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Abstract

Introduction. Parkinson's disease (PD), in recent decades, remains a pressing problem in the modern world. The
disease refers to the pathology of the extrapyramidal system, where the deep parts of the brain, the so-called basal ganglia,
are affected. During a medical examination, at first glance, movement disorders are striking, and the patient himself or his
relatives make complaints related to movement disorders. However, the disease, by the time the complaints were made,
takes its beginning 5-10 years ago with non-motor manifestations, such as sleep disturbances, apathy, increased fatigue,
and constipation. According to genetic studies, 10 to 15% of cases are caused by mutations in genes. The etiology of the
disease is still unclear, but it is considered a consequence of the associated effects of genetic and environmental factors.

Aim: This review evaluates relevant information on the risk factors for Parkinson's disease.

Search Strategy. A literature review was conducted with the help of bibliographic databases Pubmed, Web of Science,
and Scopus with the search keywords: Parkinson's disease, epidemiology, etiology, risk factors, gender, age. The depth of
the search covered 10 years, from 2011 to 2021. Forty-three articles have been selected as analytical material and have
undergone a critical evaluation process. In several cases, there is a reference to an earlier publication with historical and
scientific value. The literature search included only English-language publications.

Results and Conclusions. In summary, after analyzing 43 articles, it was concluded that PD is a complex
neurodegenerative disease resulting from the interaction of genetic and external factors, which, as a consequence, affect
numerous fundamental cellular processes of the body. Therefore, environmental influences can contribute to the
development of PD, which emphasizes the importance of identifying risk factors for the disease. Understanding the
mechanisms of pathogenesis will enable the identification of new therapeutic targets, which will subsequently help in the
development of new combined, possibly individualized treatments.
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®AKTOPbI PUCKA BOJIE3HU NAPKMHCOHA. OB30P JIUTEPATYPbI.
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! loxHo-KasaxcTtaHckas MeavumHckas akagemus, Kadepnpa HeBponorumu, ncuxmatpum, peadbmnutonorum u
Henpoxupypruum, r. LibimkeHT, Pecnybnuka KaszaxcraH.

Beenenue. BonesHb lNapkuHcona (BI), B nocregHue gecsatuneTs octaeTcs akTyanbHOW npoBremon COBPEMEHHOO
Mupa. 3aboneBaHne OTHOCUTCS K MATOMOrMm SKCTpanMpPaMUEHON CUCTEMBI, Fae UAET NOpaXeHne rmyBboKUX OTAENOB FONOBHOM
MO3ra, TaK Ha3blBaeMbIX 0asanbHbIX raHrmui. Mpu MeauUMHCKOM OCMOTPE Ha MepBbid B3rMsA GpocalTcs ABuraTenbHble
PacCTPONCTBa, @ M CaM MaUMEHT, UMK ero POLCTBEHHWUKM MPEAbABNANT Xanobbl, CBA3aHHbIE C HAPYLIEHUEM [BUKEHUIA.
OpHako, 3abonesaHe, K MOMEHTY NPeAbABIEHUs xanob, Havyanock ewe 5-10 neT Has3ag ¢ HEMOTOPHBIX MPOSBNEHMIA, TaKMX
KaK HapyLLeHWe CHa, anaTus, NOBbILLEHHAS YTOMMNSEMOCTb, 3anopbl. 10 AaHHLIM reHeTUdeckux ucenegoranmia, ot 10 go 15%
cnyyaes 00yCroBneHo MyTauusiMu B reHax. OTuonorus OOnesHu Moka TOMHO HE SiCHA, OfHAKO CYMTAETCA CReACTBUEM
accoLMNPOBaHHOTO BIUSHUS FEHETUYECKIX (PAKTOPOB U (haKTOPOB OKPYXatoLLLEeN Cpefbl.

Llenb: B aTom 0630pe aHanuaupyeTcs akTyanbHas MHGopmaLms o daktopax pucka 6oneaHu MapkuHcoHa.

Crpateruss moucka. OB3op nutepatypbl Obin NMpoBegeH C uMcnonb3oBaHWem Oubnuorpacuyeckmx 6asbl gaHHBIX
Pubmed, Web of Science, Scopus ¢ nmouckoBbIM 3anpocoM KmoueBbiX CroB: BonesHb [lapkuHCOHa, Snuaemuonorus,
aTMonorusl, hakTopbl pucka, norn, Boapact. MnybuHa noucka coctasuna 10 net, ¢ 2011 no 2021 rr. BeibpaHbl 43 cTathn B
KayecTBe aHanUTUYECKOro MaTepuana, KoTopble NPOLLAM KPUTUYECKUIA NPOLIECC OLIEHKU. B HEKOTOPBIX Cryyasx ecTb CCbifka
Ha Gornee paHHIoK Ny6nMKaLmIo, MMetoLe NCTOPUYECKYIO 1 HAYYHYI0 LIEHHOCT. TToucK nuTepaTypbl BKIOYan nybnukawmum
TOMNbKO Ha aHrIIACKOM S3bIKE.

