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Abstract: Parkinsonism is one of the most significant problems of clinical neurology, both due to its 

high prevalence in the world's populations and due to the significant disability of patients. The work 

analyzes the diagnosis of Parkinson's disease (as well as other neurodegenerative diseases) at the 

prodromal stage. A review of methods for preclinical and early clinical diagnosis of PD shows that 

the study of prodromal markers and criteria for the premotor phase of PD will make it possible in 

the future to significantly change the course of the disease using neuroprotective therapy at the stage 

preceding the death of a significant number of dopaminergic neurons of the substantia nigra. 
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Introduction 

Currently, due to an increase in life expectancy in developed countries and an increase in the 

proportion of elderly people in the population, the prevalence of so-called age-related diseases, 

primarily of a neurodegenerative nature, is noticeably increasing [1,4]. Among them is Parkinson's 

disease (PD), which ranks second after Alzheimer's disease, a chronic human neurodegenerative 

disease associated with predominant damage and death of nigrostriatal neurons and dysfunction of 

the basal ganglia and is observed with a total frequency of 100–200 cases per 100,000, in including 

in 2–4% of people over 65 years of age [2]. The incidence is 100–250 cases per 100,000 population 

[3]; in European countries, the number of patients with PD averages 1.8% in the population of people 

over 65 years of age and steadily increases with age [4]. 

Parkinsonism is one of the most significant problems of clinical neurology, both due to its 

high prevalence in the world's populations and due to the significant disability of patients. In 

accordance with the existing classification, in the structure of parkinsonian syndromes it is customary 

to distinguish: 1) primary parkinsonism; 2) atypical parkinsonism; 3) secondary parkinsonism; 4) 

parkinsonism in hereditary diseases of the central nervous system [2]. On average, 14 years after the 

onset of motor manifestations of the disease, patients find themselves bedridden or wheelchair-bound. 

PD occurs almost everywhere; about 5 million people worldwide suffer from PD [4]. In addition to 

motor symptoms, patients with PD have a number of non-motor manifestations (impaired sense of 

smell, changes in visuospatial coordination, motor disorders in the rapid eye movement sleep phase, 

gastrointestinal motility disorders, mild and moderate cognitive impairment, depression, panic attacks 

etc.) [5]. 
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Purpose of the study 

Analysis of the diagnosis of Parkinson's disease (as well as other neurodegenerative diseases) 

at the prodromal stage. 

Methods 

Features of the course of the neurodegenerative process in PD, the rapid loss of dopamine-

producing neurons of the substantia nigra in the prodromal period lead to the fact that the first clinical 

manifestations appear with the death of more than 70–80% of nigrostriatal neurons and a significant 

decrease in the level of dopamine in the striatum [3]. Meanwhile, as the results of experimental studies 

show, any potential neuroprotective interventions for this disease are most effective at the earliest 

stage of the disease, ideally at its preclinical stage [5]. Primary parkinsonism includes Parkinson's 

disease (PD), the second most common neurodegenerative disease and a significant medical and 

socioeconomic problem, as well as juvenile parkinsonism. 

Results and Discussion 

 In recent years , the list of genes associated with the development of primary parkinsonism 

has expanded significantly. Today, 22 loci and 17 causal genes are already known, and pronounced 

variability in the phenotypic manifestations of the disease with the same genotype has been shown, 

even among relatives in the same family [ 4]. Studies of the last decade have proven that some of the 

non-motor symptoms ( hyposmia , orthostatic hypotension, constipation, behavior disorder in the 

REM phase of sleep, depression, etc. ) precede the manifestation of motor manifestations of the 

disease by 5-20 years [3]. Some early symptoms of PD also include mild cognitive impairment, 

which, according to our data, is observed in 30% of patients with newly diagnosed PD. The presence 

of premotor and prodromal phases of the disease is confirmed by pathomorphological and 

neuroimaging data. researchers [6]. The morphological basis of non-motor disorders of PD in the 

premotor phase of the disease is explained by the modern concept H. Braak et al [4]. The 

pathobiochemical cascade of PD is based on a violation of the conformation of the protein alpha- 

synuclein , which is normally present only in presynaptic cells. terminals of the brain. In PD, this 

protein accumulates and forms thread-like structures with a diameter of 20-40 nm inside neurons , 

which represents the first stage of the formation of specific intracellular inclusions - Lewy bodies [4]. 

