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ABSTRACT

Aim. To analyze risk factors in the group of patients with Parkinson’s disease (PD) and compare them with the

literature data.

Materials and methods. The study included 439 patients with PD and 354 controls, comparable by gender and
age. For each individual, a registration card was filled in containing demographic, epidemiological, clinical, and
neuropsychological data. The severity of the disease was studied according to the MDS-UPDRS scale; the stage
of PD was determined according to the Hoehn and Yahr scale. Cognitive functions were assessed by the MoCA
test and MMSE. The length of the (CAG)n repeat region in the H7T gene was determined using fragment analysis
on the ABI 3730 DNA analyzer. The obtained results were analyzed using GeneMapper Software v4.1 (Applied

Biosystems, USA).

Results. When comparing patients with PD and the control group, the odds ratio (OR) for PD in individuals with
traumatic brain injury was 3.13 (95% confidence interval (CI): 2,27-4.34; p = 4.94 x 10"?), which showed the
significance of this risk factor for PD. Consumption of coffee in the anamnesis distinguished the group of PD
patients from the control group (OR = 0.41 (95% CI: 0.30-0.56); p < 0.0001), confirming its neuroprotective
effect. Analysis of the variability in the length of the (CAG)n repeat regions in the H7T gene showed that patients
whose genotype contained an allele with 17 repeats in combination with any allele other than an allele containing
18 repeats had a protective effect (OR = 0.50 (95% CI: 0.27-0.92); p = 0.025). All genotypes containing an allele
with 18 repeats were predisposed to PD (OR =2.57 (95% CI: 1.66—4.28); p = 0.007). The predisposing effect of the

allele to PD, unrelated to the expansion of CAG repeats in the HTT gene, was revealed for the first time.

Conclusion. Traumatic brain injury and the allele with 18 CAG repeats in the H7T gene are risk factors for PD.

Coffee consumption can be attributed to protective factors in relation to PD.
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CpepnoBble 1 reHeTUYeckme pakTopbl pucka 6onesHm NMapKNHcoHa

HukutnHa M.A.", Annu¢uposa B.M.", bparuna E.l0.2, ba6bywkunHa H.MN.?, Tom6oeBa [.E.?,
Hasapenko M.C."?

I Cubupcruii 2cocyoapemeennwiit meouyunckuil ynusepcumem (Cubl MY)
Poccus, 634050, 2. Tomck, Mockosckuti mpakm, 2

2 Hayuno-uccnedosamenvckuil uncmumym (HUHW) meouyunckot eenemuxu, ToMcrkuil HayuOHAIbHbLI
uccredosamenvcekutl meouyurckull yenmp (HUML]) Poccutickoil akademuu Hayk
Poccus, 634050, 2. Tomck, yn. Habepeacnas pexu Ywatiku, 10

PE3IOME

Heun. [TpoananusupoBats HaKTOPHI PUCKa B TPYIIE MAMeHTOB ¢ 6oe3Hbio [lapkuncona (BI1) u comocraButh ux
C JINTEPATYypPHBIMU JAHHBIMH.

Matepuainbl 1 MeToAbL. B nccnenopanue Opun BritoueHb! 439 manuentos ¢ BI1 u 354 naanBuaa rpynmnsl KOH-
TpPOJIsL, COMOCTABIMBIX I10 MOy ¥ Bo3pacTy. Ha kaskzoro MHAMBUIyyMa 3all0JHEHA PErUCTpaoHHas KapTa, Co-
Jieprkanias HHPOPMAIUIO O AeMOTPa(pUICCKHX, SMHIEMUOIOTHIESCKIX, KINHUNIECKUX U HEHPOIICHXOIOTHIECKUX
naHHBIX. TspkecThb 3a0oeBanus ucciaenoBanack 1o mkaire MDS-UPDRS; craaust BIT — cornacuo mkane Hoehn —
Yahr. KorautuBabie ¢pyHknuu onennBaiuch mo MoCA-tecty 1 MMSE. nuny (CAG)n-oBropa B rene HTT
OTIpeNIeIISUIN ¢ IOMOLIBI0 pparmMeHTHOTO aHanm3a Ha riathopme ABI Genetic Analyzer 3730. AHanu3 nomydeH-
HBIX PE3YJIBTaTOB MPOBoImIICS ¢ momoInbsio GeneMapper Software v4.1 (Applied Biosystems, CIIIA).

