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SCIENTIFIC PROGRAM

09:00-09:30 Opening Ceremony

09:30-11:00 Plenary Session 1
What Triggers Synucleinopathy?

Chairs Caroline TANNER (USA), Jin Whan CHO (Korea)

09:30-09:55	 P1-1. Genetic Architecture of Synucleinopathy	 p. 34

	 Yun Joong KIM (Korea)

09:55-10:20	 P1-2. Environmental and Related Factors as a Trigger for Synucleinopathy	 p. 44

	 Caroline TANNER (USA)

10:20-10:45	 P1-3. Metabolic Factors Contributing to Risk and Progression of Parkinson's Disease	 p. 47

	 Ai Huey TAN (Malaysia)

10:45-11:00	 Q&A

11:00-11:20 Break

11:20-12:50 Plenary Session 2 
When and Where Does Synucleinopathy Begin? (Parkinson's Disease Perspective) 

Chairs Nobutaka HATTORI (Japan), Tae-Beom AHN (Korea)

11:20-11:45	 P2-1. Neuroanatomical Origins and Clinical Landscape of Parkinson's Disease	 p. 52

	 Chaewon SHIN (Korea)

11:45-12:10	 P2-2. Unraveling the Clinical Origins of Parkinson's Disease: Insights into Idiopathic	 p. 55 
	 RBD as the Prodromal Stage
	 Yun Kwok WING (Hong Kong)

12:10-12:35	 P2-3. Cellular Origins of Parkinson's Disease and Emerging Therapeutic Strategies	 p. 58

	 Lorraine KALIA (Canada)

12:35-12:50	 Q&A

12:50-14:00 Lunch
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14:00-15:10 Parallel Session 1
When and Where Does Synucleinopathy Begin?(Multiple System Atrophy 
Perspective)

Chairs Hirohisa WATANABE (Japan), Jongsam BAIK (Korea)

14:00-14:20	 S1-1. Neuroanatomical Origins and Clinical Landscape of Multiple System Atrophy	 p. 62

	 Woong-Woo LEE (Korea)

14:20-14:40	 S1-2. Unveiling Prodromal and Early Multiple System Atrophy: From Mono-System Signs to	 p. 66 
	 Biomarker-Based Insights
	 Hirohisa WATANABE (Japan)

14:40-15:00	 S1-3. Molecular and Cellular Mechanisms of Multiple System Atrophy	 p. 69

	 Nadia STEFANOVA (Austria)

15:00-15:10	 Q&A

15:10-15:30 Break

15:30-16:40 Parallel Session 3
Advancing Biomarker Horizons in Parkinson's Disease

Chairs Lorraine KALIA (Canada), Joong-Seok KIM (Korea)

15:30-15:50	 S3-1. Neuroinflammation and Immune Biomarkers: Insights into Parkinson's	 p. 74 
	 Pathogenesis and Progression
	 Young Eun KIM (Korea)

15:50-16:10	 S3-2. Neuroimaging Biomarkers for Cognitive Decline in Parkinson's Disease	 p. 77

	 Seok-Jong CHUNG (Korea)

16:10-16:30	 S3-3. Cutting-Edge Biomarker Research and Future Directions in Parkinson's Disease	 p. 80

	 Nobutaka HATTORI (Japan)

16:30-16:40	 Q&A

16:40-17:00 Break
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SCIENTIFIC PROGRAM

17:00-18:10 Parallel Session 5
Non-Motor Symptoms: From Prodromal Indicators to Advanced Manifestations

Chairs Ai Huey TAN (Malaysia), Mee Young PARK (Korea)

17:00-17:20	 S5-1. Visual Dysfunction Throughout the Progression of Parkinson’s Disease	 p. 84

	 Jee-Young LEE (Korea)

17:20-17:40	 S5-2. Mind Matters: Addressing the Psychiatric Symptoms in Parkinson's Disease	 p. 87

	 Han Soo YOO (Korea)

17:40-18:00	 S5-3. Unmasking Non-Motor Fluctuations in Parkinson's Disease	 p. 90

	 Eungseok OH (Korea)

18:00-18:10	 Q&A

04



14:00-15:10 Parallel Session 2
Freezing of Gait: Subtypes, Prediction, and Management

Chairs Jeffrey HAUSDORFF (Israel), Seong-Beom KOH (Korea)

14:00-14:20	 S2-1. Freezing of Gait: Heterogeneity of the Frustrating Disorder	 p. 94

	 Dallah YOO (Korea)

14:20-14:40	 S2-2. Unveiling Episodic Events in Clinical Practice: Prediction and Detection of 	 p. 97

	 Freezing of Gait
	 Jeffrey HAUSDORFF (Israel)

14:40-15:00	 S2-3. Practical Management of Freezing of Gait Based on Pathomechanism	 p. 100

	 Jeong-Ho PARK (Korea)

15:00-15:10	 Q&A

15:10-15:30 Break

15:30-16:40 Parallel Session 4
Classification of Dystonia—Pathophysiological Perspectives

Chairs Raymond ROSALES (Philippines), Young H. SOHN (Korea)

15:30-15:50	 S4-1. Overview of Pathophysiology of Dystonia: A Decade Since the New Classification	 p. 104

	 of Dystonia in 2013
	 Young H. SOHN (Korea)

15:50-16:10	 S4-2. Genetic Causes of Dystonia and the Associated Pathogenesis	 p. 107

	 Katja LOHMANN (Germany)

16:10-16:30	 S4-3. Task-Specific vs. Non-Task-Specific Focal Dystonia: Shared Pathophysiology 	 p. 110

	 or Distinct Mechanisms?  
	 Hae-Won SHIN (Korea)

16:30-16:40	 Q&A

16:40-17:00 Break

05

Room B
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17:00-18:10 Oral Presentation Session 1

Chairs Wooyoung JANG (Korea), Seung-Hwan LEE (Korea)

17:00-17:14	 O1-1. Early Fall Risk Prediction in Parkinson’s Disease Through Feature Importance 	 p. 114

	 and Statistical Methods Based on Machine Learning
	 Sumin KIM (Korea)

17:14-17:28	 O1-2. Repetitive Transcranial Magnetic Stimulation Improves Static Balance Control in 	 p. 118

	 Cerebellar Ataxia: A Pilot Study
	 Ho-Won LEE (Korea)

17:28-17:42	 O1-3. Machine Learning Derived Probabilistic Scoring of Spatiotemporal Gait Patterns	 p. 121 
	 as a Digital Biomarker of Parkinsonian Gait Severity Based on Real World Data 
	 Yoon Seob KIM (Korea)

17:42-17:56	 O1-4. Essential Tremor: Novel Neuroimaging Insights from a Singaporean	 p. 126 
	 Imaging-Genetics Cohort
	 Thomas WELTON (Singapore)

17:56-18:10	 O1-5. Distinct Spatiotemporal Progression Patterns of Brain Metabolism in De Novo	 p. 131

	 Parkinson’s Disease
	 Jung Hyun LEE (Korea)
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09:00-10:30 Plenary Session 3
When and Where Does Tauopathy Begin?

Chairs Shen-Yang LIM (Malaysia), Jae Woo KIM (Korea)

09:00-9:25	 P3-1. Progressive Supranuclear Palsy: Symptoms and Signs of Prodromal Phase to 	 p. 134	
	 Full-Blown Phase
	 Jin Whan CHO (Korea)

09:25-9:50	 P3-2. Cellular Origin of Tauopathy	 p. 137

	 Yun Kyung KIM (Korea)

09:50-10:15	 P3-3. Genetics and Biomarkers for Early Detection of Tauopathies	 p. 140

	 Huw MORRIS (UK)

10:15-10:30	 Q&A

10:30-10:50 Break

10:50-12:20 Plenary Session 4
New Innovative Treatments in Parkinson's Disease

Chairs Hubert FERNANDEZ (USA), Sun Ju CHUNG (Korea)

10:50-11:15	 P4-1. Promising Therapeutic Approaches Targeting Alpha-Synuclein	 p. 144

	 Tae-In KAM (Korea)

11:15-11:40	 P4-2. Stem Cell Therapy for Parkinson's Disease: Phase 1/2a Clinical Trial of hESC-derived	 p. 147 
	 Dopaminergic Progenitors
	 Dong-Wook Kim (Korea)

11:40-12:05	 P4-3. Repurposing Deep Brain Stimulation: A Disease-Modifying Therapy?	 p. 153

	 Suneil KALIA (Canada)

12:05-12:20	 Q&A

12:20-13:30 Lunch
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SCIENTIFIC PROGRAM

13:30-14:40 Parallel Session 6
Digital Technology in Movement Disorders

Chairs Roongroj BHIDAYASIRI (Thailand), Sang-Myung CHEON (Korea)

13:30-13:50	 S6-1. Current and Future Landscape of Digital Clinic in Movement Disorders	 p. 158

	 Hubert FERNANDEZ (USA)

13:50-14:10	 S6-2. Digital and/or Wearable Technology for Motor Symptoms of Parkinson's Disease	 p. 161

	 Jung Hwan SHIN (Korea)

14:10-14:30	 S6-3. Digital and/or Wearable Technology for Non-Motor Symptoms of Parkinson's Disease	 p. 164

	 Kye Won PARK (Korea)

14:30-14:40	 Q&A

14:40-15:00 Break

15:00-16:10 Parallel Session 7 
Is Normal Pressure Hydrocephalus a Movement Disorder?

Chairs Jinyoung YOUN (Korea), Hee-Tae KIM (Korea)

15:00-15:20	 S7-1. Epidemiology, Natural History, and Genetic Factors of Idiopathic Normal Pressure	 p. 168 
	 Hydrocephalus
	 Chifumi ISEKI (Japan)

15:20-15:40	 S7-2. Parkinsonism in Idiopathic Normal Pressure Hydrocephalus	 p. 171

	 Jinyoung YOUN (Korea)

15:40-16:00	 S7-3. Idiopathic Normal Pressure Hydrocephalus and Neurodegenerative Comorbidities	 p. 174

	 Kyunghun KANG (Korea)

16:00-16:10	 Q&A

16:10-16:30 Break
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16:30-17:40 Parallel Session 9
Update on Non-Invasive Brain Stimulation in Movement Disorders

Chairs Yoshikazu UGAWA (Japan), Sang Jin KIM (Korea)

16:30-16:50	 S9-1. Recent Advances in Transcranial Ultrasound Stimulation for Neurodegenerative	 p. 178 
	 Disorders
	 Hyungmin KIM (Korea)

16:50-17:10	 S9-2. Utility of Transcranial Magnetic Stimulation to Understand Pathophysiology: 	 p. 182

	 Lessons from Dementia
	 Takenobu MURAKAMI (Japan)

17:10-17:30	 S9-3. Update of Transcranial Direct Current Stimulation: Challenges in the Clinical Trials	 p. 185 

	 and Application
	 Wooyoung JANG (Korea)

17:30-17:40	 Q&A

17:40-18:10 Closing
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SCIENTIFIC PROGRAM

13:30-14:40 Oral Presentation Session 2

Chairs Yun Kyung KIM (Korea), Jae-Hyeok LEE (Korea)

13:30-13:44	 O2-1. Presynaptic Serotonergic Autoreceptors as a Therapeutic Target for	 p. 190 
	 Levodopa-Induced Dyskinesia
	 Rajesh GOEL (India)

13:44-13:58	 O2-2. Pathological Role of Immunoproteasome PSMB8 in Parkinson’s Disease: 	 p. 194

	 A Link Between α-Synuclein Aggregation and Immune Activation
	 Huu Dat NGUYEN (Korea)

13:58-14:12	 O2-3. Blood-Based Targeted Proteomics of Metabolic Pathways in the Isolated REM	 p. 197

	 Sleep Behavior Disorder–Lewy Body Disease Continuum 
	 Ryul KIM (Korea)

14:12-14:26	 O2-4. Drug-Target Mendelian Randomization Analysis of Dipeptidyl Peptidase-4 Inhibitors	 p. 200

	 for Parkinson’s Disease Prevention 
	 Joo-Yeon LEE (Korea)

14:26-14:40	 O2-5. Phase 1/2a Clinical Trial of hESC-Derived Dopaminergic Progenitors in	 p. 205

	 Parkinson’s Disease
	 Han Kyu NA (Korea)

14:40-15:00 Break

15:00-16:10 Parallel Session 8
Palliative Care in Parkinson's Disease: Balancing Treatment and Support

Chairs Yih-Ru Wu (Taiwan), Seongmin CHOI (Korea)

15:00-15:20	 S8-1. Current Status of Neuropalliative Care for Parkinsonism: For Successful Integration	 p. 210

	 in Korea
	 Sooyeoun YOU (Korea)

15:20-15:40	 S8-2. Exploring Unmet Needs in Neuropalliative-Supportive Care for Parkinson’s Disease: 	 p. 213

	 Perspectives from Patients, Caregivers, and Doctors in Korea
	 Chan Young LEE (Korea)

15:40-16:00	 S8-3. Home-Based Care for Advanced Parkinsonism	 p. 217

	 Sun Young LEE (Korea)

16:00-16:10	 Q&A
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16:10-16:30 Break
 

16:30-17:40 Parallel Session 10 
Tremor: From Pathophysiology to Clinical Practice

Chairs Pramod PAL (India), Hyeo-il MA (Korea)

16:30-16:50	 S10-1. Pathophysiology of Essential Tremor: Lessons from Animal Study	 p. 222

	 Ming-Kai PAN (Taiwan)

16:50-17:10	 S10-2. Pathophysiology of Dystonic Tremor: Lessons from Imaging and Stimulation Studies	 p. 226

	 Pattamon PANYAKAEW (Thailand)

17:10-17:30	 S10-3. Essential Tremor Plus: Is It a Clinically Relevant Concept?	 p. 229

	 Do-Young KWON (Korea)

17:30-17:40	 Q&A
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POSTER LOUN
GE 1 (P-001 ~ P-068)

POSTER EXHIBITION

Ataxia Poster Lounge 1

P-001	 Case Report of Spinocerebellar Ataxia 13 Presenting with Pure Cerebellar Ataxia	 p. 234	
	 Sangmin PARK (Korea)

P-002	 Effects of Home-Based, Remotely Supervised, Cerebellar Transcranial Direct Current	 p. 234

	 Stimulation in Cerebellar Variant of Multiple System Atrophy
	 Young Eun HUH, Jonghyun AHN, Jinyoung YOUN, Jinwhan CHO (Korea)

P-003	 Isolated Anti -Yo Antibody Associated Paraneoplastic Cerebellar Degeneration: A Case Report	 p. 235	
	 Enkhjargal MANJIILAA, Bolortsetseg BATSAIKHAN (Mongolia)

P-004	 Progressive White Matter Abnormalities on MRI Reveal SYNE1-Related Pure Cerebellar Ataxia:	 p. 235 
	 A Diagnostic Mimic of Demyelinating Disease   	
	 Maria Kathleen Angela S. MABULAY, Redentor R. II DURANO, Gerard Raimon M. SARANZA (Philippines)

P-005	 Novel ATAD3A Intronic Variant: Harel-Yoon Syndrome With Predominant Cerebellar Ataxia and	 p. 237

	 Osteoporosis		  	

	 Yoon Seob KIM, Sugyeong PARK, Don Gueu PARK, Young Bae SOHN, Jung Han YOON (Korea)

P-006	 Multiscale Mathematical Modeling of Ataxia Progression Using Single-Nucleus Transcriptome	 p. 238

	 Trajectories, Patient-Derived Neuronal Epigenomics, and Blood Surrogates	
	 Rifaldy FAJAR, Elfiany SYAFRUDDIN, Rini WINARTI, Sahnaz Vivinda PUTRI, Prihantini PRIHANTINI (Indonesia)

P-007	 Wandering Eyes, Wavering Steps: A Novel Homozygous SQSTM1 Variant in Filipino	 p. 238

	 Adolescent With Childhood-Onset Ataxia, Dystonia, and Gaze Palsy	
	 Lowrence Precious DICHOSO, Chin-Hsien LIN, Gerard SARANZA (Philippines)

Basic Sciences Poster Lounge 1

P-008	 Neuroprotective Effects of 2β-Hydroxybetulinic Acid 3β-Oleiate Isolated from Euryale ferox	 p. 239

	 in a Rotenone-Induced Model of Parkinson’s Disease	
	 Danish AHMED, Mohd Ibrahim KHAN (India)

P-009	 Network--Guided Identification of microRNA–TLR4 Hubs and Phytochemical P2X7 Antagonists	 p. 239

	 for Multi-Target Suppression of Neuroinflammation in Parkinson’ disease	
	 Dharmendra Kumar KHATRI (India)

P-010	 Anti-Neuroinflammatory Effect of Cyclobenzaprine by Modulating Necroptosis via	 p. 240

	 TLR4/TRIF/RIPK1/MLKL Pathway in Parkinson’s Disease	
	 Vaishnavi JADHAV, Dharmendra KHATRI, Mohseen (India)
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POSTER LOUN
GE 1 (P-001 ~ P-068)

P-011	 Expression of TDP-43 in Astrocytes Leads to Defective Phenotypes in Neuron and Muscle Cells	 p. 240

	 by Activating the GSK-3β Signaling Pathway	
	 EuJene CHOI, CHANGXU CUI, Kiyoung KIM (Korea)

P-012	 HDAC Inhibition and Acetylation-Driven Disulfide-Linked Aggregation of TDP43: Implications	 p. 241

	 for TDP43 Proteinopathies	
	 Sungsu LIM, Natalii LUKIANENKO, Yun Kyung KIM (Korea)

P-013	 DPP-4 Inhibitor Alleviates Gut-Brain Axis Parkinson’s Disease Pathology	 p. 242	
	 Seong Ho JEONG, Yeon Ju KIM, Jin Young SHIN, Kyu Won OH, Jung Wook LEE, Phil Hyu LEE (Korea)

P-014	 Parkinsonian State-Induced Alteration of Striatal Neuronal Ensemble Dynamics in	 p. 242

	 a Cell Type-Specific Manner	
	 Hyun Kyung CHUNG, Jun Seok KIM, Seung Min BAEK, Chanhee JEONG, Horim SHIN, Jinkyu LEE, Jun Ho PARK, 

	 Hyung Jin CHOI, Jung Hwan SHIN (Korea)

P-016	 Therapeutic Intervention of Polyphenols Against α-Synuclein Aggregation Associated	 p. 244

	 With Parkinson’s Disease: An AI-Based Drug Discovery Approach	
	 Ekta YADAV (India)

P-017	 Common Neuronal DEGs Between Submandibular Gland Tissue and Substantia Nigra	 p. 244

	 in Patients With Parkinson’s Disease	
	 Ko-Eun CHOI (Korea)

P-018	 Analysis of Differentiation Pathways Into Midbrain Dopaminergic Neurons Using a Double	 p. 245

	 Knock-In Reporter Cell Line	
	 ChanWook PARK, Do-Hun KIM, Chul-Yong PARK, Sanghyun PARK, Dong-Wook KIM (Korea)

P-019	 Cell-Type Specific Modulation of Subthalatmic Nucleus for Rescue of Parkinsonian Symptoms	 p. 245	
	 Jung Hwan SHIN, Ji hyun KIM, Hyun Kyung CHUNG, Jun Seok KIM, Jin-hyun KIM, Beomseok JEON (Korea)

Biomarkers Poster Lounge 1

P-021	 Peripheral Blood Autophagy-Lysosomal Pathway Proteins As Early Biomarkers for	 p. 246

	 Parkinson’s Disease Detection	
	 Myung Shin LEE, Jae Whan KIM, Juyeong KIM, Don Gueu PARK, Hansol HEO, Jung Han YOON, 

	 Jaerak CHANG (Korea)

P-022	 From Gut to Brain: Microbial Signatures Define the Body-First Subtype of Parkinson’s Disease	 p. 247	
	 Don Gueu PARK, Woorim KANG, In-Ja SHIN, Mauricio CHALITA, Hyun-Seok OH, Dong-Wook HYUN, Hyun KIM, 

	 Jongsik CHUN, Young-Sil AN, Dayeong YOO, Jisu PARK, Eun Jeong LEE, Jung Han YOON (Korea)
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POSTER LOUN
GE 1 (P-001 ~ P-068)

POSTER EXHIBITION

P-023	 Balance Biomarker for Early Differentiation of Parkinson’s Disease and Multiple System	 p. 248

	 Atrophy With Parkinsonian Type	
	 Hee Jin CHANG, Jong Ho KIM, Sanghyun LEE, Eunjin KWON, Seong-Hae JEONG, Eungseok OH (Korea)

P-024	 Uncovering Parkinson Disease Progression Related Biomarkers With Plasma Proteomics	 p. 248

	 and Functional Genomics	
	 Chanhee JEONG, Jisun KIM, Hyeyeon KIM, Seohyun KIM, Sangwook KIM, Seungmin LEE, Kyeong Beom JO, 

	 Seoyeon KIM, Saba SANE, Bora JIN, Jacob WRIGHT, Su Hyeon HA, Eunhye KIM, Thomas DURCAN, 

	 Jung Hwan SHIN, Ki-Jun YOON, Dae-Kyum KIM, Han-Joon KIM (Korea)

P-025	 Longitudinal Trajectory of Multimodal Markers for Prodromal Disease Progression in a Patient	 p. 250

	 With Isolated REM Sleep Behavior Disorder
	 Seohee CHOI, Ryul KIM, Jung Hwan SHIN, Kyung Ah WOO, Eun Jin YOON, Heejung KIM, Yu Kyeong KIM, 

	 Jee-Young LEE (Korea)

P-026	 Plasma α-Synuclein Aggregates as a Non-Invasive Marker of Parkinson’s Disease	 p. 250	
	 Nayoung RYOO, Hyojung PARK, Haemin JUNG, Sungmin KANG, Soo Jin KWON, Hye Lim PARK, 

	 Min Ju KANG, Ji Sun RYU (Korea)

P-027	 The Development of α-Synuclein RT-QuIC Assay Using Urine-Derived Neuronal Exosome.	 p. 251	
	 Hoang Bao Tram TRAN, Hye Joung CHOI, Huu Dat NGUYEN, Thanh Trung NGUYEN, Dong Gyun KO,

	  Jung Hyun LIM, Young Eun KIM (Viet Nam)

P-028	 Diabetes Mellitus and Parkinson’s Disease: Associations With Blood-Based Simoa	 p. 251

	 Biomarkers and Clinical Features	
	 In Hee KWAK, Young Eun KIM, Hyeo-il MA, Je Kook YU (Korea)

P-029	 Parkinson’s Disease GWAS-Linked SNCA Carriers Show Slower Non-Motor and	 p. 252

	 Cognitive Progression			 
	 Xiao DENG (Singapore)

Dystonia Poster Lounge 1

P-030	 X-Linked Dystonia Parkinsonism as a Cause of Isolated Lingual Dystonia	 p. 253	

	 Lowrence Precious DICHOSO, Daryl DAKAY, Ana WESTENBERGER, Zerlyn LEONARDO, Christine KLEIN, 

	 Norbert BRUGGEMANN, Gerard SARANZA (Philippines)

P-031	 Dystonic Tremor in Writer’s Cramp Mimicking Primary Handwriting Tremor	 p. 254	

	 Paulo CATANIAG (Philippines)

P-032	 Effects of Deep Brain Stimulation on Regional Cerebral Blood Flow in Cervical Dystonia	 p. 255

	 Jong-Sik PARK, Eun-Byeol HWANG, EunJu AHN, Do-Yu KIM, In-Uk SONG (Korea)
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POSTER LOUN
GE 1 (P-001 ~ P-068)

P-033	 Fahr’s Syndrome Presenting With Truncal Dystonia in Chronic Idiopathic Hypoparathyroidism	 p. 256	

	 Jun Seok LEE, Sooyeoun YOU (Korea)

P-034	 Uncommon Movement Disorders in Neuropsychiatric Systemic Lupus Erythematosus: 	 p. 256

	 A Case of Dystonia and Tremor
	 Orlando PIKATAN, SRI YENNI TRISNAWATI GS, NI MADE DWITA PRATIWI (Indonesia)

P-035	 SPECT Cerebral Perfusion Patterns in Isolated Cervical Dystonia 	 p. 257	

	 Byungseok KIM, Eunbyol HWANG, In-Uk SONG (Korea)

P-036	 Acute Dystonia Induced by Salbutamol in a Young Adult With a History of Neuroleptic 	 p. 258

	 Consumption: A Diagnostic Challenge	
	 Nadia Novita WIJAYA, Felix FELIX, Ismi Adhanisa HAMDANI, Gilang Nispu SA PUTRA (Indonesia)

P-037	 Effective Treatment of Debilitating Tardive Dyskinesia/Dystonia With Globus Pallidus Deep 	 p. 259

	 Brain Stimulation: A Case Report
	 Seung Hyun LEE (Korea)

P-038	 Unexpected Extrapyramidal Reaction: Acute Tardive Dyskinesia Following Short-Term	 p. 260

	 Metoclopramide Use in a High-Risk Patient	
	 Aryofri AFAN, Roland HELMIZAR, Divo HELMIZAR, Mutia Setia NINGSIH (Indonesia)

P-040	 Myoclonus-Dystonia Associated With CAPN3 Variant: Expanding the Phenotypic Spectrum	 p. 261

	 Beyond LGMD			 

	 Yoon Seob KIM, Mi Hee KIM, Don Gueu PARK, Young Bae SOHN, Jung Han YOON (Korea)

P-041	 Adult-Onset DYT-KMT2B in a Filipino Male: Pathogenicity of a Novel De Novo 	 p. 262

	 p.Thr1650Met Variant			 

	 Kruzette Khloe SOLIJON, Gerard SARANZA, Mirja THOMSEN, Jonathan KRAUSE, Björn LAABS, 

	 Christine KLEIN, Katja LOHMANN (Philippines)

P-042	 Dysphagia and Hyphonia As Initial Presentation of XDP: A Case Report	 p. 262	

	 Ronald Robert ANGELES, John Paul CRUZ, Juan Miguel BAUTISTA (Philippines)

P-043	 Clinical Characteristics of Patients With Oromandibular Dystonia at Ngoerah General	 p. 263

	 Hospital Denpasar			 

	 Made Sebastian Dwi Putra HARDIKA, Dewa Putu Gde Purwa SAMATRA, Sri Yenni Trisnawati GS (Indonesia)

P-044	 Sequential Selective Peripheral Denervation Targeting Sternocleidomastoid and Splenius	 p. 264

	 Capitis in Refractory Torticollis: A Case Report	
	 Iffat TAQIYAH, Dyah TUNJUNGSARI, Kevin GUNAWAN, Amanda TIKSNADI (Indonesia)
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POSTER LOUN
GE 1 (P-001 ~ P-068)

POSTER EXHIBITION

Genetics and Epidemiology in Movement Disorders	 Poster Lounge 1

P-045	 Movement disorders in Adults with Metabolic Encephalopathy	 p. 264

	 Paulo CATANIAG, Jed Noel ONG, Cid Czarina DIESTA (Philippines)

P-047	 Ethnic Implication of BDNF rs6265 Polymorphism in Korean Longitudinal Cohorts	 p. 265

	 With Parkinson Disease			 

	 Sang-Won YOO, Yujeong CHOI, Joong-Seok KIM (Korea)

P-048	 Lack of Diagnostic Method for Huntington’s Disease in Mongolia	 p. 266	

	 Namuun ERDENEBAT, Nomindalai BATBOLD, Ulziibayar DASHDORJ (Mongolia)

P-049	 Effects of Parkinson’s Disease-Related Genes Parkin, PINK1 and CHCHD2 in Mitochondria	 p. 267

	 CHANGXU CUI, DONG GOO LEE, EU JENE CHOI (Japan)

P-051	 Association Between Instrumental Activities of Daily Living and Incidence of Parkinson’s	 p. 268 
	 Disease: A Nationwide Population-Based Cohort Study	
	 Seo Yeon YOON, You Hyun PARK, Hyo Jeong LEE, Yong Wook KIM, Sang Chul LEE (Korea)

P-052	 Adult-Onset Familial TUBB4A-Related Leukodystrophy in a Korean Family: A Case Report	 p. 269	
	 Jun Seok LEE, Sungjae AHN, Sooyeoun YOU (Korea)

P-053	 Adolescent-Onset Spastic Ataxia Without Myopathy in a Patient With Heterozygous	 p. 270

	 MSTO1 Mutation			 

	 Rizka IBONITA, Seungmin LEE, Su Hyeon HA, Jung Hwan SHIN, Han-Joon KIM (Korea)

P-055	 Can Occupational Pesticide Exposure Increases the Chance of Parkinson’s Disease Risk	 p. 270	

	 Jatinkumar Veljibhai DHANANI, Ushaben Jeegneshkumar SATANEE, Shweta DHANANI, 

	 Jeegneshkumar SATANEE (India)

P-056	 A Novel SPG11 Splice-Site Mutation in Hereditary Spastic Paraplegia: Clinical, Radiologic,	 p. 271

	 and Genetic Insights From the First Philippine Case	

	 Ena Elizabeth NAOE, Regor David BALONGA, Chin-Hsien LIM, Gerard SARANZA (Philippines)

P-057	 From Past Trends to Future Challenges: A Time-Series Analysis and Projection of Parkinson’s	 p. 272

	 Disease Prevalence in Indonesian Older Adults With Estimated Burden for 2030 and 2040	

	 Najwa Aisya PUTRI, Siti Syaidah BALIANANDA, Evieta RISNANDA, Adinda Salsabila ZAHRA (Indonesia)

P-058	 Dual Genetic Etiology in Adult-Onset Ataxia: Spinocerebellar Ataxia Type 3 with a Pathogenic	 p. 273

	 NOTCH3 Variant	
	 Hwa Been YANG, Do-Young KWON (Korea)
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POSTER LOUN
GE 1 (P-001 ~ P-068)

P-059	 siRNA-Mediated Gene Silencing of CTSB and USP30 Targeting Lysosomal and Mitochondrial 	 p. 273

	 Pathways to Enhance Alpha-Synuclein Clearance in Parkinson’s Disease	

	 Reny ROSALINA, Rian Ka PRAJA (Thailand)

P-060	 Generalized Chorea and Ballismus as a Rare Presenting Symptom of JAK2-Positive	 p. 274

	 Polycythemia Vera Rubra
	 Mary Louisse AGUILON, Joshua Emmanuel ABEJERO, Gerard SARANZA (Philippines)

P-061	 Genetic and Phenotypic Insights Into MERRF: The MT-TK m.8344A>G Variant in a Filipino	 p. 275

	 Family With Progressive Myoclonus Epilepsy	

	 Darlene BARAGO (Philippines)
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	 Ankush KUMAR, P KUMAR, VK SHARMA (India)
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	 Extract in Parkinson’s Disease Patients	

	 Ranbir SINGH, V SHARMA, Seema DEVI (India)

P-173	 MicroRNA Profiles in Cerebrospinal Fluid Might Be Differential Markers in Parkinson’s Disease	 p. 350	

	 Wooyoung JANG, Dasom JEONG, Kye Won PARK, Ruiqi SHAO, Mikita SUYAMA (Korea)

P-174	 Effect of a Live-Streaming Tele-Exercise in Parkinson’s Disease: A Multi-Center, Controlled Trial	 p. 350 
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	 Soyeon YOON, Jongmok HA, Jione SONG, Tae-Beom AHN, Jeong-Ho PARK, Young Hee SUNG, Jae-Hyeok LEE, 

	 Jinyoung YOUN, Jin Hwan CHO (Korea)

P-175	 Epidemiological and Prognostic Characteristics of Parkinson’s Disease by Age of Onset: Insights	 p. 352

	 From the Korean National Sample Cohort
	 Changmok LIM, Young-Ju KIM, Seung-Hwan LEE (Korea)

P-176	 The Amplification of Genetic Risk: How Modern Exposures Are Driving Parkinson’s 	 p. 352

	 Disease Incidence			 

	 Ester Marnita PURBA, Silmi RAHMANI, Rosinta PURBA, Yesika SIMBOLON, Hepri ARDIANSON, 

	 Lintong SIMBOLON, Igna LUKMANA (Australia)
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P-177	 Caregiver Perception, Knowledge, and Attitude Toward Elderly With Parkinson Disease: 	 p. 353

	 Insights Into Preventing Sarcopenia and Frailty	

	 Lintong Hottua SIMBOLON, Rosinta PURBA, Yesika SIMBOLON, Silmi RAHMANI, Igna LUKMANA, 

	 Hepri ARDIANSON, Ester PURBA, Asriati ASRIATI (Indonesia)
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P-182	 Network Pharmacology-Guided Docking and MD Simulation of LRRK2 for Novel Therapeutic 	 p. 357
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P-186	 Mapping Two Decades of Global Research on Mesenchymal Stem Cell Therapeutic Strategy for 	 p. 360
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	 Progressive Supranuclear Palsy: A Prospective Cohort Study	

	 Ryul KIM, Heejung KIM, Seungmin LEE, Bora JIN, Seoyeon KIM, Su Hyeon HA, Seohee CHOI, Jung Hwan SHIN, 

	 Han-Joon KIM, Beomseok JEON, Jee-Young LEE (Korea)
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Technologies and AI for Movement Disorder	 Poster Lounge 4
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	 Disorder and Parkinson’s Disease
	 Yu Jin JUNG, Sunil KIM, Jaeseung JUNG (Korea)
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	 and Cognition in Early Parkinson’s Disease	

	 Yoonsang OH, Joong-Seok KIM, Gilsoon PARK, Hosung KIM (Korea)
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	 Ni Made Ratih Kusuma DEWI, Rosinta PURBA, Lintong SIMBOLON, Hepri ARDIANSON, Gracce Sonia SINAGA, 
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Plenary Session 1. What Triggers Synucleinopathy?                       09:30-09:55

P1-1

Genetic Architecture of Synucleinopathy

Yun Joong KIM 
Yongin Severance Hospital, Yonsei University College of Medicine, Korea

Genetic studies have greatly advanced our understanding of Parkinson’s disease (PD). This lecture will highlight key findings from 
genome-wide association studies (GWAS) in PD and discuss how these findings intersect with emerging insights into synucle-
inopathy.
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1997-present International Parkinson’s and Movement Disorder Society
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2018.10 2017-2018 The Best Original Article of the Year Award, Movement Disorders

Executive summary of Professor Yun Joong Kim

Yun Joong Kim, MD, PhD, is a Professor of the Department of Neurology at Yonsei University College of Medicine. He graduated 
with a medical degree from Yonsei University College of Medicine in Seoul, Korea, and currently works at the Center for Neu-
rodegenerative Disorders in Yongin Severance Hospital of Yonsei University College of Medicine. Dr. Kim completed his move-
ment disorders fellowship under the mentorship of Dr. A.E. Lang at the University of Toronto and postdoctoral training in Dr. M. 
DiFiglia's laboratory at the Massachusetts General Hospital of Harvard Medical School. He is a founding member of the Korean 
Movement Disorders Society (KMDS) and served as the Editor-in-Chief of the Journal of Movement Disorders published by KMDS, 
as well as the president of KMDS in 2018-2019.

Dr. Kim's main research interests are genetics/genomics of Parkinson's disease (PD) and other hereditary movement disorders. 
He focuses on the discovery of new genes/alleles for PD, deep phenotyping, and genotype-phenotype correlation of hereditary 
movement disorders. He is also interested in systems biology research to understand the pathogenesis of PD by integrating 
diverse Mendelian genes for hereditary parkinsonism in the multiple layers of genomic, transcriptomic, and proteomic data. Dr. 
Kim has published a series of original articles demonstrating the contribution of hereditary parkinsonism genes (PARK and non-
PARK genes) to the pathogenesis of PD in gene expression layers and genomic layers. He was awarded the 2017-2018 Original 
Research Article of the Year Award from the International Parkinson and Movement Disorder Society for his work on this topic.
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Plenary Session 1. What Triggers Synucleinopathy?                    09:55-10:20

P1-2

Environmental and Related Factors as a Trigger for Synucleinopathy

Caroline TANNER 
Weill Institute for Neurosciences, Department of Neurology, University of California, San Francisco, United States of America

In human studies, clinically diagnosed Parkinson’s disease  (PD) has been associated with exposure to environmental toxicants 
including certain pesticides, chlorinated solvents and air pollution as well as with life style factors such as physical inactivity. 
Specific pesticides implicated include paraquat, rotenone, 2,4-D, organochlorine pesticides and glyphosate. Residential as well 
as occupational exposure has been implicated, including living near to areas where pesticides have been applied. In a few human 
studies, alpha-synuclein an abnormality has been confirmed by biomarker or postmortem exam, but in most cases synuclein 
pathology has been assumed based on clinical features. In the laboratory, many of these toxicants have been shown to cause al-
pha-synuclein pathology. Occupational exposure and exposure due to residence near to areas where pesticides have been applied 
(agriculture, golf courses) are associated with greater risk of PD. Pesticides associated with PD, including paraquat, rotenone, 2,4-
D and several organochlorines, cause experimental parkinsonism in laboratory studies, including alpha-synuclein-specific models. 
Genetically determined characteristicis, such as impairment in detoxification, can increase the effect of pesticide exposure, an 
example of gene-environment interaction. In contrast,  behaviors such as use of personal protective equipment when mixing and 
applying pesticides or eating a healthy diet may reduce the risk of PD associated with pesticide exposure.  Exposure to chlorinated 
solvents (trichloroethylene, perchloroethylene, carbon tetrachloride), commonly used industrial solvents used in dry cleaning, in 
many industrial processes as degreasers,  has been associated with increased risk of PD in humans and cause parkinsonism-as-
sociated toxicity in animal models. Importantly, these chemicals are environmentally persistent, and can continue to contaminate 
soil and water for decades after use. In the US, trichloroethylene is in continued use, and can be found in nearly one third of US 
drinking water supplies, as well as in air, soil, food and human breast milk.  Trichloroethylene (TCE) is a volatile organic compound, 
and can concentrate in the sir in buildings near to contaminated sites. Clusters of PD have been associated with environmental 
TCE exposure. Occupational exposure to these chemicals is also associated with greater risk of PD. Welders exposed to  man-
ganese in welding fumes may be at greater risk of PD and asymptomatic reductions in dopamine function in imaging studies.  
Air pollution, and most specifically PM 2.5 has been associated with greater risk of Parkinson's disease,  and alpha-synuclein 
abnormalities in animal models and in humans at  post mortem. This lecture will provide an overview of environmental factors 
associated with synucleinopathies in human populations and explore studies of the combined effects of environmental factors, 
as well as the effects of environmental plus genetic factors, as triggers for synucleinopathy.
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Plenary Session 1. What Triggers Synucleinopathy?                    10:20-10:45

P1-3

Metabolic Factors Contributing to Risk and Progression of Parkinson's 
Disease 

Ai Huey TAN 
Department of Medicine, Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia

Parkinson's disease (PD) is a progressive neurodegenerative disorder driven by a complex interplay of aging, genetic susceptibility, 
and environmental exposures. Mounting evidence now implicates metabolic dysfunction as an additional, modifiable contributor 
to both PD risk and progression. This is of particular importance in Asia, where the prevalence of metabolic diseases—including 
diabetes, obesity, dyslipidemia, and hypertension—is rising rapidly, offering potential opportunities for earlier intervention.

Epidemiological studies have demonstrated consistent associations between metabolic syndrome and increased PD risk. Indi-
viduals with metabolic syndrome (defined by ≥3 metabolic risk factors) face approximately a 40% higher risk of developing PD 
compared to those without the syndrome. Even individual components such as hypertension, central obesity, and impaired fasting 
glucose are independently associated with elevated PD risk in meta-analyses. Among these factors, type 2 diabetes stands out 
as a particularly strong and independent risk factor. Importantly, both diabetes and metabolic syndrome have been linked to 
faster motor and cognitive decline in patients with PD. Notably, in advanced stages of the disease, unintentional weight loss, 
sarcopenia, orthostatic hypotension, and frailty frequently emerge, contributing to falls, hospitalization, and increased mortality.

Mechanistic insights from basic and translational studies provide biological plausibility for these associations. Metabolic dis-
turbances such as insulin resistance (a hallmark of type 2 diabetes), mitochondrial dysfunction, chronic neuroinflammation, and 
altered lipid metabolism converge to amplify PD pathogenesis. Insulin resistance impairs cellular energy signaling and promotes 
oxidative stress and α-synuclein aggregation, while metabolic inflammation may exacerbate microglial activation. In parallel, 
altered lipid metabolism can disrupt membrane homeostasis, lipid–protein interactions, and lysosomal pathways relevant to 
neurodegeneration. Metabolic comorbidities are also associated with cerebral small vessel disease, which may compound neu-
rodegeneration through chronic hypoperfusion and disruption of dopaminergic and non-dopaminergic networks.

This integrated view of systemic and brain health opens promising translational opportunities. If metabolic dysfunction contrib-
utes to PD pathophysiology, targeting metabolic pathways could delay disease onset or modify its course. Clinical and experi-
mental data support further exploration of GLP-1 receptor agonists (e.g., exenatide, lixisenatide), metformin, and other metabolic 
therapies for their potential neuroprotective effects. In parallel, lifestyle interventions—including structured exercise programs, 
weight management, and dietary modification—represent low-cost, broadly applicable strategies that may improve metabolic 
resilience and brain health.

In conclusion, addressing metabolic dysfunction may offer a powerful adjunctive strategy in PD management. By targeting modi-
fiable systemic risk factors alongside dopaminergic therapies, clinicians and researchers may not only improve patient outcomes 
but also help reshape the disease trajectory. This emerging intersection between metabolic and neurodegenerative pathways 
underscores the importance of treating the whole patient—not just the brain.
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Plenary Session 2. When and Where Does Synucleinopathy Begin? (Parkinson's Disease Perspective)                    11:20-11:45

P2-1

Neuroanatomical Origins and Clinical Landscape of Parkinson's Disease

Chaewon SHIN
Department of Neurology, Seoul National University Bundang Hospital, Republic of Korea

The neuroanatomical origin of Parkinson’s disease (PD) refers to the initial site of Lewy pathology (LP), the pathognomonic hall-
mark of PD, and the subsequent propagation pattern of this pathology. Traditionally, the brainstem nuclei, as described in the 
Braak staging system proposed in 2003, were considered the initial sites within the brain. However, accumulating evidence has 
since pointed to alternative origins, including the olfactory bulb and other regions of the brain. In parallel, growing attention has 
been directed toward the peripheral nervous system, particularly the gastrointestinal tract, as a possible starting point of LP in PD. 
This has fueled ongoing debate over whether LP progresses from the gut to the brain or vice versa. This lecture aims to provide a 
comprehensive overview of the current evidence regarding the neuroanatomical origin of PD from a pathological perspective. By 
integrating recent advances and diverse findings, this presentation highlights the heterogeneity of PD pathogenesis and offers 
insights that may guide future diagnostic and therapeutic approaches.
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Plenary Session 2. When and Where Does Synucleinopathy Begin? (Parkinson's Disease Perspective)                    11:45-12:10

P2-2

Unraveling the Clinical Origins of Parkinson's Disease: Insights into IRBD 
as the Prodromal Stage 

Yun Kwok WING
Department of Psychiatry, The Chinese University of Hong Kong, Hong Kong

As global populations age, neurodegenerative diseases, particularly synucleinopathies, have garnered significant attention re-
garding early diagnosis, intervention, and prevention during the prodromal stages. The complex multifactorial etiology, heteroge-
neous neuropathology, and unclear progression trajectories of synucleinopathies pose considerable challenges to effective early 
intervention.

This talk will explore current knowledge on identifying at-risk and prodromal populations for synucleinopathies, focusing spe-
cifically on REM sleep behavior disorder (RBD) as a critical clinical prodromal marker. Innovative study designs, such as familial 
cohort studies of RBD, alongside novel technologies like digital-based screening and emerging biomarkers such as gut microbiota, 
hold promise for cost-effective community screening of at-risk individuals. Additionally, a deeper understanding of long-term dis-
ease trajectories and clinically relevant heterogeneities of RBD may enhance personalized prevention and intervention strategies. 
Despite recent advances in elucidating the pathophysiology of RBD and synucleinopathies, the efficacy of existing disease-mod-
ifying therapies remains limited. There is a timely need for the development of novel screening , monitoring, and interventional 
therapies and active clinical trials targeting high-risk populations, especially RBD and prodromal RBD, who are at the early and 
potentially preventable stages of the synucleinopathy neurodegeneration.
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Plenary Session 2. When and Where Does Synucleinopathy Begin? (Parkinson's Disease Perspective)                    12:10-12:35

P2-3

Cellular Origins of Parkinson's Disease and Emerging Therapeutic 
Strategies 

Lorraine KALIA
Department of Medicine (Neurology), University of Toronto, Canada

Parkinson’s disease is a complex and heterogeneous neurodegenerative disorder, with emerging evidence pointing to diverse cel-
lular origins and disease mechanisms. These include distinct contributions from dopaminergic neurons, glial cells, and peripheral 
systems, such as the gut and immune system. This plenary lecture will explore how advances in understanding the cellular and 
molecular underpinnings of Parkinson’s disease are reshaping the landscape of disease-modifying therapy development. A focus 
will be placed on key cellular pathways implicated in the pathobiology of Parkinson’s disease, including protein aggregation, 
lysosomal dysfunction, mitochondrial stress, and neuroinflammation, and how they inform current therapeutic strategies. The 
lecture will also provide an overview of recently completed and ongoing clinical trials targeting these mechanisms, particularly 
those in phase 2 and 3 development. The objective is for attendees to gain a clearer understanding of how evolving insights into 
the cellular origins of Parkinson’s disease are guiding translational efforts and what this may mean for clinical practice in the 
coming years.
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Parallel Session 1. When and Where Does Synucleinopathy Begin? (Multiple System Atrophy Perspective)                 14:00-14:20

S1-1

Neuroanatomical Origins and Clinical Landscape of Multiple System 
Atrophy

Woong-Woo LEE
Department of Neurology, Nowon Eulji Medical Center, Eulji University, Seoul, South Korea

MSA presents with two primary motor phenotypes. MSA-P (Parkinsonian type) manifests with classic parkinsonian signs, includ-
ing bradykinesia, rigidity, and postural instability. A key differentiator from Parkinson's disease (PD) is the poor or absent response 
to levodopa treatment. This subtype is caused by pathological changes and neuronal loss in the striatonigral system, particularly 
in the putamen and caudate nucleus, leading to motor deficits. MSA-C (Cerebellar type) presents with cerebellar ataxia, which 
causes uncoordinated movements, unsteady gait, and slurred or scanning dysarthria. These symptoms result from degeneration 
of the olivopontocerebellar system, including the pons, inferior olivary nucleus, and cerebellar cortex, which control coordination 
and balance.