 Based on the immunohistochemical detection of alpha- synuclein and Lewy bodies in autopsy 

samples from an extensive brain bank . Braak put forward a 6-stage theory of the development of the 

pathological neurodegenerative process in PD [4]. According to the author, at stage 1, damage occurs 

to the olfactory bulb, anterior olfactory nucleus and dorsal motor nucleus of the vagus nerve, 

peripheral ganglia of the autonomic nervous system, pre- and postganglionic sympathetic and 

parasympathetic structures of the intestinal, cardiac and pelvic plexuses [4]. According to the 

currently developed H. Braak's double-whammy hypothesis suggests that the trigger that triggers a 

cascade of neurodegenerative changes in the brain is a slow virus that enters the nervous system 

through the nasal and intestinal mucosa. At stage II , the process spreads to the nuclei of the medulla 

oblongata and the pons, including the raphe nucleus, the locus coeruleus, and the reticular formation. 

Stage III is characterized by damage to the midbrain, including the substantia nigra, amygdala, and 

basal forebrain. Stage IV involves the temporal mesocortex and hippocampus . In the final (V and 

VI) stages, Lewy bodies appear in the cerebral cortex, first in the associative zones of the prefrontal, 

temporal and parietal cortices, then in the motor and sensory areas of the cortex [4,5]. It has been 

established that some manifestations are mostly relatively pharmacoresistant to levodopa drugs , since 

their development is based on dysfunction of mainly non-dopaminergic systems: noradrenergic , 
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serotonergic , cholinergic, etc. [4,8]. The sequence of occurrence of clinical manifestations of PD in 

accordance with the stage of the pathological process according to H. Braak is presented in Table 2. 

The rate of neurodegeneration in the early stages is not known, but by the time motor symptoms 

manifest (stage II - IV according to H. Braak ) , the number of dead nigrostriatal neurons decreases 

dramatically and reaches 60% of the initial level, while the number of striatal dopamine is reduced 

by 80%[4]. Attempts at neuroprotection in the later stages of PD may not be successful, which is why 

the ability to detect the disease at premotor and prodromal stages is so important. 

A very urgent task is the identification of markers of the pathological process in PD, the nature 

of its course and prognosis, as well as the risk of developing the disease. Of all neuroimaging methods, 

only ultrasound examination is transcranial sonography is accessible and generally accepted in the 

diagnosis of parkinsonism [5,7]. Modern neuroscience research is aimed at searching for potential 

markers of the premotor phase of the disease. Since olfactory dysfunction ( hyposmia , anosmia) is 

one of the first clinical manifestations of PD, it can be used (in combination with other methods) as a 

biomarker premotor phase of PD [6,8]. For diagnosis, the olfactory threshold, the ability to distinguish 

and identify odors are assessed using 16 special pencils with different odors. In carried out by J. 

Henderson et al . In studies, hyposmia was detected in 68% of patients with the initial stages of PD; 

in the control group, it was observed in only 3% of subjects [8]. Olfactory dysfunction was detected 

in 10-23% of healthy relatives of patients with PD [6]. The odor identification test is especially 

specific. At the same time, in other neurodegenerative diseases, vascular parkinsonism and 

“parkinsonism-plus” syndromes, olfactory function is not impaired. The phenomenon of 

hyperechogenicity of the substantia nigra detected in PD , associated with excessive iron deposition, 

is of great practical importance and, according to some data, can serve as a marker of the disease even 

before the development of clinical symptoms [4,8]. At the same time, the dynamics of this indicator 

over the years, as the neurodegenerative process progresses, needs to be clarified. Markers of PD also 

include hyposmia , determined by special quantitative methods. In recent years, there has been 

renewed interest in the analysis of oculomotor disorders in PD, and various parameters are being 

studied. Reflex and voluntary saccades , smooth tracking eye movements. It is believed that in PD, 

the tonic inhibition of the superior colliculus by the reticular part of the substantia nigra is disrupted, 

and the cortical influences on the oculomotor system of the brainstem, mediated by the basal ganglia, 

also change [7]. Objective assessments of color perception , retinal thickness, and oculomotor 

parameters are also promising [5]. Almost all PD biomarkers are being considered for their use in 

diagnosing the early and premotor stages of the disease. The risk of developing PD is considered 

increased within 4 years after the diagnosis of hyposmia ; as the period increases from 4 to 8 years, 

this factor loses its predictive value (037). There are studies that also prove the role of hyposmia as 

an important preclinical marker of dementia[3]. It is believed that the neurodegenerative process in 

PD begins several years and even decades before the onset of motor manifestations that underlie the 

diagnosis. Meanwhile, as the results of experimental studies show, any potential neuroprotective 

interventions for this disease are most effective at the earliest stage of the disease, ideally at its 

preclinical stage [1,2]. Early diagnosis of PD is difficult due to the similarity of clinical manifestations 

in the early stages with essential tremor, multiple system atrophy, progressive supranuclear palsy, etc. 