PesyabTartel. [Ipu cpaBHenun nauneHToB ¢ BIl M KOHTpoibHON BBHIOOPKM OTHOILIEHHE LIaHCOB pa3BuTHA bII
Y MHIUBHJIOB C TPABMOH TOJIOBBI cOCTaBUIIO 3,13 (95% CI: 2,27—4,34; p = 4,94 x 10°'%), moka3aB 3Ha4NMOCTb ITOTO
¢axTopa pucka bIl. Ynorpebaenue B anHaMHe3e Kode oTaMYaeT rpyminy nanueHToB ¢ BII oT rpynmsl KOHTPOIA
(OR =0,41 (95% CI: 0,30-0,56); p < 0,0001), moaTBep)Aask €r0 HEHPONPOTEKTUBHOE ACUCTBHE. AHAIN3 BapHa-
6enprOCTH MuHBI (CAG)n-noBTopoB B rene H77T mokasai, 4To HAlMEHTHI, B TEHOTHUIIE KOTOPBIX MPHCYTCTBYET
ajenb, coAepkamuii 17 mMoBTOPOB B COYETAHUH C JIIOOBIM JPYTUM aljIeJieM, KpoMe ajulesis, coepxkaniero 18 mo-
BTOPOB, 001amaeT npoTekTBHBIM dddexTom (OR = 0,50 (95% CI: 0,27-0,92); p = 0,025). Bece renorunsl, coaep-
xamue anens ¢ 18 mosropamu, npeapacnonaraioT k BIT (OR = 2,57 (95% CI: 1,66-4,28); p = 0,007). IIpenpac-
noJjararomuii g Qekr amend, He cBsi3aHHbIN ¢ dkcnaHcueir CAG-noBTopos rena H77, x BI1 BeIsABICH BHEpBHIE.

3axurouenune. YepenHo-mosrosas tpasma u amienb (CAG), -mosTopos rena HTT spisiotcs GakTopamMu pucka
qutst pasBuths BI1. Yorpebnenue kope MOXKHO OTHECTH K IIPOTEKTHBHBIM (hakTopaM B oTHOIIeHNH BII.

KuiroueBnble ciioBa: 6onesns [lapkuncona, GpakTopsl pucka, kode, yepenHo-mo3rosas Tpasma, H1T

Konpaukt untepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIeH CTaThu.

HUcrounuxk ¢puHancupoBanus. VccienoBanye BBINOJIHEHO MPU YaCTUYHOW I'PAHTOBOM MOAJIEP/KKE HAy4HO-HUC-
CJIeI0BAaTENbCKUX MPOEKTOB, BHIMOTHAEMBIX MOJIOABIMU ydeHbIMU («Pomb reHOB pemapanuu B maTorenese 0o-
ne3nn [lapkuHcona, OonesHn ['éHTHMHITOHA W HOpPMaJbHOTO (370poBOro) crapeHms», 2021-2023 rr.). Pabora
BBINOJTHEHA NPH YaCTUYHOM (PMHAHCHPOBAHMM MMHHCTEpPCTBA HAyKHM M BBICIIETO 00pa3oBaHUs (TOC3agaHue
Ne 122020300041-7).

CooTtBercTBHE MpUHIHMNAM dTHKH. O0cie0BaHNe, HEHPOIICHXOJIIOTMYECKOe TECTUPOBAHKUE U 3a00p BEHO3HOM
KPOBH BCEX JIUII IIPOBOAMIIUCE TOJBKO MOCIE MOANMCaHns HHGOPMUPOBAHHOTO coriacus. MccienoBanue onobpe-
HO JIOKaJIbHBIM 3THYecKuM komuteToM CHOI' MY (mpoTtokon Ne 7813 ot 27.05.2019).

[ uurupoBanusi: Huxuruna M.A., Anudpuposa B.M., bparuna E.}O., babymkuna H.I1., F'om6oesa /I.E., Haza-

perxo M.C. CpenoBble 1 reHeTHuecKkre (hakTopsl pucka 6onesnu IlapkuHcona. broemens cubupcKoll MeouyuHbi.
2022;21(4):105-113. https://doi.org/10.20538/1682-0363-2022-4-105-113.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic, progressive
neurodegenerative disease, described by James
Parkinson in 1817 in the essay about “shaking palsy”
[1]. Degeneration of dopaminergic neurons in the
substantia nigra and formation of Lewy bodies are
pathological markers of PD [2]. Lewy bodies are
cytoplasmic inclusions that contain insoluble aggregates
of a-synuclein. However, pathological process is not
restricted to the substantia nigra, it affects other brain
regions and involves non-dopaminergic neurons.