Autonomic dysfunction is a hallmark of MSA and often precedes motor symptoms. It is an important sign for diagnosis and is 
associated with a poor prognosis. Orthostatic hypotension (OH) is a classic finding, causing a significant drop in blood pressure 
when standing, affecting about 75% of patients. Supine hypertension can also occur. OH may be caused by degeneration of the 
hypothalamus, periaqueductal gray (PAG), locus coeruleus (LC), rostral ventrolateral medulla (RVLM), caudal ventrolateral medulla 
(CVLM), and the intermediolateral cell column (IML) of the thoracolumbar spinal cord. Another important autonomic dysfunction 
is urinary dysfunction. In addition, patients commonly experience urgency, frequency, difficulty in emptying their bladder, and 
incontinence. A post-void residual volume (PVR) over 100 mL is highly specific for MSA. The relevant pathological changes are 
found in the hypothalamus, substantia nigra (SN), LC, raphe nuclei, cerebellar vermis, basal ganglia, PAG, pontine micturition cen-
ter (PMC), pontine continence center (PCC), IML, and Onuf’s nucleus. Erectile dysfunction is often an early symptom in men, and 
gastrointestinal symptoms such as constipation, delayed gastric emptying, and dysphagia may occur. Other non-motor symptoms 
may include REM sleep behavior disorder (RBD), laryngeal stridor, and mild cognitive impairment.

MSA is a highly heterogeneous disease, and its symptoms often overlap with other neurodegenerative conditions, such as 
PD, progressive supranuclear palsy (PSP), and certain ataxias. This makes early and accurate diagnosis difficult. Early MSA-P 
can be easily misdiagnosed as PD. Key distinguishing features of MSA-P include poor response to levodopa, early and severe 
autonomic failure, and preserved olfaction and cognition in the initial stages. There have been rare cases of "minimal change," 
where pathology is restricted to only a few brain regions. Some patients with pathologically confirmed MSA may not show typical 
motor symptoms at all. In contrast, some autopsy-confirmed cases have shown extensive cognitive impairment, while significant 
dementia is an exclusion criterion for MSA. Coexisting pathologies such as Lewy body disease or Alzheimer’s-like changes were 
found in those cases.

While advances have clarified many aspects of the neuroanatomical origins and clinical landscape of MSA, the precise pathogen-
esis remains incompletely understood. Clinical manifestations often reflect underlying pathological changes, yet interindividual 
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variabilities in pathological patterns and coexisting pathologies contribute to diverse clinical trajectories. To overcome these 
challenges, future studies will need to establish robust in vivo biomarkers that can provide not only pathological confirmation 
during life but also a detailed mapping of disease distribution, thereby enhancing diagnostic accuracy and enabling more targeted 
therapeutic strategies. 
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Parallel Session 1. When and Where Does Synucleinopathy Begin? (Multiple System Atrophy Perspective)                 14:20-14:40

S1-2

Unveiling Prodromal and Early Multiple System Atrophy: From Mono-System 
Signs to Biomarker-Based Insights

Hirohisa WATANABE
Department of Neurology, Fujita Health University, School of Medicine

Multiple system atrophy (MSA) is a rapidly progressive α-synucleinopathy with poor prognosis. The 2022 MDS criteria newly 
define possible prodromal MSA as a multisystem constellation, requiring combinations such as REM sleep behavior disorder 
and/or early autonomic and subtle motor signs. However, some patients initially show isolated dysfunction in a single domain. 
We therefore propose the concept of a mono-system phase MSA, in which early MRI abnormalities or isolated clinical features 
represent the first detectable stage. MRI remains a cornerstone but shows conflicting results: autopsy-based studies indicate 
that making MRI markers mandatory reduces sensitivity, whereas combined clinical and MRI assessment—particularly when ab-
normalities are evident early—increases diagnostic accuracy. This likely reflects biological heterogeneity, with some MSA cases 
showing infratentorial-predominant changes and others striatonigral-predominant involvement. Importantly, when characteristic 
MRI abnormalities are present from the outset, such patients might reasonably be diagnosed as mono-system phase MSA. Fur-
thermore, as demonstrated by Kawabata et al. (2025), documenting progressive MRI changes over six months may substantially 
enhance diagnostic confidence. Beyond structure, molecular and fluid biomarkers are advancing. Neurofilament light chain and 
GFAP correlate with severity but lack specificity. α-synuclein seed amplification assays and skin biopsy provide disease-specific 
signatures. Moreover, α-synuclein PET enables in vivo visualization of pathology and may distinguish MSA from PD in early stag-
es. Early abnormalities of tryptophan metabolism also support prodromal detection. In conclusion, defining mono-system phase 
MSA and combining longitudinal MRI, α-synuclein PET, and multimodal biomarkers may enable ultra-early diagnosis, improved 
stratification, and future disease-modifying trials.

Keywords: Multiple system atrophy; Prodromal stage; Mono-system phase; Biomarkers; Neuroimaging
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Parallel Session 1. When and Where Does Synucleinopathy Begin? (Multiple System Atrophy Perspective)                 14:40-15:00

S1-3

Cellular and Molecular Mechanisms of Multiple System Atrophy  

Nadia STEFANOVA
Department of Neurology, Medical University of Innsbruck, Austria

Multiple system atrophy (MSA) is a rare α-synucleinopathy characterized by neurodegeneration in striatonigral, olivopontocere-
bellar regions and autonomic brain centers. There is still a hiatus in our understanding on the pathogenesis of the disease. This 
lecture will address the complexity of MSA pathogenic mechanisms. It will discuss the current views on α-synuclein misfolding, 
aggregation, spreading and strain specificity. The hypothesis of primary oligodendrogliopathy will be introduced and discussed 
in view of the recent genetic, neuropathological and experimental studies. Examples on the role of iron dyshomeostasis, neu-
roinflammation, and mitochondrial dysfunction with relevance to the progression of MSA will be presented. The lecture will 
emphasize on the complexity of the multifactorial pathogenic cascade of MSA and its relevance to identifying biomarkers and 
efficient therapies for this devastating disorder.
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Parallel Session 3. Advancing Biomarker Horizons in Parkinson's Disease               15:30-15:50

S3-1

Neuroinflammation and Immune Biomarkers: Insights into Parkinson's 
Pathogenesis and Progression

Young Eun KIM
Department of Neurology, Hallym University Sacred Heart Hospital, Hallym University, South Korea

Parkinson’s disease (PD) is a progressive neurodegenerative disorder marked by the accumulation of misfolded α-synuclein and 
selective loss of dopaminergic neurons. Accumulating evidence highlights the pivotal role of immune mechanisms—both innate 
and adaptive—in modulating disease onset and progression. Rather than being a downstream response, immune activation is 
increasingly recognized as an active participant in the pathological cascade of PD.

In the brain, α-synuclein aggregates activate microglia and trigger the NLRP3 inflammasome, leading to the secretion of IL-1β, 
IL-18, and other inflammatory mediators. In α-synuclein preformed fibril (PFF)-injected animal models, microglial activation pre-
cedes pathological protein spread and exacerbates neurodegeneration. Astrocyte reactivity and peripheral infiltration of T cells 
further amplify neuroinflammation. Suppressing microglial activation mitigates α-synuclein pathology, supporting the notion that 
inflammation directly contributes to disease propagation.

Peripheral immune profiles—such as elevated monocyte-to-HDL (MHR) and neutrophil-to-HDL (NHR) ratios—and proteomics 
correlate with disease severity or diagnosis in early PD and reflect systemic inflammatory priming. These findings bridge central 
and peripheral immune responses and suggest the possibility of immune-based biomarkers for disease monitoring.

The immunoproteasome represents a critical point of convergence between protein homeostasis and immune signaling. Up-
regulation of its catalytic subunit, PSMB8, has been observed in PD patient-derived blood cells, neuronal extracellular vesicles, 
and postmortem brain tissue, often colocalizing with Lewy bodies. Its inhibition reduces α-synuclein levels and modulates T cell 
activity, illustrating the immunoproteasome’s dual role in proteostasis and immune regulation.

Taken together, current evidence supports a model in which α-synuclein pathology, immune activation, and proteostatic dys-
function interact in a self-amplifying loop. Understanding the bidirectional crosstalk between immunity and Parkinson’s disease 
not only elucidates disease pathogenesis but also opens new avenues for biomarker development and therapeutic intervention 
targeting the immune system at multiple levels.
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Parallel Session 3. Advancing Biomarker Horizons in Parkinson's Disease               15:50-16:10

S3-2

Neuroimaging biomarkers for Cognitive decline in Parkinson’s Disease

Seok-Jong CHUNG
Department of Neurology, Yonsei University College of Medicine, South Korea

Cognitive impairment is commonly observed in patients with Parkinson’s disease, and approximately 80% of patients eventually 
develop dementia within 20 years. Dementia conversion is a key milestone of the disease progression in Parkinson’s disease, 
greatly affecting the morbidity and mortality. Therefore, early detection of patients at a high risk of dementia conversion is 
important for close monitoring and appropriate implementation of personalized treatment strategies. To date, several studies 
have been reported to propose neuroimaging biomarkers for ongoing cognitive decline in Parkinson’s disease. Using T1-weighted 
images, some stressed the importance of frontal atrophy in dementia conversion, while others demonstrated that atrophy in the 
posterior cortical regions, basal forebrain, or hippocampus was more relevant to dementia in Parkinson’s disease. Studies using 
diffusion tensor images reported that increased mean diffusivity values in the nucleus basalis of Meynert can predict the onset 
of cognitive impairment. Functional MRI studies have shown that alterations within the neurocognitive networks, such as default 
mode network, central executive network, and salience network, are associated with cognitive prognosis in Parkinson’s disease. 
Changes in cerebral glucose metabolism or perfusion on functional neuroimaging studies (e.g., Parkinson’s disease-related cogni-
tive pattern) also can be a promising biomarker for ongoing cognitive decline. In summary, a number of studies attempted to find 
out which neuroimaging biomarker can be a useful marker for future cognitive decline in Parkinson’s disease. Each neuroimaging 
modality may have its own advantage, and a multimodal combination of imaging modalities would provide an ideal biomarker for 
cognitive prognosis in Parkinson’s disease.
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Parallel Session 3. Advancing Biomarker Horizons in Parkinson's Disease               16:10-16:30

S3-3

Cutting-Edge Biomarkers Research and Future Directions in Parkinson's 
Disease

Nobutaka HATTORI1, 2

1Department of Neurology, Juntendo University, Neuron-Glia Crosstalk Center, Juntendo University,Tokyo, Japan 
2Neurodegenerative Disorders Collaboration Laboratory, RIKEN Center for Brain Science, Saitama, Japan

Parkinson's disease (PD) is a single disease name but represents a diverse group of disorders. The clinical presentation varies 
among patients, with some showing resting tremor and others not, and the progression of symptoms and cognitive dysfunction 
also differ. Pathologically, many cases are characterized by Lewy bodies, which are inclusion bodies. The main component of 
these bodies, α-synuclein, is presumed to aggregate and propagate, and it is believed that the progression and severity of clinical 
symptoms are determined by this "propagation ability," or seed activity. The pathogenic β-sheet seed conformation of α-synu-
clein is found in various tissues, suggesting potential as a biomarker. Still, few studies have been able to detect these seeds in 
serum samples reliably. Recently, we developed a modified assay system, immunoprecipitation-based real-time quaking-induced 
conversion (IP/RT-QuIC), which enables the detection of pathogenic α-synuclein seeds in the serum of individuals with synucle-
inopathies such as PD, Dementia with Lewy bodies (DLB), and Multiple system atrophy (MSA). Currently, PD cannot be cured 
entirely, but symptomatic treatments have significantly improved life expectancy. However, the necessity of disease-modifying 
therapies (DMTs) to suppress symptom progression is being advocated. DMTs targeting α-synuclein are adequate for sporadic 
and hereditary PD for types where α-synuclein aggregates and propagates. In this lecture, I would like to explain the status and 
future of disease-modifying therapies for PD. 
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S5-1

Visual Dysfunction Throughout the Progression of Parkinson’s Disease

Jee-Young LEE
Department of Neurology, Seoul National University College of Medicine
Parkinson and Rare disease Center, Seoul Metropolitan Government-Seoul National University Boramae Medical Center, Seoul, Korea

Visual dysfunction is commonly observed in patients with Parkinson’s disease (PD). The true prevalence is unknown, but data of 
our center shows that about 30% of PD patients have symptoms relating to afferent visual dysfunction at the time of PD diagno-
sis, and some of the symptoms are improved with levodopa therapy, and others progressed. Common visual dysfunctions can be 
categorized into pupillary dysfunction, macular thinning, ocular motor dysfunction, and contrast/color discriminating functions. 
Retina and optic nerve pathology have been identified in autopsy tissues of PD patients, which are highly specific to PD(&LBD), 
correlating with brain Lewy body pathology. Studies have shown visual dysfunctions are linked to retinal thinning detected 
by optical coherence tomography and functionally linked to visual perceptual and constructional dysfunctions in PD patients. 
Longitudinal studies revealed that presence of afferent dysfunctions are associated with higher risk of visual hallucinations and 
dementia in the future. It is noteworthy that visual illusion and hallucinations are very specific nonmotor symptom of PD which 
discriminates from other parkinsonian syndromes. This talk will present typical features of visual dysfunctions in PD and propose 
possible mechanism of the pathophysiology and up to date knowledge about its clinical implications.
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S5-2

Mind Matters: Addressing the Psychiatric Symptoms in Parkinson's Disease

Han Soo YOO
Department of Neurology, Gangnam Severance Hospital, Yonsei University College of Medicine, South Korea

Psychiatric and behavioral symptoms are now recognized as core features of Parkinson’s disease (PD), transforming the concept 
of PD from a purely motor disorder to a complex neuropsychiatric condition. Depression, anxiety, apathy, psychosis, impulse 
control disorders, and cognitive impairment occur across all disease stages, often preceding motor onset, and are major drivers 
of disability, caregiver burden, institutionalization, and mortality. Epidemiological studies report depression in nearly half of pa-
tients, anxiety in up to sixty percent, psychosis in up to forty percent, and impulse control disorders in nearly one-fifth, with higher 
rates in long-term follow-up. The mechanisms underlying these manifestations reflect both disease-related degeneration and 
treatment effects. Beyond nigrostriatal dopamine loss, disturbances in serotonergic, noradrenergic, and cholinergic circuits con-
tribute. Depression and anxiety arise from mesolimbic and serotonergic dysfunction, apathy relates to impaired frontostriatal and 
cholinergic tone, psychosis emerges from combined limbic pathology and dopaminergic therapy, and impulse control disorders 
exemplify therapy-induced morbidity through mesolimbic overstimulation. There symptoms predict poorer outcomes: depression 
and psychosis accelerate cognitive decline, apathy increases dementia risk, and all psychiatric comorbidities amplify caregiver 
stress and healthcare costs. Despite this, recognition remains limited due to symptom overlap with motor features and inconsis-
tent use of validated scales. Treatment options are modest. Antidepressants show limited efficacy, cholinesterase inhibitors help 
psychosis in dementia, and pimavanserin offers targeted benefit without worsening motor function. Reducing dopamine agonists 
remains key for impulse control disorders. Non-pharmacological strategies, including cognitive behavioral therapy, structured ex-
ercise, and caregiver support, are increasingly recognized as essential components of care. Psychiatric symptoms in PD constitute 
a “second burden” equal to motor impairment. Proactive screening, multidisciplinary management, and research prioritization are 
critical to improving patient outcomes and reducing the societal impact of Parkinson’s disease.
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Parallel Session 5. Non-Motor Symptoms: From Prodromal Indicators to Advanced manifestations               17:40-18:00

S5-3

Beyond the Motor: Unmasking Non-Motor Fluctuations in Parkinson's 
Treatment 

Eungseok OH
Department of Neurology, Chungnam National University Hospital, Republic of Korea

Non-motor fluctuations (NMFs) in Parkinson's disease (PD) are relatively under-estimated than the motor fluctuations, however it 
could significantly impact a quality of life of PD patients and may sometimes be more debilitating than motor fluctuations. NMF 
includes variation of frequency and severity of non-movement symptoms, such as mood, cognitive, or autonomic issues, which 
coincide with "medication ON" and "medication off" periods of dopaminergic therapy. Therefore, NMFs are often responsive to 
dopaminergic treatment otherwise, non-dopaminergic therapy, deep brain stimulation and non-pharmacological approaches are 
also useful. We can discuss the type of NMF and impact of NMF and treatment of NMF for PD patients. 
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S2-1

FOG: Heterogeneity of the Frustrating Disorder

Dallah YOO
Department of Neurology, Kyung Hee University Hospital, Republic of Korea

Freezing of gait (FOG) is one of the most disabling features of Parkinson’s disease (PD), marked by brief, episodic failures to 
initiate or continue stepping—patients describe it as feet “glued to the floor.” Its prevalence rises with disease progression and 
is tightly linked to falls, loss of independence, and reduced quality of life. FOG is “frustrating” not only because episodes are 
unpredictable and context-sensitive, but because treatments work inconsistently across patients. The key to clinical progress 
is recognizing that FOG is not a single entity but a heterogeneous syndrome with different mechanisms and therapeutic levers.

Phenomenology and clinical heterogeneity
• Phenotypes: Three common expressions are trembling-in-place, akinetic (no visible leg movement), and shuffling-forward FOG. 
These patterns differ in triggers, fall risk, and responses to therapy. Recent work suggests phenotypes cluster differently by 
medication state and task demands.

• Triggers and contexts: Turning-in-place, narrow passages/doorways, gait initiation, time pressure, dual-tasking, and anxiety are 
potent precipitants. FOG during turning tends to be more severe and more likely to cause falls.

• State dependence: OFF-FOG often improves with levodopa optimization; ON-FOG and levodopa-unresponsive FOG reflect broad-
er network dysfunction beyond dopaminergic pathways. Cognitive and visuospatial deficits are more prevalent in unresponsive 
subtypes, implicating frontostriatal circuits.

Pathophysiological heterogeneity: a network disorder
FOG arises from dysfunctional interactions across a distributed locomotor network: cortical (SMA, prefrontal executive control, 
visuospatial processing), basal ganglia (STN/GPi), and brainstem locomotor regions (pedunculopontine and cuneiform nuclei). Im-
aging studies point to cortico-striatal decoupling and dorsal visuomotor stream abnormalities in freezers. Structural connectivity 
analyses suggest that STN stimulation sites linked to motor/premotor and dorsolateral prefrontal areas may better alleviate FOG, 
underscoring the circuit-level basis of heterogeneity.
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S2-2

Prediction and Detection of FOG: From Clinical Assessment to Emerging 
Technologies

Jeffrey M. HAUSDORFF
Center for the Study of Movement, Cognition and Mobility, Neurological Institute, Tel Aviv Sourasky Medical Center; Gray Faculty of Medical 
& Health Sciences & Sagol School of Neuroscience, Tel Aviv University Tel Aviv, Israel.

Freezing of gait (FOG) is a debilitating and unpredictable phenomenon that affects many, but not all, people with Parkinson’s dis-
ease (PD). Its mysterious and episodic nature, appearing and disappearing apparently without rhyme or reason, makes it difficult 
to study, evaluate, and treat. Here, we outline approaches to FOG on two timescales: (1) assessing FOG severity in patients who 
already exhibit FOG, and (2) predicting the risk of developing FOG among those with PD who have not yet developed it. 

For patients with established FOG, assessment methods include self-report and standardized clinical tests, with refined ap-
proaches evolving. The proportion of gait time affected by freezing—as rated by expert annotators—remains the gold standard. 
Emerging technologies based on wearable sensors and computer vision show promise for automated and scalable detection, as 
well as for at-home testing. We also summarize exciting evidence that suggests there may be a pre-clinical stage of FOG, and 
discuss how FOG may be best provoked in patients who they and their clinicians may not yet be aware of its presence. 

For patients who do not yet have FOG, recent longitudinal studies point to identifiable risk factors. Our meta-analysis of 35 studies 
(n=8,973; mean follow-up 4.1±2.7 years) revealed that higher age at onset, greater motor symptom severity, depression, anxiety, 
poorer cognition, and use of levodopa or COMT inhibitors significantly increase the risk of developing FOG. Importantly, such 
changes can sometimes be detected more than a decade before FOG onset. These findings support the feasibility of predicting 
FOG incidence and suggest that modifiable factors may provide opportunities to reduce risk, delay onset, or even prevent the 
future development of FOG.
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S2-3

Practical Management of Freezing of Gait Based on Pathomechanism

Jeong-Ho PARK
Department of Neurology, College of Medicine, Soonchunhyang University Bucheon Hospital, Republic of Korea

Freezing of gait (FOG) is one of the most challenging and disabling motor symptoms in Parkinson’s disease and related disorders. 
Despite its prevalence, effective management remains complex due to its heterogeneous clinical presentations and underlying 
mechanisms. This lecture offers a practical, phenotype-based approach to FOG treatment. We will review key clinical patterns 
and provide guidance on tailored interventions, including medication adjustments, cueing techniques, and rehabilitative strate-
gies. Join us to enhance your diagnostic precision and therapeutic effectiveness in managing this complex and treatment-resis-
tant symptom.
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Parallel Session 4. Classification of Dystonia—Pathophysiological Perspectives              15:30-15:50

S4-1

Overview of Pathophysiology of Dystonia: A Decade Since the New 
Classification of Dystonia in 2013

Young H. SOHN
Neurology, Yonsei University College of Medicine, Seoul, Korea

Dystonia is defined as a movement disorder characterized by sustained or intermittent muscle contractions causing abnormal, of-
ten repetitive, movements or postures, or both. Dystonic movements and postures are typically patterned and repetitive, and may 
be tremulous and jerky. The clinical features of dystonia belong to a varied phenomenological spectrum. This clinical complexity 
comes in parallel with marked heterogeneity of etiologies and biological mechanisms. This heterogeneity has led to different 
classification approaches that have been evolved over the years. In 1976, Fahn and Eldridge first distinguished primary dystonia 
(with or without a hereditary pattern) from secondary dystonia (with other hereditary neurological conditions or due to a known 
environmental cause), and psychological forms of dystonia. Subsequently, Fahn, Marsden, and Calne proposed a classification 
of dystonia based on three axes: age at onset, distribution, and etiology. Later, the etiological classification was expanded to 
include four subgroups of dystonia syndromes: primary, dystonia-plus, secondary, and heredo-degenerative. The changing system 
of classification for dystonia may reflect an increased understanding of the various clinical manifestations and etiologies. Due 
in part to increased understanding of etiology, in 2013, an innovative classification system was proposed to divide dystonia into 
two axes: axis 1 - clinical characteristics, including age at onset, body distribution, temporal pattern and associated features; and 
axis 2 – etiology, which includes nervous system pathology and inheritance. Although this two-axis plan has solved many issues 
related to prior classifications, some areas where varied interpretations lead to inconsistent applications still exists. Here this 
session reviews the change of concepts related to dystonia classification based on historical background, and discusses emerging 
controversies related to current concept and classification of dystonia.
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Parallel Session 4. Classification of Dystonia—Pathophysiological Perspectives            15:50-16:10

S4-2

Genetic Causes of Dystonia and the Associated Pathogenesis

Katja LOHMANN
Institute of Neurogenetics and Institute of Human Genetics, University of Lübeck, Germany

Dystonia is a clinically and genetically highly heterogeneous neurological disorder. Presently, the Movement Disorder Society 
Task Force for the Nomenclature of Genetic Movement Disorders (MDS Nomenclature Task Force) recognizes >50 established 
dystonia genes. With ongoing sequencing efforts, the list of dystonia candidate genes continues to grow, reaching over 400 
potential dystonia-linked genes by now. Although the molecular characterization of novel dystonia genes lags behind, several 
meaningful molecular insights have recently been gained. While these discoveries improve genetic testing and counseling, their 
translation into new (molecular) therapies is still limited. However, we are beginning to understand shared pathophysiological 
pathways and molecular mechanisms. It has become clear that dystonia results from a dysfunctional network involving the 
basal ganglia, cerebellum, thalamus, and cortex. On the molecular level, more than a handful of, often intertwined, pathways 
have been linked to pathogenic variants in dystonia genes, including gene transcription during neurodevelopment (e.g., KMT2B, 
THAP1), calcium homeostasis (e.g., ANO3, HPCA), striatal dopamine signaling (e.g., GCH1, GNAL), endoplasmic reticulum stress 
response (e.g., EIF2AK2, PRKRA, TOR1A), autophagy (e.g., VPS16), and others. Thus, different forms of dystonia can be molecu-
larly grouped, which may facilitate treatment development in the future. 
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Parallel Session 4. Classification of Dystonia—Pathophysiological Perspectives              16:10-16:30

S4-3

Task-Specific vs. Non-Task-Specific Focal Dystonia: 
Shared Pathophysiology or Distinct Mechanisms?

Hae-Won SHIN
Department of Neurology, Chung-Ang University College of Medicine, Korea

Focal dystonia is a disabling movement disorder defined by sustained or intermittent muscle contractions that cause abnormal 
postures or repetitive movements. Two broad subtypes can be identified. Task-specific focal dystonia (TSFD) emerges only during 
highly skilled actions such as handwriting or musical performance, whereas non-task-specific focal dystonia (NTSFD) manifests 
across a wider range of everyday postures and movements, such as cervical dystonia and blepharospasm. Although these clinical 
entities share fundamental physiological abnormalities, recent advances in neurophysiological and imaging studies have high-
lighted important differences in their underlying mechanisms. 

Across focal dystonias, several abnormalities are consistently observed. These include loss of intracortical inhibition, impaired 
surround inhibition, aberrant and poorly regulated cortical plasticity, and dysfunction of sensorimotor integration. TMS studies 
reveal that patients with dystonia have difficulty selectively activating relevant muscles while suppressing unwanted activity, re-
sulting in overflow and co-contraction. PAS protocols show exaggerated and spatially diffuse plastic changes, indicating impaired 
homeostatic control of synaptic efficacy. Sensorimotor integration deficits are demonstrated by reduced short-latency afferent 
inhibition and abnormal temporal discrimination thresholds.

Within this shared background, TSFD and NTSFD diverge in several ways. TSFD appears to preferentially affect circuits specialized 
for precise motor skills. TMS motor mapping, EEG/MEG, and task-based fMRI reveal abnormalities in somatotopic organization 
and task-triggered cortical disinhibition, implicating dysfunction of premotor–parietal–M1 loops. In writer’s cramp, ccPAS has 
demonstrated hyper-responsive parietal-to-motor plasticity, suggesting abnormal sensory–state estimation during overlearned 
actions. These findings support the concept of maladaptive, use-dependent reorganization as a central mechanism of TSFD.

NTSFD reflects more widespread network instability. Resting-state fMRI and structural connectivity analyses consistently demon-
strate altered functional coupling within the cerebello-thalamo-cortical and striato-pallidal loops, even outside of task perfor-
mance. Lesion-network mapping has further shown that anatomically diverse lesions leading to dystonia converge on circuits 
linked to the cerebellum and basal ganglia. Moreover, experimental studies combining cerebellar stimulation with PAS indicate 
impaired cerebellar control over cortical plasticity in NTSFD, underscoring the contribution of intrinsic cerebellar dysfunction in 
this form.

Taken together, the current evidence suggests that TSFD and NTSFD share partially overlapping but circuit-biased pathophysiolo-
gy. TSFD is characterized by maladaptive plasticity within skill-specific parieto-premotor–M1 pathways, whereas NTSFD reflects 
baseline instability of core motor output loops integrating the basal ganglia and cerebellum. This framework emphasizes the 
importance of considering phenotypic classification not only for mechanistic understanding but also as the foundation for future 
development of targeted, phenotype-specific therapies.



111

Personal Information

Full Name Hae-Won SHIN

Current Position Professor

Department Neurology

Organization Chung-Ang University College of Medicine

Country South Korea

Education / Training

Institution and Location Degree Year(s) Field of Study

Yonsei University College of Medicine MD 2000 Medicine

Yonsei University MS 2004 Neurology

Yonsei University PhD 2009 Neurology

NINDS, National 
Institute of Health, USA

Visiting Researcher 2017 Human Motor Control

Positions and Honors

Professional Experience

Current

2020-Current Professor, Chung-Ang University

Previous

2013-2020 Associate Professor, Chung-Ang University

2010-2013 Assistant professor, Chung—Ang University

Selected Peer Reviewed Publications

1. Cho HJ, Shin H-W, Panyakaew P, Kassavetis P, Popa T, Wu T, et al. Differential induction of Parieto-motor plasticity in writer's 
cramp and cervical dystonia. Neurobiology of disease. 2024

2. Shin H-W, Hong S-W, Youn YC. Clinical aspects of the differential diagnosis of Parkinson’s disease and parkinsonism. Jour-
nal of Clinical Neurology (Seoul, Korea). 2022;18(3):259.

3. Shin H-W, Cho HJ, Lee SW, Shitara H, Hallett M. Sensory tricks in cervical dystonia correlate with enhanced brain activity 
during motor preparation. Parkinsonism & related disorders. 2021;84:135-8.



112

4. Shin H-W, Hallett M. Low-frequency transcranial magnetic stimulation of the left dorsal premotor cortex in patients with 
cervical dystonia. Parkinsonism & Related Disorders. 2020;76:13-5.

5. Lee S, Chung SJ, Shin H-W. Neuropsychiatric symptoms and quality of life in patients with adult-onset idiopathic focal 
dystonia and essential tremor. Frontiers in Neurology. 2020;11:1030.

6. Shin H-W, Ryu H-S, Chung SJ. Long-term Effects of Bilateral Subthalamic Deep Brain Stimulation on Postural Instability and 
Gait Disturbance in Parkinson’s Disease (P1. 8-033). Neurology. 2019;92(15_supplement):P1. 8-033.

7. Shin H-W, Hallett M, Sohn YH. Cerebellar repetitive transcranial magnetic stimulation for patients with essential tremor. 
Parkinsonism & Related Disorders. 2019;64:304-7.



DAY 1_ October 31 (Fri), 2025

Oral Presentation Session 1

Chairs  Wooyoung JANG (Korea)
Seung-Hwan LEE (Korea)

Room B



Oral Presentation Session 1 17:00-17:14

O1-1

Early Fall Risk Prediction in Parkinson’s Disease Through Feature Impor-
tance and Statistical Methods Based on Machine Learning

Sumin KIM1, Hakje YOO2,3, Jiwon YOO4, Jin Whan CHO4,5, Soonjung OH2, Myung Jin CHUNG2,6,7, Jinyoung YOUN4,5

1Neurology, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul,
Republic of Korea
22Medical AI Research Center, Research Institute for Future Medicine, Samsung Medical Center,
Seoul, Republic of Korea
3Bio-Mechatronic Engineering, Sungkyunkwan University College of Biotechnology and
Bioengineering, Gyeonggi, Republic of Korea
4Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul,
Republic of Korea
5Neuroscience Center, Samsung Medical Center, Seoul, Republic of Korea
6Radiology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul,
Republic of Korea
7Data Convergence and Future Medicine, Sungkyunkwan University School of Medicine, Seoul,
Republic of Korea

Background & Objective:
Falls can occur early in Parkinson’s disease (PD) and lead to morbidity and mortality, but early prediction is challenging due to het-
erogeneous motor and non-motor features. We aimed to identify fall-related biomarkers and develop a machine learning model 
by integrating clinical and gait data from two medical centers.
 
Methods:
Clinical and gait data were collected from 450 subjects, with a larger training dataset from Samsung Medical Center (SMC, 
n=342) and a smaller validation dataset from Korea University Medical Center (KUMC, n=108). Assessments included demo-
graphics, K-ABC, TUG, Tinetti test, PHQ, HADS, K-MoCA, SCOPA-AUT, RBDQ-KR, and fall status from the Gait and Falls Ques-
tionnaire (GFQ). Gait parameters were measured with GAITRite. Fall history determines group allocation (controls, PD fallers, PD 
non-fallers). Data were preprocessed by scaling and oversampling (SMOTE/Borderline SMOTE). Features were selected using 
statistics-based (correlation, chi-square, mutual information) and importance-based (Extra Trees Classifier) methods. Seven al-
gorithms were compared with Optuna-based hyperparameter optimization, and models were validated internally on SMC and 
externally on KUMC (Figure 1)
 
Results:
Ultimately 273 subjects were analyzed: 33 PD fallers, 171 non-fallers, and 69 controls. The best performing machine learning 
model (Extra Trees Classifier) achieved 88–89% accuracy in classifying the three groups. The importance-based method showed 
85% internal accuracy but dropped to 73% externally, while the statistics-based method maintained 89% internal and 87% ex-
ternal accuracy (Table 1). Key biomarkers were fear of falling, impaired balance, and reduced gait velocity/stride length (Figure 2). 
ROC analysis showed excellent discrimination (AUC: controls 0.98, PD fallers 0.99, non-fallers 0.96).
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Conclusions:
Our machine learning model integrating clinical and gait data predicted fall risk in PD, with fear of falling, balance, and gait 
stability emerging as key biomarkers for early intervention.
 
Figure

Figure
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Oral Presentation Session 1 17:14-17:28

O1-2

Repetitive Transcranial Magnetic Stimulation Improves Static Balance Con-
trol in Cerebellar Ataxia: A Pilot Study

Ho-Won LEE1, Sumin LEE2, Minyoung JUNG2

1Neurology, Kyungpook National University Chilgok Hospital, Daegu, Republic of Korea 
2Cognitive Science Research Group, Korea Brain Research Institute, Daegu, Republic of Korea 

Background & Objective:
Cerebellar ataxia (CA) patients suffer from motor dysfunctions, including impaired balance. Repetitive transcranial magnetic 
stimulation (rTMS) has shown promise in improving motor functions in other movement disorders. This pilot study aimed to 
investigate the effects of cerebellar rTMS on balance in CA patients.
 
Methods:
Ten CA patients (4 males, mean age = 58 ± 9.07 years) received 50 Hz rTMS over the cerebellum for 7 minutes, for five consecutive 
days. Static balance was assessed using a balance trainer (BT4) at baseline (V0), immediately after 5 days of rTMS (V1), and at 
a 6-week follow-up (V2).
 
Results:
The Friedman test revealed significant improvements in static balance at V1 compared to V0. Specifically, significant changes 
were observed in medial-lateral and anterior-posterior sway, particularly in anterior-posterior displacement (∆Y) and total dis-
placement (∆d) during the eyes-open condition, and medial-lateral displacement (∆X) during the eyes-closed condition. These 
improvements were followed by a return to baseline at the 6-week follow-up.
 
Conclusions:
High-frequency rTMS applied to the cerebellum can temporarily improve static balance control in patients with CA. These find-
ings suggest rTMS may be a potential therapeutic tool, although further research is needed to optimize stimulation protocols for 
sustained  effects.
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Oral Presentation Session 1 17:28-17:42

O1-3

Machine Learning Derived Probabilistic Scoring of Spatiotemporal Gait 
Patterns as a Digital Biomarker of Parkinsonian Gait Severity Based on Real 
World Data 

Yoon Seob KIM1, Jung Han YOON2, Rae Woong PARK1, Don Gueu PARK2

1Department of Biomedical Informatics, Ajou University School of Medicine, Suwon, Republic of Korea 
2Department of Neurology, Ajou University School of Medicine, Suwon, Republic of Korea 

Background & Objective:
Gait disturbance is a major manifestation of parkinsonism, yet its assessment remains subjective. Conventional scales such 
as the Unified Parkinson’s Disease Rating Scale (UPDRS) provide only coarse quantification, while heterogeneous gait patterns 
across patients and healthy individuals complicate normative definitions. Machine learning–based approaches may offer objec-
tive metrics of gait severity.
 
Methods:
We retrospectively analyzed GAITRite® spatiotemporal gait assessments from 1,602 patients with gait complaints between 
February 2023 and March 2025. Diagnostic labels for parkinsonism (n=1,005) and without parkinsonism (n=597) were obtained 
from electronic medical records. Subsets included patients with motor UPDRS part 3 scores within 90 days of gait measurement 
(n=340) and those with prior striatal standardized uptake value ratios (SUVRs) from F-18 FP-CIT PET (n=171). A LightGBM classi-
fier was trained with an 85:15 patient-level stratified split and five-fold cross-validation for hyperparameter tuning. Out-of-fold 
probabilistic scores, termed the Parkinsonism Gait Probability Score (P-GPS), were generated across the dataset. Generalized 
additive models (GAMs) tested associations of P-GPS with mUPDRS and DAT SUVR, adjusting for age, sex, levodopa timing, and 
acquisition intervals.
 
Results:
The model achieved an AUROC of 0.780, with PPV 0.815 and NPV 0.611, indicating robust phenotypic classification despite clin-
ical heterogeneity. P-GPS was significantly associated with higher UPDRS part 3 severity (p=0.001), reflecting disease burden. 
Higher probabilities were also linked to reduced putaminal DAT binding (p=0.006), consistent with nigrostriatal degeneration.
 
Conclusions:
A LightGBM model trained on spatiotemporal gait features produced P-GPS, a probabilistic score that discriminates parkinsonian 
gait and aligns with established clinical and imaging markers. P-GPS represents a promising objective digital biomarker for quan-
tifying parkinsonian gait severity.
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Oral Presentation Session 1 17:42-17:56

O1-4

Essential Tremor: Novel neuroimaging insights from a Singaporean Imag-
ing-Genetics Cohort

Thomas WJ TEO1, Celeste CHEN1, Ling Ling CHAN2,3, Louis CS TAN1,2, Eng King TAN1,2,4, Thomas WELTON1,2

1Research, National Neuroscience Institute, Singapore, Singapore
2Neuroscience and Behavioral Disorders ACP, Duke-NUS , Singapore, Singapore
3Neuroradiology, Singapore General Hospital, Singapore, Singapore
4Neurology, Singapore General Hospital, Singapore, Singapore

Background & Objective:
Essential tremor (ET) is a common movement disorder in the elderly. Despite ET incidence and progression being related to 
chronological age, no studies have investigated MRI-derived brain ageing in ET. We sought to compare neuroimaging, cognitive, 
and clinical data among ET patients and healthy controls.
 
Methods:
Brain MRI, clinical and cognitive data were gathered from ET patients and healthy controls. Brain age gap (difference between 
predicted brain age and chronological age) was estimated from MRI images using a deep-learning model trained on n=17296 
individuals. Statistical analyses were controlled for age, gender, education, and total intracranial volume. Neuroimaging analy-
ses such as Voxel-Based Morphometry (VBM) and Tract-Based Spatial Statistics (TBSS) were used to interrogate T1 and diffu-
sion-tensor images.
 
Results:
We gathered data for 31 ET (aged 67±6 years) and 31 controls (70±8 years). The ET group had a significant TETRAS-ADL deficit 
(10 pts,p<.0001) and motor impairment (14 pts,p<.0001) compared to controls. Brain age and brain age gap did not differ between 
ET and controls, and were not correlated with ET onset or duration. However, brain age gap was significantly correlated with the 
TETRAS ADL Total and several of the ADL subscores (voice,keys,pouring,speaking), as well as the TETRAS spiral-drawing test. 
The brain age gap effects were mostly related to volume and thickness reduction in the postcentral (thickness -.36,p=.002;right 
vol -.43,p=.017) and paracentral gyri (left thick .35,p=.033). Neither TBSS nor VBM analyses revealed significant differences in 
brain morphology or microstructure between ET and controls.
 
Conclusions:
Our data suggests that while brain ageing may not be significantly accelerated in ET, it may underlie susceptibility to functional 
deficits that affect daily life. These effects were driven by morphological changes in the sensorimotor-related brain network. We 
are gathering additional data on biological ageing in ET to investigate other systemic ageing-related changes, and to inform the 
ageing-related tremor hypothesis.
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Oral Presentation Session 1 17:56-18:10

O1-5

Distinct spatiotemporal progression patterns of brain metabolism in de novo 
Parkinson’s disease

Jung Hyun LEE1, Da Eun JUNG1, Mina PARK2, Sung Jun AHN2, Jae Hoon LEE3, Young Hoon RYU3, Chul Hyoung LYOO1, 
Han Soo YOO1

1Neurology, Gangnam Severance Hospital, Seoul, Republic of Korea 
2Radiology, Gangnam Severance Hospital, Seoul, Republic of Korea 
3Nuclear medicine, Gangnam Severance Hospital, Seoul, Republic of Korea 

Background & Objective:
Understanding the heterogeneity in Parkinson’s disease (PD) is crucial for patient care, prognosis prediction, and treatment 
development. We used 18F-FDG PET and Subtype and Stage Interference (SuStaIn) to define metabolic subtypes of drug-naïve 
patients with PD. 
 
Methods:
We enrolled 147 de novo PD patients and 38 healthy individuals who underwent 18F-FDG PET, 18F-FP-CIT PET, and brain MRI. 
The SuStaIn algorithm was employed to identify FDG-based subtypes. Motor and nonmotor features were compared between 
subtypes. Correlation analysis was performed to assess associations between progression stage and motor or cognitive scores 
within each subtype. 
 
Results:
Two distinct subtypes were identified: subtype 1 (fronto-striatal) and subtype 2 (posterior cortical). In subtype 1, caudate DAT 
uptake reduction was accompanied with an early decrease in frontal and caudate metabolism, followed by hypometabolism in the 
posterior cortical and limbic regions. Subtype 2 was characterized by putaminal DAT loss, along with an early metabolic reduction 
in the lateral occipital cortex, progressing to the parieto-temporal, frontal, and limbic regions. Clinically, the two subtypes exhib-
ited comparable motor deficits. Regarding non-motor symptoms, subtype 2 showed lower visuospatial and memory scores, lower 
CCSIT total scores, and higher anxiety score compared with subtype 1. Moreover, subtype 2 showed a more pronounced reduction 
in putaminal DAT uptake and less asymmetry. The correlation between stage and Montreal Cognitive Assessment score was not 
significant in subtype 1 but was significantly negative in subtype 2, with a significant stage-by-group interaction. 
 
Conclusions:
De novo PD can be classified into two distinct metabolic subtypes: the fronto-striatal subtype and the posterior cortical subtype, 
with the latter exhibiting more severe non-motor manifestations, including cognitive impairment, olfactory dysfunction, and 
neuropsychiatric burden. 
 
Keywords 
Parkinson's disease, Metabolism, SuStaIn
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Plenary Session 3. When and Where Does Tauopathy Begin?            09:00-09:25

P3-1

Progressive Supranuclear Palsy: Symptoms and signs of prodromal phase to
full-blown phase

Jin Whan CHO
Sungkyunkwan University, Korea

Progressive supranuclear palsy (PSP) is a devastating and rapidly progressive neurodegenerative disorder characterized by ocular 
motor dysfunction, postural instability, akinesia, and cognitive impairment. Although it can be easily distinguished from other 
types of parkinsonism in the fully developed stage, making a correct diagnosis in the early stage is extremely difficult. Diagnosis is 
often delayed by 3–4 years after symptom onset, until the cardinal features of recurrent falls and supranuclear gaze palsy become 
unequivocally apparent. Thus, early and reliable diagnosis of PSP remains a major clinical challenge. Early diagnosis is critical for 
understanding prognosis and for enrolling patients in clinical trials of potential neuroprotective therapies.

The pre-diagnostic period includes both a pre-symptomatic and a prodromal phase. In contrast to Parkinson’s disease, relatively 
little is known about this period in PSP due to the paucity of genetic predisposition and the lack of well-defined prodromal symp-
toms. Prodromal PSP is characterized by subtle yet distinctive clinical features that precede the full expression of the disorder. 
Early manifestations often include unexplained dizziness, visual symptoms, apathy, anxiety, and depression. Cognitive and be-
havioral disturbances—particularly executive dysfunction, apathy, and impaired social cognition—reflect early fronto-striatal 
involvement and may be under-recognized. As the disease progresses, postural instability with recurrent backward falls, axial 
rigidity, and bradykinesia that is typically unresponsive to dopaminergic therapy emerge. Vertical saccadic slowing, especially in 
downgaze, represents a hallmark ocular motor abnormality and may precede overt supranuclear gaze palsy.

Understanding the sequence of changes that occur during disease progression is crucial for characterizing the prodromal phase 
of PSP. Identifying early symptoms and signs, along with developing reliable early biomarkers, is essential for timely diagnosis, 
differentiation from other parkinsonian syndromes, and inclusion in disease-modifying clinical trials.

134
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Plenary Session 3. When and Where Does Tauopathy Begin?            09:25-09:50

P3-2

Cellular Origin of Tauopathy

Yun Kyung KIM
Brain science institute, KIST, Korea

Tauopathies encompass a spectrum of neurodegenerative disorders unified by the abnormal aggregation of the microtubule-as-
sociated protein tau, yet their anatomical patterns and cellular substrates vary strikingly across diseases. Recent advances in 
single-cell transcriptomics, spatial proteomics, and cryo-EM have begun to redefine the concept of tau pathology not as a uniform 
biochemical event, but as a process rooted in cellular identity and network context. Emerging evidence indicates that neurons are 
the principal source of pathogenic tau, with MAPT expression peaking in long-range excitatory projection neurons of the entorhi-
nal and frontotemporal cortices. These neurons, characterized by extensive axonal arbors, high metabolic demand, and intricate 
cytoskeletal architecture, constitute intrinsic sites of vulnerability where physiological tau becomes mislocalized, modified, and 
aggregation-prone. In parallel, glial cells—particularly astrocytes and oligodendrocytes—serve as secondary amplifiers, acquir-
ing and reshaping neuronal tau into disease-specific conformers such as astrocytic plaques, tufted astrocytes, or coiled bodies. 
The interplay between neuronal stress, glial reprocessing, and regional circuitry underlies the diverse topography of tauopathies: 
from the limbic confinement of PART, to the neocortical transmission of AD, the layer V cortical origin of CBD, the subcortical 
motor network involvement of PSP, and the perivascular pattern of CTE.