Pesynbtatbl M BbIBOAbL. B wutore, npoaHanmavpoBaB 43 cTathi, Obino BbisiBNeHo, 4to BIT — 310 cnoxHoe
HelipopiereHepaTMBHoe 3aboneBaHue, BO3HWKAOLIEE B Pe3yNbTaTe B3aMMOAEHACTBUS FEHETUYECKMX U BHELHMX (haKTOpOB,
KOTOpble, B CBOK O4epedb, BMWSIOT HA MHOTOUMCIEHHbIE (DyHOAMeHTanbHbIe KNETOYHble MpOLEecChl opraHudMa. To ecCTb,
BMMsIHWE OKPYXXatoLLen cpefbl MOXET crnocobcTBoBaTh paseuTuio BI, 4To nogyepkuBaeT BaKHOCTb BbISBMEHMS (haKTOpOB
pucka 3abonesaHus. [MOHUMaHWe MEXaHW3MOB naToreHe3a MO3BOMMTL OMPEAENUTb HOBble TEpaneBTUYECKME MMULLIEHU,
KOTOpbIE B MOCMEAYHOLLIEM MOMOTYT B pa3paboTke HOBbIX KOMOUHMPOBAHHbIX, BO3MOXHO WHAMBMAYAINbHbLIX METOLO0B NIEYEHNS.

Knrouesnbie cnosa: 60ne3Hb [apkuHCoHa, hakmopb! pucka, 3muooausi, IMUOIoeus, noJ, 8o3pacm.
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Kipicne. MapkuHCOH aypybl COHFbl OHXbINAbIKTapAa Kasipri anemae e3ekTi Macene. Aypy akcTpanMpamuganblk,
XYMEHiIH, NaTonorusicblHa xatagbl, SFHU MuabIH, TepeH Oeniktepi 3appan weredi, 6asanbgbl raHrnus gen aranapbl.
Ouaukanblk, Tekcepy kesiHge, Gip KaparaHaa, KO3FanbICTbiH, By3biNybl Kedre Tycefi, an Haykac agam e3i HeMece OHblH,
TybICTapbl KO3fanbiC Oy3binbiCTapbliHa GalinaHbICTbl WarbiIMaap xacanabl. Anaiiga, ocbl WarbiMaap TyckeH kesgeH 5-10
Kbl BypbiH yNKbIHBIH, By3binybl, anatus, LWapLiayablH, XoFapblnaybl XoHe il KaTy CUSKTbl MOTOPIbl EMEC KepiHicTepaeH
Gactay anagbl. [eHeTVKanblK 3epTTeynepre calikec, aypbl xargainapbliy, 10-15 naibisbl rengepgeri MytauusnapaaH
TyblHOaRAbl. AypyablH 3TMONOMMACK! oM KyHre OeiiH TyCiHikci3, Oipak Oyn reHeTMKanblk, XaHe CbIpTKbl hakTOpnapblHbIH,
OpTa inecne acepiHiH, canaapbl Aen caHanagsb!.

Makcatbi: byn wonyaa MapkuHCOH aypybiHbIH, Kayin dhakTopnapbl Typans! TUICTi aknapat baranaHagbl.

I3pey ctpaterusicbl. Oaebuettepai isgey PubMed, Web of Science xaHe Scopus 6ubnuorpadmsnbik aepekkopnapsi
apKbinbl Xypri3ingi. 13gey ywiH «MapkMHCOH aypybi», «3NUAEMUONOMUs», «3TUOMOTASY, «Kayin (aKTopnapbl», «KbIHLICY,
«Kacbl» AereH TymiHai ce3meps konganabl. 13gey Tepewnairi 10 xbin (2011-2021). Kpipblk, ylW Makana aHanutukanbik
mMaTepuan peTiHAe TaHgangbl XoHe cbiHM Oaranay npoueciHeH eTTi. bipHelle arganga Tapuxu KSHE FbiNbIMU
KyHObINblfbl 6ap OypbiHFbl BackinbiMea cinTeme 6ap. SaebneTTi i3aey Tek aFbinlUbIH TiNiHAEr 6ackbinbiMaapabl KaMTbigbl.