PD is characterized by multifactorial etiology,
which  includes environmental and  genetic
components. Lifestyle and environmental factors [3]
and multiple genetic variants have modifying effects
both on predisposition to PD [4] and on the rate of
PD progression [5-7]. Such factors as age, male
gender [8], contact with pesticides [9], head injuries,
depression, osteoporosis, therapy with beta-adrenergic
antagonists or melanoma in the medical history [10]
are associated with an increased risk for PD. At the
same time, physical activity [11], coffee consumption
[12], and long-term intake of nonsteroidal anti-
inflammatory drugs, calcium channel blockers, and
statins are associated with a decreased risk for PD [3].
Some studies revealed a decrease in the frequency
of PD among people with alcohol abuse [11] and
among smokers [13]. The latter two associations are
controversial and can be caused by peculiarities of
study group formation.

Monogenic forms of PD are encountered
approximately in 5-10 % of PD cases. At least 18
different genes, mutations in which lead to PD, have
been currently described [14]. The main pathogenic
variants are found in genes encoding a-synuclein
(SNCA), leucin-rich repeat kinase 2 (LRRK2),
glucocerebrosidase (GBA), and parkin E3 ubiquitin
protein ligase (PRKN) [15]. Nonetheless, PD mostly
has sporadic nature, and the majority of PD patients
do not have mutations in these genes [2, 16].

Moreover, the most frequent genetic mutations
contributing to PD have incomplete penetrance,
which indicates the presence of modifying factors.
Twin studies have shown that inheritance of PD is
30%, which indicates that an increased risk for PD
is associated with environmental and lifestyle factors
[17]. The HTT gene is one of the possible modifier
genes; expansion in its (CAG)n repeat regions (more
than 36 repeats) results in Huntington’s disease
(HD). The length of repeat regions is assumed to be a

physiological modifier for the adenosine diphosphate
(ADP) / adenosine triphosphate (ATP) ratio, which
implies a common pathological component in both
diseases (PD and HD). Moreover, single cases with
atypical PD were described in the literature: PD
patients with pronounced clinical manifestations have
some neurophysiological features typical of HD. Such
patients have intermediate alleles in the HTT gene —
(CAQG),, and (CAG),, — which do not exceed the
pathological (CAG)n repeat length in HD [18, 19].
Therefore, we considered the length of (CAG)n repeats
in the HTT gene as one of the risk factors for PD.

The aim of the study was to evaluate the role
of environmental and genetic factors in PD deve-
lopment.

MATERIALS AND METHODS

A group of PD patients was recruited at the
Neurology and Neurosurgery Division of Siberian
State Medical University. The diagnosis was
established according to the Movement Disorder
Society Clinical Diagnostic Criteria for Parkinson’s
Disease [20]. We examined 439 PD patients (179
males and 260 females) and 354 healthy individuals
as a control group (143 males and 211 females). All
these individuals were included in the study. The
control group consisted of healthy individuals without
neurodegenerative pathology. The study groups were
comparable by age (66.3 = 7.3 and 66.2 + 9.1 years,
p>0.05) and sex (1:1.45 and 1:1.47, respectively).

All  study participants underwent clinical
neurological and neuropsychological testing. An
individual registration card was filled in for each
participant containing demographic, epidemiological,
and clinical data. Information about risk factors for PD
(head injury, exposure to toxic chemicals, smoking,
coffee consumption) was obtained from interviews
with the participants and their relatives (individuals
with pronounced cognitive impairments were not
included in the study). The above factors were taken
into account only if they preceded PD symptoms.

The severity of the disease was assessed using the
MDS-UPDRS scale; the stage of PD was determined
according to the Hoehn and Yahr scale (1967) [21].
Cognitive functions were examined according to the
Montreal Cognitive Assessment (MoCA) test [22] and
MMSE [23].

