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Abstract: This scientific study analyzed 175 individuals, including 155 patients diagnosed with
Parkinson's disease and 20 healthy controls, focusing on clinical subtypes (tremor-dominant,
akinetic-rigid, and mixed forms). The research evaluated immunological (IL-1pB, IL-6, TNF-a,
IL-10), psychological (HADS, MMSE, VFT), and neurovisual (MRI) parameters. Results
demonstrated significant differences in cytokine levels and cognitive-emotional status across
subtypes. The findings underline the importance of a multidisciplinary approach to the diagnosis,
classification, and personalized management of Parkinson’s disease.

Keywords: Parkinson’s disease, clinical subtypes, cytokines, UPDRS, MRI, psychological tests,
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Annotatsiya: Mazkur ilmiy tadqiqotda Parkinson kasalligiga chalingan 155 nafar bemor va 20
nafar sog‘lom ishtirokchidan iborat umumiy 175 nafar shaxsda kasallikning turli klinik
shakllarida (tremor-dominant, akineziya-rigid, aralash) immunologik, psixologik va neyrovizual
ko‘rsatkichlar o‘rganildi. Sitokinlar (IL-1p, IL-6, TNF-a, IL-10) darajasi, UPDRS shkalasi,
HADS, MMSE, VFT testlari hamda MRT asosida olingan natijalar asosida kasallikning
murakkab patogenezi, yallig‘lanish jarayonlari va kognitiv-emotsional o‘zgarishlari baholandi.
Tadqiqot natijalari kasallikni kompleks yondashuv asosida diagnostika va reabilitatsiya qilish
zarurligini ko‘rsatdi.

Kalit so‘zlar: Parkinson kasalligi, klinik shakllar, sitokinlar, UPDRS, MRT, psixologik testlar,
immunologik o‘zgarishlar, neyrovizual monitoring.

AHHOTanmusi: B [1aHHOM HayyHOM HCCJIEIOBAaHUU IPOBENEH KOMIUIEKCHBIM aHanu3 175
Y4aCTHUKOB, BKJIIOYast 155 manuenToB ¢ 6one3nbto [lapkuncona u 20 310poBeix null. M3ydeHsl
KIMHUYeCKre  (HOpMBI  (TPEMOpP-TOMHHAHTHAsI, AKWHETHKO-PUTHUIHAS, CMEIIAHHAS) TI0
ummyHonorudeckum (IL-1B, IL-6, TNF-a, IL-10), ncuxonornueckum (HADS, MMSE, VFT) u
HeripoBusyanbHeiM (MPT) moxkazatensm. IlonydeHHble AaHHBIE YKa3bIBalOT HA BBIPAKCHHBIC
BOCHAJIUTENIbHBIE W KOTHUTHBHO-dMOIIMOHAJIBHBIE W3MEHEHUs Yy MalMeHTOB. BbIBOABI
MOAYEPKUBAIOT HEOOXOAMMOCTh KOMIUJIEKCHOTO TMOAXOAa K JUArHOCTUKE M JICUEHUIO OOJe3HU
ITapkuHcoHa.

KimaroueBbie cioBa: Oone3np [lapkuHcona, kauHndeckue ¢opmsbl, rmutoknabl, UPDRS, MPT,
MICUXOJOTHYECKUE TECThI, UMMYHOJIOTUYECKUE U3MEHECHUS, HEUPOBU3YTU3ALIMSL.

INTRODUCTION. Parkinson's disease (PD) is a chronic, progressive neurodegenerative
disorder characterized primarily by the loss of dopaminergic neurons in the nigrostriatal pathway.
According to the World Health Organization (WHO), PD affects 1-2% of the population over 65,
increasing to 4-5% in those over 80 [1, 2].

In recent years, the paradigm of PD has shifted from a purely motor disorder to a multi-systemic
pathology involving cognitive decline, psycho-emotional instability, and profound
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immunological dysregulation [3, 4]. Current research suggests that the pathogenesis of PD is
multifactorial, where neuroinflammation, cytokine-mediated responses, oxidative stress, and
structural brain atrophy are inextricably linked [5, 6].

The objective of this study was to perform a comprehensive evaluation of the immunological,
neuropsychological, and neuroimaging status of PD patients across various clinical phenotypes
to optimize diagnostic and prognostic strategies.