Hatnxenep MeH KopbiTbiHAbINap. HaTuxeciHae, 43 makana TangaHabl. MapKUHCOH aypybl reHeTUKasnblK, JXaHe
CbIPTKbI (haKTOpnapAblH e3apa apeKkeTTECYiHEeH TybIHAAWTLIH KypAeni HeMpoaereHepaTuBTi aypy ekeHairi aHbikTangbl. byn
03 KeseriHae AeHeHiH KenTereH Heriari xacyluarnblk NpoLecTepiHe acep eTedi. FfHW, KopLiaraH opTaHbiH, acepi MapkuHCOH
aypyblHbIH, AamyblHa biknan eTyi MymKiH, Oyn aypyabiH, Kayin (hakTopnapblH aHbIKTaydblH, MaHbI3AbINbIFLIH KepceTeqi.
lMaToreHe3 MexaHM3MAEPIH TYCiHY XaHa TepaneBTiK MakcaTTapdbl aHblkTayFa MyMKiHAik Gepeni, Oyn kediHHEH XaHa

OipikTipinreH, MyMKiH Xeke emaey a4icTepiH xacayra keMeKkTecei.
Tylindi ce3dep: [TapkuHCOH aypybl, Kayin chakmopnapbl, InUOeMUOI02USs, 3MUOI02US, XbIHbIChI, Xachbl.
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Introduction

Parkinson's disease (PD), in recent decades, remains a
pressing problem in the modern world. The disease refers
to the pathology of the extrapyramidal system, where the
deep parts of the brain, the so-called basal ganglia, are
affected. During a medical examination, at first glance,
movement disorders are striking, and the patient himself or
his relatives make complaints related to movement
disorders. However, the disease, by the time the complaints
were made, takes its beginning 5-10 years ago with non-
motor manifestations, such as sleep disturbances, apathy,
increased fatigue, and constipation. According to genetic
studies, 10 to 15% of cases are caused by mutations in
genes. The etiology of the disease is still unclear, but it is
considered a consequence of the associated effects of
genetic and environmental factors.

Parkinson's disease (PD) is the second most common
degenerative disease of the brain, after Alzheimer's
disease. The first description of the disease can be found in

the work of James Parkinson, which was published in 1817
entitled "Essays on Shaking Palsy". The main symptoms of
PD are related to motor disorders and include resting
tremor, bradykinesia - slowness of movement, muscle
stiffness, and postural instability. Non-motor manifestations
include disorders such as anxiety and depression, and
autonomic nervous system disorders such as arterial
hypotension and constipation, paresthesia, sense of smell,
and seborrheic dermatitis are also observed. The cognitive
function decreases as the disease progresses. [27,5] The
worldwide increase in the incidence of the disease has
been attributed to increased life expectancy, but external
factors may also play a role. Difficulties exist in diagnosing
the disease, especially in the early stages, because the
diagnosis of Parkinson's disease is made primarily on the
basis of the clinical manifestations and course of the
disease. There are epidemiological observations that
suggest that exposure to pesticides, exhaust fumes, and
prolonged consumption of well water are risk factors for
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Parkinson's disease. [21]. Both patients with a history of
Parkinson's disease and those without a family history have
a risk for Parkinson's disease. However, exposure to
environmental factors may be important in triggering the
disease in a genetically predisposed person [39].

Aim: to conduct a literature review of English-language
articles on risk factors for Parkinson's disease.

Search strategy. A literature review was conducted
with the help of bibliographic databases Pubmed, Web of
Science, and Scopus with the search keywords: Parkinson's
disease, risk factors, epidemiology, etiology, gender, age.
The depth of the search covered 10 years, from 2011 to
2021. Forty-four articles have been selected as analytical
material and have undergone a critical evaluation process.
In several cases, there is a reference to an earlier
publication with historical and scientific value. Inclusion
criteria considered: reports of randomized and cohort
studies conducted on large populations, meta-analyses and
systematic reviews, and original studies in English. The
literature  search included only  English-language
publications.

Results and Discussion.

In the 1980s, the first studies were carried out revealing
that exposure to the rural environment at an early age, as
well as exposure to well water, was associated with the
development of Parkinson's disease later in life. [18].