The study complied with the principles of the
Good Clinical Practice (GCP) and the Declaration of
Helsinki. The study was approved by the local Ethics
Committee at Siberian State Medical University.
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Molecular and genetic testing was performed at
the Center for Collective Use of Research Equipment
and Experimental Biological Material “Medical
Genomics” of the Research Institute of Medical
Genetics, Tomsk NRMC. The length of (CAG)n
repeats in the HTT gene was examined by the fragment
analysis on the ABI Genetic Analyzer 3730 according
to the earlier described method [24]. The obtained
results were analyzed using GeneMapper Software
v4.1. (Applied Biosystems).

Statistical data processing was performed using
Statistica 10 software. Calculation of odds ratio (OR)
and 95% confidence interval (95% CI) was performed
using the online tool at https://www.medcalc.org/calc/
odds_ratio.php.

RESULTS

Association of traumatic brain injury with
Parkinson’s disease. According to the literature data,
traumatic brain injury (TBI) was studied as one of the
risk factors for a range of neurodegenerative diseases
[25]. Some studies have shown that head injury can
cause neuroinflammation, affecting neurons either
directly [26, 27] or indirectly — via blood — brain
barrier impairment [28, 29].

Among the examined 439 PD patients, 208 (47.4%)
individuals reported the presence of TBI in the medical
history (42 females and 166 males, the average age
was 66.2 = 9.2 years). In the control group, only 79
(22.3%) individuals (18 females and 61 males, the
average age was 65.5 & 8.8 years) reported TBI in the
past medical history (Fig.1).
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Fig. 1. Frequency of TBI in the past medical history of

individuals with PD and the control group (C), %; 0 — no TBI;

1 —the presence of TBI without a loss of consciousness; 2 — the
presence of TBI with a loss of consciousness

Comparing the frequency of TBI in PD patients
and the control group, OR for PD in individuals
with TBI was 3.13 (95 % CL: 2.274.34; p = 494

x 103). Therefore, TBI is a significant risk factor
for PD. 63 (14.3%) of PD patients and 17 (4.8%)
individuals from the control group reported TBI with
a loss of consciousness. The odds for development
of PD increase in individuals with more severe TBI
(TBI with a loss of consciousness). The OR for the
development of PD in individuals with TBI with a
loss of consciousness, compared with individuals
without TBI, was 4.41 (95% CI: 2.44-8.07; p =7.39 x
10®). The average age of disease debut did not differ
significantly between PD patients with and without
TBI (66.2 £ 9.2 years vs. 67.8 = 11.8 years, p = 0.82).

Exposure to toxic chemicals. Numerous studies
that included populations from all over the world
have shown that exposure to pesticides and farming or
living in rural areas are considered risk factors for the
development of PD [16]. Occupational hazards and
accidental exposure to such pesticides as paraquat,
rotenone, 2,4-dichlorophenoxyacetic acid, and some
dithiocarbamates and organochlorines (for residents
living near the areas treated with these pesticides) are
associated with an increased risk of PD development
[30]. Genetically determined impairments in
individuals exposed to toxic chemicals may affect
their health increasing the risk of PD manifestation
[31]. And on the contrary, compliance with hygiene
rules and healthy diet can protect from adverse effects
of environmental factors and reduce the effect of
pesticide exposure [32, 33].

Among the studied individuals, 116 patients
(26.4%) reported exposure to toxic chemicals for
more than 5 years: gasoline and petroleum products
8.7% (38), paints and organic solvents 8.0% (35),
pesticides and fertilizers 4.3% (19), metals and ioni-
zing radiation 3.6% (16); 8 individuals (1.8%)
among the PD patients were welders with work
experience of 10 £ 6 years. Nevertheless, comparing
the group of PD patients and the control group in
terms of exposure to toxic chemicals did not reveal
significant differences (OR = 0.79 95 % CI: 0.58-
1.08; p = 0.1409).

Lifestyle factors. Some lifestyle factors are
associated with a decreased risk of PD development.
The strongest association was found between a
decreased risk of PD and cigarette smoking individuals
and (according to other studies) other tobacco users. It
is assumed that nicotine plays the central role in this
association. However, a recently finished clinical trial
did not reveal a modifying effect of a nicotine patch on
manifestations and progression of the disease in PD
patients [34, 35].
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In the current study, about 42% (n = 184) of
patients have never smoked, 53% (n =233) of patients
used to smoke, and 5% (n = 22) of patients are current
smokers. In the control group, the values were 50.3%
(n = 178), 43.5% (n = 154), and 6.2% (n = 22),
respectively. No significant differences were revealed
between smoking and non-smoking individuals
(p =0.6594).