MATERIALS AND METHODS. Study Population: A total of 175 participants were enrolled:
155 patients diagnosed with PD and 20 healthy, age- and gender-matched individuals as a
control group. The study was conducted at the clinical bases of Tashkent State Medical
University. Phenotyping: Patients were categorized into three clinical groups:

1. Tremor-Dominant (TD) (n=52)

2. Akinetic-Rigid (AR) (n=53)

3. Mixed Form (n=50)

Disease severity was assessed using the Hoehn & Yahr (H&Y) scale (Stages 1-3).

Assessment Tools:

. Neurological: Motor functions were quantified using the Unified Parkinson’s Disease
Rating Scale (UPDRS), focusing on axial stability, bradykinesia, and tremor intensity.

. Neuropsychological: Emotional and cognitive status were evaluated via the Hospital
Anxiety and Depression Scale (HADS), Mini-Mental State Examination (MMSE), and Verbal
Fluency Test (VFT).

. Immunological: Serum and CSF concentrations of IL-1p, IL-6, IL-10, and TNF-a were
measured using Enzyme-Linked Immunosorbent Assay (ELISA).

. Neuroimaging: High-resolution MRI was employed to quantify structural atrophy in the
substantia nigra, putamen, and cerebellum through digital segmentation and volumetric
analysis.

RESULTS

The following tables present a detailed statistical breakdown of the clinical and laboratory
parameters observed in the study.

Table 1. Demographic and Clinical Characteristics of the Study Cohort (M = SD)

Clinical Phenotype|| n Age (Years) Dlsea(s‘e{ee]zll‘ls;atlon Gender (M/F)
Tremor-Dominant|| 52 | 64.2\pm 5.1 5.4 \pm 2.1 28/24
Akinetic-Rigid 53 || 65.7 \pm 4.8 6.1 \pm 1.9 29/24
Mixed Form 50 || 63.9\pm 5.6 5.7\pm 2.3 27/23
Control Group 20 || 62.3\pm 3.9 — 10/10

The baseline characteristics of the study cohort are presented in Table 1. A total of 155 patients
with Parkinson’s disease (PD) were categorized into three primary clinical phenotypes: Tremor-
Dominant (TD, n=52), Akinetic-Rigid (AR, n=53), and Mixed form (n=50). The mean age
across all PD groups ranged from 63.9 \pm 5.6 to 65.7 \pm 4.8 years, showing no statistically
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significant difference compared to the healthy control group (62.3 \pm 3.9 years, p > 0.05). The
mean disease duration was slightly higher in the Akinetic-Rigid group (6.1 \pm 1.9 years),
reflecting a potentially more rapid clinical progression in this specific phenotype.

Table 2. UPDRS Score Distribution Across Phenotypes

Phenotvpe UPDRS I UPDRS 11 UPDRS III Total UPDRS
yp (Mentation) (ADL) (Motor) Score
Tremor-
Dominant 4.1 \pm 0.7 13.5\pm 1.8 21.2\pm 3.5 38.8 \pm 4.1
Akinetic-Rigid 5.0 \pm 1.1 15.8 \pm 2.1 24.5\pm 4.0 453 \pm 4.7
Mixed Form 4.7 \pm 0.9 14.7 \pm 1.9 23.0 \pm 3.6 424 \pm 4.4

Analysis of motor dysfunction using the Unified Parkinson’s Disease Rating Scale (UPDRS) in
Table 2 revealed that the Akinetic-Rigid (AR) phenotype exhibited the highest degree of
impairment. The total UPDRS score for the AR group reached 45.3 \pm 4.7 points, which was
significantly higher than the Tremor-Dominant group (38.8 \pm 4.1, p < 0.01). These findings
suggest that the akinetic-rigid clinical form is associated with more severe functional limitations
and a faster decline in motor capabilities.

The immunological landscape of PD patients is detailed in Table 3. Our results demonstrate a
profound systemic inflammatory response across all PD phenotypes compared to the control
group (p < 0.05). Specifically, pro-inflammatory cytokines IL-6 and TNF-a reached peak
concentrations in the Akinetic-Rigid group (19.5 \pm 4.7 pg/ml and 21.0 \pm 4.0 pg/ml,
respectively). Conversely, the level of the anti-inflammatory cytokine IL-10 was significantly
depleted in PD patients (5.4 \pm 1.9 to 6.2 \pm 2.1 pg/ml) compared to healthy controls (8.1 \pm
2.2 pg/ml), indicating a failure in immune-regulatory mechanisms (Table 3).