Having developed experimental platforms and therapeutic candidates targeting tau pathology, I have come to recognize that a 
true leap in tau-directed therapy will arise from understanding its cellular origin—the precise molecular and anatomical contexts 
in which tau first diverges from its physiological role. Elucidating these origins will enable a new generation of precision inter-
ventions designed not merely to remove tau aggregates, but to prevent their birth.
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Plenary Session 3. When and Where Does Tauopathy Begin?            09:50-10:15

P3-3

Genetics and Biomarkers for Early Detection of Tauopathies

Huw MORRIS
Department of Clinical and Movement Neuroscience, UCL Queen Square Institute of Neurology, UK

Developments in genetics have provided insights into the biology and early diagnosis of PSP and other tauopathies.  Efforts to 
understand these disorders are progressing on a global basis.  New developments in high throughput biomarker assays and in 
the development of protein / aggregation assays are also showing promise in early diagnosis but also showing the extent of 
overlap and co-pathology across disease.  Integrating genetics, biomarkers, clinical data and ultimately pathology will provide 
new insights into disease heterogeneity and improve diagnosis and enable future clincial trials. In this talk I will cover the het-
erogeneity of Parkinson’s syndrome and study design to explore disease heterogeneity, I will cover new development in genome 
wide association studies, high throughput proteomic studies and seed amplifcation assays.    
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Plenary Session 4. New Innovative Treatments in Parkinson's Disease            10:50-11:15

P4-1

Promising Therapeutic Approaches Targeting Alpha-Synuclein

Tae-In KAM
Department of Brain and Cognitive Sciences, KAIST, Republic of Korea

Parkinson’s disease (PD) is characterized by disorders of movement, which are caused by the progressive loss of dopamine neu-
rons in the substantia nigra pars compacta (SNpc). To date there are no disease modifying treatments that prevent the relentless 
neurodegeneration. The pathologic accumulation and aggregation of α-synuclein (α-syn) underlies PD through loss of substantia 
nigra pars compacta dopamine neurons. However, what drives the abnormal assembly of pathologic α-syn and death mechanisms 
that are activated by pathologic a-syn are not known. In this lecture, comprehensive overview of pivotal advances in α-synuclein 
research is provided. Structural features and physiological functions of α-synuclein is summarized. I also highlight the existence 
of disease-specific α-synuclein strains and their mechanisms of pathological spread, and discuss seed amplification assays and 
PET tracers as emerging diagnostic tools for detecting pathological α-synuclein in clinical settings. α-Synuclein aggregation, 
clearance mechanisms, and cell-autonomous and non-cell-autonomous processes that contribute to neuronal death is reviewed. 
Finally, promising therapeutic approaches that target pathological α-synuclein and insights into emerging areas of research is 
provided.
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Aggarwal A, Chang S, Kim H, Byun J, Liu JO, Dawson TM, Dawson VL. PAAN/MIF Nuclease Inhibition Prevents Neurodegen-
eration in Parkinson’s Disease. Cell. 185(11):1943-1959.e21. 2022 (*Co-first) 

5. Kam TI*, Mao X*, Park H*, Chou SC, Karuppagounder SS, Umanah GE, Yun SP, Brahmarchari S, Panicker N, Chen R, Andrabi 
SA, Qi C, Poirier GG, Pletnikova O, Troncoso JC, Bekris LM, Leverenz JB, Pantelyat A, Ko HS, Rosenthal LS, Dawson TM, 
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6. Yun SP*, Kam TI*, Panicker N, Kim S, Oh Y, Park JS, Kwon SH, Park YJ, Karuppagounder SS, Park H, Kim S, Oh N, Kim NA, Lee 
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Plenary Session 4. New Innovative Treatments in Parkinson's Disease            11:15-11:40

P4-2

Stem Cell Therapy for Parkinson's Disease: Phase 1/2a Clinical Trial with 
hESC-derived Dopamine Progenitors

Dong-Wook KIM
Department of Physiology, Yonsei University College of Medicine, Seoul, Korea

Parkinson’s disease (PD) is caused by the progressive loss of dopaminergic neurons in the substantia nigra pars compacta and has 
long been considered an appropriate candidate for cell replacement therapy. We generated high-purity dopaminergic progenitors 
(A9-DPC, also called TED-A9) from human embryonic stem cells (hESCs) (Cell Stem Cell, 2024). The therapeutic potential and 
safety of A9-DPC were evaluated in rodent and primate models. Transplantation into PD rats significantly improved dopaminergic 
function, while PD monkeys demonstrated behavioral improvements for up to 28 weeks with increased dopamine activity on PET 
following transplantation. Comprehensive safety assessments conducted in GLP-compliant facilities showed no toxicity or tumor-
igenicity. A9-DPC received IND approval from the Korean MFDS. The phase 1/2a clinical trial (NCT05887466) was conducted on 
12 participants who had been diagnosed with PD for more than 5 years and exhibited motor complications such as wearing-off, 
freezing of gait, or dyskinesia. Participants were aged 50 to 75 years. A9-DPC was administered to 6 participants in the low-dose 
group (3.15 million cells) and to another 6 participants in the high-dose group (6.30 million cells) using a 3+3 rule-based design 
with immunosuppression. One-year follow-up data revealed no significant adverse events, confirming the safety of A9-DPC. 
Off-medication MDS-UPDRS Part III scores and Hoehn and Yahr stage improved, with greater motor improvements in the high-
dose group. Dopamine transporter PET imaging showed increased posterior putamen uptake with greater uptake in the high-dose 
group after transplantation, supporting graft survival. These findings indicate that bilateral transplantation of A9-DPC is safe and 
may improve parkinsonian motor symptoms in patients with PD (Cell, in press).
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Personal Information
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Country Korea
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Harvard Medical School, USA Junior Faculty 2001-2004 Stem Cell Biology

USC Keck School of Medicine, USA Visiting Faculty 2006-2007 Stem Cell Biology
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Professional Experience

Current

2003~ Faculty, Dept of Physiology, Yonsei Univ. College of Medicine, Korea

2015~ CTO, S.BIOMEDICS

Previous

2020 Chairman of the Board of Directors, Korean Society for Stem Cell Research (KSSCR)  

2019 President, Korean Society for Stem Cell Research (KSSCR)

2018-2019 Program Committee (Korea Representative), International Society for Stem Cell Research (ISSCR)

2015- Editorial Board, JBC (Journal of Biological Chemistry)

2012-2017 Director, Stem Cell Research Center for Drug Development, Korea

2011-2015 Special Advisory Board, Korean FDA (Cell-based Therapeutics)

2011- Editorial Board, Inflamation and Regeneration
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2009- Editorial Board, Stem Cell Reviews and Reports

2008-2012 Editorial Board, Stem Cell Research 

2009 Vice President, TERMIS World Congress

2008-2009 Government Affairs Committee Member, ISSCR (Korea Representative)

2007-2012 Steering Committee Member, Stem Cell Network for the Asia Pacific Region

2007-2012 Steering Committee Member, International Stem Cell Forum (Korea Representative)

2007-2012 Co-chair,  International Stem Cell Proteomics Initiative

2007- Board of Directors, Korean Society for Stem Cell Research (KSSCR)

2006-2008 Editor-in-Chief, Tissue Engineering and Regenerative Medicine

2006-2010 International Committee, ISSCR (International Society for Stem Cell Research) (Korea Representative)

2006 Organizing Committee, TERMIS World Congress

2006-2012 Director, Korean Stem Cell Research Center, Korea 

2006 Director, Task Force of 10-Year National Plan for Stem Cell Research in Korea 

Honors

2022 Selected for Excellence in Advanced Medical Technology Development (Ministry of Health and Welfare / 
Korea Health Industry Development Institute)

2020 Recognized for Contributions to the Advancement of the Biofield (Ministry of Science and ICT)

2019 Selected for Top 30 Healthcare R&D Achievements (Ministry of Health and Welfare / Korea Health 
Industry Development Institute)

2019 Selected for Top 100 National R&D Achievements (Ministry of Science and ICT)

2018 Selected for Top 20 Healthcare R&D Achievements (Ministry of Health and Welfare / Korea Health 
Industry Development Institute)

2018 Outstanding Researcher Award in Industry-Academia Collaboration (Yonsei University)

2015 Seongjae Medical Award (Yonsei University)

2014 Innovator Leader of Korea 2014

2013 Selected as a Key Player in the 100 Future Technologies Leading Korea’s Industry in 2020 (Korean Acade-
my of Engineering)

2013 2013 Power Brain Award of Korea

2013 Outstanding Professor Award for Research Activities (Yonsei University)

2012 Minister of Education, Science, and Technology’s Letter of Appreciation

2010 Outstanding Professor Award for Research Activities (Yonsei University)

2008 Yudang Science Award of the Korean Physiological Society
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Myung Soo Cho, Dong-Youn Hwang, Dong-Wook Kim, Trophoblast glycoprotein is a marker for efficient sorting of ventral 
mesencephalic dopaminergic precursors derived from human pluripotent stem cells. npj Parkinson's Disease. 2021.
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of PITX3-mCherry knock-in reporter human embryonic stem
cell line (WAe009-A-23). Stem Cell Research. 2019.
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Hwang* (* Co-corresponding authors), Therapeutic effects of umbilical cord blood plasma in a rat model of acute ischemic 
stroke. Oncotarget. 2016.

- Jiho Jang, Sangjun Park, Hye Jin Hur, Hyun-Ju Cho, Inhwa Hwang, Yun Pyo Kang, Isak Im, Hyunji Lee, Eunju Lee, Wonsuk 
Yang, Hoon-Chul Kang, Sung Won Kwon, Je-Wook Yu, Dong-Wook Kim, 25-hydroxycholesterol contributes to cerebral 
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Plenary Session 4. New Innovative Treatments in Parkinson's Disease            11:40-12:05

P4-3

Repurposing DBS - A Disease-Modifying Therapy?

Suneil KALIA
Neurosurgery, Dept of Surgery, University of Toronto

Deep Brain Stimulation (DBS) is a standard symptomatic therapy for Parkinson's disease (PD), but it does not stop or slow the 
underlying neurodegeneration. The potential to repurpose DBS as a disease-modifying therapy offers significant promise but 
remains controversial. The core pathology of PD is driven by alpha-synuclein oligomers and fibrils, which cause cytotoxicity and 
potential spread from cell to cell, leading to disease progression. 

A novel approach may involve repurposing DBS as a disease-modifying therapy however clinical data is limited and complicated 
by a lack of definitive biomarkers for disease progression and by biologically heterogeneous patient populations. Realizing the 
neuroprotective potential of DBS requires a fundamental re-evaluation of our approach. Further work is needed to understand 
the mechanisms by which DBS might regulate alpha-synuclein aggregation, possibly via cellular pathways like the proteasome 
or lysosome. Moreover, it will be necessary to refine stimulation parameters, reconsider surgical targets, personalize patient 
selection, and explore intervention earlier in the disease course to transform this promising concept into a clinical reality for the 
treatment of Parkinson’s disease and other neurodegenerative movement disorders.
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Organization University of Toronto

Country Canada

Education / Training
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Fellowship in 
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of alpha-synuclein oligomers in preclinical models of Parkinson's disease by electrical stimulation in vitro and deep brain 
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155

2. George J, Shafiq K, Kapadia M, Kalia LV, Kalia SK. High frequency electrical stimulation reduces α-synuclein levels and 
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Parallel Session 6. Digital Technology in Movement Disorders            13:30-13:50

S6-1

Current and Future Landscape of Digital Clinic in Movement Disorders

Hubert FERNANDEZ
James and Constance Brown Endowed Chair in Movement Disorders
Chairperson and Director, Center for Neurological Restoration, Cleveland Clinic, USA
Professor of Neurology, Cleveland Clinic Lerner College of Medicine

Technology, and its use and integration in clinic, is a powerful tool and an inevitable feature in the daily assessment of any move-
ment disorder patient. While developed countries are first to initiate and integrate technology in their clinics, it will eventually be 
used, even selectively, in developing countries. The huge advantages that technology offers are efficiency in evaluation, consis-
tency and accuracy, and deeper granularity of assessment and outcomes data. This should translate into a more comprehensive 
evaluation and the implementation of precision medicine. The challenges of technology, on the other hand, include the difficulty 
of selecting which system to adopt given the endless options, the short lifecycle of any current technology given the remarkably 
fast pace of development, the initial and ongoing maintenance cost, and the buy-in from traditional/technologically-challenged 
members of the team. To provide a concrete example of how technology is currently integrated into clinical practice, this lecture 
will highlight the efforts of one Center (i.e. Cleveland Clinic’s Movement Disorders Program under the Center for Neurological 
Restoration) to incorporate digitization in the way patients are evaluated and treated; including the use of big data to perform 
outcome measures, enhance assessment and management, and assist in clinical trials. 

Bottomline, with the myriad of technological enhancements available, it can be challenging to select which ones to invest in. 
Practical recommendations include: a) selecting technology, not for the bells and whistles it offers, but because it is the best fit in 
fulfilling the program’s goals and objectives; b) selecting technology that serves more than one purpose (e.g. a system the eases 
assessment, improves efficiency, but also collects outcomes data that can be published, or be utilized to further improve care); 
being mindful of the maintenance cost/resources needed to keep the digital infrastructure; and, d) the lifespan of the purchased 
system. 

158
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Current Position Director and Chair
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2011-Present Professor of Neurology, Cleveland Clinic Lerner College of Medicine
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2003-2010 Vice-Chair of Neurology, University of Florida
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2016-Present Inaugural Holder of James & Constance Brown Endowed Chair for Movement Disorders, Cleveland Clinic

2012 Presidential Distinguished Service Award, Movement Disorders Society
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1. Fernandez HH, Macklin EA, Hauser RA, Chou KL, Cakmak YO, Ozsoy B, Fahn S; Parkinson Study Group EARSTIM-PD Inves-
tigators. Intrinsic auricular muscle zone stimulation for Parkinson disease: The EARSTIM-PD Phase II multi-center pilot study 
results. Parkinsonism Relat Disord. 2024 Apr

2. Fernandez HH, Odin P, Standaert DG, Henriksen T, Jimenez-Shahed J, Metz S, Alobaidi A, Yan CH, Kukreja P, Parra JC, 
Zamudio J, Onuk K, Wright J, Antonini A. Healthcare resource utilization and device-aided therapy discussions with eligible 
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Parallel Session 6. Digital Technology in Movement Disorders            13:50-14:10

S6-2

Digital and/or Wearable Technology for Motor Symptoms of Parkinson's 
Disease

Jung Hwan SHIN
Department of Neurology, Seoul National University, Korea

This lecture will provide a comprehensive review of recent applications of digital technology in Parkinson’s disease and move-
ment disorders, with a particular focus on motor aspects. Advances in sensors, video-based assessments, and smartphone appli-
cations have enabled more detailed evaluation of motor symptoms. These technologies facilitate early detection and assessment 
in the prodromal and early stages of disease, as well as longitudinal monitoring of symptom changes in real-world settings. 
Furthermore, they are increasingly being adopted as outcome measures in clinical trials. This presentation will highlight these 
developments and discuss their implications for both clinical practice and research.
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2010 Medicine
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2019-2022 Clinical Fellow, Seoul National University Hospital

2015-2019 Reseacher and Ph.D candidate, Korea Advanced Institute of Science and Technology
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Parallel Session 6. Digital Technology in Movement Disorders            14:10-14:30

S6-3

Digital and/or Wearable Technology for Non-Motor Symptoms of 
Parkinson’s Disease

Kye Won PARK
Department of Neurology, Gangneung Asan Hospital, University of Ulsan College of Medicine, Republic of Korea 

Digital biomarkers enable objective, remote, and repeated assessments of Parkinson’s disease (PD) in patients’ free-living en-
vironments, tackling the limitations of episodic, semi-subjective in-clinic evaluations. Although most progress has centered on 
motor features, extending digital technologies to non-motor symptoms (NMS) is imperative given their critical impact on quality 
of life. However, their heterogeneity and dynamic fluctuations across disease stages are challenging to address. This lecture 
will discuss the state of digital measures for key NMS domains and their technology readiness toward clinical utility and trial 
endpoints. 

In sleep, wrist-worn actigraphy, multimodal wearables, and ambient/bed-integrated sensors have advanced practical monitor-
ing. Actigraphy-derived features of nocturnal movement distribution, immobile bouts, and fragmentation showed meaningful 
associations with gold-standard sleep parameters. Home-based classifiers demonstrate promising accuracy for detecting rapid 
eye movement sleep behavior disorder in free-living conditions. Key limitations include limited validation against full polysom-
nography in PD cohorts, suboptimal specificity for differentiating sleep disorder subtypes, and incomplete PD-specific validation. 

Autonomic dysfunction spans orthostatic hypotension, heart-rate variability (HRV) abnormalities, sudomotor alterations, and skin 
temperature changes, with broader links to gastrointestinal, urinary, and sexual function. Multimodal sensing—rings, wrist-
watches, and chest straps, electrodermal activity (EDA)-capable wearables, etc.—enables continuous characterization of sym-
pathetic–parasympathetic dynamics. Consistent findings include reduced HRV in PD and EDA-derived analytics can indicate 
non-motor fluctuations. 

For mood and emotion, active voice-based biomarkers, digital patient-reported outcomes, and passive phenotyping show promise 
for screening depressive burden and apathy. However, critical challenges include confounding from motor speech impairment, the 
need for cross-cultural and multilingual validation, and sustaining long-term adherence. 

Cognitive impairment is being captured through smartphone micro-tasks, sensor-rich smart-home measures (activity/movement 
patterns), and ePRO-based cognitive snapshots. Early data indicate strong correlations with traditional neuropsychological tests, 
but much validation derives from general populations and PD-specific longitudinal datasets are maturing. 

Future efforts should prioritize multicenter, PD‑specific validation with standardized protocols, the development of composite 
digital endpoints aligned with existing non-motor clinical scales, and privacy‑preserving integration of personalized multimodal 
monitoring into clinical trials and routine care.
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Parallel Session 7. Is Normal Pressure Hydrocephalus a Movement Disorder?            15:00-15:20

S7-1

Epidemiology, Natural History, and Genetic Factors of Idiopathic Normal 
Pressure Hydrocephalus

Chifumi ISEKI
Department of BehBehavioral Neurology and Cognitive Neuroscience, Tohoku University, Japan

We had initiated a cohort study of residents in Takahata Town and Sagae City, Yamagata Prefecture, in 2000. From the cohort, 
the prevalence of iNPH was 0.5% for residents aged 61 years and older, and 7.7% for those aged 86, 27.4% in aged 92,  with 
the prevalence increasing with age, and the incidence was 15 times higher (Iseki et al.  2015) than previous hospital-based study 
in Netherland. We also found that there are cases suspected to be complicated with Alzheimer's disease and other forms of 
dementia. It is challenging to differentiate iNPH from age-related changes, other diseases, especially in those over 80. We were 
also the first familial normal pressure hydrocephalus (fNPH), which was indistinguishable from iNPH both in symptoms and brain 
imaging (Takahashi et al. 2011). Furthermore, genetic analysis found that a copy number loss in the SFMBT1 gene was identified 
as a risk gene for iNPH (Sato et al. 2016). It was hoped that the pathogenesis of iNPH, which has been "pathogenesis unknown," 
could be elucidated by the combination and accumulation of multifactorial risks.
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Parallel Session 7. Is Normal Pressure Hydrocephalus a Movement Disorder?            15:20-15:40

S7-2

Parkinsonism in Idiopathic Normal Pressure Hydrocephalus

Jinyoung YOUN
Department of Neurology, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of Korea

Normal pressure hydrocephalus (NPH) is a communicating hydrocephalus with normal pressure and the triad of gait disturbance, 
cognitive decline and urinary symptoms. Among these characteristic symptoms, gait disturbance is most frequent and responsive 
symptom. However, gait disturbance itself can be common in in various neurodegenerative disorders, and various gait patterns 
can be seen in NPH. Therefore, the differential diagnosis can be difficult in clinical practice. 

Typically, lower body parkinsonism, such as short and symmetrical steps, freezing of gait, festination and magnetic gait, is re-
garded as clinical presentation in NPH. However, gait patterns in NPH can be heterogenous, and NPH patients with locomotor 
subtype of gait disturbance demonstrated the correlation between dopamine transporter uptake and parkinsonism in lower body. 
NPH patients revealed different response of dopamine transporter uptake to shunt surgery.
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Parallel Session 7. Is Normal Pressure Hydrocephalus a Movement Disorder?            15:40-16:00

S7-3

Idiopathic Normal Pressure Hydrocephalus and Neurodegenerative 
Comorbidities

Kyunghun KANG
Department of Neurology, School of Medicine, Kyungpook National University, South Korea

Idiopathic normal pressure hydrocephalus (INPH) is defined by non-obstructive ventricular enlargement accompanied by the clin-
ical triad of gait disturbance, cognitive impairment, and urinary dysfunction. Although INPH is one of the few treatable neuro-
logical conditions, its diagnosis is often challenging because of variability in symptom expression and frequent overlap with 
neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s disease (PD). Among neurodegenerative disorders 
in the elderly, AD is the most common and PD is the second most common, and both are prevalent in the same age group as INPH, 
making comorbidity an important consideration. Neuroimaging biomarkers provide essential tools for distinguishing INPH from 
these conditions. Fluorine-18 N-3-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl)-nortropane (F-18 FP-CIT) positron emission 
tomography (PET), which assesses dopamine transporter (DAT) availability, has been widely used in the evaluation of parkinso-
nian syndromes. Pathological studies demonstrate that reduced DAT binding reflects nigrostriatal terminal loss, a hallmark of PD 
and atypical parkinsonian syndromes. In INPH, presynaptic nigrostriatal degeneration is generally absent or minimal, and most 
patients exhibit normal DAT binding, which enables differentiation from neurodegenerative parkinsonism. Amyloid PET, on the 
other hand, provides sensitive and specific detection of neuritic amyloid plaque accumulation, a pathological feature of AD, and 
is increasingly applied to assess possible AD comorbidity in INPH patients. Because amyloid deposition occurs silently over years, 
amyloid PET helps identify INPH patients who harbor concurrent AD pathology and allows more precise stratification. Clinical 
observations indicate that some patients present with definite INPH but also have a high likelihood of comorbid PD, AD, or even 
both, which complicates diagnostic judgment and treatment decisions. Traditionally, the presence of comorbid AD or PD has 
been regarded as a predictor of poor response to cerebrospinal fluid shunt surgery, leading many clinicians to hesitate in offering 
surgical treatment when neurodegenerative pathology is suspected. However, this conventional view warrants reassessment. 
The coexistence of AD or PD does not necessarily preclude shunt responsiveness. If additional clinical and imaging assessments 
suggest that the patient has shunt-responsive INPH, surgical intervention should still be considered. Evidence indicates that 
even in the presence of comorbidity, certain patients achieve meaningful symptomatic improvement, particularly in gait function, 
following shunt surgery. Therefore, suspicion of comorbid neurodegeneration should not automatically exclude patients from 
surgical treatment, and careful patient selection based on multimodal diagnostic approaches is essential. In conclusion, INPH 
frequently coexists with AD and PD, and awareness of such comorbidities is crucial for clinical management. The integration 
of imaging biomarkers such as F-18 FP-CIT PET and amyloid PET provides valuable insight into underlying pathology and refines 
diagnostic and therapeutic strategies. Revisiting the traditional assumption that comorbidity precludes successful surgical out-
comes may broaden treatment opportunities and ultimately improve quality of life for patients affected by this complex condition.
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Parallel Session 9. Update on Non-Invasive Brain Stimulation in Movement Disorders         16:30-16:50

S9-1

Recent Advances in Transcranial Ultrasound Stimulation for 
Neurodegenerative Disorders

Hyungmin KIM
Bionics Research Center, Korea Institute of Science and Technology, Republic of Korea

Transcranial ultrasound stimulation (TUS) is emerging as a promising noninvasive neuromodulation technique with unique ad-
vantages over existing brain stimulation modalities. Conventional approaches such as transcranial magnetic stimulation (TMS) 
or transcranial direct current stimulation (tDCS) are limited in their ability to engage deep circuits, whereas TUS can target both 
cortical and subcortical regions with millimeter-scale precision. Moreover, its bidirectional capacity to facilitate or suppress neu-
ral activity provides a versatile platform adaptable to diverse neurological and neurodegenerative disorders.

Technological progress has accelerated the translational potential of TUS. Computational simulations and subject-specific tar-
geting strategies help overcome skull-induced distortions and ensure precise energy delivery, while portable and wearable stim-
ulation systems allow for repeated or even ambulatory application. These advances are transforming TUS from a conceptual tool 
into a clinically viable therapeutic option.

Preclinical and translational research underscores the wide range of conditions in which TUS may be beneficial. In stroke, ultra-
sound stimulation has been shown to promote neuroplasticity, restore interhemispheric balance, and enhance functional recov-
ery, positioning it as a potential adjunct to rehabilitation. In epilepsy, TUS has demonstrated the ability to suppress abnormal 
activity with high spatial selectivity, raising the possibility of noninvasive seizure control. In essential tremor (ET), studies using 
transcranial focused ultrasound (tsFUS) have shown that ultrasound can modulate thalamic networks implicated in tremor gen-
eration, suggesting a noninvasive alternative or complement to invasive neuromodulation approaches. In normal-pressure hydro-
cephalus (NPH), ongoing work is investigating whether ultrasound can improve cerebrospinal fluid (CSF) circulation and relieve 
pressure-related dysfunction, offering a potential alternative to shunt surgery. In Alzheimer’s disease (AD), repeated low-intensity 
stimulation is being evaluated for its effects on amyloid-beta aggregation, neurovascular coupling, and cognitive outcomes, 
reflecting its potential role as a disease-modifying therapy.

The convergence of these applications highlights TUS as a platform technology rather than a disorder-specific intervention. 
Across stroke, epilepsy, ET, NPH, and AD, ultrasound targets key pathophysiological features such as disrupted network dynam-
ics, abnormal oscillatory activity, impaired CSF flow, and pathological protein accumulation. This broad applicability emphasizes 
its value as a versatile and adaptable therapeutic approach.

For clinicians, several aspects of TUS are particularly compelling. It enables noninvasive access to deep and functionally critical 
brain circuits, offers flexibility through excitatory or inhibitory modulation, and carries a favorable safety profile that supports 
repeated or long-term use. These characteristics make TUS suitable not only for acute interventions but also for chronic disease 
management across a variety of neurological conditions.
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In summary, TUS is rapidly evolving into a clinically relevant neuromodulation strategy with broad therapeutic promise. By com-
bining engineering innovations, preclinical validation in multiple disease models, and growing translational research, TUS is 
positioned to expand treatment options for stroke, epilepsy, essential tremor, NPH, Alzheimer’s disease, and beyond. For move-
ment disorder specialists and neurologists, the central message is that ultrasound offers a noninvasive yet precise means of 
modulating dysfunctional brain circuits, with the potential to reshape therapeutic strategies in neurology.
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Parallel Session 9. Update on Non-Invasive Brain Stimulation in Movement Disorders         16:50-17:10

S9-2

Utility of Transcranial Magnetic Stimulation to Understand Pathophysiology: 
Lessons on Dementia

Takenobu MURAKAMI 
Division of Neurology, Department of Brain and Neurosciences, Faculty of Medicine, Tottori University, Japan

Transcranial magnetic stimulation (TMS) is a noninvasive brain stimulation technique extensively used in neuroscience and neu-
ropsychiatry. Here I would like to update TMS research focusing on dementing disorders.

Short-latency afferent inhibition (SAI), which can evaluate the central cholinergic function, decreases in Alzheimer’s disease (AD) 
and dementia with Lewy bodies (DLB). Short-interval intracortical inhibition and intracortical facilitation measured by paired-
pulse paradigms, which show the functions of central GABAAergic and glutamatergic neuronal circuits respectively, are reduced 
in patients with frontotemporal dementia and DLB. Combination of these parameters can successfully differentiate dementing 
disorders. A novel technique combining TMS with electroencephalogram allows the evaluation of functional brain networks. 
Neural activity propagation from precuneus to frontal lobe is disrupted in patients with AD. The long-term potentiation (LTP)-like 
synaptic plasticity induced by repetitive TMS mode is impaired in patients having AD pathology, and its severity correlates with 
degrees of cognitive declines, AD-related biomarkers including amyloid-beta 42 in the cerebrospinal fluid and amyloid accumula-
tion in precuneus detected by amyloid positron emission tomography.

In conclusion, TMS holds significant promise as a tool for understanding the pathophysiology of dementia.
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Germany
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Tottori University
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3. Tiksnadi A., Murakami T., Wiratman W., Matsumoto H., Ugawa Y. Direct Comparison of Efficacy of the Motor Cortical Plas-
ticity Induction and the Interindividual Variability between TBS and QPS. Brain Stimulation 2020; 13: 1824-1833.

4. Murakami T., Abe M., Wiratman W., Fujiwara J., Okamoto M., Mizuochi-Endo T., Iwabuchi T., Makuuchi M., Yamashita A., 
Tiksnadi A., Chang F-Y., Kubo H., Matsuda N., Kobayashi S., Eifuku S., Ugawa Y. The motor network reduces multisensory 
illusory perception. The Journal of Neuroscience 2018; 38: 9679-9688.

5. Murakami T., Kell C., Restle J., Ugawa Y., Ziemann U. Left dorsal speech stream components and their contribution to pho-
nological processing. The Journal of Neuroscience 2015; 35: 1411-1422.

6. Murakami T., Müller-Dahlhaus F., Lu M, Ziemann U. Homeostatic metaplasticity of corticospinal excitatory and intracortical 
inhibitory neural circuits in human motor cortex. Journal of Physiology 2012; 590: 5765-5781.

7. Murakami T., Restle J., Ziemann U. Observation-execution matching and action inhibition in human primary motor cortex 
during viewing of speech-related lip movements or listening to speech. Neuropsychologia 2011; 49: 2045-2054.
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Parallel Session 9. Update on Non-Invasive Brain Stimulation in Movement Disorders         17:10-17:30

S9-3

Update of Transcranial Direct Current Stimulation: Challenges in the 
Clinical Trials and Application

Wooyoung JANG
Department of neurology, Gangneung Asan Hospital University of Ulsan, Republic of Korea 

Transcranial direct current stimulation (tDCS) is a non-invasive neuromodulation technique that delivers low-intensity direct cur-
rent through the scalp to modulate cortical excitability. According to ClinicalTrials.gov, there are now several hundred registered 
trials investigating tDCS across a wide range of conditions.Despite this large body of work, results remain highly heterogeneous. 
Variability in stimulation parameters (intensity, electrode placement, session number) and patient characteristics has led to incon-
sistent outcomes, and meta-analyses often conclude that robust, reproducible evidence is still limited.In this lecture, I will first 
highlight recent mechanistic insights, including evidence that tDCS induces metabolomic changes, biological modulation, and 
alters network connectivity. Next, I will review updates of tDCS studies in movement disorders field, with a focus on new 
approaches such as home-based protocols, high-definition tDCS, and network-targeted stimulation. Finally, I will discuss 
recent clinical findings in Movement disorders field. Together, these findings position tDCS as “promising but not definitive,” 
especially in movement disorders.
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- 2022.
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Oral Presentation Session 2 13:30-13:44

O2-1

Presynaptic Serotonergic Autoreceptors as a Therapeutic Target for 
Levodopa-Induced Dyskinesia

Rajesh GOEL1, Archit GOEL2

1Pharmacology, Punjabi University, Patiala, India
2Medicine, All India Institute of Medical Sciences, Punjab, India

Background & Objective:
Levodopa-induced dyskinesia (LID) is a disabling complication of chronic dopaminergic therapy in Parkinson’s disease (PD), driv-
en in part by unregulated dopamine release from serotonergic terminals. Presynaptic 5-HT₁A autoreceptor activation reduces 
aberrant serotonin-driven dopamine release and may mitigate dyskinesia without compromising motor benefit. S-15535(1-(2,3-
dihydro-1,4-benzodioxin-8-yl)-4-(2,3-dihydro-1H-inden-2-yl)piperazine), a high-affinity 5-HT₁A ligand, acts as a potent agonist at 
presynaptic auto receptors and a weak partial agonist/functional antagonist at postsynaptic sites, offering a unique pharmaco-
logical profile that could optimize antidyskinetic efficacy while limiting adverse serotonergic effects. The objective of this study 
is to evaluate the antidyskinetic potential of S-15535 in a mouse model of LID.  
 
Methods:
Male albino mice were subjected to  unilateral 6-hydroxydopamine (6-OHDA) lesions and received chronic levodopa (20 mg/kg/
day, i.p.) for 6 weeks to induce stable dyskinesia, quantified via abnormal involuntary movement (AIM) scores. Once LID was 
established, S-15535 (1,2, 4 mg/kg, i.p.) was administered 30 min before levodopa for 7 consecutive days. Motor function was as-
sessed using rotarod and cylinder tests. Striatal serotonin, dopamine, and metabolites were measured using  HPLC-ECD detector. 
 
Results:
S-15535   produced a dose-dependent reduction in AIM scores without diminishing levodopa-induced motor improvements. Neu-
rochemical assays showed reduced striatal serotonin overflow and stabilization of dopamine tone, consistent with presynaptic 
autoreceptor engagement.
 
Conclusions:
S-15535  represent the first demonstration of a presynaptic-selective 5-HT₁A agonist with dual receptor activity reducing LID 
in a PD model. These findings could open new avenues for adjunctive therapy targeting serotonergic autoreceptors to optimize 
levodopa efficacy while minimizing dyskinesia. 
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inhibition
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2 Kaur, Arvinder; Goel, Rajesh Kumar; 
Modelling Epilepsy Associated Alzheimer’s Disease Through Mitochondrial Complex-I Inhibition: Neurochemical and Thera-
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Neurochemical Research 2025

3. Kaur, A., Kaur, A., & Goel, R. K. (2024). Attenuation of mitochondrial refractory epilepsy in rotenone corneal kindling model of 
drug resistance by idebenone: An approach to bypass mitochondrial complex I. Epilepsy Research, 107458. Impact factor 
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factor (2023): 1.2

9 Dhillon HK, Singh T, Goel RK. Ferulic acid inhibits catamenial epilepsy through modulation of female hormones. Metabolic 
Brain Disease. 2022 Aug 6:1-2. Impact factor (2021): 0.76
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Oral Presentation Session 2 13:44-13:58

O2-2

Pathological role of immunoproteasome PSMB8 in Parkinson’s disease: A 
link between α-synuclein aggregation and immune activation

Huu Dat NGUYEN1, Thanh Trung NGUYEN1, Hoang Bao Tram TRAN1, Young Eun KIM2, In Hee KWAK2, Hyeo-il MA2

1Neurology, Hallym University Sacred Heart Hospital , Hue , Viet Nam
2Neurology , Hallym University Sacred Heart Hospital , Anyang , Republic of Korea 

Background & Objective:
Parkinson’s disease (PD) is marked by α-synuclein accumulation, neurodegeneration, and immune activation. The immunoprotea-
some (IP), especially PSMB8, regulates proteostasis and immunity, but its role in synucleinopathies is unclear.
 
Methods:
We examined 288 blood samples from PD, MSA, RBD, and controls for IP expression/activity in PBMCs and neuronal EVs, and 
assessed effects of IP inhibition using flow cytometry. PSMB8 localization was analyzed in post-mortem substantia nigra. PD 
mouse and human dopaminergic neuron models, along with transcriptomic profiling, were used to investigate IP dynamics and 
inhibition outcomes. CD8 T cell derived from people with PD was co-cultured to PD dopaminergic neurons to examine PSMB8 
inhibition effect through intrinsic neuron mechanism and cytotoxicity of CD8 T cells. 
 
Results:
PSMB8 mRNA and protein were consistently upregulated in PBMCs and neuronal EVs from people with PD and MSA, and 
across multiple PD models including rotenone exposure, SNCA-A53T mutation, α-synuclein overexpression, PFF treatment, and 
PFF-injected mice. In PD substantia nigra, PSMB8 was enriched in mature Lewy body cores. Pharmacological PSMB8 inhibition 
reduced α-synuclein accumulation, apoptosis in dopaminergic neurons, and percentage of CD8+ T cells in PD PBMCs. Notably, 
α-synuclein clearance was independent of proteasomal or autophagy–lysosomal pathways, instead correlating with non-protea-
somal trypsin-like activity. In CD8+ T cell–dopaminergic neuron co-cultures, PSMB8 inhibition improved neuronal survival, lowered 
α-synuclein, and attenuated CD8+ T cell degranulation, linking neuronal α-synuclein burden to immune-mediated toxicity.
 
Conclusions:
PSMB8 is persistently upregulated in synucleinopathies and mediates both α-synuclein pathology and immune dysregulation. 
Targeting the immunoproteasome may offer therapeutic potential by reducing neuronal toxicity and aberrant immune responses 
in PD and related disorders.
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2020 Consolation prize, Vietnam's National Scientific Research Contest

2019 Second prize, Stem Cell Innovation Contest 

2017- 2021 Academic Encouragement Scholarships (ranked in the top 1% of students), awarded by Hue University of 
Sciences (4-time recipient)

Selected Peer Reviewed Publications
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6. kook Yu, J., Choi, H. J., Kim, D., Ngoc, P. H., Kwak, I. H., Nguyen, H. D., ... & Kim, Y. E*. (2025). Prevalence and clinical im-
pact of alpha-synuclein pathology in idiopathic normal pressure hydrocephalus: Insights from RT-QuIC assay. Parkinsonism & 
Related Disorders, 136, 107857. DOI: 10.1016/j.parkreldis.2025.107857
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Oral Presentation Session 2 13:58-14:12

O2-3

Blood-based targeted proteomics of metabolic pathways in the isolated 
REM sleep behavior disorder–Lewy body disease continuum 

Ryul KIM1, Seohee CHOI1, Heejung KIM2, Eun Jin YOON2, Yu Kyeong KIM2, Jee-Young LEE1

1Department of Neurology, Seoul Metropolitan Government - Seoul National University Boramae Medical Center, Seoul, Republic of Korea 
2Department of Nuclear Medicine, Seoul Metropolitan Government - Seoul National University Boramae Medical Center, Seoul, Republic of 
Korea 

Background & Objective:
Metabolic dysfunction has been increasingly recognized as a contributor to neurodegeneration, but its role in Lewy body disease 
(LBD), particularly in prodromal stages, remains poorly understood. Identifying metabolism-related biomarkers in prodromal LBD 
may provide mechanistic insights and support early intervention. This study investigated blood-based targeted proteomic profiles 
related to metabolic pathways across the REM sleep behavior disorder (RBD)–LBD continuum and explore their potential as bio-
markers linked to clinical severity and brain metabolic patterns.
 
Methods:
Plasma samples were obtained from 116 patients (47 isolated RBD [iRBD], 45 Parkinson’s disease with probable RBD [PDRBD], 
20 dementia with Lewy bodies with probable RBD) and 30 healthy controls. Clinical assessments included the MDS-UPDRS and 
comprehensive neuropsychological testing. 18F-fluorodeoxyglucose PET quantified PD-related brain metabolic patterns. Protein 
levels were measured with the Olink Target 96 Metabolism panel. 
 
Results:
Sixteen proteins, mainly involved in dopamine biosynthesis, oxidative stress, and vesicle-mediated transport, were differentially 
expressed in the RBD–LBD continuum compared to controls. Changes were most prominent in clinically manifest LBD, with DOPA 
decarboxylase (DDC) showing the strongest signal. While DDC levels did not differ significantly between PD and DLB, both were 
higher than in iRBD. Notably, NT-proBNP was the only protein upregulated in iRBD versus controls. Within iRBD, higher NT-proB-
NP correlated with greater motor severity, poorer visuospatial performance, and higher PDRBD-related metabolic pattern z scores. 
 
Conclusions:
Targeted proteomics revealed stage-specific metabolism-related protein changes in LBD. NT-proBNP may serve as a novel bio-
marker of prodromal neurodegeneration, associated with both clinical severity and brain metabolic alterations. Longitudinal 
validation is required to determine its predictive value for phenoconversion in iRBD. 
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Oral Presentation Session 2 14:12-14:26

O2-4

Drug-Target Mendelian Randomization Analysis of Dipeptidyl Peptidase-4 
Inhibitors for Parkinson’s Disease Prevention

Joo-Yeon LEE1, Don Gueu PARK2, Joohon SUNG1,3

1Institute of Health and Environment, Seoul National University, Seoul, Republic of Korea 
2Neurology, Ajou University School of Medicine, Suwon, Republic of Korea 
3Graduate School of Public Health, Seoul National University, Seoul, Republic of Korea 

Background & Objective:
Parkinson’s disease (PD) lacks disease-modifying treatments due to insufficient mechanistic understanding. Drug-target Men-
delian randomization (MR) leverages genetic variants affecting drug targets to assess therapeutic potential while minimizing 
confounding. Recent evidence suggests that dipeptidyl peptidase-4 (DPP4) inhibitors, a class of antidiabetic drugs, may have 
neuroprotective properties. We employed drug-target MR to investigate whether DPP4-Is could reduce PD risk, focusing on 
sex-specific effects.
 
Methods:
We conducted two-sample MR using instrumental variables (IVs) representing DPP4 inhibition derived from expression quantita-
tive trait loci (IVeQTL; eQTLGen consortium) and protein QTL (IVpQTL; UK Biobank). PD associations were examined using the largest 
available genome-wide association study from the International Parkinson’s Disease Genomics Consortium, including sex-strati-
fied analyses. Primary analysis utilized inverse variance weighted MR, supplemented by sensitivity analyses, mediation analysis 
via diabetes, and colocalization assessment.
 
Results:
Genetically proxied DPP4 inhibition associated with decreased PD risk: OR (95% CI) = 1.78 (1.21-2.61) for IVeQTL and 1.21 (1.02-
1.45) for IVpQTL. In sex-stratified analysis, the protective effects were more pronounced in males—IVeQTL: 2.25 (1.55-3.28); IVpQTL: 
1.35 (1.15-1.57)—versus non-significant effects in females, indicating sex-specific mechanisms. Results remained robust across 
sensitivity analyses and replicated in independent PD GWAS. Diabetes did not mediate this association, and colocalization pro-
vided modest evidence for shared causal variants only in males.
 
Conclusions:
This drug-target MR approach reveals that DPP4 inhibitors may offer protective effects against PD, particularly in males. The 
observed sex-specific effects underscore the importance of considering biological sex in therapeutic development, though these 
findings require careful interpretation given the inherent limitations of drug-target MR methodology.
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Oral Presentation Session 2 14:26-14:40

O2-5

Phase 1/2a clinical trial of hESC-derived dopaminergic progenitors in Par-
kinson’s disease

Han Kyu NA1, Kyung Won CHANG2, Chan Wook PARK1,3, Do-Hun KIM3,4, Sanghyun PARK3, Chul-Yong PARK3,4, Jang 
Hyeon EOM4, Seung Taek NAM4, Ki-Sang JO4, Mi-Young JO4, Sung Kyoung CHOI4, Hye-Jin HUR4, Sarang KIM4, 
Minseok KIM5, Dae-Sung KIM6, Dong-Youn HWANG7, Myoung Soo KIM8, Inkyung JUNG5, Jongwan KIM4, Myung 
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8Surgery, Department of Surgery, Yonsei University College of Medicine, Seoul, South Korea, Republic of Korea 
9Neurosurgery, Department of Neurosurgery, Korea University Anam Hospital, Seoul, South Korea, Republic of Korea 

Background & Objective:
To evaluate the safety and exploratory efficacy of intraputaminal engraftment of human embryonic stem cell (hESC)-derived do-
paminergic progenitors (A9-DPCs) in patients with Parkinson’s disease (PD). 
While PD has long been considered as a potential candidate for cell replacement therapy, the application has been limited by 
inconsistent results, restricted tissue availability, and quality issues. Recent studies suggest that hESCs may provide a scalable 
source for generating dopaminergic (DA) progenitors with functional properties suitable for therapeutic application in PD.
 
Methods:
This single-center, open-label, dose-escalation Phase 1/2a trial evaluated the safety and exploratory efficacy of A9-DPC, an 
allogenic hESC-derived DA progenitor product. Twelve patients with moderate-to-severe PD were enrolled received bilateral 
transplantation into the putamen of either a low-dose (3.15 million cells, n=6) or a high-dose (6.3 million cells, n=6). The primary 
endpoint was safety and tolerability. Exploratory efficacy endpoints included changes in the MDS-UPDRS score, Hoehn and Yahr 
(H&Y) stage, and 18F-FP-CIT PET imaging at 12 months.
 