In 2007, Dr. Xiang Gao published the first large,
prospective study, which lasted 16 years, on the effect
of diet and eating habits on the risk of PD development
[36]. Itwas shown that coffee and caffeine consumption
were linked with a decreased risk of PD development.
This effect was more pronounced in men, was dose-
dependent, and might depend on genetic factors.
Similarly, some studies showed a decreased risk of PD
in individuals drinking strong tea [37, 38].

Among the examined PD patients, only 20.5 %
(n = 90) of individuals drink coffee, and about
38.7% (n = 137) of people drink coffee in the control
group (OR = 0.41 (95%CI: 0.30-0.56); p < 0.0001).
At the same time, about 16% of PD patients regularly
drink coffee for more than 10 years. These results
are consistent with the data obtained by the Xiang
Gao et al. [36].

Alcohol consumption in the studied groups was
evaluated at the time of the study and in the anamnesis
in terms of the frequency of consumption of beer,
wine, fortified wine, sweet liqueur or strong alcohol in
grams per day (g / day) based on the standard volume
of the container for a particular drink. Division into
groups was the following: < 0.1 g / day (people who
do not drink alcohol, I), 0.14.9 g / day (II), 5.0—
149 g / day (Il), 15.0-29.9 g / day (IV), 30.0—
59.9 g / day (V), and > 60 g / day (VI). For patients
with PD, the following values were identified: 15%
(D), 18% (II), 34% (III), 20% (IV), 10% (V), and
>3% (VI). For the control group, the values were the
following: 13% (1), 19% (II), 35% (III), 20% (IV),
10% (V), and >3% (VI) (p > 0.05). At the same time,
the average amount of consumed alcohol did not
differ between the groups: 3.01 £ 1.29 and 3.02 + 1.26
(p =0.9501).

Length of (CAG)n-repeats in the HTT gene. Despite
incontrovertible evidence of the pathophysiological
role of mitochondria in PD and their key role in cell
signaling pathways, identification of mitochondrial
dysfunction as a cause or effect of neurodegeneration
is still a challenging task for researchers [39].

Earlier, we showed the associations of NBN, ATM,
and MLH] genes with PD. Protein deficiency in these

genes can also lead to mitochondrial dysfunction.
Frequent alleles and genotypes of non-synonymous
substitution of rs1801516 in ATM and rs1799977 in
MLH] predispose to PD development; at the same
time, heterozygotes exert a protective effect. A rare
allele and genotype of promoter substitution in NBN
(rs1805800) is also a risk allele for PD [40].

In the current study, we analyzed the length of
(CAG)n repeats in the HTT gene in PD patients
and healthy individuals. In both groups, we found
a comparable number of alleles (16 and 17 in PD
patients and in the control group, respectively) and a
comparable length range (12-32 (CAG)n repeats in
PD patients and 12-30 (CAG)n repeats in the control
group) (Fig.2). Intermediate alleles (CAG), ., were
identified in both groups with alleles of normal length:
(CAG),, ,, in PD patients and (CAG),, ,, in the control
group. The frequency of intermediate alleles was
2.38% and 5.58% in the PD patients and in the control
group, respectively.

40.00
35.00
30.00
25.00
20.00
15.00
10.00

5.00
0400_-II III.I..-- -

12 14 15 16 17 18 19 20 21 22 23 24 25 26 27 1B 29 30 N2
EPD HC

Fig. 2. Frequency of (CAG)n repeat regions in the HTT gene in
patients with PD and in the control group, %

The distribution of alleles in both studied groups
was similar, about 80% of alleles had 15-20 repeats
(Fig.3); the (CAG),, allele was the most frequent
in both groups (30.95% and 36.70% in PD patients
and healthy individuals, respectively). However, the
(CAQG),, allele in PD patients was significantly more
frequent than in the control group (OR =2.22 (95%ClI:
1.66-4.28), 2 = 6.09, p = 0.014). Therefore, a risk
allele was identified (18 repeats); the allele with
17 repeats was 5.75% more frequent in the control
group; however, these differences were not significant
(» =0.269).