Autopsy examinations have shown that the clinical
diagnosis of PD is not confirmed at autopsy in a significant
proportion of patients. Increased knowledge of genetic and
environmental risk factors for PD is most likely to elucidate
the cause of this disease in the near future. [38]

The primary mechanism of PD is related to the
degeneration of dopaminergic neurons in the substantia
nigra, resulting in a loss of dopamine in the striatum.
Symptoms do not develop until approximately 50-60% of
the substantia nigra neurons are lost and approximately 80-
85% of the dopamine content of the corpus striatum is
depleted [40]. Around 10% of PD cases involve positive
family history, that is, arising from genetic mutations in a-
synuclein, LRRK2, DJ-1, PINK1, etc. The majority of PD
cases are idiopathic, which means they do not have a clear
etiology. PD is characterized by a progressive accumulation
of insoluble inclusions known as Lewy bodies,
predominantly composed of a-synuclein and membrane
components. In addition, impaired regulation of cellular
proteostasis and mitochondrial ~ function, impaired
autophagy, oxidative stress, and neuroinflammation may
underlie the disease, which are probably interdependent,
however, whether they are the cause or consequence of
neurodegeneration remains to be studied. [2]. PD is
diagnosed in about 1% of people over 65 years of age,
sometimes with an early onset of about 40 years of age,
and rarely PD occurs as early as age 18 years. The
prevalence of the disease has increased 2-5-fold over the
past 30 years [37]. A group of scientists from Canada
conducted a systematic review of 47 studies. A meta-
analysis of worldwide data reported an increase in the
prevalence of PD with age, as shown in Table 1 [26].

Approximately 7 to 10 million people worldwide have
Parkinson's disease. [41]. However, due to the overall aging
of the population, the number of PD patients is expected to
double by 2030.

PD is usually more common among males than
females, with a female-to-male ratio of about 1:1.5. Possible
explanations for this difference include more frequent
occupational exposures in men, the neuroprotective effects
of estrogen in women, and an X-linked genetic factor. [12].

Table 1.
Prevalence of PD with age (per 100).
Age group All included studies

40-49 41

50-59 107

55-64 173

60-69 428

65-74 425

70-79 1089

80+ 1903

According to the United Nations studies (2015), the
number of elderly people in the world has increased by 48%
since 2000 and is expected to increase further by 56%
(2015-2030). It follows that the number of patients with PD
in the coming years will increase both globally and in
Kazakhstan. The growth of morbidity and prevalence of PD
leads to a high level of incapacity, deterioration of the
quality of life of patients, and disability, and also puts the
burden of responsibility and strain on the relatives of the
patient, which leads to medical and socially significant
problems.

Speaking of PD risk factors such as aging, heredity, the
influence of environmental factors, and the presence of
concomitant diseases; the role of gender as an equally
important factor in the development of PD has been widely
discussed recently. PD affects men twice as often as
women [35], but women have a higher mortality rate and
more rapid progression of the disease [11]. According to a
meta-analysis, the incidence ratio in men and women
before 60 years of age is nearly similar, but men have a
steep rise in incidence starting at age 60 and older. [14]. At
the same time, the prevalence of PD in men over 60, both
with and without dementia, is increasing. [30]. A growing
amount of experimental and clinical findings confirm the
idea that PD occurs differently in both genders. To
understand the differences more fully in the mechanism of
disease development, and to find out what underlies these
differences, scientists and clinicians around the world are
continuing research efforts. Regarding motor disorders, in
women, tremor is the most frequent first sign of the disease,
[7] as well as an increased tendency to postural instability;
and dyskinesias associated with levodopa ingestion are
more frequent [10]. Camptocormia, an involuntary
pronounced forward tilt of the torso, is a common feature in
the advanced stages of PD in male patients [24].

One of the risk factors for PD that can be corrected is
physical activity. Several studies have convincing evidence
for an inverse association between regular physical activity
and the onset of Parkinson's disease [32,29]. This meta-
analysis confirms the inverse relationship between physical
activity and risk of Parkinson's disease. Physical exercise
has been associated with neuroprotective effects in the
nigrostriatal dopaminergic system. [42]. A shortcoming of
these studies is that they all assessed physical activity
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using a self-reported questionnaire completed by patients or
their caregivers.

Cigarette smoking is probably the most studied
modifiable risk factor for Parkinson's disease. Case-control
studies, as well as prospective cohort studies, confirm a
decreased risk of Parkinson's disease among smokers, ex-
smokers, and passive smokers. [31, 23] Cigarette smoke
contains many chemicals besides nicotine, yet nicotine
appears to have neuroprotective effects. The pathway is not
fully studied, but nicotine blocks monoamine oxidase-B
(MAO-B), which is an enzyme that metabolizes dopamine.
Moreover, the protective factor of nicotine works for
prolonged smoking, meaning, throughout life [33]. Of
course, we should mention the ethical debate about the
point of view: do these positive effects compensate for the
detrimental effects of nicotine on health in general?