Results:
No dose-limiting toxicities or graft-related adverse events were observed in either group. At 12 months, compared with baseline, 
off-medication MDS-UPDRS III scores (low dose: −12.7 ± 8.2; high dose: −15.5 ± 3.6) and H&Y stage (low dose: −1.0 ± 0.6; high 
dose: −1.7 ± 0.5) improved. Motor function improved more in the high-dose group, consistent with a dose-dependent treatment 
effect. These clinical improvements were accompanied by increased 18F-FP-CIT uptake at the graft sites, supporting graft survival 
and functional DA activity.
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Conclusions:
Intraputaminal transplantation of A9-DPC was safe and demonstrated clinical benefit over 12 months, providing preliminary 
evidence that this approach may offer a promising therapeutic strategy for improving motor symptoms in PD (ClinicalTrials.gov 
number, NCT05887466).
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Parallel Session 8. Palliative Care in Parkinson's Disease: Balancing Treatment and Support         15:00-15:20

S8-1

Current Status of Neuropalliative Care for Parkinsonism: For Successful
Integration in Korea

Sooyeoun YOU
Department of Neurology, Seoul Medical Center, Republic of Korea

Neuropalliative care (NPC) has become an important component in the management of Parkinson’s disease (PD) and related 
parkinsonian disorders. Traditionally linked to end-of-life settings, NPC is now understood as an early, integrated approach that 
addresses both motor and non-motor symptoms. These include tremor, rigidity, bradykinesia, pain, psychiatric and autonomic 
disturbances, sleep problems, communication difficulties, and progressive functional decline. Early application of NPC improves 
quality of life, enhances symptom control, facilitates advance care planning, and reduces caregiver burden. Effective delivery 
requires collaboration among neurologists, palliative specialists, rehabilitation professionals, and psychosocial support teams.

The long disease course of PD, often exceeding 10–20 years, highlights the need for supportive care elements in addition to 
traditional palliative interventions. Supportive care includes ongoing psychological support, caregiver education, social resource 
navigation, and measures to preserve autonomy and dignity. These dimensions ensure continuity of care throughout the chronic 
trajectory of PD.

Internationally, NPC models are being implemented in movement disorder clinics, with benefits for patient satisfaction and care-
giver outcomes. However, adoption remains variable due to healthcare infrastructure, workforce training, reimbursement, and 
cultural views. In Korea, awareness is growing, but barriers include fragmented services, insufficient specialist education, and 
the lack of standardized pathways. The government-led insurance system, while equitable, creates rigid regulations that slow the 
adoption of new care models. Moreover, cultural traditions such as hyo (filial piety) and family-centered decision-making influence 
how advance care planning is approached.

Integration of NPC in Korea will require multidisciplinary training, coordinated care networks, culturally adapted guidelines, and 
reimbursement reform. Combining palliative and supportive elements is essential to achieve patient-centered care and improve 
outcomes for both patients and caregivers.

210
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Parallel Session 8. Palliative Care in Parkinson's Disease: Balancing Treatment and Support         15:20-15:40

S8-2

Exploring Unmet Needs in Neuropalliative-Supportive Care for Parkinson’s 
Disease: Perspectives from Patients, Caregivers, and Physicians in Korea

Chan Young LEE
Department of Neurology, Ewha Womans University Mokdong Hospital, Republic of Korea

Parkinsonism, especially Parkinson’s disease (PD), is a progressive neurodegenerative disorder whose prevalence continues to 
rise globally with population aging. In addition to the cardinal motor manifestations, patients experience a wide range of non-mo-
tor symptoms that exert a profound negative impact on quality of life and substantially contribute to caregiver burden. Palliative 
care, originally developed in oncology, has expand into chronic neurological conditions. However, recent international surveys, 
such as one conducted among Movement Disorder Society (MDS) members in 2021, illustrate both the growing recognition of 
palliative care and persistent barriers to implementation in movement disorders. Although 89% of respondents reported access 
to multidisciplinary teams, major barriers included an inadequate workforce (62%), the oncology-centric model of palliative care 
(56%), and limited familiarity with neurological conditions among palliative specialists. Only 12% of respondents had formal 
training in palliative care, reflecting both opportunities and challenges for global implementation. Theses finding provide the 
international background for our Korean study.

To assess perceptions in the Korean context, a multicenter cross-sectional survey was conducted with 112 patients, 110 care-
givers, and 61 physicians. Structured questionnaires assessed participants’ prior awareness of palliative care and their attitudes 
toward neuropalliative approaches. Caregiver burden was evaluated using the validated Korean version of the Parkinson’s Dis-
ease Questionnaire-Carer (PDQ-Carer), which was specifically developed to assess the multidimensional burden of caregivers of 
patients with parkinsonism.

Awareness of palliative care varied markedly among groups: only 31.3% of patients and 27.5% of caregivers were aware of 
the concept, compared with 90.2% of physicians, highlighting a marked awareness gap. Despite this awareness gap, attitudes 
towards neuropallative care were favorable. Caregivers were stratified into two groups based on the mean PDQ-Carer score: 
a low-burden group and a high-burden group. Patients in the high-burden group had longer disease duration, poorer cognitive 
function, more advanced Hoehn and Yahr stages, and higher levodopa equivalent daily doses (LEDD). In addition, caregiving du-
ration was longer among caregivers with higher burden. To identify determinants of caregiver burden, linear regression analysis 
was conducted. Caregiver demographics (age, sex, education level) were not significantly associated with PDQ-Carer scores. In 
contrast, caregiving duration, patient cognitive decline, Hoehn and Yahr stage, LEDD, and disease duration were correlated with 
caregiver burden. However, in multivariable analysis, only patient disease duration remained a significant determinant (B=2.048, 
95% CI 0.083-4.012, p = 0.041). These findings highlight that caregiver stress is driven primarily by disease-related and contextual 
factors rather than demographic characteristics.
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Beyond traditional surveys, innovative approaches are needed to address unmet needs. Our Special Interest Group (SIG) devel-
oped a study to explore the role of generative artificial intelligence (AI) in supporting patient counseling. A set of 100 commonly 
asked patient and caregiver questions was compiled and entered into leading generative AI platforms. Responses were evaluated 
by neurologist with expertise in Parkinsonism. This study, demonstrated both the promise and limitations of AI tools. While they 
may supplement patient education and support, ongoing expert oversight remains essential to ensure accuracy and safety.

In conclusion, neuropalliative-supportive care in Parkinsonism is urgently needed but remains under-implemented. Both interna-
tional and Korean data reveal an substantial awareness gap between physicians and patients/ caregivers, while caregiver burden 
in primarily influenced by disease progression, particularly disease duration. Importantly, although palliative care has historically 
been oncology-based, our findings emphasize that neuropalliative care should be introduced much earlier in the disease course, 
rather than being reserved soley for the terminal stage. By integrating structured education, systematic counseling, and innova-
tive tools such as AI, neuropalliative-supportive care can evolve into a proactive model that addresses unmet needs from the time 
of diagnosis, ultimately improving quality of life for patients and their caregivers.
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Parallel Session 8. Palliative Care in Parkinson's Disease: Balancing Treatment and Support         15:40-16:00

S8-3

Home-Based Care for Advanced Parkinsonism

Sun Young LEE
Public Healthcare Center, Seoul National University Hospital, Republic of Korea

With an aging population and advancements in medical technology, the number of people living with mobility impairments from 
neurodegenerative diseases, such as Parkinson's disease, is increasing. Patients with advanced neurodegenerative diseases 
spend a significant portion of their illness trajectory at home, facing numerous challenges including high symptom burden, func-
tional decline, and limited access to timely medical service. These difficulties can lead to increased suffering for patients and 
their caregivers, as well as increased preventable hospital visits due to condition exacerbation.

To address the growing population of patients with mobility impairments, various home-based medical care (HBMC) models are 
emerging. In South Korea, a Home-Based Primary Care pilot program for patients with chronic conditions treating in primary 
care clinic as launched in 2018, followed by the Long-Term Care Home Medical Center pilot program in 2023. However, services 
specifically for advanced neurodegenerative diseases remain insufficient.

Patients with advanced neurodegenerative diseases require a HBMC model that can provide not only appropriate symptom man-
agement but also timely advance care planning for patients and caregivers as the disease progresses. A targeted HBMC model 
for patients with advanced neurodegenerative diseases should aim to provide individualized care through close collaboration with 
a medical team, enhance continuity of care, reduce avoidable hospital utilization, and improve the experience of both patients 
and caregivers.

In this lecture, based on our experience with a hospital-based HBMC model at a tertiary hospital in Korea, we aim to explore an 
HBMC model that can provide appropriate neuropalliative care for patients with advanced neurodegenerative diseases.
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Parallel Session 10. Tremor: From Pathophysiology to Clinical Practice       16:30-16:50

S10-1

Pathophyiology in Essential Tremor : Lessons From Animal Study

Ming-Kai PAN
Department of Medical Research, National Taiwan University Hospital, Taiwan

Essential tremor (ET) is a disease entity with various etiologies. Despite the complexity of pathogenesis, all ET patients share 
a common symptom: an action tremor, defined by involuntary rhythmic movement. Specifically, tremor can be mathematically 
described by two features, tremor amplitudes and tremor frequencies. In this talk, we will apply state-of-the-art neural dynamic 
approaches in awake behaving mice to illustrate how tremor frequencies and amplitudes are ensembled in the brain. We will 
further describe how different patterns of neuronal synchrony can affect the circuitry dynamics of tremor, therefore leading to 
differential responses to ET medications. Finally, we will come back to patients and show how these frequency and amplitude 
coding mechanisms can facilitate novel drug design and therapies in ET.
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Department of Medical Research: 2015~2019, 

Honors

2024 Wu Ho-Su TBF Medical Award, Taiwan Bio-developmental Foundation
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S10-2

Pathophysiology of Dystonic Tremor: Lessons from Imaging and Stimulation 
Studies

Pattamon PANYAKAEW
1Chulalongkorn Centre of Excellence for Parkinson’s Disease & Related Disorders, Department of Medicine, Faculty of Medicine, 
Chulalongkorn University and King Chulalongkorn Memorial Hospital, Thai Red Cross Society, Bangkok, Thailand.

Currently, the MDS Tremor Expert Panels have categorized the movements accompanying dystonia into two types: (1) regular, 
sinusoidal movements consistent with “tremors in dystonia”, and (2) irregular, jerky, non-oscillatory movements, known as “jerky 
dystonia”. Tremor in dystonia is a regular oscillatory movement that occurs in either dystonic or non-dystonic body parts. The term 
“dystonic tremor”, characterized by irregular tremor in the dystonic body regions, and “tremor associated with dystonia”, where 
tremor exhibits in the non-dystonic part, have been discouraged due to a lack of clarity. Jerky dystonia differs from tremor in 
dystonia, as it is characterized by slow jerks that exhibit variable amplitude and direction, occurring either concurrently or against 
dystonic muscle co-contraction. 

Tremor in dystonia has also been previously described as irregular tremor, characterized by inconsistency in frequency while main-
taining the fundamental oscillatory nature. This can be demonstrated by a higher frequency spread throughout the registration, 
a larger bandwidth at the half-power point of the power spectrum (HBW), and an increased tremor stability index in patients 
with any tremulous-like movements in dystonia compared to essential tremor. However, it required further neurophysiological 
studies focusing on the true rhythmic oscillatory movements or tremor in dystonia. Additional neurophysiological characteristics 
of dystonia, including phasic EMG co-contractions with variable durations, may contribute to the irregular appearance of tremor 
in dystonia.

The pathophysiology of tremor in dystonia is widespread, involving the cerebello-thalamo-cortical pathway (CTC) and the basal 
ganglia-thalamo-cortical (BG-TH-C) networks. Impaired cerebellar conditioning and motor adaptation, reduction of cerebellar 
inhibition to the motor cortex, modulation of tremor amplitude with transcranial alternating current stimulation at the cerebellum, 
and dysfunction of the functional connectivity of the CTC pathway support the primary involvement of cerebellar networks or 
cerebellar decoupling hypothesis. The BG-TH-C networks may interact with the CTC pathway to contribute to tremor genesis in 
dystonia, as demonstrated by the involvement of the dentato-rubro-thalamic and pallidothalamic pathways in tremor-related ac-
tivities from functional imaging studies. In addition, the optimal DBS target for tremor improvement in dystonia was the Ventralis 
Oralis Posterior Nucleus of the thalamus, which receives the connections from these two pathways, emphasizing the significant 
network dysfunction in both CTC and BG-TH-C circuits.
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S10-3

Essential Tremor Plus: Is It a Clinically Relevant Concept?

Do-Young KWON
Department of Neurology, Korea University College of Medicine, Ansan Hospital, Republic of Korea

The classification of Essential Tremor Plus (ET Plus) was introduced by the International Parkinson and Movement Disorder Soci-
ety in 2018 as part of a revised tremor classification framework. ET Plus is defined as typical essential tremor (ET) with additional 
"soft neurological signs" that do not fulfill criteria for an alternative diagnosis. This classification aims to better represent the 
phenotypic heterogeneity observed within ET subjects, challenging the traditional view of ET as a monosymptomatic, benign 
disorder. This concept, however, has generated significant controversy in clinical and research communities due to its ambiguity, 
lack of biological validation, and potential for diagnostic instability. Accumulating clinical, neurophysiological, and neuroimaging 
data have offered divergent perspectives regarding ET Plus. Some studies indicate that ET Plus may constitute a distinct subtype 
within the ET spectrum, often associated with greater disease severity and accelerated progression. Conversely, other evidence 
suggests that ET Plus may reflect an early or prodromal phase of overlapping neurodegenerative conditions such as Parkinson’s 
disease or cerebellar ataxias. A critical limitation lies in the subjective nature of the additional neurological signs defining ET Plus, 
which suffer from variability in clinical assessment and lack standardized evaluation protocols. Moreover, inconsistent biomarker 
findings further complicate efforts to reliably distinguish ET Plus from classical ET or related disorders.

The incorporation of ET Plus into clinical and research frameworks introduces methodological challenges, including heterogeneity 
in diagnostic criteria application and the potential inflation of ET prevalence estimates, thereby complicating epidemiological 
analyses and clinical trial designs. Given these uncertainties, it remains unclear whether the designation of ET Plus contributes to 
improved patient stratification, prognostication, and therapeutic decision-making, or whether it introduces diagnostic ambiguity 
without clear clinical benefit.

This lecture will provide a comprehensive and critical appraisal of the current evidence concerning ET Plus, with emphasis on its 
various pathophysiological basis, clinical characterization, and implications for treatment strategies. By presenting a balanced 
analysis of the strengths and limitations of the ET Plus concept, this discussion aims to equip movement disorder specialists with 
an informed perspective to guide both clinical management and future research endeavors. Further, there is a critical need for 
refinement of the tremor classification system with incorporation of objective biomarkers and clearer clinical thresholds.

Keywords:
Essential Tremor, ET Plus, Tremor Classification, Soft Neurological Signs, Phenotypic Heterogeneity
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Ataxia

P-001

Case Report of Spinocerebellar Ataxia 13 Present-
ing with Pure Cerebellar Ataxia

SANGMIN PARK

Department of Neurology, Chungnam National University Sejong 
Hospital, Sejong, Republic of Korea 

Introduction:
Spinocerebellar ataxia 13 (SCA13) is a rare cause of autoso-
mal-dominant cerebellar ataxia, which is caused by a heterozy-
gous mutation in the KCNC3 gene, which results in voltage-gated 
potassium channel dysfunction. SCA 13 should be considered in 
individuals with the following age-related phenotypes. In cases of 
childhood-onset SCA13, the patient is characterized by progres-
sive ataxia with occasional cognitive decline and/or seizures. We 
report the SCA13 patient who demonstrated childhood-onset pure 
cerebellar ataxia.
 
Case:
A 17-year-old woman visited our clinic with progressive tremor 
and dysarthria started in her early teens. Developmental delays 
or seizures were denied. Her mother also exhibited the tremor 
and gait unsteadiness. Neurological examination revealed cere-
bellar-type dysarthria, hypermetric saccades, and limb ataxia. The 
Scale for the Assessment and Rating of Ataxia (SARA) score was 
2.5. Other neurological abnormalities, such as pyramidal or ex-
trapyramidal signs or sensory loss, were not observed. The deep 
tendon reflex was hyporeflexia on the right side. Cognition was 
grossly intact. She could walk independently and perform most of 
the activities in daily life.
 
Discussion:
Brain magnetic resonance imaging (MRI) demonstrated diffuse 
cerebellar atrophy; the brainstem and middle cerebellar peduncles 
were relatively preserved. Genetic tests for SCA1, SCA2, SCA3, 
SCA6, SCA7, SCA8, SCA17, and dentatorubral-pallidoluysian at-
rophy were normal. Next-generation sequencing using an ataxia 
panel identified a pathogenic variant, c.1268G>A (p.Arg423His) in 
the KCNC3 gene. 3-years later, Her symptoms slightly got worse 
and the SARA score was 5. The brain MRI also showed mildly 
progressive cerebellar atrophy than the previous study.

P-002

Effects of Home-Based, Remotely Supervised, Cer-
ebellar Transcranial Direct Current Stimulation in 
Cerebellar Variant of Multiple System Atrophy

Young Eun HUH1, Jonghyun AHN2, Jinyoung YOUN2, 
Jinwhan CHO2

1Neurology, CHA Bundang Medical Center, CHA University, 
Seongnam-si/Gyeonggi-do , Republic of Korea 
2Neurology, Sungkyunkwan University School of Medicine, Samsung 
Medical Center, Seoul, Republic of Korea 

Background & Objective:
Cerebellar variant of multiple system atrophy (MSA-C) is a lead-
ing cause of sporadic degenerative ataxia, for which either dis-
ease-modifying therapies or effective symptomatic treatments 
are currently unavailable for. The aim of this work was to examine 
whether home-based, remotely supervised transcranial direct cur-
rent stimulation (tDCS) targeting cerebellum can improve motor 
and cognitive symptoms in patients with MSA-C.
 
Methods:
We performed a double-blind, randomized, sham-controlled trial 
with 84 sessions (for 12 weeks) of daily home-based cerebellar 
tDCS (2 mA for 20 minutes) in 26 patients with MSA-C. All partici-
pants underwent a clinical assessment (International Cooperative 
Ataxia Rating Scale, Montreal Cognitive Assessment, cerebellar 
cognitive affective syndrome (CCAS) scale, velocity and cadence 
of gait, sway area). A follow-up evaluation was conducted at a 
day, one month, and four months after the stimulation period. 
Repeated measures analysis of variance was conducted for each 
outcome with Visit as a within-subjects factor and Group (active 
vs. sham tDCS group) as a between-subjects factor.
 
Results:
We observed significant Visit x Group interactions for % chang-
es in ICARS (F=5.22, P =0.003, η²=0.085), CCAS scale (F=4.11, P 
=0.010, η²=0.074), and gait velocity (F=9.654, P <0.001, η²=0.182).
 
Conclusions:
A 12-week treatment with home-based, remotely supervised cer-
ebellar tDCS reduces cerebellar motor and cognitive symptoms 
in individuals with MSA-C, suggesting a promising therapeutic 
option. This study provides Class II evidence that home-based, re-
motely supervised cerebellar tDCS is effective and safe in MSA-C.
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P-003

Isolated Anti -Yo Antibody Associated Paraneo-
plastic Cerebellar Degeneration: A Case Report

Enkhjargal MANJIILAA1, Bolortsetseg BATSAIKHAN2

1Neurology Department, Mongolia-Japan Hospital, Mongolian 
National University of Medical Sciences, Ulaanbaatar, Mongolia
2Neurology Department, Mandir med Hospital, Ulaanbaatar, Mon-
golia

Introduction:
We report the first patient in Mongolia with paraneoplastic cere-
bellar degeneration (PCD) who fulfilled the diagnostic criteria for 
multiple system atrophy (MSA) and showed a favorable response 
to immunotherapy. 
 
Case:
The patient was a 56-year-old man who was diagnosed with clini-
cally probable MSA, exhibiting cerebellar ataxia, pyramidal signs, 
and autonomic dysfunction. His clinical course was rapidly pro-
gressive, requiring a wheelchair within a year. Cerebellar atrophy 
with a hot cross bun sign revealed on head magnetic resonance 
imaging. The patient was referred to a hospital in Beijing where 
paraneoplastic Anti-Yo antibody (known as Purkinje cytoplasmic 
antibody 1) was detected. Although whole-body positron emis-
sion tomography and tumor markers were negative, a diagnosis of 
PCD was made. Following the initiation of five administrations of 
Methylprednisolone pulse therapy, the patient had a substantial 
stabilization and partial improvement in some of his neurological 
symptoms.
 
Discussion:
The pathogenesis of PCD is not fully understood, but it is be-
lieved to result from autoimmunity against antigens expressed 
by both the underlying tumor and normal neural tissue, leading 
to destruction of cerebellar neurons. Anti-Yo antibodies are con-
sidered high-risk markers for severe paraneoplastic syndromes, 
most commonly associated with breast and ovarian carcinomas. 
The majority of PCD cases with Anti-Yo antibodies are reported 
in women. Only two cases of Anti-Yo-positive PCD have been 
reported in men, both associated with lung adenocarcinoma. In 
conclusion, although onconeural antibody testing is not yet well 
established in our country, it is crucial to consider that treatable 
cerebellar ataxia may exist among patients meeting the diagnos-
tic criteria for MSA  Therefore, testing for antineuronal antibodies 
and cancer screening are essential. The moderate therapeutic 
response in this case suggests that early immunotherapy can be 
highly valuable in reversing or stabilizing neurological deficits.
 

Figure

Keywords 
Paraneoplastic cerebellar degeneration, Multiple system atrophy, 
anti-Yo antibody, Metylprednizolone

 

P-004

Progressive White Matter Abnormalities on MRI 
Reveal SYNE1-Related Pure Cerebellar Ataxia: A 
Diagnostic Mimic of Demyelinating Disease 

Maria Kathleen Angela S. MABULAY, Redentor R. II 
DURANO, Gerard Raimon M. SARANZA

Neurology, Chonghua Hospital Fuente, Cebu City , Philippines

Introduction:
SCAR8 is a rare neurogenetic disorder caused by SYNE1 gene 
mutations, leading to progressive cerebellar ataxia. This case 
report describes a 38-year-old Filipino female with worsening 
neurological symptoms over a decade.  Extensive investigations 
ruled out acquired causes, and genetic testing confirmed SCAR8.  
The patient exhibited classic cerebellar signs without cognitive 
decline or extracerebellar involvement. Symptomatic and multi-
disciplinary management provided partial relief but did not stop 
disease progression.  The case emphasizes the importance of ear-
ly genetic testing in progressive cerebellar syndromes and high-
lights the need for supportive care to optimize outcomes. 
 
Case:
A 38-year-old Filipino female experienced a decade-long progres-
sion of neurological symptoms, including diplopia, blurred vision, 
dysarthria, upper limb incoordination, and gait imbalance.  Initial 
symptoms began in 2014, worsening over time to severe motor 
impairment by 2024.  Extensive evaluations ruled out acquired, 
metabolic, autoimmune, and infectious causes. Serial MRIs 
showed progressive abnormalities in the brainstem, cerebellum, 
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Figure

 
Figure

and spinal cord, initially suggesting multiple sclerosis or other de-
myelinating diseases, but these were excluded.  Genetic testing 
identified compound heterozygosity in the SYNE1 gene, confirm-
ing SCAR8.  The patient exhibited classic cerebellar signs, such 
as scanning speech, nystagmus, dysmetria, and ataxic gait, with-
out cognitive decline or significant extracerebellar involvement.  
Management included medications, botulinum toxin injections, 
and rehabilitative therapies, which provided partial symptomatic 
relief but did not halt disease progression.  This case underscores 
the diagnostic complexity of SCAR8 and the importance of genetic 
testing in progressive cerebellar syndromes. 
 
Discussion:
SCAR8 is a rare autosomal recessive spinocerebellar ataxia 
caused by SYNE1 gene mutations, leading to progressive cere-
bellar dysfunction.  It typically presents in early adulthood with 
symptoms like gait ataxia, dysarthria, nystagmus, and intention 
tremor, without cognitive decline or significant extracerebellar 
involvement.  Diagnosis relies on genetic testing, supported by 
clinical and MRI findings of cerebellar atrophy.  Management fo-
cuses on symptom control through a multidisciplinary approach, 
including physical, occupational, and speech therapy, along with 
medications for spasticity. While life expectancy is not reduced, 
SCAR8 causes significant disability over time, emphasizing the 
need for early diagnosis, genetic counseling, and supportive care.  
Research into gene-targeted therapies is ongoing, but current 
treatments aim to improve quality of life. 
 
Figure
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Discussion:
This case expands the clinical spectrum of HAYOS by highlight-
ing predominant cerebellar ataxia and tremor, as well as severe 
osteoporosis. The diagnostic process emphasizes the importance 
of considering deep intronic variants in unresolved hereditary 
ataxia, and of judicious interpretation of variants of uncertain 
significance.
 
Figure

Figure

Keywords 
Cerebellar ataxia, Genetics, Whole genome sequencing, Heredi-
tary ataxia, Intronic variant

Keywords 
Cerebellar Ataxia , SCAR 8 , SYNE1, White Matter abnormalities, 
Leukodystrophy 

P-005

Novel ATAD3A Intronic Variant: Harel-Yoon Syn-
drome with Predominant Cerebellar Ataxia and 
Osteoporosis

Yoon Seob KIM1, Sugyeong PARK2, Don Gueu PARK2, 
Young Bae SOHN3, Jung Han YOON2

1Department of Biomedical Informatics, Ajou University School of 
Medicine, Suwon, Republic of Korea 
2Department of Neurology, Ajou University School of Medicine, 
Suwon, Republic of Korea 
3Department of Medical Genetics, Ajou University School of Medi-
cine, Suwon, Republic of Korea 

Introduction:
Harel-Yoon syndrome (HAYOS) is a rare autosomal recessive 
neurodevelopmental disorder caused by biallelic variants in the 
ATPase family AAA domain-containing protein 3A (ATAD3A) gene. 
Reported phenotypes include global developmental delay, hypoto-
nia, spasticity, hypertrophic cardiomyopathy, optic atrophy, epilep-
sy, and early mortality.
 
Case:
We report a 33-year-old male who presented with progressive 
dysarthria, hand tremor, and ataxic gait beginning in adolescence. 
Brain MRI revealed disproportionate cerebellar atrophy, and bone 
densitometry demonstrated severe osteoporosis. His past history 
included recurrent fractures from minor trauma and spontaneous 
hemopneumothorax. Two of his younger dizygotic twin brothers 
also exhibited neurological manifestations: one with congenital 
cortical dysplasia, epilepsy, severe intellectual disability, and 
short stature; the other with tremor, ataxic gait, osteoporosis, and 
gaze abnormalities. Whole exome sequencing identified variants 
of uncertain significance in ATAD3A and MAPK8IP3. Segrega-
tion analysis revealed paternal inheritance of ATAD3A variant 
(NM_001170535.3:c.980G>C) but did not initially support patho-
genicity, because the father was an asymptomatic carrier. Sub-
sequent whole genome sequencing revealed an additional deep 
intronic ATAD3A variant (NM_001170535.3:c.751-560C>T), which 
was maternally inherited, establishing compound heterozygosity 
and confirming Harel-Yoon syndrome in the proband and affected 
siblings.
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rogate achieved AUROC 0.79 (95% CI 0.74-0.85) and 0.71 under 
leave-dataset-out.
 
Conclusions:
Linking sudden ataxia worsening to loss of Purkinje network sta-
bility, the model identifies individualized rescue windows and 
dosing thresholds, and provides a 10-gene blood surrogate to 
guide treatment and monitoring. 
 
Keywords 
Ataxia, Purkinje, Mathematical modeling, Mitophagy, Biomarker

P-007

Wandering Eyes, Wavering Steps: A Novel Ho-
mozygous SQSTM1 Variant in Filipino Adolescent 
with Childhood-Onset Ataxia, Dystonia, and Gaze 
Palsy

LOWRENCE PRECIOUS DICHOSO1, CHIN-HSIEN LIN2, 
GERARD SARANZA1,3,4,5

1ADULT NEUROLOGY, PHILIPPINE GENERAL HOSPITAL, MANILA, 
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Introduction:
Objective: To present a genetically confirmed case of child-
hood-onset neurodegeneration with ataxia, dystonia, and gaze 
palsy (NADGP) associated with a novel homozygous SQSTM1 
variant in the Philippines.

Background: NADGP is an autosomal recessive disorder typically 
caused by biallelic loss-of-function SQSTM1 variants, manifest-
ing with progressive ataxia, vertical gaze palsy, and hyperkinetic 
movements.
 
Case:
Methods: A 17-year-old Filipino female presented with progres-
sive gait imbalance, oculomotor apraxia, choreoathetosis, dysto-
nia, and cognitive impairment. The diagnostic workup included 
evaluation for acquired ataxia, neuroimaging, and whole-exome 
sequencing.  
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Background & Objective:
Ataxia can remain stable for years before abrupt decline, re-
flecting Purkinje network instability. We developed a multiscale 
mathematical model that maps single-cell cerebellar changes to 
vulnerability trajectory, estimates rescue windows before failure, 
and provides 10-gene blood surrogate for monitoring and strati-
fication.
 
Methods:
We combined single-nucleus cerebellar trajectories from spi-
nocerebellar ataxia type 1 (GSE246183), patient-derived neurons 
with DNMT1 mutation and paired methylome/transcriptome 
(GSE126890), NAD-linked mitophagy perturbation (GSE152289), 
and an FXTAS blood cohort to train a 10-gene panel (GSE48873; 
directionality check GSE48902). The model couples epigenetic 
drift (stochastic), mitochondrial health and mitophagy (three-com-
partment dynamics), and a Purkinje network stability score driven 
by cumulative cellular stress. Model states align to the single-cell 
trajectory via pathway/regulon embeddings with domain-adver-
sarial correction. Validation used bootstrap CIs, leave-dataset-out 
testing, model ablations, and early-warning analysis.
 
Results:
The vulnerability trajectory matched pseudotime (r=0.63, 95% 
CI 0.57-0.69; calibration slope 0.87, 95% CI 0.79-0.95). Neurons 
showed higher vulnerability with a synaptic-program decline 
-0.37 SD (p=2.4×10-3) and an epigenetic change rate 0.028 (95% 
CI 0.020-0.036). Early-warning signals anticipated loss of stability 
7.8 months (IQR 5.6-10.0). Simulated therapy (+25% mitophagy 
clearance, +10% epigenetic support) restored stability in 47% 
(95% CI 40-54) with vulnerability improvement 0.13 (95% CI 0.08-
0.18) and correlation with nicotinamide adenine dinucleotide 
signature reversal r=0.50 (95% CI 0.38-0.60). 10-gene blood sur-
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Methods:
HBAO was isolated and characterized using standard spectro-
scopic methods. Parkinsonism was induced in Wistar rats using 
rotenone administration for 28 days. HBAO was administered 
orally at graded doses for the duration of the study. Behavioral pa-
rameters, including locomotor activity, rotarod performance, and 
catalepsy tests, were assessed. Biochemical markers of oxida-
tive stress (MDA, SOD, catalase) and pro-inflammatory cytokines 
(TNF-α, IL-1β) were measured. 
 
Results:
HBAO treatment significantly improved behavioral performance 
compared to rotenone-treated controls (p<0.05). Biochemical 
analyses demonstrated reduced lipid peroxidation and restoration 
of antioxidant enzyme activities. Furthermore, HBAO attenuated 
neuroinflammatory cytokine levels and preserved tyrosine hydrox-
ylase-positive neurons in the substantia nigra.
 
Conclusions:
2β-hydroxybetulinic acid 3β-oleiate (HBAO) isolated from Euryale 
ferox Salisb. exhibits substantial neuroprotective activity in a ro-
tenone-induced model of Parkinson’s disease, likely through its 
antioxidant and anti-inflammatory mechanisms. These findings 
support HBAO as a promising candidate for further development 
in Parkinson’s disease therapeutics.
 
Keywords 
2β-hydroxybetulinic acid 3β-oleiate, Parkinson Disease, Euryale 
Ferox Salisb.
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Background & Objective:
Neuroinflammatory signalling is a key but incompletely charted 
contributor to Parkinson’s disease (PD). We aimed to integrate 
network transcriptomics and structure-based ligand discovery 
to pinpoint upstream regulators and identify readily translatable 
small-molecule inhibitors that could jointly restrain microglia-driv-
en neuroinflmmation

Discussion:
Results: Genetic analysis revealed a novel homozygous frame-
shift SQSTM1 variant (c.247_248insA; p.Leu83TyrfsTer11), not 
previously reported in ClinVar. The patient was started on leveti-
racetam, memantine and coenzyme Q10. Rehabilitation was also 
initiated for supportive care. 

Conclusions:
This report expands the clinical and genetic spectrum of NADGP 
and highlights the utility of exome sequencing in early-onset 
movement disorders. The absence of cerebellar atrophy in this 
case broadens the recognized neuroradiologic profile of NADGP. 
Identification of this novel variant contributes to global geno-
type-phenotype correlations.   
 
Keywords 
SQSTM1 VARIANT, CHILDHOOD-ONSET NEURODEGENERATION 
WITH ATAXIA, DYSTONIA, AND GAZE PALSY (NADGP), DYSTO-
NIA, FILIPINO AATAXIA, HYPERKINETIC MOVEMENT DISORDER
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative disor-
der characterized by dopaminergic neuronal loss in the substantia 
nigra, accompanied by oxidative stress and neuroinflammation. 
The search for neuroprotective agents with antioxidant and an-
ti-inflammatory properties is of paramount importance. Euryale 
ferox Salisb., known for its ethnomedicinal value, yields 2β-hy-
droxybetulinic acid 3β-oleiate (HBAO), a triterpenoid derivative 
with promising pharmacological potential. This study evaluates 
the neuroprotective effects of HBAO in an experimental model of 
Parkinson’s disease
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uate the neuroprotective effect of cyclobenzaprine by targeting 
necroptosis in PD.
 
Methods:
In vivo and in vitro models of PD were employed using 6-OHDA-le-
sioned rats and MPP⁺-treated SH-SY5Y cells. Cyclobenzaprine 
was administered at optimized doses, and neuroinflammatory 
markers (TNF-α, IL-1β, IL-6), necroptotic pathway components 
(TLR4, TRIF, RIPK1, MLKL), and dopaminergic neuron survival (TH 
expression) were assessed using ELISA, Western blotting, qRT-
PCR, and immunohistochemistry. Motor function was evaluated 
through rotarod and open field tests.
 
Results:
Cyclobenzaprine treatment significantly attenuated neuroin-
flammation by reducing pro-inflammatory cytokine levels and 
downregulating TLR4 and TRIF expression. It markedly inhibited 
the activation of RIPK1 and phosphorylation of MLKL, indicating 
suppression of necroptosis. Treated PD models exhibited preser-
vation of tyrosine hydroxylase-positive neurons and demonstrated 
improved motor performance compared to untreated controls
 
Conclusions:
Cyclobenzaprine confers neuroprotection in PD models by modu-
lating necroptotic signaling via the TLR4/TRIF/RIPK1/MLKL path-
way and attenuating neuroinflammation. These findings position 
cyclobenzaprine as a promising therapeutic candidate for mitigat-
ing neurodegeneration in Parkinson’s disease
 
Keywords 
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Background & Objective:
TDP-43-positive inclusions have also been reported to be associ-
ated with the hippocampal CA1 Lewy-body pathology of familial 

Methods:
Differential-expression analysis of the GEO dataset GSE26927 
was coupled with Gene Ontology enrichment, protein–protein 
interaction topology and miRNet interrogation to construct a 
Toll-like-receptor (TLR) signalling interactome. In parallel, a 
high-fidelity homology model of the human P2X7 purinoceptor 
was generated. Over 3,500 plant-derived compounds were virtu-
ally screened through hierarchical docking, MM-GBSA rescoring, 
ADMET filtration and 100-ns molecular-dynamics simulation.
 
Results:
TLR4 ranked as the principal network hub while five microRNAs 
(miR-21-5p, miR-17-5p, miR-93-5p, miR-7-5p and miR-92b-3p) 
formed a dense regulatory core predicted to fine-tune TLR4-driven 
cytokine release. Docking and simulation workflows converged on 
five stable ligands—silychristin, silybin, rosmarinic acid, nordihy-
droguaiaretic acid and aurantiamide—that fit the P2X7 binding 
cavity with ΔG_bind values of –57 to –70 kcal mol-1, maintain 
key hydrogen bonds for >80 % of the trajectory and satisfy oral-
drug ADMET criteria. 
 
Conclusions:
The miRNA–TLR4 axis and P2X7 pyroptotic node emerge as inter-
connected checkpoints within the PD inflammatory landscape. The 
highlighted microRNAs are promising biomarkers or epigenetic le-
vers, whereas the shortlisted phytochemicals provide chemically 
diverse starting points for P2X7 antagonist development, collec-
tively advancing multi-target strategies to slow PD progression.
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order marked by the selective degeneration of dopaminergic neu-
rons and sustained neuroinflammation. Recent studies implicate 
necroptosis—a regulated form of necrotic cell death mediated by 
the TLR4/TRIF/RIPK1/MLKL signaling cascade—as a critical driv-
er of neuroinflammation and neuronal loss in PD. Cyclobenzaprine, 
a centrally acting muscle relaxant, has shown anti-inflammatory 
potential in non-neurological models. This study aimed to eval-
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for TDP43 Proteinopathies
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Background & Objective:
TDP43 proteinopathies are characterized by the pathological ag-
gregation and mislocalization of TDP43 protein. These aberrant 
aggregates disrupt cellular functions and contribute to neurode-
generation. However, the molecular mechanisms driving TDP43 
aggregation remain unclear. HDACs regulate protein acetylation, 
a process implicated in protein aggregation and neurodegenera-
tive diseases. This study aims to elucidate the role of acetylation 
in TDP43 aggregation, particularly focusing on its mislocalization 
and oligomerization dynamics.
 
Methods:
We established a TDP43-BiFC cell model to visualize TDP43 
oligomerization in living cells. Using this system, we examined 
the effects of cellular stress activators and HDAC inhibitors on 
TDP43 aggregation. The localization and aggregation patterns of 
TDP43 were analyzed via fluorescence microscopy, and biochem-
ical characterization of aggregates was performed using WB and 
immunocytochemistry.
 
Results:
Cellular stress activators induced distinct nuclear and cytoplasmic 
TDP43 aggregation patterns, indicating the involvement of multi-
ple stress-dependent pathways in TDP43 pathology. Broad HDAC 
inhibition triggered a time-dependent mislocalization of TDP43 
from the nucleus to the cytoplasm, suggesting that HDAC-regulat-
ed acetylation is crucial for nuclear TDP43 retention. Furthermore, 
HDAC inhibition led to increased cellular acetylation, which pro-
moted the formation of stable, SDS-resistant TDP43 oligomers via 
disulfide-linked aggregation. While phosphorylation was detected 
within these aggregates, findings suggest that disulfide bonding 
plays a primary role in driving aggregation rather than phosphor-
ylation.
 
Conclusions:
Our findings highlight the critical role of acetylation-mediated di-
sulfide-linked aggregation in TDP43 pathology and suggest that 
HDAC inhibition contributes to TDP43 mislocalization and stable 
oligomer formation. Targeting this pathway may provide a novel 
therapeutic strategy for TDP43 proteinopathies.

PD patients bearing a Parkin mutant suggesting that there is like-
ly a link between Parkin and TDP-43. Also, It is known that loss 
of the nuclear RNA binding protein TAR DNA binding protein-43 
(TDP-43) into cytoplasmic inclusions is the strongest correlate 
to neurodegeneration in frontotemporal degeneration (FTD) and 
amyotrophic lateral sclerosis (ALS). TDP-43, TAF15, and FUS are 
DNA/RNA binding proteins, and these lead to neurodegenerative 
disease when inducing cytoplasmic aggregates. Selective expres-
sion of TDP-43 in rat astrocytes also leads to non-cell autono-
mous neuronal toxicity. TDP-43 is ubiquitously expressed in many 
tissues and cell types, including glial cells of the central nervous 
system.  Glycogen Synthase Kinase 3β (GSK3β) is a Serine/Thre-
onine protein kinase that phosphorylate either threonine or serine 
and participates in a variety of cellular processes such glycogen 
metabolism, gene transcription, apoptosis and microtubule sta-
bility. 
 
Methods:
To identify the mechanism of neuroinflammatory induction through 
over-expression of GSK3β in astrocytes using Shaggy which is the 
homolog of GSK3β in drosophila model.  
 
Results:
1. GSK3β / Shaggy enzyme activity was increased in TDP-43-
induced drosophila degenerative model. 2. Inhibition of Shaggy 
restored the abnormal wing posture in TDP-43-induced drosophila 
degenerative model. 3. Inhibition of Shaggy restored the locomo-
tor activity of adult flies in TDP-43-induced drosophila degener-
ative model. 4. Inhibition of GSK3β restored the neuromuscular 
junction defects in TDP-43-induced drosophila degenerative mod-
el. 5. Cytoplasmic TDP-43 was decreased by the knockdown of 
GSK3β 6. Astrocyte-derived TDP43 aggregates are spread and 
propagation to neurons. 
 
Conclusions:
We could see that to regulate GSK3β activity might be weaken 
cystic TDP-43 intermediate neuroinflammatory in degenerative 
diseases.
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Background & Objective:
Different subtypes of neurons in the striatum play a significant 
role in movement and learning by responding to motivational 
stimuli. In Parkinson’s disease (PD), these neurons are linked to 
immobility and levodopa-induced dyskinesia. However, their ac-
tivity patterns in the parkinsonian state and their spatiotemporal 
activity patterns are not well defined. This study therefore set out 
to delineate the changes in cholinergic interneuron dynamics be-
tween healthy and parkinsonian mice to uncover their underlying 
network mechanisms.
 
Methods:
We utilized 8 D1-cre mice, 5 A2a-cre mice, and 7 ChAT-cre and 10 
PV-cre mice. The mice injected with AAV-flex-Gcamp8f virus un-
derwent an open field test (OFT) combined with in-vivo 1-photon 
endoscopic calcium imaging. Subsequently, we performed serial 
tests in a parkinsonian state, which was induced by injection of 
6-OHDA into the right medial forebrain bundle.
 
Results:
Compared to the baseline state, D1, A2a, and PV neurons main-
tained overall significant activation patterns across behavioral 
phases in the Parkinsonian state, but ChAT neurons lost signif-
icant responses during stop, ipsilateral turn, and contralateral 
turn, indicating a selective impairment in movement-related 
signaling under dopamine-depleted conditions. Overall pair-wise 
correlation coefficient was higher in PV then in other cell types 
followed by cholinergic interneurons and medium spiny neu-
rons. Ensemble decoding performance was markedly impaired 
in striatal ChAT, D1, and A2a neurons in parkinsonian state. In 
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Background & Objective:
Dipeptidyl peptidase-4 inhibitors (DPP-4is) have been reported to 
exhibit therapeutic effects in Parkinson’s disease (PD), increasing 
their potential for drug repurposing. One aspect of PD pathogen-
esis is thought to be associated with the gut-brain axis, where 
α-synuclein from the gut is transmitted to the brain via the vagus 
nerve (VN). We explored whether sitagliptin, a DPP-4i, exhibits 
a protective effect in a low-dose rotenone-treated gut-brain ax-
is-associated PD model.
 
Methods:
To explore the effect of sitagliptin, we used the oral rote-
none-treated mouse model, which showed spreading of patholog-
ical α-synuclein from the intestine in a stereotypic manner via the 
VN into the midbrain with motor deficits.
 
Results:
Sitagliptin mitigated rotenone-induced gut inflammation and Toll-
like receptor 2 (TLR2) expression, reduced α-synuclein accumula-
tion in the gut, VN and brain, and lessened neuronal loss in the 
medulla and midbrain with recovery of motor performance. In ad-
dition, sitagliptin suppressed inflammation in response to a TLR2 
agonist and rotenone in macrophages, enteric glial cells, and 
enteroendocrine cell lines in vitro. In STC-1, an enteroendocrine 
cell line, sitagliptin also decreased rotenone-induced endogenous 
α-synuclein levels. The beneficial effects of sitagliptin were main-
tained even under glucagon-like peptide-1 receptor blockade. No-
tably, sitagliptin significantly altered the gut microbiome, shifting 
towards a profile that may counteract PD pathology.
 
Conclusions:
These findings demonstrated that sitagliptin alleviated α-synucle-
in deposition in the gut and brain through modulation of TLR2-me-
diated inflammation and altered the gut microbiome composition 
towards a more favorable profile, which indicates that DPP-4is 
can offer a novel therapeutic avenue for managing PD.
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parkinsonian mouse, there was a significant higher mean velocity 
in stop aligned inhibition (CLOI) compared to random optogenetic 
inhibition.
 
Conclusions:
Different striatal neurons significantly encoded distinct behavioral 
signature; however, we observed a prominent loss of behavioral 
encoding pattern in cholinergic neurons in the parkinsonian state. 
The selective inhibition of the cholinergic neurons during the stop 
phase significantly improved motor dysfunction in the parkinso-
nian state.
 
Figure

Figure
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Background & Objective:
Objective; To identify common neuronal molecular markers be-
tween submandibular gland (SMG) tissue and substantia nigra 
(SN) tissue in patients with Parkinson’s disease (PD). 

Background; Parkinson’s disease (PD), the second most prevalent 
neurodegenerative disorder, is characterized by α-synuclein pa-
thology, a key hallmark of the disease. The molecular mechanisms 
underlying α-synuclein aggregation, particularly in idiopathic PD 
(IPD), remain unclear. Post-translational modifications (PTMs), in-
cluding phosphorylation, ubiquitination, and SUMOylation, have 
been implicated in α-synuclein aggregation. The SMG, anatomi-
cally connected to the brainstem via cranial nerves, exhibits α-sy-
nuclein pathology comparable to that of the SN. We hypothesize 
that RNA signatures in SMG tissue may share molecular biomark-
ers with SN tissue that contribute to α-synuclein aggregation in 
patients with IPD. 
 
Methods:
Total RNA sequencing (RNA-seq) was performed on SMG tissue 
from seven de novo, drug-naïve PD patients and six age- and sex-
matched, disease-free controls. Differentially expressed genes 
(DEGs) from bulk RNA-seq of SMG tissue in PD patients were 
compared with neuronal DEGs from single-nucleus RNA-seq of 
SN tissue obtained from postmortem PD brain datasets.

