 0.08
after 20 min
Guided recall after 0.14 0.13 —0.14 0.13
distraction
Guided recall after 0.15 0.16 -0.10 0.08
20 min
Perseverations -0.2 —0.32% -0.22 0.1
Confabulations in -0.1 -0.21 —-0.004 0.30*
free recall
Confabulations in 0.01 —0.04 0.17 0.11
guided recall
Recognition - total 0.1 0.01 -0.18 0.09
hits
Recognition -0.01 -0.10 —-0.02 —0.05
mistakes
Visuospatial memory
Corsi
Span forward 0.454** 0.22 0.16 0.07
Span backward 0.61** 0.45** 0.23 —0.06
CVMT
Hits 0.2 0.23 0.23 0.04
False alarms —0.04 0.02 —-0.10 0.18
d 0.16 0.14 0.18 -0.17
Total score 0.19 0.13 017 —-0.14
Delayed recognition 0.14 0.19 0.04 0.04
Language
BNT 0.21 0.35** 0.22 0.09
Executive functions
DKEFS
Mean time of first 0.14 0.03 0.23 —0.37**
move
Sum 1-9 trial —-0.21 -0.14 —0.09 0.003
Total number of rule 017 0.06 0.16 0.15
violations
COWAT
Phonemic (..K") 0.257 0.31* 0.38** 0.003
Animals 0.22 0.17 0.09 0.15
Sharp items 0.42** 0.31* 0.30* 0.004
Dynamic praxis (sum) 0.19 0.28* 0.17 0.15
Alternating motor pattern
Total number 0.2 0.08 0.08 0.29"
Number of errors -0.01 0.06 0.16 -0.01
Correct rate 0.12 —-0.02 -0.11 0.17

Abbreviations: MoCA — Montreal Cognitive Assessment, JoLO — Judgement of
Line Orientation, VOSP - Visual Objects and Space Perce ption Battery, WAIS-R —
Wechsler Adult Intelligence Scale Revised, CVLT — California Verbal Learning
Test, CVMT - Continuous Visual Memory Test, BNT — Boston Naming test, D-
KEFS - Delis-Kaplan Executive Function System, COWAT - Controlled Oral
Word Association.
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and QAYEE-BIO kit (Shanghai Qayee Biotechnology Co., Ltd., China),
respectively.

All patients signed informed consent. Study protocol was approved
by the Bioethics Committee for Scientific Research of Medical University
of Gdansk (1TKBB11/415/2018).

2.1. Statistical analysis

After assessing normal distribution for collected data with the
Shapiro-Wilk test, the one-way parametric AIIOVA and one-way non-
parametric Kruskal-Wallis testing were performed. Categorical variables
were compared with y” tests. Tukey’stestand Dunn’s test were used for
post hoc analyses of parametric and non-parametric data, respectively.
Correlation analyses were performed with Cramer’s V or Sperman’s p
coefficients, depending on the type and distribution of the variables.
Mediation analysis was conducted to assess the mediating role of short-
term BPV in the effect of RAS on cognition. In case of problems with
determining the p-value from the asymptotic y* distribution of the test
statistic, Monte-Carlo simulations with 2000 repetitions were used to
determine this value. The results were generated with R and R Studio
version 4.2.3 (www.r-poject.org). At the level significance a p < 0.05
between-group differences were considered significant.

3. Results

The detailed characteristics of the groups are presented in Table 1.
Patients with dementia were significantly older, less educated and hada
more advanced disease than PD-11C. Disease duration and dopaminergic
therapy were similar across the groups [11].

There were no differences in assessed parameters of RAS between all
three groups (Table 1). levertheless, in all groups higher renin levels
and increased PRA were associated with better performance in scales
assessing visuospatial functions, visuospatial immediate memory and
verbal fluency (Table 2). Additionally, higher renin levels were related
to better verbal immediate/delayed memory and language functions. On
the contrary patients with higher AnglI levels had more severe impaic-
ment in verbal immediate/delayed memory and in planning (Table 2).
Plasma concentrations of RAS were not related to assessed BP abnor-
malities nor to short-term BPV, except from reverse correlations of renin
and PRA with SBP ARV (Cramer’s V = —0.2549, p = 0.05; Cramer’s V =
—0.2555, p = 0.04, respectively). Additionally, renin levels negatively
correlated with orthostatic drop of DBP (Cramer’s V = —0.2667, p =
0.04). There was no correlation between dopaminergic therapy and
RAS.

Mediation analysis showed that SBP ARV mediated the influence of
PRA and renin only on general cognition (assessed with MoCA score),
planning and some aspects of verbal memory (learning curve). Ortho-
static drop of DBP did not mediate the association between renin and
cognitive function. (Supplementary material).

4. Discussion

To our knowledge this is the first study assessing the impact of pe-
tipheral RAS components on cognitive function in PD patients without
comorbiditiesand medications affecting RAS. Therefore, our data reflect
RAS activity related to PD itself.