Table 3. Cytokine Profile Analysis (pg/ml) (p < 0.05 vs Control)

Phenotype IL-1B IL-6 TNF-a IL-10
Tremor-Dominant||12.5 \pm 3.4({15.8 \pm 4.1{|18.2 \pm 3.5||6.2 \pm 2.1
Akinetic-Rigid |[15.1 \pm 3.9({19.5 \pm 4.7||21.0 \pm 4.0||5.4 \pm 1.9
Mixed Form |[13.8 \pm 3.6|[17.2 \pm 4.3({19.5 \pm 3.8||5.8 \pm 2.0
Control Group |[7.1\pm 2.0( 9.3 \pm 2.7 |{10.2 \pm 2.5|8.1 \pm 2.2
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Table 4. Neuropsychological Evaluation Scores

Phenotype HADS. HAPS MM.S.E VFT (Verbal
(Depression) (Anxiety) (Cognition) Fluency)
DTOrI‘:i'I‘I‘;rI; . 8.3 \pm 2.4 7.9 \pm 2.3 25.2\pm 1.9 15.4 \pm 3.2
Akinetic-Rigid 10.5\pm 2.7 9.8\pm 2.4 23.9 \pm 2.1 13.1 \pm 3.0
Mixed Form 9.7 \pm 2.5 9.1 \pm 2.2 24.5 \pm 2.0 14.0 \pm 3.1
Control Group 52 \pm 1.5 4.9 \pm 1.7 28.1 \pm 1.3 19.3 \pm 2.5

Table 4 summarizes the neuropsychological status of the participants. Patients with PD
demonstrated higher scores of depression and anxiety on the HADS scale and lower cognitive
performance on the MMSE compared to the control group (p < 0.001). The most significant
cognitive decline was observed in the Akinetic-Rigid group (MMSE: 23.9 \pm 2.1), which
correlates with the elevated neuroinflammatory markers identified in the previous stages of the

study."
Table 5. Prevalence of MRI-Detected Atrophic Changes (%)
Phenotype Substantia Nigra||Putamen||Cerebellum

Tremor-Dominant 73.1% 41.5% 16.8%

Akinetic-Rigid 81.2% 48.9% 22.3%

Mixed Form 78.4% 46.7% 19.9%

Control Group 10.3% 8.4% 4.6%
Finally, Table S5 presents the results of the volumetric MRI analysis. Structural

neurodegeneration was most prominent in the substantia nigra, with 81.2% of patients in the
Akinetic-Rigid group showing significant atrophy. The degree of atrophy in the putamen (48.9%)
and cerebellum (22.3%) was also highest in the AR phenotype. These neuroimaging findings
provide a structural basis for the severe motor and non-motor symptoms observed in patients
with high pro-inflammatory cytokine profiles.

DISCUSSION. The findings underscore the necessity of a multifaceted approach to
understanding PD. Each clinical phenotype demonstrates unique pathogenetic mechanisms. The
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Akinetic-Rigid phenotype is notably characterized by the most severe motor dysfunction, the
highest concentration of pro-inflammatory markers (IL-1p, IL-6, TNF-a), and the most extensive
neuroanatomical atrophy. The neuropsychological data confirms a high prevalence of depression
and anxiety, particularly in the AR group, suggesting that neuroinflammation may directly
modulate mood-regulating circuits. The reduction in the anti-inflammatory cytokine IL-10 across
all PD groups indicates a systemic failure in immune regulation, fostering a chronic
neuroinflammatory environment. Furthermore, the volumetric MRI changes in the substantia
nigra and putamen provide an objective structural correlate for disease severity, serving as a
reliable tool for longitudinal monitoring.

CONCLUSION. Effective management of Parkinson's disease requires a multidisciplinary
diagnostic framework integrating neurological, immunological, psychological, and neuroimaging
data. Our study demonstrates that clinical phenotypes differ significantly in their biological and
structural profiles. The integration of these parameters allows for more accurate differential
diagnosis, precise staging, and the development of personalized therapeutic interventions. Future
research should focus on utilizing these immunological and neuroimaging biomarkers for early-
stage prediction and monitoring the efficacy of disease-modifying therapies.
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