Results:
Among 20 neuronal DEGs identified in the SN of PD patients, 13 
were also detected in SMG tissue. These genes are involved in di-
verse molecular pathways, including ubiquitin activity, chromatin 
structural regulation, and mitochondrial function.
 
Conclusions:
The identified DEGs may serve as potential molecular markers as-
sociated with PD pathogenesis. Ongoing studies are investigating 
these mechanisms in PD animal models. This work is supported by 
the Global Physician-Scientist Training Program from KHIDI.
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Background & Objective:
Neurodegenerative diseases are hallmarked by amyloidogenic 
protein aggregation. Over the recent years, plant-based com-
pounds have been drawing attention in healthcare system due 
to fewer side effects. Polyphenols are plant-derived compounds 
that have a significant property to reduce amyloidogenic protein 
accumulation. Current study was designed to explore the most 
effective polyphenol in terms of inhibition of α-synuclein (α-syn) 
fibrillation.
 
Methods:
A total of 54 polyphenols were selected from different databas-
es for the study. Different analytical web tools, i.e., OSIRIS and 
Swiss-ADME, were employed for assessing the pharmacokinetic 
properties of selected polyphenols. DoG SiteScorer and CASTp 
web servers projected positions were utilized for the investiga-
tion of the interaction potential between polyphenols and α-syn. 
Based on promising interaction of polyphenols with α-syn amyloi-
dogenic amino acids as well as negative binding energy, protocat-
echuic acid and apigenin were subjected to further in vitro anal-
ysis. First, α-syn was incubated under fibrillation conditions with 
and without polyphenol treatment. In vitro study results, including 
atomic force microscopy (AFM), thioflavin T (ThT) fluorescence 
assay, and proteinase K enzymatic digestion assay, revealed the 
significant inhibition of α-syn fibril formation by protocatechuic 
acid and apigenin.
 
Results:
FTIR spectroscopy indicated the inhibitory effect of protocate-
chuic acid and apigenin through a reduction in β-sheet content. 
Protocatechuic acid was found to be more effective in α-syn fi-
bril-exposed SH-SY5Y cells viability enhancement via promoting 
destabilization of toxic fibrils and forming amorphous nontoxic 
aggregates.

Conclusions:
Protocatechuic acid and apigenin can be utilized for polyphe-
nol-based drug development against synucleinopathies, including 
Parkinson’s disease (PD).
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pathways governing progenitor-to-neuron transitions and provide 
insight into immunogenic features of hESC-derived vmDA neu-
rons. These results will inform strategies to improve the efficiency 
and safety of cell replacement therapies in Parkinson’s disease. 
 
Keywords 
Human embryonic stem cells, Midbrain dopamienrgic neuron, Re-
porter cell line, RNA sequencing
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Background & Objective:
The subthalamic nucleus (STN) is a primary target for deep brain 
stimulation (DBS) in Parkinson’s disease, yet the specific neuro-
nal subtypes within the STN that mediate symptom relief remain 
undefined. Clarifying the precise cell types and circuits involved 
in STN-DBS–induced motor improvement is essential. This study 
aimed to determine the contribution of STN parvalbumin (PV) 
neurons to the alleviation of parkinsonian motor deficits through 
selective neural modulation.
 
Methods:
Using a PV-Cre transgenic mouse line, we targeted PV-express-
ing neurons in the STN. Motor performance was assessed in two 
parkinsonian mouse models (6-OHDA and DAT-PARIS-PV genetic 
model) with the pole test. Optogenetic stimulation (ChR2, 100 Hz) 
was applied unilaterally in the 6-OHDA model and bilaterally in 
the DAT-PARIS model. Cre-dependent (Jx-on) and Cre-indepen-
dent (Jx-off) viral vectors enabled selective manipulation of PV-
STN versus non-PV-STN neurons. Chemogenetic inhibition was 
achieved using FlexON-hM4Di and FlexOFF-hM4Di constructs. To 
further evaluate motor asymmetry, unilateral optogenetic stimula-
tion of PV and non-PV STN neurons was tested with the apomor-
phine rotation assay.
 
Results:
Optogenetic activation of PV-STN neurons significantly improved 
motor performance in both parkinsonian models, while stimu-
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Background & Objective:
Human embryonic stem cells (hESCs) can be differentiated toward 
ventral midbrain dopaminergic (vmDA) neurons by neural induc-
tion followed by Wnt and SHH signaling, generating progenitors 
marked by LMX1A, FOXA2, and EN1. However, maturation into 
functional vmDA neurons remains inefficient, with <50% conver-
sion observed in vitro and in vivo. This study aimed to establish 
a double knock-in (KI) reporter hESC line to trace the maturation 
from DA progenitors to vmDA neurons and to analyze underlying 
molecular pathways, including immune-related expression. 
 
Methods:
A CRISPR/Cas9 or TALEN-based strategy was used to gener-
ate a double KI hESC reporter line: eGFP was inserted into the 
LMX1A locus (progenitor marker) and mCherry into the PITX3 lo-
cus (mature vmDA neuron marker, A9/A10 specific). Differentia-
tion toward the dopaminergic lineage was induced. On day 20, 
eGFP(+) and eGFP(−) progenitor populations were isolated. On day 
34, two subsets were sorted: eGFP(+)/mCherry(+), and eGFP(+)/
mCherry(−). Bulk RNA sequencing was performed to characterize 
transcriptional profiles. 
 

Results:
LMX1A-eGFP(+) cells on day 20 displayed robust enrichment of 
dopaminergic progenitor markers compared to eGFP(−) cells. By 
day 34, PITX3-mCherry(+) cells showed upregulation of genes as-
sociated with neuronal maturation and dopamine synthesis path-
ways, while PITX3-mCherry(−) subsets retained progenitor-like 
features. Transcriptomic analyses revealed distinct trajectories 
of lineage progression and highlighted differential expression of 
immunologically relevant genes, including HLA isoforms, between 
progenitor and neuron populations. 
 
Conclusions:
The double KI reporter line enabled precise tracking of mDA neu-
ron differentiation from hESCs. Our findings dissect molecular 
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative disor-
der affecting 1% of individuals over 60 years. Current diagnostic 
approaches rely on motor symptoms that manifest after substan-
tial (60-70%) dopaminergic neuronal loss, limiting early interven-
tion opportunities. The autophagy-lysosomal pathway (ALP) de-
grades misfolded α-synuclein aggregates, and its dysregulation 
contributes to PD pathogenesis. This study investigated ALP-as-
sociated proteins in peripheral blood mononuclear cells (PBMCs) 
as potential diagnostic biomarkers for early-stage PD detection. 
 
Methods:
We enrolled 37 early-stage PD patients (symptom onset within 
3 years) and 40 age-matched essential tremor controls. PBMCs 
were analyzed for six ALP-associated proteins (ATG5, ATP13A2, 
BAG3, LAMP1, OPTN, p62) using quantitative immunoblotting. 
Autophagic flux was assessed using chloroquine treatment and 
LC3A/B-II accumulation. Lysosomal pH was evaluated using Ly-
soTracker Red DND-99 and flow cytometry. Statistical analyses 
included Mann-Whitney U tests, Spearman’s correlation analysis, 
and ROC curve analysis. 
 
Results:
OPTN levels were significantly reduced in PBMCs from PD pa-
tients compared to controls (p<0.05). Strong positive correlations 
were observed among ALP-associated proteins, including ATG5 
with BAG3 (r=0.817), LAMP1 (r=0.774), OPTN (r=0.871), and p62 
(r=0.829), suggesting coordinated pathway dysregulation. AT-
P13A2 levels positively correlated with UPDRS-III motor scores 
(r=0.356, p=0.042). Autophagic flux showed positive correlation 
with age of disease onset (r=0.428, p=0.010). A multivariate bio-

lation of non-PV STN neurons produced no detectable benefit. 
Similarly, chemogenetic silencing of PV-STN neurons robustly 
modulated motor symptoms, whereas non-PV-STN inhibition had 
no effect. In the apomorphine rotation test, unilateral optogenetic 
activation of PV-STN neurons abolished pathological rotation, an 
outcome absent with non-PV-STN modulation.
 
Conclusions:
These findings demonstrate that bidirectional control of PV-ex-
pressing STN neurons is sufficient to improve parkinsonian motor 
symptoms. Targeting this specific STN subpopulation may inform 
the development of next-generation cell type– and circuit-specific 
DBS strategies for Parkinson’s disease.
 
Figure
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order marked by dopaminergic neuron loss in the substantia nig-
ra. While its etiology is incompletely understood, accumulating 
evidence implicates the gut microbiota in PD pathogenesis. To 
identify microbe-derived factors and host mediators that mecha-
nistically link gut microbial activity to dopaminergic neurodegen-
eration in PD. 

Methods
We combined: (i) microbial genetics using Escherichia coli lacking 
the histone-like nucleoid structuring protein (Δhns); (ii) metabolite 
complementation with methylglyoxal (MG); (iii) in vivo neurode-
generation assays in Caenorhabditis elegans PD models; (iv) hu-
man cohort analyses assessing fecal hns gene abundance in two 
independent PD cohorts; (v) transcriptomics and RNAi screens to 
nominate host mediators; and (vi) cross-species validation, profil-
ing ortholog expression in the substantia nigra of aged mice colo-
nized with Δhns E. coli and in MG-treated human neuronal cells, 
alongside PD patient tissue.

Results
Δhns E. coli conferred neuroprotection in C. elegans PD models; 
this effect was abolished by MG. hns gene abundance was ele-
vated in fecal samples from two independent PD cohorts. Tran-
scriptomic/RNAi analyses identified rig-5 as a key host mediator. 
Mammalian orthologs—particularly LSAMP—were upregulated 
in the substantia nigra of aged mice colonized with Δhns E. coli, 
but downregulated in PD patient SN and in MG-treated human 
neuronal cells. Together, these data delineate an hns–MG–
LSAMP axis connecting microbial activity to host neuronal gene 
regulation and neurodegeneration.

Conclusion
We uncover a cross-kingdom pathway in which microbial hns and 
its metabolite MG modulate host LSAMP signaling to influence 
dopaminergic neurodegeneration. This hns–MG–LSAMP axis pro-
vides mechanistic support for the gut–brain link in PD and sug-
gests testable biomarkers and therapeutic targets.

Keywords
Parkinson’s disease (PD), gut microbiota, histone-like nucleoid 
structuring protein (hns), Escherichia coli (E. coli), methylglyoxal 
(MG), rig-5, LSAMP

marker model combining LAMP1 and OPTN achieved high diag-
nostic accuracy with AUC=0.860, sensitivity=81.8%, and specific-
ity=86.1%. 
 
Conclusions:
ALP-associated proteins in PBMCs, particularly OPTN, exhibit 
dysregulation in early-stage PD patients. The tight correlations 
among ALP components suggest systematic pathway dysfunction 
extending beyond the central nervous system. The LAMP1+OPTN 
biomarker model shows promising diagnostic potential for early 
PD detection, offering a minimally invasive approach for timely 
diagnosis before substantial neurodegeneration occurs. 
 
Keywords 
autophagy-lysosomal pathway, biomarkers, Parkinson's disease, 
peripheral blood mononuclear cells
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
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Conclusions:
Balance analysis with machine learning model could be used as a 
biomarker for early differentiation of PD and MSA-P.
 
Keywords 
Parkinson's disease, Multiple system atrophy, balance, feature 
selection, machine learning 
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Background & Objective:
Parkinson disease (PD) is a progressive neurodegenerative disor-
der with limited therapeutic options. The lack of effective treat-
ments stems partly from the absence of robust biomarkers. This 
study’s objective was to discover novel plasma protein biomarkers 
related to progression and treatment response with a longitudinal 
PD cohort using an integrated approach of advanced proteomics 
and functional genomics.

Methods:
We combined Orbitrap Astral mass spectrometry with Mag-Net, a 
novel method for depleting abundant plasma proteins and enrich-
ing extracellular vesicles. This platform was applied to a longitu-
dinal cohort of 10 PD patients with paired plasma samples collect-
ed at diagnosis and after 2-7 years of disease progression with 
treatment. We used dimensionality reduction and multivariate 
analysis to identify protein signatures. (Fig. 1) We also performed 
a functional genomics screen using a proteome-wide overexpres-
sion library to identify genes that modulate alpha-synuclein pre-
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Background & Objective:
Parkinson’s disease (PD) and multiple system atrophy with parkin-
sonian type (MSA-P) share early motor symptoms, complicating 
early differential diagnosis. Despite differences in progression 
and levodopa response, early differentiation is crucial for treat-
ment planning. Early balance impairment is a potential distin-
guishing marker. We developed a machine learning model using 
balance analysis to differentiate early PD and MSA-P.
 
Methods:
We enrolled 22 healthy controls, 20 PD, and 17 MSA-P patients 
within three years of onset. Participants stood on two indepen-
dent force plates (35×35 cm, accuracy 0.05 cm, 100 Hz) for 60 s. 
Center of pressure (COP) displacement was recorded for each foot 
and overall balance under eyes open (EO) and eyes closed (EC) 
conditions. Eight parameters per condition and EO–EC differences 
were analyzed. Group differences were assessed with ANOVA. 
Feature selection was performed using LightGBM (LGBM), fol-
lowed by model training with 4-fold cross-validation.
 
Results:
Mean ages of healthy controls, PD, and MSA-P patients were 
65.4, 64.2, and 68.8 years, respectively. Mean disease durations 
were 2.4 years for PD and 1.8 years for MSA-P. Mean UPDRS Part 
III scores were 15.2 for PD and 29.3 for MSA-P, and mean Hoehn 
and Yahr stages were 2.0 for PD and 2.9 for MSA-P. Except for 
mean distance in the anteroposterior direction with EO and 95% 
confidence ellipse area with EC, all parameters showed signifi-
cant group differences. Post-hoc analysis revealed significant dif-
ferences between healthy controls and PD/MSA-P in EO, whereas 
in EC, differences were more pronounced between MSA-P and 
PD/healthy controls. The LGBM model achieved 86.4% accuracy 
in classifying healthy controls, PD, and MSA-P, distinguishing PD 
from MSA-P with 71.2% accuracy and healthy controls from pa-
tient groups with 78.2% accuracy. 
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Figure

Figure

Keywords
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Functional genomics

formed fibril uptake.

Results:
Our proteomics workflow identified an unprecedented 6,485 plas-
ma proteins. Dimensionality reduction revealed distinct proteom-
ic signatures that separated samples based on disease stage, 
a separation not possible with conventional proteomic depth. 
Multivariate analysis identified disease progression and levodo-
pa equivalent daily dose (LEDD) as the primary factors influenc-
ing longitudinal proteomic changes. (Fig. 2) Functional genomics 
screening identified novel regulators of PFF uptake, including 
DERL1 (decreased PFF uptake) and NUDC (increased PFF uptake). 
(Fig. 3)

Conclusions:
This study demonstrates an integrated approach to identify new 
biomarkers and provide insights into PD. The identified biomarkers 
associated with both disease progression and levodopa treatment 
have translational potential in both disease monitoring and drug 
development. These findings lay the groundwork for developing 
precision diagnostics and personalized therapeutic strategies for 
Parkinson’s disease.

Figure
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than prodromal multiple system atrophy. The trajectory may re-
flect the heterogeneity in region-specific vulnerability or thresh-
olds against α-synuclein pathology.
 
Keywords 
REM sleep behavior disorder, Neurogenic orthostatic hypoten-
sion, Multimodal markers
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative disor-
der characterized by dopaminergic neuronal loss and alpha-synu-
clein (αSyn) aggregation. Current diagnostic tools, such as clinical 
assessments and dopamine transporter imaging, are limited by 
subjectivity, invasiveness, and low specificity, underscoring the 
need for a reliable blood-based biomarker. This study aimed to 
evaluate the Constant Shake-Induced Conversion (CSIC) assay, a 
novel plasma-based method for detecting αSyn aggregates, fo-
cusing on its diagnostic performance and clinical applicability.
 
Methods:
A total of 138 participants were recruited from two centers: 68 
idiopathic PD patients and 70 healthy controls. Plasma samples 
were analyzed using the CSIC assay, with validation by αSyn de-
pletion, ELISA, and Western blotting. Diagnostic accuracy was 
assessed using receiver operating characteristic (ROC) curve 
analysis.
 
Results:
The CSIC assay detected αSyn seeds at femtogram levels within 
48 hours. It distinguished PD from controls with an area under 
the ROC curve (AUC) of 0.8335 (p < 0.0001), sensitivity of 70.6%, 
and specificity of 92.9%. Reproducibility testing demonstrated 
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Introduction:
We report a patient with 20-year history of isolated REM sleep 
behavior disorder (iRBD) who developed severe neurogenic or-
thostatic hypotension (OH) highlighted by changes in multimodal 
imaging markers, thereby providing a novel insight into the pro-
gression of prodromal synucleinopathy.

Case:
A 64-year-old man presented to our clinic in 2013 with a preceding 
9-year history of dream-enactment behaviors. His symptoms re-
mained stable until 2016, when he began experiencing episodic or-
thostatic dizziness. These symptoms gradually worsened, clinical 
tests at that time were unremarkable. In 2021, OH was confirmed 
by the orthostatic BP tests. The abnormal findings and orthostatic 
symptoms progressed in 2023. At this time, he appeared to show 
mild parkinsonian signs and amnestic mild cognitive impairment 
with multiple domains. Multimodal imaging showed a progressive 
atrophy of central cholinergic nucleus from 2-year’s follow-up and 
over the subsequent 10 years. A mild presynaptic dopaminergic 
terminal loss began to be detected at 4-year’s follow-up. FDG-PET 
based Parkinson’s disease-related pattern expressions showed an 
increase above the cut-off at 8-year’s follow-up.
 
Discussion:
Our observation shows longitudinal trajectories in patients with 
longstanding iRBD, later developed severe neurogenic orthostatic 
hypotension. Markers showed progression of neurodegeneration 
in this case compatible with prodromal Lewy body disease rather 
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mission electron microscopy (TEM). Exosome abundance was 
quantified prior to applying the RT-QuIC assay with an in-house 
recombinant monomeric α-synuclein. We assessed RT-QuIC in 7 
PD patients and 9 non-PD patients.
 
Results:
We successfully isolated NEV from urine, as confirmed by neuro-
nal (CD81), exosomal (L1CAM, TUBB), and α-synuclein markers, 
as well as TEM, which revealed the characteristic lipid bilayer 
membrane structure. Our preliminary urine-derived NEV RT-QuIC 
assay distinguished PD from non-PD patients with a sensitivity of 
85.7% and a specificity of 77.7%. Six among seven PD samples 
tested positive, whereas two of the 9 control samples showed 
positivity. <s> </s>
 
Conclusions:
This preliminary study demonstrated the potential of urine-de-
rived NEV as a novel and non-invasive source for RT-QuIC–based 
detection of pathogenic α-synuclein in PD.
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Background & Objective:
Blood-based biomarkers provide a practical alternative to cerebro-
spinal fluid (CSF) for monitoring neurodegeneration in Parkinson’s 
disease (PD), but their low levels require ultra-sensitive assays 
such as single molecule array (Simoa). While prior studies linked 
Simoa biomarkers to PD features, few examined the role of dia-
betes mellitus (DM). Because DM may accelerate PD progression 
through systemic inflammation, we investigated its associations 
with biomarkers and clinical outcomes.
 
Methods:
Drug-naïve, early-stage PD patients and healthy controls (HC) 
were recruited from a biomarker collection database including 
blood and other specimens. Serum GFAP, NfL, T-tau, UCHL1, and 
BDNF were measured using Simoa. Demographic and clinical fea-
tures were summarized, and regression and mediation analyses 
were conducted adjusting for age, sex, disease duration, and ed-
ucation.

intra-assay variability below 10% and inter-assay variability of 
approximately 20%.
 
Conclusions:
The CSIC assay provides a sensitive and non-invasive approach 
for detecting plasma αSyn aggregates with high specificity. Its 
diagnostic performance supports its potential utility for PD diag-
nosis and disease monitoring. Further validation across broader 
synucleinopathies is warranted.
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Background & Objective:
α-synuclein aggregation is a pathological hallmark of Parkinson’s 
disease (PD). The prion-like property of aggregated α-synuclein 
has been utilized in the development of the diagnostic technique 
known as real-time quaking-induced conversion (RT-QuIC). In ad-
dition to CSF based RT-QuIC assay, recent studies have demon-
strated the presence of α-synuclein aggregates in blood based 
neuronal extracellular vesicles (NEV) from PD patients. Building 
upon this observation, the application of RT-QuIC to urine-derived 
NEV will be a fully non-invasive strategy for detecting pathogenic 
α-synuclein. In this study, we developed urine-derived NEV based 
RT-QuIC assay to differentiating PD from healthy control.
 
Methods:
In this study, NEVs were isolated from 20 urine samples using 
L1CAM-conjugated magnetic beads. Four samples were initially 
used to modify and optimize the isolation method, and these EVs 
were characterized by evaluating exosomal and neuronal mark-
er expression and morphology using immunoblotting and trans-
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NMSS total and domain scores, as well as cognitive domain per-
formance, between the two groups. To account for multiple com-
parisons, the false discovery rate (FDR) method was applied, and 
q-values were calculated, with a significance threshold set at 0.1.
 
Results:
A total of 194 PD patients, including 164 SNCA rs6826785 carriers 
and 30 non-carriers were assessed prospectively over a 5-year 
period. SNCA rs6826785 carriers, compared to noncarriers, had 
a significantly lower progression rate in NMSS score (carriers vs 
non-carriers: 2.195 vs 5.951, p=0.047, q=0.047), NMSS domain 4 
(Perceptual problems/hallucinations) score (carriers vs non-car-
riers: 0.088 vs 0.709 p=0.0152, q=0.045) and NMSS domain 9 
(Miscellaneous) score (carriers vs non-carriers: 0.285 vs 1.469, 
p=0.018, q=0.028). SNCA carriers also exhibited significantly 
slower deterioration in cognitive language domain (carriers vs 
non-carriers: -0.009 vs 0.096 , p=0.016, q=0.082) after adjustment 
for confounders and multiple comparisons.
 
Conclusions:
Carriers of the SNCA rs6826785 variant exhibited a slower decline 
in non-motor and cognitive functions, particularly in perceptual 
processing and language performance. These findings suggest 
that SNCA might serve as a potential therapeutic target.
 
Table

Results:
The study included 92 PD patients and 37 HC. Age (PD: 67.5 [61–
74.8] vs. HC: 67 [63–72]) and sex distribution (56.5% vs. 70.3% 
female) did not differ. Log-transformed GFAP and NfL were ele-
vated in PD compared with HC. In regression models, DM was 
associated with higher MDS-UPDRS part III scores (β = 7.807, p 
= 0.02) and lower K-BNT scores (β = –0.586, p = 0.039). DM also 
predicted higher log-transformed tau (β = 0.523, p = 0.017), which 
was inversely related to attention (β = –0.252, p = 0.025). Medi-
ation analysis showed DM effects on motor and language were 
explained only by total/direct effects, whereas attentional decline 
was mediated indirectly via tau.
 
Conclusions:
DM contributes to motor and cognitive dysfunction in PD through 
distinct pathways: direct effects on language and motor out-
comes, and tau-mediated effects on attention. Ultra-sensitive 
blood-based biomarker assays may clarify how systemic comor-
bidities influence domain-specific neurodegeneration in PD. 
 
Keywords 
Biomarker, Simoa, Diabetes
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Background & Objective:
A genome-wide association study-linked variant (SNCA 
rs6826785) was shown to have protective effect of cognitive 
performance among PD patients in our previous study. However, 
evidence on the longitudinal outcomes of SNCA rs6826785 car-
riers remains unknown. To investigate the disease progression 
between SNCA rs6826785 carriers and noncarriers over 5 years.
 
Methods:
Early PD patients diagnosed within one year were categorized 
into SNCA rs6826785 variant carriers and non-carriers. Non-mo-
tor symptom progression was evaluated using the Non-Motor 
Symptom Scale (NMSS), while comprehensive cognitive progres-
sion was assessed across five cognitive domains annually. Lon-
gitudinal linear mixed models were used to compare changes in 
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Introduction:
Dystonia is a movement disorder that causes sustained or inter-
mittent muscle contractions, leading to abnormal posture or re-
petitive movements. Isolated lingual dystonia (ILD) is a rare sub-
type of OMD that only affects the tongue and accounts for about 
4% of all dystonia cases. This report describes two Filipino males, 
aged 43 and 48, who developed ILD. 
 
Case:
The first case is a 43-year-old male from Cebu, with no significant 
family history or roots from Panay Island, was found to carry the 
X-linked dystonia parkinsonism (XDP)-causing mutation highlight-
ing a novel presentation of ILD linked to XDP. The second case is a 
48-year-old male from Roxas City, with a family history suggesting 
XDP, who presented with ILD initially and later on developed trem-
or, limb dystonia, and bradykinesia, and then confirmed on genetic 
testing with XDP.
 
Discussion:
These cases highlight the importance of considering XDP in the 
differential diagnosis of ILD among Filipinos, regardless of geo-
graphic or familial predispositions. Genetic testing and follow-up 
examinations are crucial for managing ILD, as it may precede 
more generalized dystonic and parkinsonian symptoms associat-
ed with XDP. This study contributes to the limited literature on 
ILD and suggests new insights into the clinical variability of XDP.
 

Table

Figure
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individuals, and may closely resemble primary writing tremor, es-
pecially when dystonic postures are mild.
 
Case:
We present a 48-year-old right-handed Filipino businessman who 
developed a gradually worsening right-hand tremor confined to 
handwriting over one year, stabilizing after six months. Neurologi-
cal examination was otherwise normal, but writing tests revealed 
dystonic wrist extension and shoulder abduction, along with wrist 
pronation-supination dystonic tremor during writing. Wavy/os-
cillating drawing patterns were observed. Diagnosis of writer’s 
cramp was made, which mimicked primary writing tremor due to 
overlapping features. Multiple oral medications were ineffective, 
but ultrasound-guided botulinum toxin injections led to clinical 
improvements, with better handwriting during faster writing and 
worse at slower speeds.
 
Discussion:
This case underscores the complexity of diagnosing and treat-
ing task-specific dystonia with tremor. Incorporating tests like 
line-drawing at different speeds, including vertical and diagonal 
lines, can enhance evaluation. 
 
Figure

Figure

Figure
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Introduction:
Writer’s cramp is a task-specific focal dystonia with peculiarity of 
occurring only during handwriting. The presence of abnormal pos-
turing and dystonic tremor may exhibit distinctive patterns across 



255

P-032

Effects of Deep Brain Stimulation on Regional 
Cerebral Blood Flow in Cervical Dystonia

Jong-Sik PARK, Eun-Byeol HWANG, EunJu AHN, Do-
Yu KIM, In-Uk SONG

Neurology, Incheon St. Mary’s Hospital, The Catholic University of 
Korea, Seoul, Republic of Korea 

Background & Objective:
Cervical dystonia is considered as a network disorder affecting 
various brain regions in recent days.Presumably, deep brain stim-
ulation (DBS) of the internal segment of globus pallidus (GPi) may 
exert therapeutic effects for cervical dystonia through modulation 
of the aberrant brain networks. In the present study, we investi-
gatedpostoperative regional cerebral blood flow (rCBF) changes 
after GPi DBS using single-photon emission computed tomogra-
phy (SPECT) to identify significant activity changes in several rele-
vant brain areas of cervical dystonia patients.
 
Methods:
A total of 9 patients with idiopathic cervical dystonia were recruit-
ed, and SPECT scans were conducted at baseline and 3 months 
after the bilateral GPi DBS. Voxel-wise changes of rCBF were 
analyzed using Statistical Parametric Mapping. Symptom severity 
of dystonia was measured using Toronto Western Spasmodic Tor-
ticollis Rating Scale(TWSTRS) at the baseline, and 1 week, and 3 
months after GPi DBS. 
 
Results:
At the 3-month follow-up after DBS, rCBF was increased in the 
left pons and right postcentral gyrus and decreased in the left 
middle frontal gyrus, left cerebellum, right putamen and pallidum, 
and left thalamus (p < 0.001). Severity of cervical dystonia as-
sessed by TWSTRS was significantly decreased at 1-week and 
3-month follow-up (p = 0.004).
 
Conclusions:
Our findings suggest that therapeutic effect of GPi DBS may be 
associated with changes of activities in the multiple brain areas 
in the cortico-basal ganglia-cerebellar network. Further longitudi-
nal studies with larger samples and longer follow-up periods are 
needed to elucidate more detailed neurobiological mechanisms of 
DBS in cervical dystonia. In addition, associations between rCBF 
and symptom improvement should be explored to find out which 
brain regions are more important for the DBS-related functional 
changes and whether SPECT imaging could be useful to predict 
the therapeutic effects of DBS in cervical dystonia.
 

Figure

Figure

 
Keywords 
writer's cramp, task-specific dystonia, dystonic tremor, primary 
writing tremor
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Discussion:
We describe a case of Fahr’s syndrome with truncal dystonia due 
to idiopathic hypoparathyroidism. Although uncommon, this case 
highlights the importance of evaluating metabolic abnormalities 
in movement disorders and suggests that their correction may aid 
symptomatic improvement.

Figure

 
Keywords 
Fahr's syndrome, Dystonia, Basal ganglia calcification, Hypopara-
thyroidism, Calaium
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Uncommon Movement Disorders in Neuropsychi-
atric Systemic Lupus Erythematosus: A Case of 
Dystonia and Tremor

Orlando PIKATAN, SRI YENNI TRISNAWATI GS , NI 
MADE DWITA PRATIWI

Neurology Department, Universitas Udayana, Denpasar, Bali, 
Indonesia, Indonesia

Introduction:
NPSLE is typically presents with headaches, mood disorders, and 
seizures, the presence of movement disorders is rare (estimated 
incidence of 0.9%). Identifying movement disorder as a sign of 
NPSLE is essential for accurate diagnosis and effective treatment, 
as it can significantly affect a patient’s quality of life and compli-
cate the clinical picture of lupus.
 

Keywords 
Cervical dystonia,, Deep brain stimulation, Regional cerebral 
blood flow

P-033

Fahr’s Syndrome Presenting With Truncal Dysto-
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Introduction:
Fahr´s syndrome is a rare, progressive neurological disorder char-
acterized by abnormal, bilateral, and symmetrical basal ganglia 
calcification. It represents the secondary form of brain calcifica-
tion, resulting from various metabolic, infectious, or degenerative 
causes. A broad spectrum of movement disorders has been as-
sociated with Fahr’s syndrome, including parkinsonism, chorea, 
tremor, dystonia, athetosis, and orofacial dyskinesia, but truncal 
dystonia has rarely been reported.
 
Case:
A 51-year-old Korean male visited the outpatient clinic with a one-
month history of abnormal truncal turning. Examination revealed 
sustained rightward truncal rotation partially relieved by volun-
tary movement, with asymmetric dystonic posturing of the upper 
limbs, more prominent on the right. A mild postural tremor was 
observed without abnormal hand posturing. He had a 10-year his-
tory of chronic hypoparathyroidism on long-term calcium therapy 
without recent changes, and hypertension controlled with medi-
cation. Laboratory tests showed hypocalcemia (serum calcium 5.2 
mg/dL, reference range: 8.6–10.0; ionized calcium 1.28 mmol/L, 
reference range: 2.30–2.59), hyperphosphatemia (5.2 mg/dL, 
reference range: 2.5–4.5), and markedly reduced parathyroid hor-
mone (2.2 pg/mL, reference range: 15–65). Magnetic resonance 
imaging demonstrated bilateral basal ganglia, thalamus, and 
dentate calcification with low signal intensities on GRE and high 
signal intensities on T1-weighted sequences. These findings were 
consistent with Fahr’s syndrome secondary to primary hypopara-
thyroidism. After intravenous calcium and oral calcitriol, alfacalci-
dol, and calcium supplementation, calcium levels normalized with 
partial improvement of dystonia.
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 Figure
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SPECT Cerebral Perfusion Patterns in Isolated 
Cervical Dystonia 

Byungseok KIM, Eunbyol HWANG, In-Uk SONG

Neurology, Incheon St. Mary’s Hospital, Incheon, Republic of Korea 

Background & Objective:
Isolated cervical dystonia is characterized by sustained or inter-
mittent neck movements caused by involuntary muscle contrac-
tions, resulting in abnormal movements or postures of cervical 
areas. Despite extensive research, the pathophysiology remains 
poorly understood. We measured altered regional cerebral blood 
flow (rCBF) in patients with idiopathic cervical dystonia compared 
to healthy controls, and explored the correlation between dysto-
nia severity and rCBF patterns.  
 
Methods:
This study was designed as a case-control study. A total of 38 
patients with isolated cervical dystonia and 29 healthy controls 
were recruited. All subjects underwent Toronto Western Spas-
modic Torticollis Rating Scale (TWSTRS) and Tc-99m hexameth-
yl propylene amine oxime perfusion brain SPECT; TWSTRS was 
used to assess the severity of dystonia. rCBF was compared be-
tween groups using voxel-wise statistical analyses. Associations 

Case:
A 16-year-old girl presented to the hospital with a two-month 
history of speech difficulties, stuttering, and tongue tremors. She 
also experienced intermittent hand stiffness and tremor during 
movement, along with widespread muscle pain and arthralgia, 
which were exacerbated by anxiety or stress. Routine labora-
tory tests, including electrolyte levels, were normal. However, 
serological tests revealed positive antinuclear antibodies (ANA) 
at a 1:100 titter and RNP/SM antibodies. Head MRI and electro-
physiological studies were normal. She was initially treated with 
Levodopa-benserazide, and trihexyphenidyl. However, her dys-
tonia worsened, leading to a change in treatment to  high-dose 
methylprednisolone, methotrexate, trihexyphenidyl and clonaze-
pam, which resulted in significant improvement. 
 
Discussion:
This case highlights dystonia as a rare but important manifesta-
tion of NPSLE. The presence of positive ANA and RNP/SM anti-
bodies, along with the absence of other neurological abnormal-
ities, supports the diagnosis of NPSLE-associated dystonia. The 
patient’s initial worsening symptoms with standard treatments 
underscore the challenges in managing movement disorders in 
NPSLE. The subsequent improvement with trihexyphenidyl and 
clonazepam suggests that tailored therapeutic approaches are 
essential for optimizing outcomes in such cases.
 
Figure
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Figure
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Acute Dystonia Induced by Salbutamol in a Young 
Adult With a History of Neuroleptic Consumption: 
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Introduction:
Drug-induced dystonia is often misdiagnosed as a psychiatric con-
dition, with disabling manifestations, impacting patient’s quality 
of life and social functioning.
 
Case:
An 18-year-old female came with neck rigidity and left-sided head 
tilt since 1 hour ago after consuming salbutamol for her asthma. 
She had a history of asthma for 7 years, and consumed salbutamol 
during asthma attacks 3-4 times monthly. There was no trouble 
chewing, swallowing, speaking, or motor weakness. No history of 
tremors, gait disturbances, or fever. No family history of dystonia. 
She was not on any antipsychotic or other medication recently, 

between rCBF in significant clusters and TWSTRS scores were 
examined using linear regression.
 
Results:
Results Compared with controls, patients with cervical dystonia 
exhibited reduced rCBF in brain regions implicated in sensory pro-
cessing, motor control, and higher cognitive functions including 
the left middle temporal gyrus, right postcentral gyrus, right lin-
gual gyrus, left precuneus, right temporal pole, right middle cin-
gulate gyrus, and right anterior cingulate gyrus (Table 1 and Fig 1). 
Among the seven regions with reduced rCBF, only the right tem-
poral pole showed a negative correlation with TWSTRS scores in 
dystonia patients. (Fig 2).
 
Conclusions:
The negative correlation between reduced rCBF in the right tem-
poral pole and increased TWSTRS scores highlights a potential 
association between altered cerebral perfusion and dystonic 
symptom severity. Understanding these alterations could offer 
insights into the neurobiological basis of cervical dystonia, aiding 
targeted therapeutic interventions. However, further studies are 
needed for a definitive conclusion.
 
Table

Figure
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respond to medical therapy. We report a patient with intractable 
TD, presenting with severe orolingual dyskinesia and cervical dys-
tonia, successfully managed with globus pallidus (GPi) deep brain 
stimulation (DBS).
 
Case:
A 67-year-old woman had a long history of psychiatric illness, 
including depression and delusional disorder, for which she had 
been taking antipsychotic medications for over two decades. She 
was referred to the neurology department due to the development 
of orolingual dyskinesia. Olanzapine, identified as a potential of-
fending agent, was discontinued, but her symptoms did not im-
prove. To manage worsening delusions, aripiprazole was initiated, 
but dyskinesia progressively worsened, accompanied by cervical 
dystonia characterized by backward head extension, along with 
akathisia. Neurologic reevaluation led to the discontinuation of 
all antipsychotics, and a multidisciplinary approach was adopted 
in coordination with psychiatry. Genetic testing for Huntington’s 
disease was negative. Despite medication withdrawal, the dyski-
nesia advanced to involve the entire body, leading to significant 
functional impairment. The patient had difficulty performing basic 
daily activities independently, such as tooth brushing and eating 
while seated. In addition, she was unable to ambulate normally. 
Tetrabenazine treatment was initiated during psychiatric admis-
sion and showed temporary improvement, but symptoms relapsed 
soon thereafter. Electroconvulsive therapy was then administered 
over multiple sessions. While mild improvement was noted after 
the first two treatments, the overall benefit was not sustained. 
Eventually, the patient was referred back to neurology with se-
vere, medication-refractory TD. The Burke-Fahn-Marsden dystonia 
rating scale (BFM) motor score was evaluated as 16 points. Giv-
en the intractable nature of her symptoms and poor response to 
conventional therapies, she was evaluated for surgical treatment 
with GPi DBS. After GPi DBS, there was a significant improvement 
in the patient’s orolingual dyskinesia and cervical dystonia. Her 
BFM motor score was reduced to 2. The patient became able to 
perform daily activities and walk independently.
 
Discussion:
GPi DBS may offer significant symptomatic relief in patients with 
severe, drug-resistant tardive dyskinesia. Early referral and mul-
tidisciplinary evaluation are essential for optimal outcomes in 
complex cases.

and was not an alcoholic. However, she was diagnosed as having 
major depressive disorder and pseudoseizure in 2023, and pre-
scribed risperidone, sertraline, and clobazam. She only took the 
medicine for 3 months and not regularly. On examination, there 
was a severe head tilt to the left side, likely cervical dystonia. 
There was also intermittent, non-rhythmic involuntary movement 
of the left lower part of the face in the perioral region, character-
ized by facial twitches, with occasional deviation of the mouth’s 
angle to the left side, most likely orofacial dystonia. The other 
neurological examination was normal. The laboratory result was 
normal. The symptoms improved after stopping the salbutamol. 
The patient was given trihexiphenidyl and clonazepam.

Discussion:
There are two hypotheses of acute dystonia, the dopamine hypo-
function resulting in a relative overactivity of cholinergic mecha-
nisms. Conversely, neuroleptics induce a paradoxical dopaminer-
gic hyperfunction. The patient’s chronic asthma enhanced axonal 
hyperexcitability as a result of hypoxic insults and hypocapnia 
from hyperventilation. Salbutamol affects the sodium–potassium 
pump in skeletal muscles, which might also contribute to axonal 
hyperexcitability. We also include tardive dyskinesia as a differ-
ential diagnosis, because the patient’s history of consuming anti-
psychotics and antidepressants 2 years ago.
 
Keywords 
acute dystonia, salbutamol, B-2 adrenergic 
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Korea 

Introduction:
Tardive dyskinesia/dystonia (TD) is an abnormal movement dis-
order occurring after the administration of dopamine receptor 
blocking agents. TD is characterized by irregular, involuntary 
movements, primarily involving the tongue, lips, jaw, and face, 
and occasionally the trunk, limbs, or peri-orbital area. In some 
patients, TD becomes severely disabling and causes significant 
distress and stigma. Pharmacological treatment of TD remains 
difficult and often produces suboptimal results. Surgical treat-
ment may be considered for patients with severe TD who do not 
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Aryofri AFAN1, Roland HELMIZAR2, Divo HELMIZAR3, 
Mutia Setia NINGSIH4

1HI, Andalas University, Padang, Indonesia
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Introduction:
Tardive dyskinesia (TD) is an involuntary movement disorder 
linked to dopamine receptor blocking agents (DRBAs), commonly 
antipsychotics but also gastrointestinal prokinetics such as meto-
clopramide. It predominantly affects the orofacial region and is 
associated with risk factors including female sex, advanced age, 
diabetes, and renal impairment. Although largely preventable, TD 
is often underrecognized outside psychiatric settings. 
 
Case:
A 49-year-old woman with poorly controlled type 2 diabetes and 
chronic kidney disease (eGFR 22 mL/min/1.73m²) presented with 
nausea and vomiting. Laboratory tests showed normocytic anemia 
and HbA1c 9.2%. She was treated with fluids, proton-pump in-
hibitor, electrolyte correction, and intravenous metoclopramide at 
standard dosing. Within 24 hours, she developed repetitive tongue 
protrusion and orofacial dyskinesia consistent with TD. Neurologi-
cal examination was otherwise normal, brain CT showed no acute 
lesion, and electrolytes were within reference. She had no prior 
history of antipsychotic exposure. Metoclopramide was discon-
tinued, supportive therapy initiated, and ondansetron substituted. 
Dyskinesia gradually resolved, with full recovery by the second 
week of hospitalization. 
 
Discussion:
This case underscores that TD may arise after even short cours-
es of metoclopramide, particularly in individuals with risk factors 
such as diabetes and renal dysfunction. Reduced clearance in 
kidney disease can enhance dopaminergic blockade and trigger 
extrapyramidal effects. While TD is classically associated with 
chronic exposure, acute onset presentations are increasingly 
reported. Awareness in non-psychiatric practice is essential. In 
conclusion, Metoclopramide-induced TD can occur after brief ex-
posure in high-risk patients. Vigilance, dose adjustment in renal 
impairment, and prompt drug discontinuation are key to prevent-
ing this disabling complication.
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coprotein complex in muscle. Prior studies have detected cal-
pain-3 in astrocytes, supporting a possible neurogenic role. Our 
findings suggest a novel pathophysiological link between <em 
styles="font-size: medium;">CAPN3</em> and dystonia, with 
implications for the interplay between calpain-3 and sarcoglycan 
complexes in both muscle and brain.
 
Figure

Figure
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cular dystrophy

P-040

Myoclonus-Dystonia Associated with CAPN3 
Variant: Expanding the Phenotypic Spectrum 
Beyond LGMD

Yoon Seob KIM1, Mi Hee KIM2, Don Gueu PARK2, Young 
Bae SOHN3, Jung Han YOON2

1Department of Biomedical Informatics, Ajou University School of 
Medicine, Suwon, Republic of Korea 
2Department of Neurology, Ajou University School of Medicine, 
Suwon, Republic of Korea 
3Department of Medical Genetics, Ajou University School of Medi-
cine, Suwon, Republic of Korea 

Introduction:
Mutations in <em styles="font-size: medium;">CAPN3</em>, 
encoding calpain-3, cause autonomal dominant or recessive 
limb-girdle muscular dystrophy type 2A (LGMD2A). Neither 
dystonia nor myoclonus have been considered part of the <em 
styles="font-size: medium;">CAPN3</em>-related phenotype. 
We present a family with a heterozygous <em styles="font-size: 
medium;">CAPN3</em> splice-site variant manifesting as my-
oclonus-dystonia, broadening the phenotypic spectrum of <em 
styles="font-size: medium;">CAPN3 mutation</em>.
 
Case:
The proband, a 42-year-old woman, was born preterm but had 
normal early development. In her early 20s, she developed hand 
clumsiness, involuntary head tilting, and progressive left-pre-
dominant generalized dystonia with action-induced myoclonus. 
Manual muscle testing revealed mild elbow extension weak-
ness, but tendon reflexes were intact. Electromyography showed 
negative myoclonus, and MRI was unremarkable. Symptoms 
were partially controlled with valproic acid, clonazepam, and tri-
hexiphenidyl. Her mother developed a similar phenotype in child-
hood, while her older brother showed a more severe adult-onset 
course. Given the clear autosomal dominant family history, ge-
netic testing was pursued. Targeted analyses for TOR1A, SGCE, 
and mitochondrial mutations were negative. Whole genome 
sequencing revealed a heterozygous <em styles="font-size: me-
dium;">CAPN3</em> splice-site variant (NM_000070.3:c.946-
2A>G), which segregated with disease in the proband and her 
mother.
 
Discussion:
This family demonstrates that <em styles="font-size: medi-
um;">CAPN3</em> variants can present predominantly with 
myoclonus-dystonia rather than classic muscular dystrophy. In 
LGMD2A, calpain-3 deficiency destabilizes the dystrophin–gly-
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the clinical utility of methylation profiling for clarifying ambig-
uous genetic findings and underscores the importance of family 
studies in confirming variant origin. Early recognition of de novo 
variants through advanced genetic and epigenetic testing is es-
sential for diagnosis, counseling, and personalized management 
in rare movement disorders.

P-042

Dysphagia And Hyphonia as Initial Presentation of 
XDP: A Case Report  

Ronald Robert ANGELES, John Paul CRUZ, Juan Mi-
guel BAUTISTA

Neurology, Quirino Memorial Medical Center, Quezon City, Philip-
pines

Introduction:
X-linked Dystonia Parkinsonism is an endemic disease in the 
Philippine island of Panay with variable clinical features. Typical-
ly, dystonia occurs focally, affecting the limbs, jaw, neck, trunk, 
and eyes. This paper aims to emphasize unique symptoms that 
patients can initially manifest with.
 