In our cohort, worse scores of neuropsychological tests assessing
verbal memory and executive functions were related to increased Angll
levels (Table 2). Study based on general population has shown elevated
ACE-1 levels to be correlated with worsening of processing speed and
working memory during 1 year follow up [6]. In addition, a correlation
between ACE-1 and Angll levels was observed. In the same group of
patients higher Angll concentration correlated with hippocampal, rostal
middle frontal, supramarginal parietal and total grey matter atrophy
[7], namely structures associated with memory and executive functions
[14]. There were no associations of ACE-1 and AnglI with baseline SBP
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or DBP. Results from another study have shown hippocampal atrophy
volume to be predictive of cognitive decline, independently of f-amyloid
(Ap) or tau measures. This may suggest that other mechanisms are
involved in this processes as well, like for example limbic age-related
TDP43 encephalopathy, primary age-related tauopathy or vascular le-
sions [15]. In a study involving patients with chronic kidney disease,
AT1R blockers inhibited the development of cognitive impairment by
reducing oxidative stress in the hippocampus, suggesting a possible
me chanism linking the RAS to cognitive decline [16]. The relationship
between circulating RAS components and cognition in PD was previ-
ously analysed in just one study with 30 PD patients and 20 controls,
where patients with cardiovascular diseases (including diabetes mellitus
and hypertension) were also encolled. Plasma levels of Angl, Angll,
angiotensin —(1-7) (Ang-(1-7)), ACE-1 and ACE-2 were measured in
non-fasting state. Authors failed to demonstrate an association with
cognition, what may result from the use of screening tests (Mini-Mental
State Examination and the Frontal Assessment Battery) for cognitive
assessment only (instead of full battery of tests for each domain) and
co-morbidities. Lower circulating levels of Ang 1, Ang Il and Ang- (1-7)
were associated with increased severity of depressive symptoms though
[17].

Recently, Yang et al. in a study of 107 newly diagnosed PD patients
with hypertension, treated with AT1R blockers, found a significantly
slower cognitive decline progression and improvement of global
cognitive function, visuospatial function, processing speed attention,
executive function and working memory tests during five years of follow
up, when compared to other hypertensive drugs [10]. These results seem
to be consistent with the data on the impact of AT1R blockers on
cognition. Angiotensin II receptor blockers provide greater neuro-
protection than other classes of anti-hypertensive medication. The un-
derlying mechanisms, beyond BP control, include inhibiting
Angll/AT1R pathway and activating alternative, opposite arm of RAS:
Angll/angiotensin type 2 receptors (AT2R), angiotensin IV(Angl-
V)/angiotensin type 4 receptors (AT4R) and Ang-(1-7)/Mas receptors
(MasR) may enhance vasodilatation, baroreflex function and reduce
inflammation or oxidative stress, by inhibiting ITADPH oxidase and the
expression of pro-inflammatory cytokines. This may result in prevention
the accumulation of -amyloid and reducing the hyperphosphorylation
of tau [18]. Angiotensin converting enzyme inhibitors down regulate
Angll production and thus block not only Angll/AT1R pathway, butalso
neuroprotective Angll/AT2R and AngIV/AT4R pathways, what can be a
possible explanation. Moreover, antihypertensive medications
increasing renin levels (an enzyme converting angiotensinogen to
inactive Angl), such as thiazide diucetics or dihydropyridine calcium
channels blockers, also stimulate AT2R and AT4R and therefore may
reduce cognitive decline risk ina general population [19]. This isin line
with our results, where higher renin and PRA levels correlated positively
with visuospatial and executive functions.

Higher BPV, particularly SBP ARV, may contribute to the patho-
genesis of cognitive decline in PD, as we have shown in our previous
publication [11]. In the present study lower renin and PRA levels were
related to increased SBP ARV. Renin secretion is stimulated by sympa-
thetic renal activity (noradrenergic stimulation of P2 receptors), intra-
renal SBP in juxtaglomerular cells below 90 mmHg or a decrease in
sodium and chloride delivery to the dense macula cells [4]. Also dopa-
mine receptors placed in different parts of the nephron may regulate
renin release. Renal dopaminergic receptors are classified into two
subtypes: D1-like (D1 and D5) and D2-like (D2, D3, D4), their stimula-
tion may reduce BP in different ways [19]. Stimulation of D1-like re-
ceptors causes vasodilatation, diuresis and natriuresis with modest
increase in PRA. Stimulation of D2-like receptors induces a decrease in
norepinephrine release, what results in bradycardia, without alerting
renal function [20]. Stimulation of D3 receptor though, may inhibit
renin release [21]. Dopamine agonists, which are currently used to treat
motor symptoms, stimulate both D2 and D3 receptors. Plasma renin
activity is decreased in drug naive PD patients, when compared to
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healthy subjects [22] and its release after upright and diuretic stimu-
lation is attenuated [23]. Levodopa may lower PRA, but inhibitors of
dopa-decarboxylase can attenuate this effect [24]. Levodopa decreases
BP though, probably due to baroreflex sympathetic noradrenergic
impairment, regardless of presence of autonomic dysfunction as re-
ported by Earl and colleagues [25]. We also have found an association
between orthostatic drop of DBP and levodopa dose [11] and renin
concentration. This may suggest that due to autonomic denervation in
PD along with dopaminergic therapy, PRA in this group of patients is
decreased and renin release inadequate, therefore this mechanism is
insufficient in maintaining stable BP, causing increase in BPV.

4.1. Strengths and limitations

Main strength is a selected study population. Patients with cardio-
vascular diseases or taking medications affecting RAS were excluded
from the study to show, if PD itself may influence the RAS activity. The
psychological assessment was detailed and fulfilled the formal criteria
for MCI and dementia. Groups did not differ in terms of size and dopa-
minecgic therapy. Furthermore, not only plasma renin concentration
was assessed but also its activity. The shortcoming of our study was a
relatively small sample size and cross-sectional design, what limited the
statistical power of our analyses and strength of our conclusions.
Additionally, our study did not measure plasma concentrations or en-
zymes activities of alternative RAS pathway components.

5. Conclusions

However peripheral RAS was not correlated with dementia or MCl in
PD patients according to Litvan or Emre criteria, it may have an impact
on selected cognitive domains. Low levels of renin and decreased PRA in
patients with cardiovascular dysautonomia, may contribute to an in-
crease in BPV, assessed as average real variability of systolic blood
pressure. Further longitudinal studies are needed to investigate the
relationship between peripheral RAS, short-term BPV and cognition in
PD.
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