The hypothesis of the effect of pesticides and other
chemicals on the progression of PD was suggested by the
discovery of the neurotoxic effect of the metabolite 1-
methyl, -4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), which
converts in the body to a proparkinsonian molecule with a
structure similar to the herbicide paraquat. [3]. Among
agricultural workers, working days longer than 397 days, a
relationship between the risk of disease and exposure to
pesticides, which are known to affect the mitochondrial
complex and/or cause oxidative stress, has been found
[36]. The most epidemiological data point to the effect of
two pesticides on the development of PD, these are
paraquat and rotenone. [20]. Studies conducted in Turkey
confirmed the hypothesis about the influence of
environmental factors such as well water, pesticides, and
ionizing radiation in early and adolescence on the
development of PD in old age. Levels of heavy metals and
anions were higher in well water than in the urban water
network in Igdir province. [6]. Scientists from Greece, by
conducting a systematic review and meta-analysis to
examine the association between air pollution exposure and
PD, found a weak connection between air pollution, mainly
from motor vehicles, and PD [17].

There is scientific evidence on the likelihood of
developing PD in patients with type 2 diabetes mellitus.
Environmental hazards, genetic predisposition, and lifestyle
factors cause mitochondrial and endoplasmic reticulum
dysfunction, and inflammation, which leads to the
development of neurodegenerative diseases (such as PD)
and/or diabetes [43]. PD and type 2 diabetes have a
common pathogenesis of development, such as
neuroinflammatory processes and oxidative stress. It has
been proven in experimental models that insulin can control
dopaminergic activity, and prolonged hyperglycemia causes
dopaminergic dysfunction. [25] Controlled randomized trials
of medications used in the treatment of diabetes mellitus
are also ongoing, particularly pioglitazone and exenatide,
which have positive effects on mitochondrial dysfunction in
both diseases. [4].

A number of scientists have conducted experiments on
the effect of dairy product consumption on the risk of PD,
where they found a positive relation between PD and daily
consumption of dairy products, especially milk. [19].
Especially, the present study supports the hypothesis that
high milk intake increases the risk of developing PD in
women [28]. Another cohort study found a positive

association between milk consumption and the
development of Parkinson's disease, especially in men [8].

Additionally, when analyzing the composition of dairy
products, pesticides that are known to be the cause of PD
were found. [16]. According to the Honolulu-Asia Aging
Study, where data on milk consumption and the smoking
factor were collected from 1965 to 1968 among 449 men
aged 45-68 years, and post-mortem studies were
conducted in 1992. It was found that non-smoking patients
who consumed milk daily had a low density of neurons in
the substantia nigra of the brain [1]. It is important to note
the effect of caffeine: large epidemiological studies have
shown that caffeine consumption is an inverse predictor of
PD [34, 9]. Caffeine intake was associated with a reduction
in the increase in motor and non-motor disability over 4
years of follow-up in de novo PD, highlighting the
usefulness of using adenosine A2A antagonists in the early
stages of PD [22]. This meta-analysis shows that caffeine is
associated with a low risk of developing PD in healthy
people and slowing the progression of motor symptoms in
patients with PD [15].

Another prospective study of plasma urate level showed
that men with higher urate concentrations had a lower risk
of developing PD, suggesting that urate may be a protective
factor in PD or may slow disease progression in the
preclinical stage. [13].

Conclusion.

In summary, after analyzing 43 articles, it was
concluded that PD is a complex neurodegenerative disease
resulting from the interaction of genetic and external factors,
which, as a consequence, affect numerous fundamental
cellular processes of the body. However, the etiology of PD
is largely unclear, but the environment has been associated
with PD. So it is very important to determine the risk factors
which can lead to PD.

Over the past 10 years, quite a large number of studies,
including prolonged studies, have been conducted to
identify various risk factors for PD, including modifiable
factors. Large-scale discoveries have fundamentally
changed our understanding of PD and its determinant. The
influence of external agents on genetically determined
patients contributes significantly to the occurrence of PD.
According to research, the disease occurs worldwide, in
almost all ethnic groups, to varying degrees. Therefore,
knowing and studying the risk factors for the disease will
help to better understand what underlies the pathology and
establish a causal relationship. These perceptions of PD
epidemiology will allow in the future to identify the risk group
among the population even in the prodromal period, to
develop a strategy for disease prevention, and to optimize
treatment, including rehabilitation.

Therefore, environmental influences can contribute to
the development of PD, which emphasizes the importance
of identifying risk factors for the disease. Understanding the
mechanisms of pathogenesis will enable the identification of
new therapeutic targets, which will subsequently help in the
development of new combined, possibly individualized
treatments.
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