Case:
We report a 44-year-old Filipino male who initially presented with 
hyphonia and dysphagia. Initially thought to be Amyotrophic Lat-
eral Sclerosis, EMG-NCV was done but revealed normal results. 
In a span of 2 years, dystonic posturing was observed affecting 
the left leg more than the right, and speech became incompre-
hensible. He had jaw opening dystonia and right lateral torticol-
lis. The left sternocleidomastoid appeared hypertrophied while 
the legs were atrophied. Parkinsonism was noted on bradykinet-
ic finger tapping and alternating hand movements. Family history 
revealed an uncle to have X-linked Dystonia Parkinsonism. Their 
geographical ancestry was traced to Roxas, Panay. The patient 
underwent genetic testing revealing SVA retrotransposon inser-
tion in TAF1/DYT3 confirming the diagnosis of X-linked dystonia 
parkinsonism. Currently maintained on Levodopa + Carbidopa 
300mg/75mg/day and Biperiden 6mg/day. 
 
Discussion:
X-linked dystonia-parkinsonism (XDP) afflicts primarily adult 
Filipino men. The initial clinical course is variable with the ma-
jority of dystonic postures occurring on the lower extremities. 
In our case, presented with bulbar impairment only comprises 
28% of the total cases recorded. Laryngeal dystonia is due to 
poor palatal movement and hypernasality. The hypophonia is due 
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Introduction:
DYT-KMT2B is predominantly an early-onset form of dystonia 
caused by truncating variants in the KMT2B gene. Patients with 
adult onset are rare and are often associated with missense vari-
ants, for which pathogenicity is challenging to ascertain (vari-
ants of uncertain significance, VUS). 
 
Case:
A 47-year-old Filipino male developed progressive focal and 
generalized dystonia beginning at the age of 33 years. Com-
prehensive neurologic evaluation, targeted genetic sequencing, 
and DNA methylation profiling were performed. Family members 
underwent segregation analysis to evaluate inheritance and 
variant origin.Whole exome sequencing revealed a heterozygous 
c.4949C>T (p.Thr1650Met) missense variant in KMT2B, initial-
ly interpreted as VUS. DNA methylation episignature analysis 
demonstrated a characteristic hypermethylated pattern in the 
patient supporting a disease-causing relevance. Further, by hap-
lotype analysis of three unaffected, mutation-negative family 
members (mother and two brothers, father was not available) 
using eight microsatellite markers, we demonstrated that the 
variant arose de novo. This enabled reclassification of the vari-
ant as pathogenic (Class 5). Clinical management with standard 
oral medications and chemodenervation resulted in partial im-
provement; advanced interventions were restricted due to socio-
economic considerations.
 
Discussion:
This case spotlights a novel pathogenic, de novo missense 
KMT2B variant as the cause of adult-onset dystonia, expand-
ing the known genetic spectrum of DYT-KMT2B. It highlights 
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Background & Objective:
Dystonia is a movement disorder characterized by persistent 
involuntary muscle contractions and often causes an abnormal 
body posture. Oromandibular dystonia is a focal dystonia that 
involves the tongue, jaw, and mouth area. It is rarely reported, 
comprises around 3-5% of all types of dystonia. Delayed in mak-
ing a diagnosis are quite common. This study aims to determine 
the demographic and clinical characteristics of patients with 
oromandibular dystonia.
 
Methods:
This research is a descriptive study with a cross-sectional meth-
od to subjects diagnosed with oromandibular dystonia at Ngoer-
ah General Hospital Denpasar from August 2022 to March 2024. 
Data was taken from medical records, including age, gender, 
etiology, distribution area, and given treatment.
 
Results:
Seventeen patients (7 men, 10 women) were identified in our 
study. The mean age of onset of symptoms was 57.76 + 3.81 
years. All patients had no previous family history of movement 
disorders. Most patients (41.2%) had unknown etiology (idio-
pathic). Cases of oromandibular dystonia were more frequently 
found in women (58.8%), in accordance with several previous 
literature. Oromandibular dystonia is generally associated with 
other movement disorders. A multidisciplinary approach with a 
combination of medication, speech therapy, and nutritional ther-
apy can be tailored to the individual needs of each patient.
 
Conclusions:
Oromandibular dystonia is a focal dystonia that has a significant 
impact in decreasing patient’s quality of life. This study can be 
used as a basis for further research in determining the clinical 
pictures of oromandibular dystonia.
 
 
Keywords 
oromandibular dystonia, dystonia, clinical characteristics

to affectation of adductor muscles. Contractions of the tongue 
lead to dysphagia. Previous linkage and association studies have 
demonstrated that the XDP locus is within a 427 kb genetic in-
terval on chromosome Xq13.1 but as to what muscle group to be 
affected first, data still lacking. The cornerstone treatment is still 
mainly symptomatic and supportive depending which symptom 
is predominant.    
 
Figure

Figure
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SPD approach, particularly targeting muscles such as the sple-
nius capitis, when conservative treatments have proven ineffec-
tive.

Genetics and Epidemiology in 
Movement Disorders

P-045

Movement disorders in Adults with Metabolic 
Encephalopathy

Paulo CATANIAG, Jed Noel ONG, Cid Czarina DIESTA

MakatiMed Institute of Neurological, Neurosurgical and Behavioral 
Sciences (M.I.N.D.S), Makati Medical Center, Makati City, Philip-
pines

Background & Objective:
Movement disorders may be the harbinger of an underlying sys-
temic disease or can be the presenting feature of or may emerge 
during the course of metabolic encephalopathy. Studying the 
co-existence of these two neurologic entities can provide new 
insights because each systemic disease can affect the brain in 
different ways.

Objectives: 
To determine the prevalence and characteristics of movement 
disorders in adult patients diagnosed with various types of met-
abolic encephalopathies in the Philippines. 
 
Methods:
This is a descriptive cross-sectional study based on a 7-year 
chart review of admitted adult patients diagnosed with any of 
the fourteen different types of metabolic encephalopathy who 
experienced movement disorders during their hospital stay. 
Movement disorders were characterized based on phenomenol-
ogy, onset, and distribution. 
 
Results:
Out of 9,773 neurologic referrals, 2,055 patients (17%) were 
diagnosed with metabolic encephalopathy, mainly the hypox-
ic-ischemic type. Only 4% (76) exhibited involuntary movements, 
primarily linked to hypoxic-ischemic encephalopathy. Three 
movement disorders were reported: myoclonus (64), tremor (10), 
and parkinsonism (2). The 6th decade was the most common 
age for these disorders, predominantly in males. Most cases ap-
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Introduction:
Torticollis, from Latin tortum collum and Italian torti colli (’twist-
ed neck’), is a form of cervical dystonia marked by involuntary 
neck muscle contractions causing abnormal head rotation to-
ward the affected side. Treatment options include physiother-
apy, pharmacotherapy, botulinum toxin injections, and surgery. 
Surgery is typically reserved for refractory cases unresponsive to 
conservative treatments.
 
Case:
A 44-year-old woman has experienced frequent involuntary head 
turning to the left and difficulty turning to the right for the past 
two years, with symptoms progressively worsening. Initial treat-
ment with oral medication, physiotherapy, and botulinum toxin 
showed no improvement. Selective peripheral denervation (SPD) 
of the right sternocleidomastoid was performed 1.5 years after 
symptom onset, guided by EEG mapping. Postoperatively, the To-
ronto Western Spasmodic Torticollis Rating Scale-2 (TWSTRS-2) 
score showed significant improvement, decreasing from 42/94 
to 13/24. The improvement lasted only two months before symp-
toms recurred. A subsequent injection provided relief for only 
three weeks. Six months after the initial procedure, the patient 
underwent a second surgical intervention targeting left splenius 
capitis muscle. Three months postoperatively, TWSTRS-2 scores 
showed further improvement, with severity: 8/24, disability: 
1/30, and pain: 5/40, indicating ongoing clinical benefit follow-
ing SPD.
 
Discussion:
Recurrence following selective peripheral denervation (SPD) 
has been reported in approximately 10–15% of patients. In this 
case, initial SPD targeting the right sternocleidomastoid mus-
cle yielded short-term improvement; however, symptom recur-
rence necessitated further intervention. Although current clinical 
guidelines do not endorse immediate bilateral or contralateral 
denervation, existing evidence supports a selective and staged 
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Ethnic Implication of BDNF rs6265 Polymorphism 
in Korean Longitudinal Cohorts With Parkinson 
Disease

Sang-Won YOO, Yujeong CHOI, Joong-Seok KIM
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Seoul, Republic of Korea 

Background & Objective:
Brain-derived neurotrophic factor supports dopaminergic neu-
ron’s endurance and dopamine release; its Val66Met polymor-
phism may modify Parkinson’s disease risk, although evidence in
Asians is limited. This study aimed to explore how the BDNF 
rs6265 genotypes could describe the characteristics and longi-
tudinal progression patterns of PD patients in the Korean pop-
ulation.

Methods:
A total of 247 patients were enrolled and followed for an aver-
age of 50.9 ± 23.9 months. Baseline and/or periodic assessments 
captured motor severity, non-motor burden, cardiac denervation. 
The repeated measures were manipulated to infer any genotypic 
differences in the trajectories of each domain.

peared acutely within 7 days after onset of encephalopathy and 
were mostly diffuse and multifocal. 
 
Conclusions:
The presence of movement disorders may serve as additional 
clues to the underlying systemic dysfunction responsible for the 
encephalopathic state. The acute onset of involuntary move-
ments underscores the rapid neurological impact of these con-
ditions.
 
Table

 
Figure
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Introduction:
Huntington disease (HD) is an inherited progressive neurode-
generative disorder characterized by choreiform movements, 
psychiatric problems, and dementia. Clinical characteristics of 
cortical and subcortical dementia show a subtle overlap, which 
complicates a distinct diagnosis. The definite diagnosis is exclu-
sively provided in the case of patients who present with clinical 
syndrome and have pathogenetic mutations or histopathological 
evidence.
 
Case:
38 years old female was admitted to our Alt-Bold neurology clinic 
because of the irregular movement, ataxia, memory impairment, 
dysarthria, dysphagia, dysphonia, loss of bladder control, consti-
pation, hyposomnia, and cognitive impairment. She has experi-
enced first symptom since 2015 with irregular, jerky movement 
in her hands and worsening the other symptoms gradually such 
as insomnia, ataxia, and cognitive impairment. Deep tendon re-
flexes were high in all extremities, Babinski reflexes and planter 
clonus also occurred bilaterally. Romberg’s sign was positive and 
fell in various directions. In November 2023, cranial magnetic 
resonance imaging (MRI), diffusion-weighted imaging (DWI) and 
magnetic resonance angiography (MRA) suggested the follow-
ing:(i) moderate brain atrophy with shrinkened putamen; (ii) neu-
rodegeneration such as fronto-temporal lobe atrophy.
 
Discussion:
The case was classified as probable cognitive decline that oc-
curs as a symptom of Huntington’s Disease according to the 
symptoms, nervous examination and MRI findings, however 
there is a lack of diagnostic confirmation to differentiate it from 
other types of neurodegenerative diseases and confusion about 
other type of dementias. There was not enough diagnostic meth-
od such as genetic testing and other advanced diagnostic device 
required for many patients in Mongolia. Problems with diagnosis 
also make it difficult to choose the appropriate treatment for the 
patients. It is necessary to diagnose movement disorders at an 
early stage and maintain their quality of life. 

Results:
Genotype frequencies were Val/Val 31.2%, Val/Met 49.0%, and 
Met/Met 19.8% (Hardy-Weinberg P= 0.847); Met/Met preva-
lence was remarkably higher than in Caucasians. The baseline 
clinical characteristics and dopamine availability were com-
parable across the genotypes, but Met-allele carriers showed 
more denervated myocardium with a trend for allele dose ef-
fect. Longitudinal modelling revealed that the Val/Val genotype 
significantly worsened in a non-linear manner, compared to the 
nearly flattened progression of the Met/Met. The study did not 
prove significant genotype-specific trajectories in the domains 
of non-motor features, quality of life, and cardiac denervation in 
the longitudinal analyses.

Conclusions:
The differences in cardiac denervation at diagnosis, non-motor 
burden, and motor progression might suggest an ethnic role of 
Val66Met polymorphism in the evolution and progression of Par-
kinson’s disease.

Table

Figure
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Effects of Parkinson’s Disease-Related Genes Par-
kin, PINK1 and CHCHD2 in Mitochondria
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Background & Objective:
The purpose of this study is to understand the change of mi-
tochondria morphology for some genes to cause young onset 
familial Parkinson´s diseases using drosophila. We would study 
PINK1 knock-out (PINK1-/-) , Parkin knock-out (Parkin -/-) and 
dCHCHD2 knock-out (dCHCHD2 -/-) in normoxia or hypoxia con-
dition. In cellular level, Parkinson’s disease (PD) has prominent 
mitochondrial dysfunction. PINK1 and Parkin, which encode 
mitochondrial protein kinase and cytosolic ubiquitin (Ub) ligase, 
relatively, were identified as the genes responsible for the au-
tosomal recessive form of juvenile Parkinson’s disease. Parkin 
gene encodes an ubiquitin ligase (E3), as we know, induces mi-
tophagy to control mitochondria quality. And loss of Parkin gene 
results in degradation of mitochondria. Parkin, PINK1 and DJ-1 
are associated with mitophagy and mitochondria homeostasis.  
The newly identified PD-related gene CHCHD2, which encodes 
a mitochondrial protein, was one of etiologies of PD. The loss of 
CHCHD2 in Drosophila causes abnormal matrix structures and 
impaired oxygen respiration in mitochondria, leading to oxidative 
stress. 

Methods:
A. Drosophila stocks. All Drosophila stocks were kept under 
standard food conditions, normal temperature conditions (25℃), 
and normal humidity conditions (60%). Those flies were obtained 
from the Bloomington Drosophila Stock Center, Baylor College 
of Medicine and University of Pennsylvania.B. Hypoxia/Normox-
ia condition. Pink1 (B9), Parkin, CHCHD2 and normal controlled 
files to be raised from eggs under average 6% O2/94% N2 
condition comparing flies under normoxia (average 21% O2).C. 
Whole-mount immunostaining and fluoromicroscope check. The 
mitochondrial morphology of the indirect flight muscles and the 
number of TH-positive neurons were analyzed by whole-mount 
immunostaining as previously described. D. Survival assay and 
climbing assay. For the lifespan studies, ~75 adult flies for each 
group per vial (25mm diameter X 95mm height) were maintained 
at 25℃, transferred to fresh fly food, and scored for survival ev-

Figure

Figure

Figure
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Conclusions:
From this study, we found that hypoxia caused moderate to se-
vere damage on mitochondria except dCHCHD2 knock out flies. 
In details, under average 6% O2 concentration, normal control 
(UAS-Mito GFP/+; MHC-GAL4/+) showed mild deformity of mito-
chondria with reduced GFP (green fluorescent protein) signal but 
expressing normal myofibrils. And Parkin knock out (MHC-Gal4, 
UAS-mito GFP/+; dPark [25]/dPark [1]) made big mitochondrial 
clumps and depicted GFP signal might be reduced. Also, PINK1 
knock out (B9/y;; MHC- mito GFP) demonstrated severe deformi-
ty of mitochondria and various mitochondrial clumps such like 
fusion and fission. Furthermore, GFP signal is reduced. However, 
dCHCHD2 knock out made an expression of moderate deformity 
of mitochondria such as fission or defragmentation under nor-
moxia pressure and  in hypoxia condition, we could observe near 
normal to mild deformity of mitochondria with some fission or 
defragmentation but rare mitochondrial clumps.   Thus, we a lit-
tle understood the physiological and pathological roles of PINK1, 
Parkin and CHCHD2. Also, CHCHD2-deficiency flies may show be 
rescued under hypoxia because of decreased oxidative stress. 
These results suggest PINK1 and Parkin gene as well as dCH-
CHD2 knock out are major causes of mitochondrial dysfunction 
to lead young onset Parkinson’s disease. 

P-051

Association Between Instrumental Activities of 
Daily Living and Incidence of Parkinson’s
Disease: A Nationwide Population-Based Cohort 
Study
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LEE4, YONG WOOK KIM1,2, SANG CHUL LEE1
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2Institute for Innovation in Digital Healthcare, Yonsei University, 
Seoul, Republic of Korea 
3Department of Medical Informatics and Biostatistics, Yonsei 
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Hospital, Seongnam-si, Republic of Korea 

Background & Objective:
Several studies have investigated the risk or prodromal factors 
for early diagnosis of Parkinson’s disease (PD). Instrumental ac-
tivities of daily living (IADL) involve both motor and non-motor 
functions, and have been used as a screening tool for dementia. 
This study aimed to examine the association between IADL de-

ery 4 days. For a climbing assay, vials (25mm diameter x180mm 
height) containing 20–25 flies were tapped gently on the table 
and left standing for 18seconds. The number of flies that climbed 
at least 60mm was recorded.E. Immunohistochemistry. Adult fly 
thoraces dissected from 7-day-old male flies were fixed with 4% 
formaldehyde in fixation buffer (100 mM PIPES, 1 mM EGTA, 1% 
Triton X-100, and 2 mM MgSO4, pH 6.9) and blocked with wash 
buffer (50 mM Tris, 150 mM NaCl, 0.1% Triton X-100, 0.5 mg/
mL BSA, pH 6.8) with 10 mg/mL BSA. All images were obtained 
under an LSM710 Carl Zeiss confocal microscope. 
 
Results:
1.UAS-Mito GFP; MHC-GAL4 for Normoxia (a) and Hypoxia (b) 
stateNormal control (UAS-Mito GFP/+ ;  MHC-GAL4/+) (Nor-
moxia) : No abnormal deformity of mitochondria and aligned 
between the myofibrils. Normal control (Hypoxia) : Mild defor-
mity of mitochondria with mildly decreased GFP signal within 
normal myofibrils.  2.PINK1 -/- (B9) for Normoxia (a) and Hypoxia 
(b) statePINK1 -/- (B9/y ;; MHC- mito GFP) (Normoxia) : Moderate 
to severe deformity of mitochondria. Many mitochondrial clumps 
with overlapped mitochondria (Fusion) GFP signal is reduced. 
PINK1 -/- (Hypoxia) : Severe deformity of mitochondria &  var-
ious mitochondrial clumps. (fusion and fission) And GFP signal 
is much more reduced. Irregular shaped and large mitochondrial 
clumps. 3.Parkin -/- (dPark[25]/dPark [1]) for Normoxia (a) and Hy-
poxia (b) stateParkin -/- (MHC-Gal4, UAS-mito GFP/+ ; dPark[25]/
dPark[1]) (Normoxia) : Severe deformity of mitochondria. Irreg-
ular GFP signal and mitochondrial clumps Parkin -/- (Hypoxia) :  
Severe  deformity of mitochondria. Big mitochondrial clumps & 
GFP signal is so much reduced. 4.Knock-out CHCHD2 for Nor-
moxia (a) and Hypoxia (b) state dCHCHD2 -/- (Knock-out CHCH-
D2/y ;; MHC- mito GFP) (Normoxia) : Mild abnormal deformity 
of mitochondria such like fission following aligned between the 
myofibrils. dCHCHD2 -/- (Hypoxia) :  Near normal to mild deformi-
ty  of mitochondria with some fission or defragmentation but rare 
mitochondrial clumps* Green colored GFP, Red colored Actin, 
Blue colored Nucleus in fluoromicroscope.  5. This table shows 
the observations of fluorescence microscopy for the change of 
the mitochondrial shape under genetic mutation for Parkinson’s 
disease.  6. Western Blot outcome for Normoxia vs. Hypoxia Hy-
poxia-inducible factor 1 (HIF1-beta) is overall increased in the 
hypoxia state.Ref2P is a component of protein aggregates in 
defective flies in autophagy or neurodegenerative diseases and 
thus, the level of that for d-Park, B9-, Knock-out CHCHD2 in nor-
moxia is elevated. 4E-BP represents reactive oxygen specificities 
in mitochondria, and in the case of normoxia, B9- and Knock-out 
CHCHD2 drosophila the values of 4E-BP are elevated. Tubulin, 
which means microtubule constitution, was used as a control, 
and the level is constant regardless of normoxia or hypoxia. 
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such as isolated hypomyelination or hereditary dystonia type 4. 
Nevertheless, familial adult-onset presentations have been rare-
ly reported.
 
Case:
We report a Korean family with TUBB4A-related leukodystro-
phy carrying a heterozygous c.286G>A (p.Gly96Arg) variant. The 
proband, a male in his early thirties, initially developed hand 
tremor in his early twenties, which gradually worsened and was 
followed by gait disturbance, dysarthria, and mild cognitive im-
pairment in his late twenties. Neurological examination revealed 
spasticity, cerebellar ataxia, hyperreflexia, positive Babins-
ki signs, and postural tremor, without evidence of dystonia or 
parkinsonism. Brain magnetic resonance imaging demonstrated 
diffuse periventricular and subcortical T2 hyperintensities with 
mild cerebellar atrophy, while the basal ganglia were preserved. 
A targeted next-generation sequencing ataxia panel identified 
the pathogenic TUBB4A c.286G>A variant in the proband. Subse-
quent familial mutation testing confirmed the same variant in his 
mother and two siblings, all of whom presented with varying de-
grees of spastic–ataxic gait disturbance, tremor, and dysarthria. 
The mother developed head tremor in her forties, followed by 
rapid progression to complete loss of ambulation within 5 years 
and subsequent cognitive decline, leading to institutional care. 
In contrast, the father and another sibling tested negative for the 
variant and remained asymptomatic.
 
Discussion:
This report describes an adult-onset TUBB4A-related leukodys-
trophy presenting as a spastic–ataxic syndrome with tremor, 
thereby expanding the clinical spectrum of TUBB4A-associated 
disorders and highlighting the importance of genetic testing in 
suspected hereditary spastic–ataxic disorders.
 
Figure

 

pendency and PD risk and identify specific IADL items linked to 
an increased likelihood of developing PD.
 
Methods:
This population-based cohort study used data from the Korean 
National Health Insurance Service database, that contains infor-
mation on long-term care services. Individuals who underwent 
at least one health screening and completed the geriatric as-
sessment sheet between 2009 and 2021 were included in this 
study. Information on IADL was extracted from the geriatric 
assessment sheet of long-term care services database. Partic-
ipants were categorized into quartiles according to their IADL 
dependency. PD was defined based on the ICD-10 code (G20) and 
rare intractable disease registration code (V124). The Fine-Gray 
subdistribution hazard model was used to assess subsequent PD 
risk according to IADL dependency.
 
Results:
During a mean follow-up period of 3.78 ± 3.34 years, 308 of the 
21,662 participants developed PD. The highest IADL dependency 
was significantly associated with an increased risk of PD (ad-
justed hazard ratio [aHR] = 1.458, 95% confidence interval [CI] 
1.037–2.050), particularly among women or those aged 75 years 
and older. Among the 10 IADL items, dependency in financial 
management (aHR 1.420, 95% CI 1.057–1.909, p = 0.0201) or 
telephone use was significantly associated with an increased 
risk of PD (aHR 1.536, 95% CI 1.204–1.961, p = 0.0006).

Conclusions:
Our results suggested that individuals with IADL dependency 
were at an increased risk of PD. Further research on other eth-
nicities that considers sociocultural differences is required to 
confirm this association.
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Adult-Onset Familial TUBB4A-Related Leukodys-
trophy in a Korean Family: A Case Report
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Introduction:
Tubulin beta-4A class IVa (TUBB4A)-related leukodystrophy is 
an uncommon autosomal dominant disorder with a broad phe-
notypic spectrum, ranging from infantile-onset hypomyelination 
with atrophy of the basal ganglia and cerebellum to milder forms 
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Background & Objective:
Impact of molecular mechanism of long-term pesticide exposure 
on the pathophysiology of Parkinson’s disease (PD) are still un-
clear.  Additionally, PD is linked to changes in the expression lev-
els of transcription factors (TFs) such FOXA1 and NURR1.  There-
fore, any dysregulation in these TFs may interfere with neuronal 
maintenance processes, thereby making PD more likely.  The 
purpose of this study was to identify environmental stressors 
that interact with the genes that encode the transcription factors 
FOXA1 and NURR1.
 
Methods:
A total of 44 Peripheral blood lymphocytes (PBL) samples were 
collected from 17 subjects from pesticide exposed group and 27 
healthy age and gender matched controls (HC). In the current in-
vestigation, PD biomarkers FOXA1 and NURR1 have been used. 
In order to identify any abnormalities in the expression levels 
of NURR1 and FOXA1, the transcriptomes of peripheral blood 
lymphocytes obtained from blood samples of rural agricultural 
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Introduction:
MSTO1 encodes a cytoplasmic protein essential for mitochondri-
al fusion. Recessive MSTO1 mutations usually cause early-on-
set myopathy, motor delay, corticospinal dysfunction, cerebellar 
atrophy, and elevated creatine kinase (CK). Dominant MSTO1 
mutations are extremely rare, with one family reported showing 
late-onset, mild motor impairment, absent cerebellar signs, and 
low vitamin D.
 
Case:
A 20-year-old Korean woman developed tremor at age 10 and 
gait difficulty at 13. Development was normal, no neuromuscular 
disease except two episodes of presumed aseptic meningitis. 
Exam showed saccadic hypermetria, gaze-evoked nystagmus, 
limb dysmetria (L>R), spasticity, hyperreflexia, cerebellar dysar-
thria, and wide-based ataxic gait; she remained independently 
ambulatory. Labs including CK and lactic acid were normal; vita-
min D was 8.7 ng/mL. Brain MRI showed severe pontocerebellar 
atrophy, largely stable over 14 years. EMG/NCS were normal. 
Genetic tests for common ataxias and 27-gene panel were neg-
ative. Whole-exome sequencing revealed heterozygous likely 
pathogenic MSTO1 c.22G>A, p.Val8Met, previously reported in a 
Hungarian family. Gait progressed slowly, she required minimal 
assistance, cognition intact.
 
Discussion:
This is the second reported case of dominant MSTO1 mutation. 
Unlike recessive cases, she had late-onset, slowly progressive 
spastic ataxia with normal CK and preserved muscle function. 
Compared to the Hungarian family with the same variant, she 
showed cerebellar involvement without psychiatric or neurode-
velopmental features, indicating variable expressivity. Vitamin 
D deficiency was shared. MRI confirmed cerebellar pathology 
despite mild functional impairment, supporting relevance in ad-
olescent-onset cases. In summary, this case highlights a distinct 
phenotype of dominant MSTO1 mutation, differing from both re-
cessive cases and the previously reported family.
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Background & Objective:
Hereditary spastic paraplegias are clinically and genetically 
heterogeneous disorders marked by progressive spasticity and 
weakness, often complicated by cognitive impairment and dis-
tinctive neuroimaging features. SPG11 is the most common au-
tosomal recessive HSP globally but remains underdiagnosed in 
resource-limited populations. This paper aims to report the first 
genetically confirmed case of SPG11-associated hereditary spas-
tic paraplegia (HSP) in the Philippines, featuring a previously un-
documented splice-site mutation and comprehensive phenotypic 
characterization. 
 
Methods:
A 26-year-old female from a non-consanguineous family, with 
a decade-long history of progressive lower limb spasticity and 
cognitive decline, underwent thorough clinical, neurologic, and 
imaging assessments. The whole-exome sequencing identified 
two pathogenic SPG11 variants, including the novel c.3039-
1G>A canonical splice-site mutation.

Results:
The patient exhibited classic SPG11-HSP features: progressive 
spastic paraplegia, cognitive impairment, and radiologic signs, 
including the thinning of the corpus callosum and “ears-of-the-
lynx.” Genetic analysis confirmed compound heterozygosity for 
two loss-of-function SPG11 variants, one of which is previously 
unreported. Symptomatic management with oral baclofen im-
proved spasticity moderately. Genetic counseling and multidis-
ciplinary care were provided.
 

laborers who had been exposed to pesticides for an extended 
period of time within the Indian subpopulation were profiled.
 
Results:
Based on the Nurr1 expression profile, the odds ratios (ORs) for 
developing Parkinson’s disease (PD) were 0.52 (p<0.05) for males 
and 0.172 (p>0.05) for females.  However, the OR for Foxa1 ex-
pression was 1.17 (p>0.05) in females and 0.74 (p<0.05) in males.  
The pesticide exposure group’s expression of Foxa1 and Nurr1 
mRNA was significantly lower than that of the healthy controls 
(Table).  Considering that the UPDRS scale has trouble measuring 
the motor symptoms of Parkinson’s disease in its early phases, 
this result suggests that pesticide exposures may be in the ear-
ly stages of dopamine neuron degeneration.  Nevertheless, the 
risk factor for male and female groups was not identified in the 
current investigation.
 
Conclusions:
This study indicates that pesticide exposure may elevate PD risk, 
utilizing transcription factors as markers.

Table
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Background & Objective:
Parkinson’s disease (PD) is a growing public health concern 
worldwide, particularly in aging populations. In Indonesia, the 
burden of PD is expected to rise in the coming decades, yet lim-
ited evidence exists on future projections of prevalence in spe-
cific age groups. This study aimed to analyze trends and project 
the future prevalence of Parkinson’s disease among Indonesians 
aged 50–54 years, using historical prevalence data to estimate 
the burden up to 2030 and 2040. 
 
Methods:
Prevalence data for PD in Indonesia were obtained from the 
Global Burden of Disease (GBD) Study 2017–2021. A time-series 
approach was applied using R statistical software to calculate 
the average annual growth rate and to project prevalence esti-
mates for 2030 and 2040. Comparative analyses were conducted 
to assess temporal changes and the magnitude of the projected 
increase. 
 
Results:
Analysis of Parkinson’s disease (PD) prevalence in the 
50–54-year-old group in Indonesia showed a rise from 8,153 
cases in 2017, 8,442 in 2018, 8,741 in 2019, 9,192 in 2020, to 
9,409 in 2021, reflecting an average annual growth of 3.65%. 
Projections estimate an increase to 13,135 cases by 2030 and 
18,920 cases by 2040, nearly doubling over two decades. These 
findings confirm a sustained upward trend and underscore the 
growing public health challenge of PD in Indonesia’s older pro-
ductive-age population. 
 
Conclusions:
The prevalence of Parkinson’s disease among Indonesians aged 
50–54 years rose from 8,153 in 2017 to 9,409 in 2021 and is 
projected to reach 13,135 in 2030 and 18,920 in 2040, showing a 
consistent upward trend and underscoring the need for targeted 
public health strategies. 
 

Conclusions:
This case highlights the expanding mutational spectrum of 
SPG11 and reinforces the diagnostic value of genomic testing, 
especially in atypical spastic paraplegias. Early recognition, 
neuroimaging evaluation, and multidisciplinary management in-
cluding rehabilitation and counseling are essential to optimize 
outcomes for SPG11-HSP. Further research is needed to address 
genotype-phenotype correlations and develop targeted thera-
pies for complex forms of HSP. 
 
Figure
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was declined. Examination revealed broken saccades, overshoot 
nystagmus, staccato speech, wide-based gait, and mild dysme-
tria. Brain MRI showed mild cerebellar atrophy with confluent 
WMH, lacunes, and microbleeds in the basal ganglia and thal-
amus. Genetic testing confirmed SCA3 with ATXN3 expansion 
(~70 repeats) and identified a heterozygous NOTCH3 variant 
(c.160C>T, p.R54C). 

Discussion:
This case highlights the clinical implications of dual-genetic eti-
ologies in adult-onset ataxia. The ATXN3 expansion explained 
the progressive cerebellar syndrome, while MRI findings strong-
ly suggested CADASIL. Although migraine and cognitive decline 
were absent, the NOTCH3 variant supported combined patholo-
gy. Similar reports show that CADASIL may rarely present with 
ataxia and that NOTCH3 mutations can modify SCA phenotypes. 
The clinicoradiologic mismatch in this patient illustrates the risk 
of attributing all findings to a single disorder. Clinicians should 
remain alert when clinical and imaging findings are discordant. 
Careful integration of clinical, radiologic, and genetic findings 
is essential to avoid diagnostic deviation, guide prognosis, and 
inform counseling.

Keywords 
Spinocerebellar Ataxias, NOTCH3 Gene, CADASIL, Adult-Onset 
Ataxia, Genetic Predisposition to Disease
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Background & Objective:
Parkinson’s disease (PD) remains without disease-modifying 
therapies, as current treatments primarily provide symptomatic 
relief. A key clinical challenge is the progressive accumulation of 
misfolded α-synuclein, driving neurodegeneration. Gene silenc-
ing strategies targeting regulatory pathways involved in α-synu-
clein clearance offer promising therapeutic potential. Cathepsin 
B (CTSB) and ubiquitin-specific protease 30 (USP30) regulate 
lysosomal and mitochondrial pathways, respectively, which are 

Figure
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Introduction:
Spinocerebellar ataxia type 3 (SCA3) is the most common auto-
somal dominant cerebellar ataxia, caused by ATXN3 CAG expan-
sion, and typically presents with progressive gait disturbance, 
dysarthria, and oculomotor dysfunction. Cerebral autosomal 
dominant arteriopathy with subcortical infarcts and leukoen-
cephalopathy (CADASIL), due to NOTCH3 mutations, usually 
manifests with migraine, ischemic strokes, and confluent white 
matter hyperintensities (WMH). Their coexistence in a single pa-
tient is exceptionally rare.
A diagnostic challenge arises when the clinical pheno
type and neuroimaging findings are discrepant, risking misdiag-
nosis.

Case:
A 51-year-old man had a 2–3 year history of progressive gait un-
steadiness, dysarthria, and ocular fixation difficulty. Family his-
tory included multiple relatives with ataxia, but genetic testing 
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Generalized Chorea and Ballismus as a rare pre-
senting symptom of JAK2-Positive Polycythemia 
Vera Rubra

Mary Louisse AGUILON1, Joshua Emmanuel ABEJE-
RO1,2, Gerard SARANZA1,2,3,4,5

1Internal Medicine , Chong Hua Hospital Fuente, Cebu City, Philip-
pines
2Internal Medicine - Neurology, Chong Hua Hospital Fuente, Cebu 
City, Philippines
3Movement Disorders Service, Chong Hua Hospital & Vicente Sotto 
Memorial Medical Center, Cebu City, Philippines
4Departments of Anatomy & Internal Medicine, Cebu Institute of 
Medicine, Cebu City, Philippines
5Department of Neurosciences, University of the Philippines-Philip-
pine General Hospital, Manila, Philippines

Background & Objective:
Objective: To report a rare presentation of generalized chorea 
and ballismus in a patient with polycythemia vera rubra (PCVR) 
positive for the JAK2 V617F mutation.Background: PCVR is an 
acquired myeloproliferative neoplasm primarily presenting with 
erythrocytosis and thromboembolic complications. Neurological 
symptoms are usually vascular; movement disorders such as 
chorea and ballismus are rarely described, particularly in Asian 
populations. 
 
Methods:
A 52-year-old Filipino female with no prior neurologic disease 
developed recurrent, brief episodes of involuntary movements 
affecting both lower extremities, consistent with chorea and 
ballismus, in addition to dysarthria and teeth grinding. Labora-
tory workup showed erythrocytosis, leukocytosis, and positive 
JAK2 mutation. Brain MRI demonstrated non-specific bilateral 
basal ganglia calcification. Other etiologies, including infectious, 
metabolic, autoimmune, and hereditary causes, were excluded.
 
Results:
The patient was diagnosed with PCVR with secondary general-
ized chorea and ballismus. Symptomatic control was achieved 
with risperidone and clonazepam. Therapeutic phlebotomy and 
antiplatelet therapy led to complete and sustained resolution of 
symptoms on follow-up.
 
Conclusions:
This case highlights generalized chorea and ballismus as unusu-
al but important manifestations of JAK2-positive PCVR. Early 
recognition and hematologic treatment can lead to full resolu-

central to α-synuclein homeostasis. Targeting these genes with 
RNA interference may enhance proteostatic mechanisms and 
promote α-synuclein degradation.
 
Methods:
We employed a computational pipeline using DSIR software for 
siRNA design, MaxExpect for secondary structure prediction, 
and DuplexFold for duplex stability assessment. Candidate siR-
NAs against CTSB and USP30 were ranked by hybridization ener-
gy, structural accessibility, and corrected efficacy scores.
 
Results:
A total of 20 siRNA candidates were generated, with 10 se-
quences targeting CTSB and 10 targeting USP30 (Table 1). For 
CTSB, the top candidate (position 200) achieved a DSIR score of 
106.4, while other high-ranking sequences showed scores rang-
ing from 71.1 to 96.2. For USP30, the highest score was 93.8 
(position 677), with several candidates scoring above 85, indi-
cating strong silencing potential. Both target sets demonstrated 
favorable secondary structure accessibility and stable duplex 
formation, supporting their predicted functional efficiency.
 
Conclusions:
This study provides in silico evidence that silencing CTSB and 
USP30 with siRNA may enhance α-synuclein clearance via ly-
sosomal and mitochondrial pathways. Clinically, this strategy 
could represent a disease-modifying approach beyond symptom-
atic therapy. Validation in experimental models, optimization of 
CNS delivery, and off-target assessment remain essential next 
steps, underscoring the translational promise of gene silencing 
in movement disorders.
 
Table

 
Keywords 
Parkinson Disease, Alpha-synuclein, Gene silencing, CTSB, 
USP30
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and guiding medical decisions.
Keywords 
MERRF syndrome, m.8344A>G, heteroplasmy, pathogenicity

P-062

Geospatial and Statistical Analysis of Health 
Workers, Therapy Workers, and Psychology 
Workers and Happiness for Parkinson’s Disease 
in Indonesia: Using Open Government Data

Putri AYU1, Siska AZIZAH2

1Economics, Andalas University, Padang/Indonesia, Indonesia
2Health, Baiturrahmah University, Padang/Indonesia, Indonesia

Background & Objective:
Indonesia is the fourth most populous country in the world and 
also has a large elderly population, which puts it at high risk 
for Parkinson’s disease. This study identifies the relationship be-
tween health workers, therapy workers, and psychology workers 
and happiness in Parkinson’s disease in Indonesia using statisti-
cal tests and geospatial mapping.
 
Methods:
The method used was statistical analysis with OLS and geospa-
tial mapping analysis using QGIS. The variables identified were 
health workers, therapy workers, psychology workers, and the 
happiness index for Parkinson’s disease in Indonesia. The 2021 
data is the latest available from the government at the IHME 
and BPS.
 
Results:
The statistical results show no significant relationship between 
health workers, therapy workers, and psychology workers and 
happiness in Parkinson’s disease in Indonesia, but a negative re-
lationship is present. Mapping across 34 provinces also shows 
inconsistent associations in influencing Parkinson’s disease 
prevalence. However, some provinces show a negative cor-
relation, where higher happiness leads to a lower incidence of 
Parkinson’s disease. This is particularly true in eastern Papua. 
The number of psychologists and therapists tends to align with 
Parkinson’s prevalence, likely due to factors such as urbaniza-
tion, population density, and detection capabilities. In general, 
Parkinson’s prevalence is higher in Java, Bali, and Sulawesi (ur-
ban and accessible areas), while it is lower in Papua and Maluku 
(where there is a shortage of healthcare workers and prevalence 
may be underreported).

tion of movement symptoms. Hematologic etiologies should be 
considered in the differential diagnosis of unexplained move-
ment disorders.

P-061

Genetic and Phenotypic Insights into MERRF: The 
MT-TK m.8344A>G Variant in a Filipino Family 
with Progressive Myoclonus Epilepsy

Darlene BARAGO

Internal Medicine, Chong Hua Hospital Fuente, Cebu City, Philip-
pines

Background & Objective:
To characterize the clinical spectrum and genetic basis of MER-
RF syndrome in a Filipino family, focusing on the pathogenic 
m.8344A>G MT-TK variant and its heteroplasmy.Background: 
MERRF (Myoclonic Epilepsy with Ragged-Red Fibers) is a rare 
maternally inherited mitochondrial disorder marked by progres-
sive myoclonus, epilepsy, and myopathy. Due to heteroplasmy, 
clinical presentations and disease severity can vary widely, war-
ranting detailed family-based study.
 
Methods:
A Filipino family presented with variable neurologic manifes-
tations suggestive of MERRF. Clinical assessment, neurologic 
exams, and next-generation sequencing targeting mitochon-
drial DNA were performed. Heteroplasmy levels of the MT-TK 
m.8344A>G variant were quantified, and clinical-genetic correla-
tion was assessed.
 
Results:
Three affected individuals carried the pathogenic m.8344A>G 
variant with heteroplasmy levels ranging from 9.5% to 77.3%. 
The highest heteroplasmy corresponded to earlier onset and 
more severe disease. Clinical features included myoclonic epi-
lepsy, myopathy, edema, and cognitive symptoms. Management 
was primarily symptomatic, using levetiracetam, coenzyme Q10, 
B vitamins, and L-carnitine. Genetic counseling was provided.
 
Conclusions:
This report underscores the clinical impact of variable hetero-
plasmy of the MT-TK m.8344A>G mutation in MERRF and high-
lights the importance of family-based genetic analysis. Individ-
ualized management and multidisciplinary care are essential for 
patients with mitochondrial disorders. Regular follow-up and 
genetic counseling are critical in supporting affected families 
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Genome-Wide and Polygenic Analyses of Idio-
pathic Parkinson’s Disease in Koreans
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Joong-Seok KIM4, Sun Ju CHUNG5, Yoon Shin CHO2, 
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Conclusions:
Therefore, the government needs to increase happiness and 
medical personnel to reduce the incidence of Parkinson’s in In-
donesia. 
 
Figure
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Infection- and Immune-mediated 
Movement Disorders

P-064

Unveiling Action Tremor in Multiple Sclerosis : 
Serial Cases

Christine Kathy Putri SARI, Sri Yenni TRISNAWATI GS, 
Ni Putu Ayu Putri MAHADEWI , I Wayan WIDYAN-
TARA, Ni Made Dwita PRATIWI

Department of Neurology, Universitas Udayana, Denpasar, Bali, 
Indonesia

Introduction:
Multiple sclerosis (MS) is a chronic central nervous system dis-
order. Tremor, affecting up to one-third of patients with MS, is 
rarely an initial symptom but can cause severe disability from 
cerebellar pathway involvement.
 
Case:
A 28-year-old woman presented with progressive right leg 
weakness, followed by left-hand and head tremor with right-
eye blurred vision. Examination showed monoparesis, cerebellar 
tremor, cranial nerves palsy, and positive Lhermitte’s sign. Brain 
MRI revealed multiple ovoid demyelinating lesions in periven-
tricular, brainstem, and cerebellar regions. Patient was diag-
nosed with probable MS with cerebellar ataxia and intentional 
tremor, treated with pulse dose methylprednisolone, topiramate, 
and clobazam.Case 2: A 28-year-old woman with Relapsing-re-
mitting MS developed progressive right-hand tremor since 
2018 with visual blurring, weakness, spastic hemiparesis, and 
imbalance. MRI showed demyelinating lesions in the centrum 
semiovale, corona radiata, frontal lobes. Patient also had severe 
depression with psychotic features. A diagnosis of kinetic trem-
or secondary to MS was made, and patient was treated with 
methylprednisolone, azathioprine, gabapentin, and psychiatric 
therapy.
 
Discussion:
Tremor is a disabling manifestation of multiple sclerosis (MS), 
affecting 25–58% of patients, with meta-analysis reporting 
33.3%. It seldom appears at onset, usually emerging years later. 
Both cases involved young women, consistent with the female 
predominance (2–3:1). The tremors were action type—intention 
and kinetic—linked to cerebello-thalamo-cortical lesions, sup-
ported by MRI brain and spinal findings. MS tremor is heteroge-
neous, commonly affecting the upper limbs, though head tremor 
occurred in Case 1. Management is difficult, as symptomatic 

4Neurology, College of Medicine, The Catholic University of Korea, 
Seoul, Republic of Korea 
5Neurology, Asan Medical Center, University of Ulsan College of 
Medicine, Seoul, Republic of Korea

Background & Objective:
Parkinson’s disease (PD) is the second most common neurode-
generative disorder in the elderly. Idiopathic PD (IPD) is a com-
plex condition, thought to result from a combination of genetic 
and environmental factors. Genetically, IPD is considered a poly-
genic disorder, with multiple risk alleles of mostly weak to mod-
erate effect contributing to disease susceptibility. To date, more 
than 90 single-nucleotide polymorphism (SNP) associations with 
IPD have been identified through genome-wide association stud-
ies (GWAS) in European populations.
 
Methods:
To investigate the genetic architecture of IPD in the Korean pop-
ulation, we conducted a GWAS of 10,139 individuals, including 
2,793 patients with IPD and 7,446 controls, using the Korean 
Biobank Array. 
 
Results:
We identified genome-wide significant associations (P < 5 × 10-8) 
at the SNCA, SLC45A3-NUCKS1, SLC2A13, and LRRK2 loci. In 
addition, several exonic variants in SLC41A1, MCCC1, PGBD1, 
ZSCAN31, MAS1L, and LRRK2 showed suggestive associations, 
supporting roles for these genes in IPD not only in Europeans but 
also in East Asians. We also confirmed that 62 of 90 previously 
reported Mendelian genes for hereditary parkinsonian disorders 
were nominally associated with the disease (P < 0.05) in our 
dataset. Building on these findings, we will compute a polygenic 
risk score (PRS) to assess its contribution to disease risk in Kore-
ans, with particular focus on its influence on the age at onset of 
IPD. Furthermore, we will evaluate the impact of PRS on pheno-
types and disease penetrance in carriers of specific mutations, 
such as LRRK2 G2385R.
 
Conclusions:
Together, our GWAS and PRS analyses will advance understand-
ing of the genetic architecture, penetrance, and phenotypic vari-
ability of IPD in the Korean population.
 