That is why the search for biomarkers is currently considered extremely relevant neurodegenerative 

process in PD - biochemical, neurophysiological, neuroimaging , etc. [3,8]. In this regard, in recent 

years, there has been considerable interest in the development of approaches to the early diagnosis of 

the “latent” (prodromal) phase of the disease, which is the most promising in terms of the possibility 

of implementing neuroprotective strategies and preventive therapy in patients with PD. In 2015, the 
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International Movement Disorder Society first proposed criteria for diagnosing prodromal PD for use 

in research purposes [2,4]. The diagnosis of the prodromal stage of PD is based on the 

presence/absence of risk factors and prodromal markers of the disease. Known risk factors include, 

for example, gender (the risk of PD is higher in men), smoking and drinking coffee (reduce the risk 

of the disease), the presence of a family history of the disease, carriage of mutations and 

hyperechogenicity of the substantia nigra, and prodromal markers include hyposmia , behavioral 

disturbances in the phase rapid eye movement sleep, depression and a number of autonomic disorders 

[ 2,4]. Several studies have been initiated around the world to find the optimal combination of 

biomarkers of the prodromal stage - both in samples of the general population (they require a large 

number of subjects and a long observation period), and in “enriched” samples consisting of 

individuals with an already identified risk factor/prodromal marker of the disease [5]. 

Dissomnia disorders found in PD, behavioral disorders in the REM phase of sleep ( Rapid) 

have the greatest predictive value. eye movement , syn . - REM sleep phase, REM phase - rapid eye 

movement sleep). They are characterized by the absence of normal muscle atonia in the REM phase 

of sleep with motor restlessness, sometimes significantly expressed, falling, screaming, in accordance 

with the content of the night dream. Polysomnographic studies reveal behavioral disturbances in the 

REM sleep phase in 1/3 of patients with PD, another 1/3 have asymptomatic loss of muscle atonia in 

this sleep phase. Behavioral disturbances in the REM sleep phase are also very common in multiple 

system atrophy and dementia with Lewy bodies [4]. Several prospective studies have shown that the 

risk of developing neurodegenerative disease in individuals with REM sleep behavior disorder ranges 

from 19 to 38% at 5 years of follow-up and from 40 to 65% after 10 years. Almost half of them 

develop PD, 50-60% develop dementia (mainly dementia with Lewy bodies). Thus, the high risk of 

developing the disease and the long latency period make behavioral disturbances in the REM sleep 

phase an ideal marker for predicting PD. The only limitation is that diagnosis requires 

polysomnography , a time-consuming and expensive procedure. A questionnaire has been developed 

to detect behavioral disorders in the REM phase of sleep with a sensitivity of 96% and sensitivity of 

92%. It should be noted that patients with behavioral disorders in the REM phase of sleep exhibit 

varying degrees of cognitive impairment. Convincing markers of PD risk also include depressive 

disorders . Depression is detected in 27.6% of patients with early stages of PD (36). Depression 

precedes the manifestation of motor disorders in 20% of cases. Depressive disorders can be present 

up to 20 years before the development of motor disorders in PD, but their frequency increases 

significantly during the 3-6 years before the diagnosis of PD. Patients with depression have a risk of 

developing PD 2.24-3.22 times higher than in the control group without depressive disorders . 

Deterioration of color vision and impairment of saccadic eye movements can be considered as 

additional markers for diagnosing early manifestations of PD. 

 Subtle motor impairments play a certain role, but the predictive value of this factor is low, 

since subtle motor impairments are found in 40% of older people. In addition, these disorders are a 

marker of stage 4 according to Belai , and accordingly the period for neuroprotective measures is 

limited. 

Thus, a review of methods for preclinical and early clinical diagnosis of PD shows that the 

study of prodromal markers and criteria for the premotor phase of PD will make it possible in the 

future to significantly change the course of the disease using neuroprotective therapy at the stage 

preceding the death of a significant number of dopaminergic neurons of the substantia nigra. Early 

diagnosis of PD is difficult due to the similarity of clinical manifestations in the early stages with 

essential tremor, multiple system atrophy, progressive supranuclear palsy, etc. 
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Conclusion 

That is why, at present, the creation and improvement of diagnostic algorithms for PD (as well 

as other neurodegenerative diseases) at the prodromal stage is considered extremely relevant; today 

it is recognized as one of the most pressing challenges facing neurology. From our point of view, it 

is important for practicing physicians to understand that PD begins not with the known clinical 

symptoms of damage to the substantia nigra, but with non-motor manifestations of the disease. Their 

detection will allow us to correctly determine the treatment strategy and thereby improve the quality 

of life of patients with PD. 
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