Since there was a great number of genotypes in
each sample (38 in each group), we have grouped
genotypes for the further analysis. The “18 / all” group
included all genotypes which had one allele with
18 (CAG)n repeats and the other allele with any
number of repeats except for 17. The genotype
combining alleles with 17 and 18 repeats was studied
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separately. The “17 / all” group included all genotypes
which had one allele with 17 repeats and the other
allele with any number of repeats, expect for 18. All
remaining genotypes were included in the group “all
/ all”. The “17 / all” genotype had a protective effect
(OR =0.50 (95%CI: 0.27-0.92), y2 = 5.05, p = 0.025).
At the same time, genotypes with 18 alleles were more
prevalent in PD patients: “18 / all” was 2.98 times
more frequent, and “17 / 18” was 1.47 times more
frequent than in the control group. Therefore, we
considered these genotypes together. The frequency
of the genotype containing 18 alleles in combination
with any other allele (including the allele with 17
repeats) in the group of PD patients was 36.19%, in
the group of healthy individuals — 18.09%; the OR for
these genotypes was 2.57 (95%CI: 1.66-4.28; y2 =
7.25; p=0.007).

70.00

60.00

50.00

40.00

30.00

20.00

0.00
18/all 17/18 17/all all/all

EPD ®=C

Fig. 3. Genotype frequencies for (CAG)n repeats in the HTT
gene in patients with PD and in the control group

The obtained results indicate that the allele
containing 17 (CAG)n repeats has a protective effect
in combination with any allele, except for the one
containing 18 repeats. In turn, all genotypes with 18
(CAG)n repeats predispose to PD. The predisposing
effect to PD of the normal length allele in the HTT
gene was identified in this study for the first time. It is
hard to state how this association can manifest itself in
the pathological phenotype, as there are no data on the
involvement of normal alleles in the pathology. It is
possible that the revealed associations can be explained
by the involvement of the polyglutamine tract in the
HTT gene in the regulation of energy production by
mitochondria. 1.S. Seong et al. showed in 2005 that
the ADP / ATP ratio suggests the participation of
not only pathological alleles, but also normal ones in
this process [41]. Therefore, changes in the energy

production function of mitochondria may contribute
to the phenotypic manifestations of PD.

CONCLUSION

Our study in PD patients confirms modifying
effects of lifestyle factors on PD progression, and
changes in lifestyle can improve health-related quality
of life of patients.

Coftfee consumption in the anamnesis significantly
distinguishes PD patients from healthy individuals.
The obtained data suggest a possible neuroprotective
effect of caffeine, which contributes to maintenance
of cognitive and physical functioning, improving the
quality oflife of PD patients and their relatives. Cafteine
is known as a psychostimulant and antioxidant, which
boosts attention. According to the conducted studies,
caffeine is able to protect low-density lipoproteins
from oxidation and decrease oxidative DNA damage.
Additionally, caffeine is an adenosine A2A-receptor
antagonist and exerts a neuroprotective effect,
decreasing dopamine deficiency [42]. The use of
caffeine in animal models of PD led to a decrease
in oxidative stress and restoration of dopamine level
in the midbrain and the striatum, which, in turn,
prevented reduction of motor activity and muscle
strength and normalized the norepinephrine level [43].

TBI was widely studied as a risk factor of many
neurodegenerative diseases [44]. Some studies have
shown that TBI is accompanied by neuroinflammation,
affecting neurons either directly [45-47] or indirectly —
via blood — brain barrier impairment [48]. Moreover,
individuals with TBI had elevated levels of a-synuclein
in the cerebrospinal fluid [49]. The literature data
suggest a possible association between TBI and PD,
which was shown in our study.

The advantages of this study include personal
interviews with patients, registered clinical and
environmental data, a comprehensive neurological
examination, and a sample size. However, we should
consider some limitations when interpreting the results
of the study. Due to the retrospective design of our
study, we should take into account the recall bias: TBI
in the past medical history was identified following
interviews with patients, and PD patients may be more
prone to recalling elements, which can justify their
condition. Despite this, a previously conducted study
showed high consistency between the assessment of
medical history by the patient and TBI registered in
the medical record [50].

Therefore, PDisacomplex disease, the development
of which is affected by both environmental and
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molecular genetic factors that require further in-depth
study. Reducing the burden of PD can be achieved

through a

two-pronged strategy: implementing

interventions to correct modifiable risk factors, such as
behavioral or environmental factors, and developing
drugs aimed at correcting the functioning of protein
products in genes associated with PD.

10
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12.
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