Keywords 
Parkinson's disease, genome-wide association study, genetics, 
polygenic risk score, LRRK2
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Epstein-Barr Virus Meningitis Followed by 
Autoimmune GFAP Astrocytopathy with Opsoclo-
nus-Myoclonus Syndrome in an Adolescent: A 
Case Report

Seong Ho JEONG1, Young Chan JEONG2

1Neurology, Yongin Severance Hospital, Yonsei University Health 
System, Yongin, Republic of Korea 
2Neurology, Inje University Sanggye Paik Hospital, Seoul, Republic 
of Korea 

Introduction:
Autoimmune glial fibrillary acidic protein (GFAP) astrocytopathy 
is a rare inflammatory central nervous system disorder that can 
be triggered by preceding viral infections. Epstein-Barr virus 
(EBV) is a neurotropic virus, but the occurrence of GFAP astrocy-
topathy following EBV meningitis has rarely been documented.
 
Case:
A previously healthy 16-year-old female presented with a one-
week history of severe headache, dizziness, and nausea. Initial 
cerebrospinal fluid (CSF) analysis revealed lymphocytic pleocyto-
sis with an opening pressure of 210 mmH2O, and multiplex PCR 
from CSF was positive for Epstein-Barr virus. Brain MRI showed 
decreased ADC at the splenium of the corpus callosum and dif-
fuse leptomeningeal enhancement. The patient was treated with 
intravenous acyclovir (30 mg/kg/day) and corticosteroid therapy.
On hospital day 6, she developed new neurological symptoms 
including drowsiness, confusion, opsoclonus, and myoclonus. A 
follow-up CSF analysis again demonstrated lymphocytic pleo-
cytosis, and autoimmune encephalitis panel was additionally 
requested. This subsequently confirmed anti-GFAP antibody 
positivity, establishing the diagnosis of autoimmune GFAP as-
trocytopathy. Upon confirmation, intravenous immunoglobulin (2 
g/kg over 5 days) were initiated in addition to ongoing antiviral 
treatment. The patient’s neurological manifestations, including 
opsoclonus–myoclonus and cognitive impairment, gradually 
improved with immunotherapy and rehabilitation. She was dis-
charged with a tapering regimen of oral corticosteroids. 
 
Discussion:
This case highlights a rare but important sequence of EBV men-
ingitis followed by autoimmune GFAP astrocytopathy presenting 
with opsoclonus–myoclonus syndrome. Viral meningoencephali-
tis, particularly EBV infection, may act as a trigger for secondary 
autoimmune astrocytopathy in adolescents. Early recognition 
and timely immunotherapy are essential for favorable outcomes. 

drugs such as topiramate, levetiracetam, clobazam, and clonaz-
epam provide only partial benefit, as seen in our patients who 
improved modestly yet retained coordination deficits.
 
Figure

Figure
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Increased HLA-I expression in PD suggests an enhanced immune 
response and altered viral susceptibility. HMC3 microglia poten-
tially protect neurons and PD cells from viral infection by regu-
lating IL-6 and CCL2. 
 
Keywords 
Parkinson's disease , Influenza virus 
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Epigallocatechin-3-Gallate Suppresses Heli-
cobacter pylori Virulence with Implications for 
Parkinson’s Disease Management 
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Background & Objective:
Emerging evidence suggests that Helicobacter pylori infection 
is strongly associated with Parkinson’s disease (PD), where it 
exacerbates motor symptoms, accelerates disease progression, 
and interferes with levodopa absorption. Eradication of H. pylori 
has been shown to improve motor performance and therapeutic 
responsiveness, highlighting this pathogen as a modifiable risk 
factor in PD. However, reliance on conventional antibiotics raises 
concerns regarding resistance and treatment tolerance. This has 
stimulated growing interest in alternative strategies, particularly 
natural dietary compounds with antibacterial potential. Green 
tea, one of the most widely consumed beverages worldwide, 
contains epigallocatechin-3-gallate (EGCG), a polyphenol with 
documented inhibitory activity against H. pylori. The objective of 
this study was to investigate the antipathogenic mechanisms of 
EGCG against H. pylori using bioinformatics tools, with the aim 
of exploring its potential as a dietary intervention to mitigate 
PD-related risks. 
 
Methods:
In this study, bioinformatics platforms including STITCH v.5.0, 
VICMPred, and VirulentPred were applied to characterize protein 
targets, functional roles, and virulence profiles of H. pylori. Ad-
ditionally, BepiPred v.2 and PSORTb v.3 were utilized to predict 
B-cell epitopes and subcellular localization of bacterial virulence 
factors. 
 

P-066

Revealing Alterations In Proteasome And Immune 
Response In The Substantia Nigra Of Parkinson’s 
Disease: Insights From Geo Database And Experi-
mental Models

Thi Len HO1, Huu Dat NGUYEN2, Eun-Ju KO1, Young Eun 
KIM2

1Interdisciplinary Graduate Program in Advanced Convergence 
Technology & Science, Jeju National University, Hue, Viet Nam
2Neurology, Hallym University Sacred Heart Hospital, Hue, Viet 
Nam

Background & Objective:
Objectives:
To investigate alterations in proteasome function and immune 
responses in Parkinson’s disease (PD) by integrating transcrip-
tomic data from GEO. Additionally, to elucidate whether these 
changes are linked to the response mechanisms of neurons and 
PD neurons to influenza virus infection. 
 
Methods:
Gene expression data from the substantia nigra of PD patients 
and controls were analyzed using the GEO datasets GSE8397 
and GSE20292. Batch effects were corrected using the "Combat" 
algorithm, and differentially expressed genes (DEGs) were iden-
tified with the "limma" package in R. GO/KEGG pathway enrich-
ment and immune infiltration analysis of 29 immune cell types 
was performed.A LUHMES PD cell model was co-cultured with 
HMC3 microglia and infected with the A/WS/33 H1N1 influenza 
strain. Flow cytometry was used to analyze immune cell popula-
tions, HLA class I/II expression, and viral infection. Cytokine pro-
files were assessed via ELISA, while Western blotting measured 
alpha-synuclein phosphorylation, dopaminergic neuron death, 
and proteasomal/lysosomal protein degradation. 
 
Results:
DEG analysis revealed significant downregulation of CCL5, 
UBA7, and PSMB5, related to immune and proteasome system. 
GO/KEGG analysis highlighted alterations in the proteasome 
pathway, and immune infiltration analysis showed increased 
HLA-I expression in PD patients.In the PD model, flow cytome-
try showed reduced influenza nucleoprotein levels compared to 
controls (healthy neurons), while virus infection led to increased 
HLA-I expression in the PD group, which was in line with GEO 
data. ELISA data revealed elevated IL-6 and CCL2 levels in both 
control and PD groups following infection, while TNF-α, IL-10, 
IL-1β, and IL-12p70 levels remained unchanged. 
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Huntington disease atlas (GSE242195) were harmonized with 
SCTransform and batch-balanced kNN. Ligand-receptor in-
teractions were mapped using NicheNet and CellPhoneDB to 
generate immune to striatal HitMaps. The score was derived 
from ligand load, receptor density, ligand-receptor weights, and 
graph centrality, trained with XGBoost under leave-dataset-out 
cross-validation. SHAP defined a 12-analyte biomarker panel, 
and in-silico simulations modeled score reduction after cytokine 
blockade.
 
Results:
The score distinguished cases from controls with AUROC 0.833 
(95% CI 0.79-0.87). In encephalitis, scores were higher (medi-
an 0.71 vs 0.28, p<0.001) and correlated with CSF pleocytosis 
(r=0.62) and CRP (r=0.53). Key edges included CXCL13 to CXCR5, 
CXCL10 to CXCR3, TNFSF13B to TACI, and C3a to C3aR. DRD2 
neurons showed stronger TNF and interferon inputs predicting 
parkinsonism, while DRD1 neurons favored complement and 
glutamate edges linked to chorea. Simulated blockade reduced 
scores by -31% with JAK inhibition, -27% with anti-TNF, and 
-19% with BAFF blockade. The 12-marker panel preserved per-
formance (AUROC 0.812).
 
Conclusions:
This study presents a computational immune-striatal interaction 
score linking PBMC and CSF immune states to striatal vulnerabil-
ity. It predicts risk of immune-mediated movement disorders and 
enables therapeutic simulations, with a reduced biomarker panel 
supporting clinical translation.
 
Keywords 
Immune-Striatal, Single-Cell, Post-Infectious, Ligand-Receptor, 
Biomarkers
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Association of Olfactory Loss with Cognition is 
Mediated by Striatal Dopamine Loss and Cerebral 
Perfusion in Parkinson’s Disease

Seong Ho JEONG1,2, Junjam KIM2, Haekyeong WOO2, 
Phil Hyu LEE2,3, Young Ho SOHN2, Seok Jong CHUNG2

Results:
Our results revealed that EGCG interacts with critical H. pylori 
virulence determinants, including enoyl-ACP reductase (fabI), 
type II DNA modification enzyme (jhp_0044), 7-alpha-hydroxys-
teroid dehydrogenase (jhp_0409), and type II DNA methyltrans-
ferase (jhp_0435). These proteins play essential roles in bacteri-
al metabolism, survival, and pathogenicity. 
 
Conclusions:
In conclusion, EGCG from green tea shows promise as a natural 
dietary agent to suppress H. pylori infection, which may in turn 
reduce its negative impact on PD progression and treatment out-
comes. Further laboratory and clinical validation are warranted 
to confirm these computational findings and assess the broader 
neuroprotective role of green tea in Parkinson’s disease. 
 
Keywords 
Helicobacter pylori, Epigallocatechin-3-gallate, Parkinson's dis-
ease, Gut-brain axis
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Machine Learning-Derived Immune-Striatal 
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Profiles to Predict Post-Infectious Movement 
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1AI-BioMedicine Research Group, IMCDS-BioMed Research Foun-
dation, Jakarta, Indonesia
2Health Management Laboratory, International University Semen 
Indonesia, Gresik, Indonesia
3Biology, Yogyakarta State University, Sleman, Indonesia

Background & Objective:
Autoimmune responses after infection or vaccination can disrupt 
basal ganglia circuits and cause movement disorders. Existing 
diagnostics are non-specific and delay treatment. We aimed to 
develop a computational immune-striatal interaction score that 
integrates PBMC, CSF, and striatal receptor data to predict risk 
and identify therapeutic targets in immune-mediated movement 
disorders.
 
Methods:
Single-cell RNA-seq data from PBMC in vaccination-associ-
ated encephalitis (GSE205606/7), CSF immune repertoires in 
narcolepsy (GSE247134), and striatal receptor modules from a 
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Background & Objective:
Pharmaceutical therapy can provide effective symptomatic relief 
for Parkinson’s disease initially, but symptoms of PD become 
more complex and refractory to pharmaceutical therapy as the 
disease progresses, necessitating alternative therapeutic ap-
proaches. Repetitive transcranial magnetic stimulation (rTMS) is 
a noninvasive technique for brain stimulation, which is recom-
mended as a potential therapeutic tool for various neurological 
and psychiatric disorders. This study aimed to investigate the 
effects of deep rTMS using an H-coil on cerebral perfusion and 
motor function in PD.
 
Methods:
Five PD patients underwent high-frequency dTMS over the sup-
plementary motor area (SMA) for two weeks. Clinical assess-
ments, including the Unified Parkinson’s Disease Rating Scale 
(UPDRS), Hoehn-Yahr scale, and Timed-Up-Go (TUG) test, were 
conducted before and three months after dTMS. Brain perfusion 
was evaluated using single-photon emission computed tomog-
raphy (SPECT) and analyzed with statistical parametric mapping
 
Results:
There were no statistically significant changes in Hoehn-Yahr 
scale, TUG, or UPDRS motor scores following dTMS interven-
tion. However, SPECT analysis revealed a significant increase in 
regional cerebral blood flow (rCBF) in the right cerebellum after 
dTMS treatment.

Conclusions:
This study showed that the application of high frequency rTMS 
to the SMA may enhance cerebellar CBF. Although the improve-
ment in motor function after rTMS was not statistically signifi-
cant, there was a trend toward improvement in motor function 
tests after rTMS application. Therefore, we cautiously suggest 
that rTMS procedure may be a new therapeutic option for PD. 
Further studies are necessary to investigate associations be-
tween changes in rCBF and those in motor function tests after 
rTMS application in PD.

1Department of Neurology, Yongin Severance Hospital, Yonsei 
University Health System, Yongin, Republic of Korea 
2Department of Neurology, Yonsei University College of Medicine, 
Seoul, Republic of Korea 
3Severance Biomedical Science Institute, Yonsei University, Seoul, 
Republic of Korea 

Background & Objective:
Hyposmia is a common non-motor symptom in Parkinson’s dis-
ease (PD). Association of hyposmia with cognition has been 
largely studied, however, the role of subregional striatal dopami-
nergic degeneration and cerebral perfusion on this association 
has not been investigated yet. This study investigated whether 
olfactory loss in PD was associated with subregional striatal do-
pamine loss and cerebral perfusion and their effect on cognition.
 
Methods:
This retrospective study reviewed the anonymized data collect-
ed during routine clinical care of drug-naïve newly diagnosed 
patients with PD who underwent the Cross-Cultural Smell 
Identification Test (CCSIT) and dual-phase N-(3-[18F]fluoropro-
pyl)-2β-carbomethoxy-3β-(4-iodophenyl) nortropane (18F-FP-CIT 
PET) scans. General linear models were used to determine the 
relationship of olfactory loss with subregional dopamine trans-
porter availability (DAT) and cerebral perfusion. A Cox regression 
model was used to compare the risk of developing PD dementia 
(PDD) between the groups. A mediation analysis was used to 
explore whether the imaging features that correlates with ol-
factory loss mediate the relationship between hyposmia and 
cognitive outcome.
 
Results:
343 patients with PD (mean age, 69.8 years; 179 women) were 
enrolled. DAT availability in all striatal subregions and regional 
perfusion in the bilateral parieto-occipital area was positively 
correlated with CCSIT scores. A survival analysis showed that 
the rate of PDD conversion was significantly higher when CCSIT 
scores were lower (hazard ratio = 0.86, 95% confidence interval 
= 0.77–0.95 , P = 0.004), which was largely mediated by DAT 
availability in the posterior putamen or parieto-occipital cerebral 
perfusion in mediation analyses.
 
Conclusions:
This study demonstrated that the relationship between olfactory 
loss and dementia conversion was largely mediated by striatal 
subregional dopaminergic degeneration and regional cerebral 
perfusion.
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(ρ:0.632, p=0.002). 

Conclusions:
The quantitative image analysis demonstrated that there was 
lack of significant correlation between striatal dopaminergic de-
nervation by PET and nigral hyperintensity loss by MRI in the 
group with IPD, but there were several correlations in the group 
without IPD. These results suggest that PET shows nigrostriatal 
presynaptic terminal integrity, while SMwI shows microstructur-
al integrity of SNpc, so their associations may be a marker for 
nigrostriatal tract integrity. 

P-072

Automated Deep Learning Model for Differentiat-
ing Parkinson’s Disease Using Dopamine Trans-
porter Uptake Imaging

Jinse PARK1, Hee-Tae KIM2

1Neurology, Haeundae Paik Hospital, Inje University, Busan, Repub-
lic of Korea 
2Neurology, Hanyang University, College of Medicine, Seoul, 
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Background & Objective:
Dopamine transporter (DAT) imaging is essential for diagnosing 
Parkinson’s disease (PD) by visualizing presynaptic dopaminer-
gic activity. However, interpretation relies on nuclear medicine 
specialists, introducing subjectivity and limiting scalability. We 
developed and validated an automated deep learning model to 
distinguish PD from normal controls using DAT imaging with clin-
ical variables.
 
Methods:
A retrospective dataset of 680 patients (41,573 slices) from Hae-
undae Paik Hospital was used to train a two-dimensional convo-
lutional neural network. Input data included maximum intensity 
projection (MIP) images and standardized clinical variables (age, 
sex, UPDRS, Hoehn & Yahr stage). External validation was con-
ducted on 187 patients (5,720 slices) from Dong-A University. 
Grad-CAM was applied to visualize image regions contributing 
to predictions.
 
Results:
On external validation, the model achieved AUROC 0.94, sensi-
tivity 92%, specificity 90%, F1 score 0.91, and accuracy 91%.
Grad-CAM confirmed the model focused on clinically relevant 
striatal regions.
 

Keywords 
Parkinson's disease, deep transcranial magnetic stimulation, re-
gional cerebral blood flow
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Background & Objective:
Dopamine transporter imaging such as 18F-FP-CIT PET is used 
as the diagnostic criteria by the IPMDS. Currently, susceptibility 
map-weighted imaging (SMwI) can be used as an emerging im-
aging biomarker for IPD. Therefore, this study aimed to evaluate 
association between two imaging biomarkers for evaluation for 
the diagnosis of primary parkinsonism.
 
Methods:
Total of 51 patients (29 IPD, 22 non-IPD) who underwent both 
SMwI and PET within 1 year were collected. For quantitative 
image analysis, the volume of hyperintensity in the SNpc was 
measured (mPDia and N1q, Heuron®), and for DAT binding on 
PET, the striatal binding ratio (SBR) was measured in each subre-
gion of the brain (BTXBrain-DAT, Brightonix Imaging®). Correla-
tion analysis was used to evaluate the association between the 
hyperintensity loss in the SNpc and the dompaminergic denerva-
tion in the striatum.

Results:
The group with IPD showed a moderate positive correlation be-
tween the volume of hyperintensity in the right SNpc and the 
SBR in the putamen (ρ:0.406, p=0.029). However, in the group 
without IPD, moderate to strong positive correlations were 
observed as follows: between the volume of hyperintensity in 
the right SNpc and the SBR in the pallidum (ρ:0.632, p=0.002), 
putamen (ρ:0.552, p=0.008), caudate (ρ:0.434, p=0.044), and 
ventral striatum (ρ:0.426, p=0.048), and between the volume 
of hyperintensity in the left SNpc and the SBR in the pallidum 
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Background & Objective:
This study aimed to examine the relationship between auto-
matically quantified perivascular space (PVS) volume located in 
the subcortical white matter (WM), baseline motor deficits and 
cognitive function, as well as longitudinal motor and cognitive 
outcomes in patients with Parkinson’s disease (PD).
 
Methods:
This retrospective cohort study included 270 consecutive pa-
tients with newly diagnosed PD who underwent brain MRI at ini-
tial assessment. Subcortical WM PVS volume was automatically 
measured using high-resolution T2-weighted images. Multivar-
iate linear regression analyses evaluated the association be-
tween subcortical WM PVS volume and baseline Unified PD Rat-
ing Scale Part III, Mini-Mental State Examination, and Montreal 
Cognitive Assessment scores. Cox regression models assessed 
the prognostic value of baseline subcortical WM PVS volume for 
the risk of developing freezing of gait (FOG) and dementia.
 
Results:
Greater subcortical WM volume, particularly in the frontal and 
parietal regions, correlated with milder parkinsonian motor defi-
cits and better global cognitive function at baseline. Higher sub-
cortical WM PVS volume, especially in the frontal region, was 
linked to a lower risk of FOG (hazard ratio: 0.450, 95% confidence 
interval (CI): 0.221–0.916, p = 0.028). Additionally, greater sub-
cortical WM PVS volume, especially in the occipital region, was 
associated with a reduced risk of dementia conversion (hazard 
ratio: 0.358, 95% CI: 0.134–0.958, p = 0.041) in Cox regression 
models.

Conclusions:
These findings indicate that subcortical WM PVS can be an indi-
cator of unfavorable clinical outcomes in PD.
 

Conclusions:
This CNN-based model demonstrates robust and generalizable 
performance for differentiating PD from normal controls using 
DAT imaging. It offers an objective, scalable, and interpretable 
tool that may support clinical decision-making.
 
Table

Figure

 
Keywords 
Parkinson's disease, Deep learing, Radionuclide imaging
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Background & Objective:
This study aimed to investigate the association between the dif-
fusion tensor image (DTI) analysis along the perivascular space 
(ALPS) index, dopamine transporter (DAT) availability in the asso-
ciative striatum, and baseline cognitive function in patients with 
Parkinson’s disease (PD).
 
Methods:
This retrospective study enrolled 207 patients with newly diag-
nosed PD who underwent brain MRI and 18F-FP-CIT PET from 
Yongin Severance Hospital between January 2015 and Decem-
ber 2020. The DTI-ALPS index was used to assess glymphatic 
system function. Cognitive function was measured using the 
Mini-Mental State Examination (MMSE). Multiple linear regres-
sion and mediation analyses were performed to evaluate their 
associations.
 
Results:
Two multiple linear regression analyses were performed to in-
vestigate the association with the MMSE scores, DTI-ALPS in-
dex, and DAT availability in the caudate (model 1) or anterior 
putamen (model 2). In model 1, both caudate DAT availability and 
ALPS index were positvely associated with MMSE scores. Medi-
ation analyses showed that the DTI-ALPS index directly affected 
MMSE scores (β = 1.176) with no significant indirect effect via 
caudate DAT availability. When the DTI-ALPS index was located 
as a mediator, caudate DAT availability directly affected MMSE 
scores (β = 0.441) without significant indirect effect via ALPS 
index (β = -0.006). In model 2, both anterior putamen DAT avail-
ability and ALPS index were positively associated with MMSE 
scores. Mediation analyses showed that the ALPS index had 
both direct (β = 1.317) and indirect effects via anterior putamen 
DAT availability (β = -0.169) on MMSE scores. When the ALPS 
index was located as a mediator, anterior putamen DAT avail-
ability affected MMSE scores directly (β = 0.278) and indirectly 
via ALPS index (β = -0.441).
 

Keywords 
dementia, freezing of gait, Parkinson's disease, perivascular 
space, subcortical white matter
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Background & Objective:
This study aimed to investigate the association between the dif-
fusion tensor image (DTI) analysis along the perivascular space 
(ALPS) index, dopamine transporter (DAT) availability in the 
posterior putamen, and baseline parkinsonian motor deficits in 
patients with Parkinson’s disease (PD).
 
Methods:
This retrospective study included 207 patients with newly diag-
nosed PD who underwent brain MRI and 18F-FP-CIT PET between 
January 2015 and December 2020. The DTI-ALPS index was 
used to assess glymphatic system function. Motor function was 
assessed using the Unified Parkinson’s Disease Rating Scale Part 
III (UPDRS-III). Multiple linear regression and mediation analyses 
were performed to evaluate their associations.
 
Results:
Multiple linear regression analysis showed that both DAT avail-
ability in the posterior putamen and ALPS index were negative-
ly associated with UPDRS-III scores after adjusting for age at 
symptom onset and sex. Mediation analyses showed that the 
ALPS index affected UPDRS-III scores both directly (β = −10.116) 
and indirectly via DAT availability in the posterior putamen (β = 
2.509). When the ALPS index was located as a mediator, pos-
terior putamen DAT availability affected UPDRS-III scores both 
directly (β = -5.494) and indirectly via ALPS index (β = 0.377).
 
Conclusions:
These findings suggest that glymphatic dysfunction is associated 
with severe motor deficits in PD, together with nigrostriatal do-
paminergic degeneration.



285

Keywords 
cerebral perfusion, dopamine transporter, drug-induced parkin-
sonism, Parkinson's disease

P-077

Spatiotemporal Evolution Patterns of Nigrostriatal 
Dopamine Depletion in Parkinson’s Disease

Seok Jong CHUNG1, Jeyeon LEE2, Youngseok CHOI2, 
Junyong JANG2, Yun Young CHOI1, Minhee RHO1, Ye 
Eun SUN1, Yun Joong KIM1, Young H. SOHN1, Phil Hyu 
LEE1

1Neurology, Yonsei University College of Medicine, Seoul, Republic 
of Korea 
2Biomedical Engineering, Hanyang University, Seoul, Republic of 
Korea 

Background & Objective:
Dopamine neurons in the ventrolateral tier of the substantia nig-
ra pars compacta, which project to the posterior putamen, are 
known to be the most vulnerable in Parkinson’s disease (PD), 
while there is an individual variability in the involvement of 
dopamine neurons projecting to the other striatal regions. This 
study aims to elucidate the spatiotemporal evolutionary patterns 
of nigrostriatal dopamine depletion in PD.
 
Methods:
A total of 698 patients with PD and 40 healthy controls who 
underwent 18F-FP-CIT PET scans were retrospectively enrolled 
in this study. After quantifying the dopamine transporter avail-
ability in each striatal subregion, we applied Subtype and Stage 
Inference (SuStaIn), a probabilistic machine learning method, to 
characterize the spatiotemporal progression patterns of striatal 
dopamine depletion in PD.
 
Results:
SuStaIn analysis identified two subtypes with distinct spatio-
temporal evolutionary patterns of nigrostriatal dopamine deple-
tion in PD: Subtype 1 whose striatal dopamine depletion first 
appeared in the posterior putamen and Subtype 2 with diffuse 
striatal dopamine depletion. The majority of patients with PD 
were classified into the Subtype 1, and showed the pattern of 
progression of striatal dopamine depletion in the following or-
der: more-affected posterior putamen, less-affected posterior 
putamen, more-affected anterior putamen, more-affected ven-
tral putamen, less-affected ventral putamen, less-affected an-
terior putamen, more-affected caudate, less-affected caudate, 

Conclusions:
These findings suggest that glymphatic dysfunction is associated 
with worse cognitive function in PD, together with nigrostriatal 
dopaminergic degeneration.
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Background & Objective:
This study aimed to investigate whether subtle striatal dopa-
mine deficits and cerebral perfusion alterations are observed in 
patients with drug-induced parkinsonism (DIP).
 
Methods:
We consecutively enrolled 82 patients with DIP who showed vi-
sually preserved dopamine transporter (DAT) availability in late-
phase 18F-FP-CIT PET scans. We performed comparative analyses 
of striatal DAT availability on late-phase 18F-FP-CIT PET images 
and regional uptake on early-phase 18F-FP-CIT PET images (i.e., 
regional cerebral perfusion) between patients with DIP, those 
with Parkinson’s disease (PD; propensity-score matched; n = 
164), and healthy controls (n = 50).
 
Results:
Compared with healthy controls, patients with DIP showed de-
creased DAT availability in the caudate and reduced cerebral 
perfusion in the frontal, occipital, and limbic cortices. Patients 
with DIP also exhibited more severely reduced cerebral perfu-
sion in the frontal and limbic cortices than patients with PD, 
whereas regional uptake in the occipital lobe was comparable 
between the DIP and PD groups.

Conclusions:
The results of this study demonstrated that patients with DIP ex-
hibit subtle nigrostriatal dopaminergic dysfunction and cerebral 
hypoperfusion in the frontal, limbic, and occipital regions.
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Results:
Compared to HCs, NBM volume was reduced in all neurode-
generative groups except MSA. Patients with DLB and AD had 
smaller BF volume than those with IRBD and PD. FWeMD in the 
PPN-TH pathway was higher in PD, DLB, MSA, CBS, and PSP 
than in HC, IRBD, and AD. FWeMD in the NBM-MP pathway was 
higher in AD than in HC, PD, MSA, and PSP. Within the PD spec-
trum, FWeMD in the PPN-TH pathway was higher in PD than in 
IRBD, while NBM volume was lower in PDD than in PD. Within 
the AD spectrum, FWeMD in the NBM-MP pathway was higher 
in AD dementia than in prodromal AD, whereas NBM volume 
in prodromal AD was lower than in HC but higher than in AD 
dementia. Cholinergic imaging markers distinguished each neu-
rodegenerative disorder and correlated with global cognition.
 
Conclusions:
PD was characterized by early damage to the PPN-TH pathway 
followed by later BF degeneration, whereas AD showed early 
BF degeneration and subsequent involvement of the NBM-MP 
pathway, without PPN-TH involvement. Both PPN-TH and NBM 
were prominently affected in DLB.
 
Keywords 
Cholinergic, Diffusion tensor imaging, Parkinson's disease, Alz-
heimer's disease, Dementia with Lewy bodies
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Background & Objective:
Hippocampal subfields are important in cognitive function in 
Parkinson’s Disease (PD). This prospective cohort study longi-
tudinally investigated hippocampal subfield shape deformation 
and atrophy in early-stage PD, using spherical harmonic-based 
shape analysis.
 

more-affected ventral striatum, and less-affected ventral stria-
tum.
 
Conclusions:
Our SuStaIn model uncovered the spatiotemporal evolutionary 
patterns of nigrostriatal dopamine depletion in PD.
 
Keywords 
dopamine transporter, 18F-FP-CIT PET, Parkinson's disease, Sub-
type and Stage Inference
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Background & Objective:
Degeneration of the cholinergic neurons and their projecting 
fibers is a common feature across various neurodegenerative 
disorders. Here, we aimed to investigate gray and white matter 
involvement of the central cholinergic system in patients with 
synucleinopathies and tauopathies.
 
Methods:
We recruited patients with synucleinopathies (47 idiopathic REM 
sleep behavior disorder [IRBD], 181 Parkinson’s disease [PD], 38 
dementia with Lewy bodies [DLB], and 37 multiple system at-
rophy [MSA]), tauopathies (16 corticobasal syndrome [CBS], 31 
progressive supranuclear palsy [PSP], and 112 Alzheimer’s dis-
ease [AD]), and 67 healthy controls (HC). Diffusion tensor imag-
ing was used to calculate free water-extracted mean diffusivity 
(FWeMD) in the pedunculopontine nucleus (PPN)-thalamus (TH) 
pathway (PPN-TH) and in the medial and lateral nucleus basalis 
of Meynert (NBM)-cortical pathways (NBM-MP and NBM-LP, re-
spectively). 3D T1-weighted images were used to measure NBM 
volume.
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Figure

 
Keywords 
magnetic resonance imaging, shape analysis, morphomtery, par-
kinson's disease, hippocampus
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Introduction:
Accurate differential diagnosis of atypical parkinsonism remains 
challenging because clinical features are often nonclassical. 
 
Case:
A 76-year-old man presented with gait unsteadiness and inter-
mittent falls over six months. Neurological examination showed 
mild slowness but no tremor, rigidity, or ataxia. Brain magnetic 
resonance imaging (MRI) was unremarkable. Initial ¹⁸F-FP-CIT 
PET (Fig 1. Middle part) demonstrated mild dopamine depletion in 
the left posterior putamen and caudate nucleus. Over the follow-
ing years, he experienced progressive slowness and recurrent 
falls. By year four, falls occurred several times per month, and 
examination revealed impaired vertical saccades (“round-the-
houses” sign), mild bradykinesia, and bilateral postural instabil-
ity during tandem gait. Repeat ¹⁸F-FP-CIT PET (Fig 1. Lower part) 

Methods:
A cohort of early PD (n=146; disease duration=14.9 ± 9.5 months; 
44% female) and matched healthy controls (HC) (n=59; 56% 
female) underwent MRI and cognitive assessments with fol-
low-up after two years. Hippocampal subfields were segmented 
using FreeSurfer, and shape deformations were analysed via 
SPHARM-PDM (Fig 1).
 
Results:
Shape analysis identified selective morphological changes 
in hippocampal subfields (CA1, CA3, subiculum, and fimbria) 
at baseline in early PD patients compared to HCs, despite no 
volumetric differences. Longitudinally, atrophy in the right hip-
pocampus, and selective hippocampal subfields (right CA1, and 
left fimbria) were present. In the PD-Mild Cognitive Impairment 
(PD-MCI) subgroup (n=27), localised shape deformations in CA1, 
CA3, GC-ML-DG, and fimbria were observed at baseline when 
compared to PD-Normal Cognition (PD-NC) (n=84; Fig 2). Longi-
tudinally, left fimbria atrophy emerged as a sensitive biomarker 
predicting cognitive deterioration, especially in visuospatial and 
memory domains.
 
Conclusions:
Shape analysis provides superior sensitivity to volumetric anal-
ysis for detecting neurodegeneration that precedes gross volu-
metric atrophy in de-novo PD. This study highlights the potential 
of hippocampal subfield shape analysis for early detection of 
cognitive decline in PD. One of the subfields, left fimbria, arises 
as a promising biomarker for predicting cognitive decline in PD 
and guiding early targeted interventions. This is the first study of 
longitudinal hippocampus shape analysis in early PD patients, 
and used spherical harmonics based shape analysis, which is 
different from traditional FSL-FIRST protocol, and provides high-
er sensitivity for surface morphometry. 

Figure
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Background & Objective:
Gait impairment is a cardinal feature of Parkinson’s disease (PD), 
but the neural correlates underlying quantitative gait dysfunc-
tion in medication-naïve patients remain poorly understood. This 
study investigated the relationships among quantitative gait pa-
rameters, clinical symptoms, cognitive function, and neuroimag-
ing biomarkers in de novo PD patients.
 
Methods:
We enrolled 130 patients with de novo PD and 184 healthy con-
trols. Quantitative gait analysis was performed using the GAI-
TRite system. All participants underwent 18F-FP-CIT PET imaging 
and brain MRI with FreeSurfer volumetric analysis. Path analysis 
examined direct and indirect relationships among dopaminergic 
dysfunction, brain volumes, motor symptoms, cognition, and gait 
parameters.
 
Results:
De novo PD patients exhibited significantly slower gait veloci-
ty, shortened step and stride lengths, increased double support 
time, and greater gait variability compared to controls (all p < 
0.0001). Gait parameters correlated significantly with dopamine 
transporter binding in the putamen, with direct effects com-
prising 87% of the total effect on step length. Limbic system 
volumes (anterior cingulate, thalamus, hippocampus, amygdala) 
showed both direct (64-75%) and cognition-mediated indirect 
effects on gait parameters.
 
Conclusions:
These findings demonstrate that gait dysfunction in de novo PD 
results from both direct dopaminergic deficits and limbic system 
involvement, with cognitive-motor interactions contributing to 
gait variability. The identification of specific neural correlates 
supports the utility of quantitative gait analysis as an early di-
agnostic biomarker and suggests targets for personalized ther-
apeutic interventions.
 

revealed progressive dopamine loss in both posterior putamen 
and caudate nuclei, a pattern atypical for PD. During subsequent 
follow-up, extraocular movement slowed further with partial 
limitation of downgaze. The patient developed moderate brady-
kinesia, severe postural instability, frequent falls, and required 
assistance to walk. Despite treatment with levodopa (600 mg 
daily) and safinamide (50 mg daily), motor symptoms persisted. 
Ultimately, he met Movement Disorders Society criteria for clini-
cally probable progressive supranuclear palsy (PSP). 
 
Discussion:
This case highlights the diagnostic value of dopaminergic imag-
ing in atypical parkinsonism. In Parkinson’s disease, dopamine 
loss predominates in the posterior putamen relative to the cau-
date, whereas PSP typically shows comparable loss across both 
regions. In conclusion, careful integration of clinical findings and 
detailed dopaminergic imaging can improve diagnostic precision 
and management of parkinsonian syndromes.
 
Figure
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effective measles vaccination remains the most reliable and 
cost-effective strategy for preventing this devastating neurolog-
ical disorder. 
 
Figure

Figure

 
Keywords 
Subacute Sclerosing Panencephalitis, Measles, Myoclonic
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Introduction:
Huntington’s disease (HD) is an inherited, progressive neurode-
generative disease. The predominant motor symptoms tend to 

Other Movement Disorders
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Introduction:
Subacute sclerosing panencephalitis (SSPE) is a rare, progres-
sive, and often fatal neurological disorder resulting from per-
sistent infection with the measles virus. SSPE usually manifests 
7–10 years after measles infection, though the latency varies 
from 1 month to 27 years. Despite widespread immunization 
programs significantly reduced disease burden, measles remains 
common in developing countries.
 
Case:
A 27-year-old male presented with a one-year history of pro-
gressive myoclonic jerks, initially involving sudden axial muscle 
contractions described as being "thrown backward," later pro-
gressing to bilateral, rhythmic upper limb jerks occurring every 
7–10 seconds. Approximately 10 months prior to presentation, 
he developed cognitive decline and regression of speech, which 
gradually worsened. Neurological examination revealed normal 
visual acuity and extraocular movements, with no cranial nerve 
deficits. The patient’s family was unable to provide a reliable 
vaccination history and denied any known history of measles in-
fection. Diagnosis of SSPE was confirmed by elevated anti-mea-
sles IgG titers in cerebrospinal fluid (7.77 IU/mL) and serum (7.33 
IU/mL). 
 
Discussion:
While most measles infections resolve without sequelae, the 
virus may remains dormant for some time before triggering an 
inflammatory response which presents as SSPE. Diagnosis was 
established using Dyken’s criteria, with the presence of two ma-
jor criteria; elevated anti-measles antibody titers in serum and 
CSF, and a characteristic progressive clinical course (although 
the age of onset was atypical) — and one minor criterion, the 
presence of periodic, stereotyped electroencephalographic dis-
charges (Radermecker complexes).Therapeutic interventions for 
SSPE remain limited, costly, and non-curative, with treatment 
available only in select specialized centers worldwide. Thus, 
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Background & Objective:
Hydrocephalus, normally in the case of normal pressure hydro-
cephalus, manifests deterioration in either cognition or walking, 
which is often misdiagnosed as another entity of dementia or 
Parkinsonism. Previous literature reported that approximately 
6% of the whole dementia population is accounted for, although 
this percentage might vary and be underappreciated. It is es-
timated that less than 20% of patients with NPH are correctly 
diagnosed. We sought to explore the actual and practical preva-
lence of dementia by hydrocephalus in the clinical practice of the 
single institute cohort.
 
Methods:
The current registry-based retrospective cohort study investigat-
ed 137 patients who were diagnosed with dementia in a single 
institution. 
 
Results:
Of 137 total study population, 63(46.0%) were diagnosed Alz-
heimer dementia (AD) whom are followed by hydrocephalus 
(n=34, 24.8%), vascular dementia (n=25, 18.2%), frontotemporal 
dementia (n=5, 3.6%), dementia with Lewy body (n=2, 1.5%), 
and undetermined (n=8, 5.8%). Patients whose MMSE score is 
>20 but early behavioral issues were higher in the hydrocephalus 
(n= 18/31, 58.1%), which was greater than AD (n= 5/36, 13.9%; 
p < 0.001). In neuropsychiatric inventory test in patients whose 
MMSE > 20, the hydrocephalus group demonstrated higher prev-
alence in the domains of delusions (hydrocephalus vs AD; 15/31 
(48.4%) vs 4/36 (11.1%); p < 0.001) and disinhibition (12/31 
(38.7%) vs 2/36 (5.6%); p < 0.001). In 14 out of 137 total study 
population who were previously diagnosed with AD at a previ-
ous institution or private clinic elsewhere, twelve (12/14, 85.7%) 
were re-evaluated to be diagnosed as dementia by hydroceph-
alus. All of them presented either mild frontal gait or signs of 
disproportionately enlarged subarachnoid space hydrocephalus 
and callosal bowing compared to those of AD.
 
Conclusions:
Our data demonstrated that the prevalence of dementia by hy-
drocephalus may be higher than being understood to date. De-
mentia of hydrocephalus might be misdiagnosed as AD. 

vary by the onset age. Presentation beginning with lower limb 
dystonia is rare, particularly with documented dopa-responsive-
ness. Herein, we report a case of an adult-onset HD initially pre-
senting as dopa-responsive lower limb dystonia.
 
Case:
A 27-year-old female patient presented with a six-month history 
of stiffness in her right leg while walking. She felt the stiff ro-
tation of her pelvis and intorsion of the right foot during ambu-
lation. She swirled her pelvis to circumscribe the right leg and 
swung it faster than the left to reduce the swing phase. Her right 
foot often exhibited inversion. Blood tests were non-contributory 
to her symptoms. An ophthalmologic examination revealed no 
Kayser-Fleischer rings. CSF analysis excluded hypoglycorrhachia. 
Panel genetic tests yielded negative results. Brain MRI and do-
pamine imaging showed no abnormalities. A presumptive diag-
nosis of dopa-responsive dystonia was made by partial response 
to levodopa. After two years, she developed involuntary twisting 
movements of her lips and tongue, followed by irregular, invol-
untary movements in her right hand and foot. CAG expansions 
(17/44 alleles) in the HTT gene were confirmed. She was ulti-
mately re-diagnosed with atypical adult-onset HD, initially pre-
senting as dopa-responsive lower limb dystonia.
 
Discussion:
Age at onset has been proposed as a factor influencing distinct 
endophenotypes. HD has been shown to exhibit age-related 
pathobiological variability. The patient’s age at onset falls be-
tween the known juvenile and late-onset forms of HD, where 
shared characteristics may reside and act differently. This may 
explain the transformation of the motor phenotype from dystonia 
to hyperkinesia. This case highlights the unusual initial presen-
tation of adult-onset HD and the importance of surveilling phe-
notypic evolution.

P-084

Normal Pressure Hydrocephalus, the Underappre-
ciated Entity in the Diagnosis of Cognitive
Decline With Gait Difficulty

Jae-Jung LEE, Moon-kyung SUNWOO

Neurology , Bundang Jesaeng general hospital, Seongnam-si / 
Gyeonggi-do, Republic of Korea 
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Stereotypy and Other Movement Disorders fol-
lowing Osmotic Demyelinating Syndrome: A Case 
Report 

Kimberly TARACATAC, Paulo CATANIAG, Maria Socor-
ro SARFATI

Neurology, Baguio General Hospital and Medical Center, Baguio 
City, Philippines

Introduction:
Background: Osmotic demyelinating syndrome (ODS) is an un-
common and serious neurological condition characterized by de-
myelination from oligodendrocyte loss, primarily caused by rapid 
serum sodium correction. Striatal involvement is associated with 
an array of hypokinetic and/or hyperkinetic movement disorders; 
however, stereotypy has never been recorded in ODS.

Objective: This paper aims to present a case of stereotypy as a 
unique manifestation of ODS in a Filipino adult female, along 
with the co-occurrence of other abnormal involuntary move-
ments. 
 
Case:
A 63-year-old Filipino woman had severe hyponatremia (99.7 
mmol/L) due to inadequate oral intake during a COVID-19 infec-
tion. Unfortunately, this was rapidly corrected at a net increase 
of 16.3 mmol/L in 20 hours. Subsequently, dysarthria and dys-
phagia developed. ODS was confirmed by cranial MRI findings 
of both central pontine myelinolysis (CPM) and extrapontine 
myelinolysis (EPM) of the bilateral corpus striatum. Initially, 
symptoms improved; however, parkinsonian signs emerged six 
months later. Stereotypy followed after three months, exhibited 
as involuntary, repetitive, and purposeless kicking and stomping 
movements while lying supine. Other movement disorders fol-
lowed shortly, including dystonia, chorea, mild myoclonus, and 
possible catalepsy.
 
Discussion:
Dysarthria and dysphagia may be due to CPM of the corticob-
ulbar tract in the basis pontis or secondary to bradykinesia of 
orolingual movements. Meanwhile, EPM could lead to various 
movement disorders due to its effect on the basal ganglia; how-
ever, stereotypical movements have never been recorded in 
ODS. These involuntary movements can be diverse, appear late, 
evolve over time, and persist despite treatment. Adherence to 
safe correction rates of sodium (<8–10 mmol/L/day) is crucial to 
prevent iatrogenic complications.
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Hemichorea-Hemiballismus as Initial Presen-
tation of Cerebral Toxoplasmosis With Unusual 
Serology In HIV Positive: A Rare Case Report
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Hemichorea As the Presenting Feature of Polycy-
themia Vera: A Case Report

Mark Lorenzo ELEAZAR, Paulo CATANIAG, Jed Noel 
ONG, Cid Czarina DIESTA

Neurology, Makati Medical Center, Makati City, Philippines

Introduction:
Chorea is characterized by involuntary, irregular movements that 
are typically random and flowing. It is linked to various causes, 
including genetic, immunologic, vascular, infectious, metabolic, 
or drug-induced origins. In some cases, chorea is confined to one 
side, a condition referred to as hemichorea. Polycythemia vera 
(PV) is a myeloproliferative neoplasm marked by erythrocyto-
sis, with possible leukocytosis, and thrombocytosis. Neurologic 
symptoms occur in 50%–80% of PV cases, but chorea is rare, 
reported in only 0.5% to 5% of cases. These cases are usually 
generalized with orofacial and brachial involvement. This report 
describes a patient in whom hemichorea was the only manifes-
tation of PV.
 
Case:
We report a 55-year-old Filipino woman presenting with sud-
den-onset right-sided involuntary movements and subtle orofa-
cial dyskinesia. She had no history of stroke, no autoimmune, 
metabolic, or infectious diseases, nor any medication use. Neu-
rologic examination showed right-sided choreiform movements 
involving both proximal and distal limbs, with minimal facial 
involvement. Lab results revealed elevated hemoglobin (17.5 
g/dL) and hematocrit (54.8%), leukocytosis, thrombocytosis, de-
creased erythropoietin, and positive JAK2 V617F mutation. Brain 
MRI showed no acute lesions. A provisional diagnosis of PV was 
made. She was treated with hydroxyurea, aspirin, and valproic 
acid. Improvement was noted after phlebotomy. One month lat-
er, her hemoglobin and hematocrit normalized, and choreiform 
movements had mostly resolved, allowing her to resume normal 
function.
 
Discussion:
While the exact mechanism by which chorea develops from PV 
is still unknown, several hypotheses are being investigated. This 
case highlights hemichorea as a rare but possible sole present-
ing feature of PV. It should be considered in the differential di-
agnosis of new-onset chorea in middle-aged and older patients. 
Early diagnosis and appropriate hematologic treatment can lead 
to complete symptom resolution. 
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Patient-Perceived Response to Medical Treatment 
in Hemifacial Spasm

Su Hyeon HA1, Seoyeon KIM2, Seungmin LEE1, Bora 
JIN3, Kyung Ah WOO1, Eun Hui KIM1, Jung Hwan 
SHIN1, Han-Joon KIM1

1Neurology, Seoul National University Hospital, Seoul, Republic of 
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2Neurology, Inha University Hospital, Incheon, Republic of Korea 
3Neurology, Dong-A University Hospital, Busan, Republic of Korea 

Background & Objective:
Compared to botulinum toxin injection and surgery, the thera-
peutic response to oral medications for hemifacial spasm (HFS) 
remains underexplored. This study aimed to compare patients’ 
perceptions of the therapeutic response to medication for HFS.
 
Methods:
We reviewed records of 117 patients who received pharmacolog-
ical treatment upon diagnosis of HFS. Four medications–clonaz-
epam, trihexyphenidyl, carbamazepine, and baclofen– were 
prescribed sequentially for seven days each. Patients recorded 
whether each medication was beneficial, and therapeutic re-
sponses were compared using Cochran’s Q test.
 
Results:
Among 63 patients in the final analysis, 37 (59%) reported a 
favorable response to at least one medication. However, each 
medication showed a therapeutic response of approximately 
20–30%, with no significant differences overall (p=0.400) or 
within the subgroup of 27 patients with neurovascular contact 
on magnetic resonance imaging (p=0.972).
 
Conclusions:
Oral medication may serve as a useful initial treatment for HFS, 
with careful consideration of potential adverse effects.

Introduction:
Movement disorders related to opportunistic infections in people 
with Human Immunodeficiency Virus (HIV) occur in about 2–3%, 
most often choreiform or parkinsonism. Hemichorea–hemibal-
lismus as the initial manifestation of cerebral toxoplasmosis is 
rare. In most patients with cerebral toxoplasmosis, anti-Toxo-
plasma IgG is positive, but our case was unusual with negative 
IgG and positive IgM serology.
 
Case:
A 44-year-old male presented with 2 days of involuntary move-
ments of the right limb and slurred speech, preceded by progres-
sive headache and 17-kg weight loss over 1 month. Neurological 
exam was otherwise normal, except for irregular, non-rhythmic, 
large-amplitude choreiform and ballistic movements of the right 
limb. Brain MRI with contrast revealed multiple ring-enhancing 
lesions in the left thalamus, bilateral basal ganglia, frontal to 
occipital lobes, and cerebellum, suggestive of cerebral toxo-
plasmosis. HIV was confirmed with CD4 count 16 cells/µl. Se-
rology showed anti-Toxoplasma IgM positive but IgG negative. 
Differential diagnoses ruled out included cryptococcosis (CrAg 
negative), tuberculosis (negative), syphilis (TPHA negative), 
primary CNS lymphoma (neuroimaging not compatible), and 
drug-induced causes (none). Therapy with dexamethasone, tri-
methoprim-sulfamethoxazole, pyrimethamine, and clindamycin 
was started, with haloperidol and clonazepam for abnormal 
movements. The patient improved and was discharged with ART 
planned two weeks later.
 
Discussion:
The movement disorder likely resulted from subcortical involve-
ment, especially basal ganglia and subthalamic nuclei, common 
targets of HIV and T. gondii and diffuse cerebral involvement af-
fecting the central dopaminergic pathway. The rarity lies in the 
IgM+/IgG− serology, as IgG positivity is usually universal in ce-
rebral toxoplasmosis. Effective management requires both caus-
ative treatment against T. gondii and symptomatic neuroleptics 
or GABAergic drugs. Early recognition is essential for favorable 
outcome.
 
Keywords 
hemichorea-hemiballismus, cerebral toxoplasmosis, HIV 
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Early Phenotypic Features of Beta-Propeller Pro-
tein-Associated Neurodegeneration: Insights from 
a Korean Series

Yun Soo KIM, Jae-Hyeok LEE

Neurology, Pusan National University Yangsan Hospital, Yangsan, 
Republic of Korea 

Background & Objective:
Beta-propeller protein-associated neurodegeneration (BPAN) is 
a rare X-linked disorder caused by pathogenic variants in WDR45 
gene. Early diagnosis remains challenging due to nonspecific 
presentations in childhood. 
 
Methods:
We report six pediatric patients with BPAN, identified through 
genetic testing performed during the evaluation of neurodevel-
opmental disorders. 
 
Results:
All were female and exhibited early developmental delay, se-
vere language impairment, and varying degrees of motor dys-
function. Seizures occurred in four patients with varying severity. 
Two patients showed signs of central precocious puberty. Se-
rum neuron-specific enolase was elevated in all tested patients. 
Brain MRI revealed corpus callosum thinning in all cases. Iron 
accumulation in the substantia nigra and globus pallidus was 
observed in only two older patients. WDR45 variants included 
two nonsense, two splice-site, one in-frame deletion, and one 
novel frameshift deletion. 
 
Conclusions:
Our findings highlight early clinical features that may aid in rec-
ognizing BPAN prior to the emergence of distinctive MRI abnor-
malities or degenerative-phase manifestations.  
 
Keywords 
Beta-propeller protein-associated neurodegeneration, Neurode-
velopmental disorder, Enolase, Magnetic Resonance Imaging
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Challenges in the Diagnosis and Management of 
Functional Movement Disorders in a Developing 
Nation: Insights from the Philippines

Kathleen Ann PANARES1, Gerard SARANZA1, Anthony 
LANG2

1Neurology, Chong Hua Hospital, Cebu, Philippines
2Movement Disorder, University Health Network, Toronto, Canada

Background & Objective:
This study examines how age, gender, symptom duration, and 
clinical phenotypes relate to Functional Movement Disorders 
(FMDs) in the Philippines. It discusses diagnostic and manage-
ment challenges, such as care fragmentation and economic con-
straints, and analyzes how education influences adherence to 
psychiatric referrals and treatment plans.
 
Methods:
This cross-sectional study integrated with a review of individual 
patient data aimed to investigate the demographic, clinical, and 
behavioral characteristics of patients diagnosed with FMD in the 
Philippines.
 
Results:
The study included 33 patients, with a female predominance 
(69.7%) and a mean age of symptom onset in the late 20s. Trem-
or was the most frequently observed phenotype (42%), followed 
by dystonia (30%), facial spasms (24%), jerks/myoclonus (24%), 
and weakness (6%). Psychiatric comorbidities were common, 
with anxiety disorders (36.6%) and mood disorders (33.33%) be-
ing the most prevalent. A significant delay of approximately 1.87 
years from symptom onset to initial medical consultation was 
noted, with a strong correlation between duration of symptoms 
and time to first consultation (r = 0.804, p < 0.001). Only 54.5% 
of patients referred for psychiatric care returned for follow-up, 
highlighting gaps in continuity of care. Educational attainment 
appeared to moderate health-seeking behavior, with college-ed-
ucated patients more likely to pursue follow-ups than those with 
only a high school education.
 
Conclusions:
The findings highlight the complex biopsychosocial nature of 
FMD and the need for a holistic, interdisciplinary approach. Ad-
dressing FMD in the Philippines requires policy reform, improved 
primary care training, public education, standardized diagnos-
tics, multidisciplinary neuropsychiatric care, longitudinal stud-
ies, and digital health technologies for diagnosis, monitoring, 
and therapy.

P-090

Two Cases of Middle Cerebral Artery Occlusion 
Mimicking Hemifacial Spasm

DONGKI LEE, SEUNGYON KOH, MIHEE KIM, DONGUEU 
PARK, JUNGHAN YOON

neurology, ajou university, suwon, Republic of Korea 

Introduction:
Hemichorea refers to continuous, irregular, involuntary move-
ments involving one side of the body. Middle cerebral artery 
(MCA) occlusion rarely presents as predominant hemifacial 
dyskinesia, leading to diagnostic delays. We report two patients 
with abrupt-onset hemifacial spam caused by MCA occlusion 
secondary to Moyamoya disease and cardioembolic stroke
 
Case:
Case 1: A 62-year-old woman presented with continuous, in-
voluntary movements of the left face, initially suspected to be 
hemifacial spasm. Neurological examination showed choreiform 
movements of the left face, with subtle involvement fingers and 
foot. Brain MRI showed no acute lesions, while cerebral angiog-
raphy demonstrated right distal internal carotid narrowing with 
MCA and ACA obliteration, consistent with Moyamoya disease. 
Brain SPECT revealed cortical hypoperfusion in the right fron-
toparietal area. Her symptoms improved spontaneously within 
one month, correlating with development of collateral circula-
tion.  Case 2: A 55-year-old woman with atrial fibrillation and 
mitral stenosis presented with sudden-onset left-sided facial 
movement. On neurological examination, choreic movements 
were prominent in the left face with slight fingers and foot in-
volvement. CT angiography revealed acute right MCA occlusion. 
Spontaneous recanalization occurred within 24 hours, resulting 
in complete symptom resolution.
 
Discussion:
These cases indicate that hemifacial dyskinesia may be a pre-
senting neurological symptom of MCA occlusion in the absence 
of its other classical clinical features. Clinicians should consider 
MCA occlusion as differential diagnosis of abrupt onset hemifa-
cial dyskinesia. Early recognition and vascular evaluation are es-
sential for distinguishing MCA occlusion from primary hemifacial 
spasm and for preventing secondary ischemic events
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Background & Objective:
Huntington’s disease (HD) is a progressive neurodegenerative 
disorder that burdens caregivers, causing distress and reduced 
quality of life (QoL). Although the Korean version of the HD QoL 
Battery for Carers (K-HDQoL-C) has been validated, studies on 
caregiver QoL in HD remain scarce, particularly regarding patient 
clinical features. We aimed to identify clinical and neuropsychi-
atric factors associated with caregiver QoL.
 
Methods:
This cross-sectional study included 82 caregivers of genetically 
confirmed HD patients from a multicenter Korean cohort (KHDC). 
Caregiver measures were demographics, Zarit Burden Inter-
view-12 (ZBI-12), and Neuropsychiatric Inventory (NPI). Patient 
variables were motor/functional status (Unified Huntington’s 
Disease Rating Scale, UHDRS), cognition (MMSE, MoCA), and 
neuropsychiatric symptoms. Caregiver QoL was assessed using 
K-HDQoL-C (Part 2: aspect of caring; Part 3: satisfaction with life; 
Part 4: feelings about life). Spearman correlation was applied.
 
Results:
Mean caregiver age was 54.2 years; 53.7% female. Lower UH-
DRS functional assessment (r=-0.252), independence (r=-0.248), 
and functional capacity (r=-0.342) correlated inversely with Part 
2. Lower MMSE (r=-0.230) also showed inverse correlation. 
Greater neuropsychiatric symptoms (NPI frequency*severi-
ty r=0.249; distress r=0.371) correlated positively with Part 2. 
Higher UHDRS independence (r=0.253) and functional capacity 
(r=0.301) correlated positively with Part 3. ZBI-12 correlated pos-
itively with Part 2 (r=0.282) and Part 4 (r=0.325), and inversely 
with Part 3 (r=-0.441). All p<0.05.
 
Conclusions:
Caregiver burden was greater with poorer patient functional and 
cognitive status, while higher distress was linked to negative 
caregiving perceptions and lower life satisfaction. Greater inde-
pendence and functional capacity were associated with higher 
life satisfaction. These findings support that multidisciplinary 
care for patient’s functional, cognitive and emotional status re-
duce the caregiver burden and their QoL.
 
Keywords 
Huntington's disease, caregiver, Quality of life , cohort, neuro-
degenerative
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Herbal Remedy Treatments for Parkinson’s Dis-
ease Patients in the Philippines

Cherry Ann DURANTE1, Raul Jr DURANTE2

1Nursing, University of Perpetual Help - Dr. Jose G. Tamayo Medi-
cal University, Binan, Laguna, Philippines
2Graduate School, International Graduate School of Leadership, 
Manila, Philippines

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized by motor and non-motor symptoms. In the 
Philippines, conventional pharmacotherapy is widely used, but 
interest in complementary herbal remedies is growing. 
 
Methods:
A structured literature search was conducted across PubMed, 
Scopus, and Google Scholar for English-language articles (2018–
2025) using keywords “Parkinson’s disease,” “herbal,” and “Phil-
ippines.” Inclusion criteria encompassed clinical trials, observa-
tional studies, ethnobotanical surveys, and preclinical research 
on herbal interventions relevant to PD. Data were extracted on 
study design, population, intervention, outcomes, and safety. 
 
Results:
Philippine PD patients commonly self-medicate with readily 
available herbs, motivated by cost, cultural acceptance, and per-
ceived safety. Mucuna pruriens shows the most promise—mir-
roring global findings of levodopa content and clinical efficacy—
yet formal RCTs in the Philippine context are lacking. Curcumin 
and ginger benefit from robust preclinical data but need human 
trials. Ethnobotanical surveys highlight sambong and tawa-ta-
wa, but mechanistic and clinical validation is pending. Key chal-
lenges include variability in herbal preparations, unstandardized 
dosing, potential herb–drug interactions, and the absence of 
regulatory oversight. 
 

P-093

Evaluating the Feasibility of Hybrid Therapeutic 
Education for Neurodegenerative Disorders: A 
Systematic Synthesis and Meta-Analysis 

Putri AYU1, Siska AZIZAH2, Pujawati SAPNA3

1Economics, Andalas University, Padang/Indonesia, Indonesia
2Health, Baiturrahmah University, Padang/Indonesia, Indonesia
3Health, Abdurrab University, Pekanbaru/Indonesia, Indonesia

Background & Objective:
Mixed therapeutic education and telerehabilitation are increas-
ingly used in patients with neurodegenerative disorders such as 
Multiple System Atrophy (MSA) and Parkinson’s Disease (PD). 
However, evidence regarding the feasibility of these programs 
remains limited. This study aimed to assess the feasibility (re-
tention/program completion) of primary studies evaluating virtu-
al, in-presence, or hybrid interventions in patients with MSA/PD. 
 
Methods:
The PRISMA method used in the literature search identified eight 
relevant studies; three primary studies with numerical retention 
data were analyzed: Fayet et al. (2025, MSA pilot, n=15), Dorsey 
et al. (2012, RCT of virtual housecalls for PD, n=20), and Johnson 
et al. (2024, pilot RCT of telerehabilitation for PD, n=20). Data 
on retention proportions (events/n) were pooled using a DerSi-
monian–Laird random-effects meta-analysis model with logit 
transformation. Analysis was performed on the primary outcome 
of participant retention. 
 
Results:
A total of 55 participants (MSA and PD) from three studies were 
included; 52 completed the program (individual retention: 86%, 
100%, and 95%). Meta-analysis yielded a pooled retention of 
92.2% (95% CI: 79.8–97.3%), with low heterogeneity (Q=1.59; 
τ²=0; I²=0%). Studies reported high satisfaction, good accept-
ability, and no serious adverse events. Clinical outcomes such 
as quality of life (PDQ-39, EQ-5D), motor function (Mini-BESTest, 
TUG), and disease scores  showed improvements in several do-
mains, but results were heterogeneous across studies. 
 
Conclusions:
Thus, this blended education and telerehabilitation program for 
MSA/PD patients demonstrated high feasibility, with average 
retention >90% and acceptance by both patients and caregiv-
ers. Preliminary clinical evidence suggests potential benefits on 
quality of life and motor function, although numerical data are 
limited. Larger-scale studies with uniform outcome reporting are 
needed to evaluate clinical effectiveness and long-term impact
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Methods:
A PRISMA-compliant meta-analysis was performed using data 
from 30 eligible studies (25 observational, 3 randomized con-
trolled trials, 2 meta-analyses) involving over 6,400 patients 
across various regions. Data extracted included vitamin D con-
centration, H&Y stage, correlation coefficients, and subgroup 
analyses in YOPD patients. Study quality was assessed using 
Newcastle-Ottawa and Jadad scales.
 
Results:
Most investigations have demonstrated a significant inverse 
association between vitamin D concentration and Hoehn and 
Yahr (H&Y) stage, with correlation coefficients ranging from r = 
–0.1 to –0.7. A total of fifteen representative studies comprising 
more than 3,000 participants reported consistent findings, with 
weighted mean differences (WMD) between –5.27 and –11.6 
ng/mL. Interventional trials indicated that vitamin D3 supple-
mentation was associated with a slower progression of motor 
symptoms. Subgroup analyses focusing on young-onset Parkin-
son’s disease (YOPD) showed comparable patterns, although 
interpretation was constrained by the limited number of studies 
and small sample sizes. From a mechanistic perspective, vitamin 
D is thought to influence disease progression by supporting do-
paminergic neuron survival and attenuating neuroinflammatory 
processes.  
 
Conclusions:
Vitamin D deficiency is consistently associated with increased 
severity of Parkinson’s disease (PD), including in young-onset 
subgroups. The role of vitamin D as both a biomarker and a po-
tential therapeutic target is increasingly supported by current ev-
idence. Nevertheless, the existing literature highlights the need 
for further age-stratified and longitudinal studies, particularly in 
young-onset PD populations, to clarify causality and long-term 
effects. Considering its safety profile and biological plausibility, 
routine oral vitamin D supplementation may be recommended as 
an adjunctive strategy to attenuate disease progression in PD 
patients.
 

Conclusions:
Herbal remedies hold potential as adjunctive therapies for PD in 
the Philippines. Mucuna pruriens leads in clinical promise, while 
curcumin and ginger warrant translational research. A concerted 
effort to standardize preparations, rigorously test efficacy, and 
monitor safety will be critical to integrating these botanicals into 
holistic, culturally sensitive PD management.
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Correlation Between Vitamin D and Hoehn & 
Yahr Stage in Parkinson’s Disease: A Structured 
Review of Current Evidence

Kiky Monica SOESANTO, Sri Yenni TRISNAWATI
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Indonesia

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative con-
dition primarily manifested by motor impairment. The Hoehn and 
Yahr (H&Y) scale remains the most commonly applied tool for 
evaluating disease severity. Recent findings suggest a potential 
association between vitamin D status and PD progression. This 
study aims to systematically investigate the relationship be-
tween serum 25-hydroxyvitamin D (25[OH]D) concentrations and 
H&Y staging in PD, with a particular emphasis on young-onset 
Parkinson’s disease (YOPD).
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Burning Mouth Syndrome Linked With Parkinson’s 
Disease
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Background & Objective:
Burning mouth syndrome(BUS) is a painful intraoral sensation 
that is not associated with any physiological and laboratory 
results signifying a pathology. Post-menopausal women more 
affected with BUS and it is mostly an old age disease. A reduc-
tion in the endogenous dopamine and dopamine dysregulation 
are the possible aetiology. Burning mouth syndrome  can occur 
as an aftermath of Parkinson s disease. We aimed to study the 
short- (≤3 months) and long-term (>3 months) effectiveness and 
sustainable benefit of the treatment strategies and the associ-
ated side effects. 
 
Methods:
Retrospective analysis was performed on data collected from 
10 patients undergoing treatment with carbidopa/levodopa 
25/100mg titrated to 1.5 tablets three times daily. There was 
reduction in symptoms of Parkinsonism but they developed BUS. 
Antifungal therapy was given with Candid V6 vaginal tablets 
without any resolution. The Parkinson’s drug was suspended 
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Discussion:
The injection of botulinum toxin had improved the oral quality of 
life and further it is effective and safe as a drug.   

P-098

Development of Natural Exosome-Based 
Nanocarriers for Sustained Intranasal Delivery of 
Rotigotine in Parkinson’s Disease

DALAPATHI GUGULOTHU

Pharmaceutics, Delhi Pharmaceutical Sciences and Research 
University, New Delhi, India

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized by dopaminergic neuronal loss and impaired 
neurotransmission. Conventional drug therapies, including dopa-
minergic agonists like rotigotine, face limitations such as poor 
bioavailability, rapid metabolism, and limited blood–brain barrier 
(BBB) penetration. This study aims to develop a natural exosome 
nanovesicle (EN) based delivery system derived from garlic (G), 
colocasia (C), maize (M), and potato (P), for efficient intranasal 
delivery of rotigotine. The objective was to achieve high drug en-
capsulation efficiency, sustained drug release, enhanced nasal 
mucosal permeability, and potential BBB penetration to improve 
therapeutic efficacy in PD.
 
Methods:
ENs were isolated from natural sources and characterized for 
particle size, polydispersity index (PDI), and zeta potential us-
ing a Malvern Zetasizer. Morphological integrity was confirmed 
through fluorescence microscopy and transmission electron 
microscopy (TEM). Rotigotine was loaded into ENs by co-in-
cubation, and encapsulation efficiency was quantified using a 
validated HPLC method (C8 column, 60:40 acetonitrile:buffer, λ 
= 224 nm). In vitro drug release was assessed using a Franz diffu-
sion cell with dialysis membrane, while ex vivo permeation was 
studied across goat nasal mucosa. Drug release and permeation 
profiles of exosomal formulations were compared with free drug 
formulations.
 
Results:
ENs exhibited nanoscale particle sizes (119.1–145.5 nm) with 
spherical morphology and maintained structural stability before 
and after drug loading. Zeta potential values (-1.20 to -9.49 mV) 
confirmed colloidal stability. High drug encapsulation efficiency 
was achieved (91.51–99.32%). In vitro release studies demon-

temporarily and patient was put on Pramipexole. There was re-
duction in the symptoms in all of them. 
 
Results:
Nine of 10 patients (90.0%) reported improvement in pain sever-
ity and in global mood improvement. Treatment was successful 
due the withdrawal of dopamine and replacing it with a D2 and 
D3 dopamine receptor agonist. The excessive presence of do-
pamine D1 activity compared to D 2 activity was the probable 
reason for BUS in this patient.
 
Conclusions:
Based on these results, Pramipexole appears to be an efficacious 
treatment option The treatment was well tolerated with less ad-
verse events.

P-097

Botulinum Toxin the Bullet To Take Charge of 
Sialorrhea

Dexton JOHNS, Heeda ROZARIO

Dentistry, Twins Medicity, Kozhikode [Calicut], India

Introduction:
Sialorrhea can be troublesome symptom in patients suffering 
from Parkinson’s disease. Various modalities are available such 
as anticholinergic drugs, radiation therapy, surgery, and the be-
havioural therapy and the potent being botulinum neurotoxin in-
jection. In this case series we would like to highlight the positive 
outcome and adverse events if any in the administration into the 
major salivary glands.
 
Case:
Patients with Parkinson’s disease presenting with sialorrhea 
were administered with 2500 U botulinum neurotoxin type B 
Ultrasound guided injections were given bilaterally into the sub-
mandibular and parotid salivary gland. The patients were eval-
uated at 1 week then at and 3 months after the first injection. 
Results There was both subjective and objective improvement in 
the patients. Most of the symptoms were normal within a week 
after the administration. There was 100 % technical success rate 
and overall effectiveness of the procedure was 72 %. Repeated 
injection was not an enhancer of clinical success rate. The toxin 
related side effect was an increase in salivary thickness. There 
were no major side effects in the procedure. 



301

(2.5 mg/kg/day, i.p., 21 days) induced nigrostriatal degeneration. 
DSP-4 (50 mg/kg, i.p., day 14) selectively ablated LC neurons. 
LD (20 mg/kg, i.p.) was given acutely before behavioral testing 
(open field, rotarod, bar test) on day 22. Striatal DA and NE levels 
were quantified by HPLC-ECD. Tyrosine hydroxylase (TH) immu-
nohistochemistry assessed neuronal integrity in substantia nigra 
pars compacta (SNpc) and LC.
 
Results:
Rotenone reduced motor activity and striatal DA (~65%, 
p<0.001), all improved by acute LD (p<0.01). DSP-4 co-lesion fur-
ther depleted DA (~78%) and NE (~85%, p<0.001) and abolished 
LD-induced motor recovery (p>0.05 vs. rotenone baseline). TH 
staining confirmed marked SNpc and LC neuronal loss.
 
Conclusions:
The combined rotenone–DSP-4 paradigm yields a reproducible 
PD model with clinically relevant LD resistance, highlighting the 
LC–NE system’s role in maintaining dopaminergic therapy effica-
cy. This dual-lesion approach offers a translational platform for 
testing interventions targeting NE–DA interplay.
 
Figure

 
Keywords 
DSP-4, Levodopa resistance, Parkinson's disease, locus coerule-
us, norepinephrine

strated sustained and nearly complete drug release (~99–100%) 
within 24 hours for exosomal formulations, compared with only 
68.65% for the free drug at 30 hours. Ex vivo studies revealed 
significantly improved nasal mucosal permeation, with maize-de-
rived ENs achieving ~97.49% penetration within 6 hours, while 
free drug reached only 54.99%. Overall, exosome formulations 
provided superior retention, sustained release, and enhanced 
mucosal transport compared to free rotigotine.
 
Conclusions:
The study demonstrates that natural exosome nanovesicles 
serve as a stable, biocompatible, and highly efficient drug de-
livery system for rotigotine. EN-based formulations achieved 
superior encapsulation, sustained release, and enhanced mu-
cosal permeation, underscoring their potential for non-invasive, 
intranasal, nose-to-brain delivery in Parkinson’s therapy. Future 
work will focus on in vivo brain distribution, toxicity profiling, 
and therapeutic efficacy evaluation to enable clinical translation 
of this exosome-based neurotherapeutic platform
 
Keywords 
Exosome nanovesicles, Rotigotine, Intranasal drug delivery, Par-
kinson's disease, Sustained release
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DSP-4-Induced Noradrenergic Lesion as a Model 
of Levodopa-Resistant Dyskinesia: Role of the 
Norepinephrine Pathway
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Background & Objective:
While levodopa (LD) remains the gold-standard therapy for Par-
kinson’s disease (PD), a subset of patients shows limited benefit 
due to neurochemical changes beyond the dopaminergic system. 
Degeneration of the locus coeruleus (LC) and norepinephrine 
(NE) depletion may influence LD responsiveness. We aimed to 
develop a dual-lesion PD model by combining rotenone-induced 
nigrostriatal damage with DSP-4-mediated LC ablation to repli-
cate LD resistance and enable preclinical therapeutic screening.
 
Methods:
Male C57BL/6 mice (8–10 weeks) were allocated to control, ro-
tenone, rotenone+LD, or rotenone+DSP-4+LD groups. Rotenone 
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Vutiglabridin, a PON2 Activator, in Phase 2a 
Clinical Trial as a Novel Treatment for Early 
Parkinson’s Disease

Hyung Soon PARK1, Heeyoung AN2, Sora KANG3, Jaejin 
SHIN1, Purum KIM1, Hyeong Min LEE1, Jae Ho LEE1, 
Mridula BHALLA2, Youngmi Kim PAK3,4, Yoonsang OH5, 
Jin Whan CHO6, Jong-Sam BAIK7, Seong-Beom KOH8, 
Hyeo-Il MA9, Phil Hyu LEE1, Tae-Beom AHN11, Dallah 
YOO11, Sang Jin KIM12, Joong-Seok KIM5, C. Justin 
LEE2, Sang-Ku YOO1

1Research, Glaceum Inc., Suwon-si/Gyeonggi-do, Republic of Korea 
2Center for Cognition and Sociality, Institute for Basic Science (IBS), 
Daejeon, Republic of Korea 
3Neuroscience, Kyung Hee University, Seoul, Republic of Korea 
4Physiology, Kyung Hee University, Seoul, Republic of Korea 
5Neurology, College of Medicine, The Catholic University of Korea, 
Seoul, Republic of Korea 
6Neurology, Sungkyunkwan University School of Medicine, Seoul, 
Republic of Korea 
7Neurology, Inje University Sanggye Paik Hospital, Seoul, Republic 
of Korea 
8Neurology, Korea University Guro Hospital, Seoul, Republic of 
Korea 
9Neurology, Hallym University College of Medicine, Anyang/Gyeo-
nggi-do, Republic of Korea 
10Neurology, Yonsei University College of Medicine, Seoul, Republic 
of Korea 
11Neurology, Kyung Hee University College of Medicine, Seoul, 
Republic of Korea 
12Neurology, Inje University College of Medicine, Busan, Republic 
of Korea 

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized by dopaminergic neuron loss, mitochondrial 
dysfunction, and oxidative stress. Recent therapeutic strategies 
have shifted from symptomatic relief to disease modifying thera-
pies that can slow disease progression. PON2 is an enzyme that 
plays a crucial role in antioxidant defense and mitochondrial 
function. Therefore, we developed Vutiglabridin, a novel orally 
active small molecule designed to augment PON2 activity as a 
potential therapeutic agent for PD.
 
Methods:
In preclinical studies, Vutiglabridin effectively crossed the blood-
brain barrier and bound to PON2, leading to neuroprotective 
effects. It significantly reduced mitochondrial dysfunction, oxida-

P-100

Opicapone for Nocturnal Hypokinesia in Patients 
With Parkinson’s Disease: An Open-Label
Pilot Clinical Trial
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Background & Objective:
Nocturnal hypokinesia (NH) is common in patients with moder-
ate-stage Parkinson’s disease (PD). To enable the accurate as-
sessment of NH, the Nocturnal Hypokinesia Questionnaire (NHQ) 
was developed. This study aimed to assess the effect of bedtime 
opicapone administration on NH and to evaluate its clinical util-
ity.
 
Methods:
This study was designed as an open-label, single-arm pilot clini-
cal trial involving patients with PD and NH. The primary endpoint 
was the change in NHQ score from baseline to week 6. Second-
ary endpoints included changes over six weeks on various motor 
and non-motor scales. The safety of opicapone was evaluated 
based on the incidence of adverse events.
 
Results:
Fifteen patients were included in the study. The mean change 
of NHQ score after the 6-week treatment was -0.9 points (95% 
confidence interval [CI]: -2.4, 0.5; p=0.187), which was not statis-
tically significant. However, NHQ Domain 2 (getting out of bed) 
demonstrated a significant improvement, with a mean change of 
-0.3 points (95% CI: -0.6, -0.1; p=0.025). No secondary endpoints 
showed significant differences after opicapone treatment. The 
baseline NHQ score exhibited significant correlations with the 
Movement Disorder Society-Unified Parkinson’s Disease Rating 
Scale Part II score (p=0.543; p=0.036), Parkinson’s Disease Ques-
tionnaire-39 total score (p=0.548; p=0.035), and New Freezing 
of Gait Questionnaire score (p=0.566; p=0.028). Opicapone treat-
ment was well tolerated.
 
Conclusions:
Nighttime administration of 50 mg opicapone in patients with PD 
and NH improved nighttime mobility. The NHQ allows for a more 
detailed and specific assessment of NH compared to other sleep 
questionnaires and may serve as a useful tool for evaluating NH 
in future clinical studies.
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guanine-derived degradation tag that recruits the autophagy 
receptor SQSTM1/p62, facilitating selective sequestration of 
α-syn aggregates into autophagosomes. Treatment of A53T 
α-syn–expressing cell lines with AUTAC resulted in a marked 
reduction of α-syn aggregates.
 
Discussion:
These findings suggest that α-syn–targeting AUTACs represent 
a promising therapeutic strategy for the targeted reduction of 
pathological α-syn aggregation in PD and related disorders.

P-103

Investigating Supervisor-Supported Medication 
Adherence in Parkinson’s Patients with Cognitive 
Impairment

Gerry WINO1,2, Dyah TUNJUNGSARI1,2, 
Amanda TIKSNADI1,2

1Neurology, Universitas Indonesia, Jakarta, Indonesia
2Neurology, Dr. Cipto Mangunkusumo, Jakarta, Indonesia

Background & Objective:
Levodopa remains the first line treatment for PD and some par-
kinsonism; however, it has strict instructions. Adherence to med-
ication improves clinical outcome. Many factors affect treatment 
success, including cognitive status and medical supervisors. This 
study aims to describe the impact of MS on treatment adher-
ence in Parkinsonism, especially those who have cognitive im-
pairment. 
 
Methods:
Study population were outclinic patients with parkinsonism re-
ceiving Levodopa treatment who came in July 2025. Subjects 
were divided into two groups: with and without supervised med-
ication. Adherence is defined as correct dose, time punctuality 
and correct instructions. MoCA-INA was used to assess cogni-
tive status.
 
Results:
A total 23 patients were included in the study and divied into 
two groups: good adherence (n=19) and bad adherence (n=4). 
Most are male (n=15) and the average age were 61.2 (41-79) 
years. Parkinson’s disease made up the largest group (n=13), fol-
lowed with vascular parkinsonism (n=5) and atypical parkinson-
ism (n=5). Cognitive impairment was discovered in 15 (65.2%) 
subjects, with the average MoCA-INA score of 21 (5-29). Most 

tive stress, and neuroinflammation in mouse models of PD. This 
protected dopaminergic neurons, improved motor function, and 
was shown to be entirely dependent on PON2 activity.
 
Results:
Building on these promising preclinical findings and favorable 
safety data from a Phase 1 clinical trial, we are currently con-
ducting a randomized, double-blind, placebo-controlled Phase 
2a clinical trial (NCT06329141) in patients with early PD. The 
primary objectives are to evaluate the safety and efficacy of 
Vutiglabridin. The primary endpoint is the changes in motor func-
tion measured by the MDS-UPDRS Part III score. Secondary and 
exploratory endpoints include assessments of non-motor symp-
toms, cognitive function, and paraoxonase activity in the blood.
 
Conclusions:
The results from this trial will bridge robust preclinical data 
with clinical evidence, supporting Vutiglabridin as a novel dis-
ease-modifying therapy for PD.
 
Keywords 
paraoxonase, mitochondria, Vutiglabridin, parkinson's disease, 
Phase 2a
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AUTAC as a Novel Strategy for the Degradation of 
α-Synuclein Aggregates in Parkinson’s Disease
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Introduction:
Parkinson’s disease (PD) and related synucleinopathies are char-
acterized by pathological aggregation of misfolded α-synuclein 
(α-syn), leading to neuronal dysfunction and progressive neuro-
degeneration. Effective clearance of α-syn aggregates remains 
a major therapeutic challenge, as conventional PROTAC-based 
targeted protein degradation (TPD) strategies are limited to sol-
uble proteins and show little efficacy against large aggregates.
 
Case:
In this study, we developed a series of 34 autophagy-targeting 
chimeras (AUTACs) designed to selectively degrade α-syn ag-
gregates via the autophagy–lysosome pathway. Each AUTAC 
consists of an α-syn–binding warhead (Anle138B) linked to a 
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Keywords 
cognitive impairment, levodopa, medication supervisors, parkin-
son's disease
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Harnessing the Local Wisdom of Central 
Kalimantan’s Eleutherine palmifolia (Dayak Onion) 
in  Parkinson’s Disease Therapy: A Molecular 
Docking and Ethnopharmacological Study”
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Background & Objective:
Dayak Onion is a traditional plant used by the Dayak people (Ka-
limantan, Indonesia) to empirically treat various ailments. Vari-
ous studies have shown this plant to be rich in compounds with 
potential as therapeutic candidates. This is relevant given that 
current therapy for Parkinson’s disease (PD) is limited to allevi-
ating clinical symptoms. It is hoped that this research will reveal 
new hope for PD therapy. The purpose of this in silico study was 
to examine the potential protective effects of chemicals found in 
dayak onion against PD
 
Methods:
In this work, we used a variety of bioinformatics approaches, 
including network pharmacology, molecular docking, and molec-
ular dynamics, to investigate the possible therapeutic advantag-
es and illustrate the fundamental mechanisms of dayak onion 
compounds against PD.
 
Results:
The 10 target proteins can interact with all chemicals, accord-
ing to molecular docking studies. Possible chemicals from dayak 
onion can be used to assess the ESR1, HSP90AA1, and AKT1 
proteins in PD in silico. The chemicals methylanthraquinone, 
eutherine, and anthraquinone have the lowest docking scores 
against a number of target proteins when compared to levodopa, 
which is their control. Among the target proteins, Methylanthra-
quinone compound has the lowest docking scores (kcal/mol): 
HSP90AA1 (-11.18), AKT1 (-10.34), and ESR1 (-8.53). At -10.08 
for HSP90AA1, -10.07 for AKT1, and -8.53 for ESR1, Eutherine 
has the lowest docking scores. Meanwhile, the Anthraquinone 
compound is known to have the lowest docking score against 
the HSP90AA1 protein (-10.58), AKT1 (-9.73) and ESR1 (-8.25).

have moderate impairment (n=8). Approximately 43% of patients 
have MS, who was either their spouse (60%) or their children. 
Subjects with cognitive impairment tend to have medication 
non-adherence compared with those without cognitive impair-
ment (3/12 (25.0%) vs 1/7 (14.3%), p= 1.0). The presence of MS 
was associated with a trend toward good medication adherence, 
albeit statistically significant (9/10 (90.0%) with MS vs 10/13 
(76.9%) without MS, p= 0.6).
 
Conclusions:
Cognitive impairment may negatively affect medication ad-
herence. The presence of medication supervisors may play an 
important role in addressing this issue. A larger sample size is 
needed to overcome the current statistical limitations.
 
Table

Table
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tively reduced a-syn expression in animal models, with ongoing 
clinical evaluation. While most interventions were well tolerat-
ed, consistent disease-modifying effects in large-scale clinical 
trials are yet to be established.
 
Conclusions:
Targeting a-syn represents a promising avenue for disease mod-
ification in PD. Immunotherapy and gene-silencing approaches 
are the most advanced, while small molecules hold potential 
for future translation. However, current evidence remains pre-
liminary, highlighting the need for large, long-term clinical trials 
to confirm efficacy and establish a-syn-directed therapies as a 
cornerstone in P. V management.
Keywords 
Disease-Modifying Therapeutic, Targeting Alpha-Synuclein, Par-
kinson's Disease

Parkinson’s Disease: Motor Features
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Background & Objective:
Parkinson’s disease (PD) is a neurodegenerative disorder accom-
panied by depletion of dopamine and loss of dopaminergic neu-
rons (DA) in the brain that is believed to be responsible for the 
motor and non-motor symptoms of PD. However, the association 
of possible factors with PD is need to be investigated in Indi-
an population. The aim of the present study is to determine the 
association of lifestyle, environmental factors, biochemical pa-
rameters, mitochondrial membrane potential (MMP) and genetic 
insights of the complex I which are the most vulnerable part of 
mtDNA such as MT-ND1 gene in PD patients. 

Conclusions:
Dayak onion contain methylanthraquinone, eutherine, and an-
thraquinone molecules that have a good pharmacokinetic profile 
and can bind to protein targets implicated in PD. They can be 
submitted for additional in vitro and in vivo studies.
 
Keywords 
Parkinson disease, Bawang dayak, Methylanthraquinone, Eleu-
therine, Anthraquinone
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized by the accumulation of misfolded alpha-sy-
nuclein (a-syn) aggregates, which play a central role in its patho-
genesis. Given the limitations of current symptomatic therapies, 
a-syn has emerged as a promising therapeutic target for disease 
modification.
 
Methods:
A systematic literature search was conducted in PubMed, Sco-
pus, Web of Science, and Cochrane Library from January 2010 to 
July 2025. Eligible studies included randomized controlled trials, 
preclinical investigations, and clinical trials evaluating a-syn-tar-
geted interventions. Data were extracted on therapeutic strate-
gies, efficacy, safety, and clinical outcomes.
 
Results:
Eighteen studies met the inclusion criteria, comprising 10 pre-
clinical and 8 clinical trials. Therapeutic strategies were grouped 
into three main categories: (1) immunotherapy (monoclonal anti-
bodies and vaccines), which demonstrated significant reduction 
in a-syn aggregation and favorable safety in early-phase trials; 
(2) small molecules and aggregation inhibitors, which showed 
promise in preventing a-syn misfolding and promoting clearance 
in preclinical models, though clinical translation remains limited; 
and (3) gene-silencing and RNA-based therapies, which effec-
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Background & Objective:
Parkinson’s disease (PD) is a progressive motor system disorder 
which distress several parts of the brain, in particular substantia 
nigral area that is characterised by the loss of dopaminergic neu-
rons. Mutations/polymorphisms in mitochondrial DNA (mtDNA) 
have been implicated in PD. The mitochondrial transcription fac-
tor A (TFAM) controls the transcription of mtDNA and regulates 
the mtDNA-copy number, thus being important for maintaining 
ATP production and maintain the oxidative stress in the cell.The 
goal of this case-control study was to investigate the genetic 
alterations in the TFAM gene and its related oxidative stress 
among the PD patients from Punjab population, India. 

Methods:
52 PD patients and 52 sex- and age-matched controls were 
included and we found that we recruited n=37 male and n=15 
female study subjects among the PD and control subjects. The 
PD patients were categorised as late onset PD (LOPD) and early 
onset PD (EOPD) where we had recruited n=46 LOPD subjects 
while n=06 EOPD subjects. Unified Parkinson’s disease Rating 
Scale (UPDRS) and informed consent was obtained. Genomic 
DNA was isolated and mutational analysis was performed. The 
levels of SOD and CAT for oxidative stress among PD subjects 
were analysed by HPLC.
 
Results:
We found that PD patient’s plasma had lower superoxide dis-
mutase (SOD) and higher catalase (CAT) activity, resulting in low-
er SOD/CAT ratio. It was observed that abnormalities in mito-
chondrial complexes (I, III, V) are more common in PD, and it may 
have resulted for oxidative stress. Also, we found that the PD 
patients had variation in the TFAM gene at exon 1 in region S12T 
more significantly among the LOPD subjects than the controls.
 
Conclusions:
In conclusion, our findings authenticate that mutations or alter-
ations in the TFAM gene could enhance the chance of oxidative 
stress which has a potential role behind PD and we recommend 
to conduct more such concurrent research to understand their 
unique mechanism for better diagnosis and therapeutic for PD. 

P-109

Bacopaside-I Attenuates Neurodegeneration 
and Motor Deficits in a Rat Model of Parkinson’s 
Disease via Modulation of Oxidative Stress and 
Neuroinflammation 

Methods:
Using a standardised questionnaire and UPDRS scaling, PD pa-
tients and control group of about 182 study participants were in-
terviewed on demographic, lifestyle and environmental factors. 
Mitochondrial DNA was isolated from blood samples followed 
by PCR and sequencing data to unravel the mutations in MT-ND1 
gene and understand the mitochondrial copy number variations 
among the study participants. The Mitochondrial membrane po-
tential (MMP) was analysed in the EOPD and LOPD subjects lym-
phocytes using Mitoprobe JC-1 Assay kit (M34152) in the Attune 
nxt flow cytometry.

Results:
In our study, the MT-ND1 alteration with A3843G variant was 
significant at p<0.05 for AG allele in all the three PD groups but 
the highest prevalence was observed in late-onset group. Also, 
we found that the occupational exposure to agriculture and in-
dustry showed an increased risk among the late-onset group. 
The biomarkers uric acid (UA) and dopamine (DA) were signifi-
cant at p<0.05 in all the three PD age groups. The mitochondrial 
membrane potential (MMP) analysis, LOPD showed slight varia-
tions in the MMP compared to EOPD subjects.
 
Conclusions:
Thus, the mutational screening initiated the research in mtDNA; 
moreover, this study aid to focus future research in identifying 
mtDNA copy number and sequencing analysis in PD. In conclu-
sion, we suggest that further research is mandatory to detect 
other possible associations among PD.
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Background & Objective:
Amyloid copathology contributes to clinical heterogeneity in 
Parkinson’s disease (PD). We aimed to examine whether regular 
physical activity influences disease progression in the presence 
of amyloid copathology.
 
Methods:
We included participants with PD from the Parkinson’s Pro-
gression Markers Initiative (PPMI) who completed the Physical 
Activity Scale for the Elderly (PASE) at least three times over 
more than four years. Participants were categorized as amy-
loid-negative or -positive based on cerebrospinal fluid Aβ1–42 
levels. Regular physical activity was quantified using both av-
erage PASE scores and adjusted PASE scores, with the adjusted 
scores accounting for age at onset and baseline motor severity. 
Associations between physical activity and longitudinal changes 
in motor, cognitive, and biofluid markers were assessed using 
linear mixed-effects models.
 
Results:
In the amyloid-negative group (n = 134), higher average and ad-
justed PASE scores were associated with slower progression of 
square-root transformed MDS-UPDRS part III scores(interaction 
with disease duration; average scores, estimate = -5.280 × 10-5, 
p < 0.001; adjusted scores, estimate = -0.455 × 10-2, p < 0.001) , 
and serum neurofilament light chain levels (average scores, es-
timate = -2.350 × 10-5, p = 0.015; adjusted scores, estimate = 
-1.537 × 10-3, p = 0.049), as well as a lower risk of conversion to 
Hoehn and Yahr stage 3 (average scores, hazard ratio [HR] 0.991, 
95% CI 0.984~0.997, p = 0.006; adjusted scores, HR 0.530, 95% 
CI 0.336 ~ 0.837, p = 0.006). In contrast, among amyloid-positive 
patients (n = 54), physical activity was associated only with re-
duced progression of axial motor deficits, while other outcomes 
showed no significant associations.
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Background & Objective:
Chronic administration of Bacopa monnieri extract has shown 
neuroprotective potential in various models of neurodegener-
ative diseases including Parkinson’s disease (PD), Alzheimer’s 
disease, depression, and cognitive impairments. However, the 
precise molecular mechanisms remain poorly understood. To 
investigate the neuroprotective effects of Bacopaside I (BS-I), 
a major triterpenoid saponin from Bacopa monnieri, in a rote-
none-induced rat model of PD, and to elucidate the underlying 
molecular mechanisms.  
 
Methods:
Male rats were administered rotenone (2 mg/kg body weight, 
subcutaneously) daily for four consecutive weeks to induce PD-
like pathology. BS-I was administered orally at doses of 5, 15, 
and 45 mg/kg during the same period. Behavioral tests including 
the rotarod, footprint, and grip strength assessments were con-
ducted. Dopamine levels, oxidative stress markers, and gene/
protein expression of DAT, VMAT2, and Tyrosine Hydroxylase 
(TH) were analyzed using standard biochemical and immunohis-
tochemical techniques. 
 
Results:
BS-I significantly improved motor performance across behav-
ioral tests compared to the rotenone-only group. It attenuated 
rotenone-induced dopaminergic depletion and oxidative stress. 
Moreover, BS-I upregulated the expression of DAT and VMAT2 
genes and increased the number of TH-positive neurons in the 
substantia nigra, indicating dopaminergic neuron preservation.   
 
Conclusions:
Bacopaside I exerts neuroprotective effects in a rotenone-in-
duced rat model of PD by enhancing dopaminergic signaling and 
mitigating oxidative stress. These findings suggest that natural 
saponins like BS-I could serve as promising therapeutic agents 
targeting molecular pathways involved in PD pathogenesis. 
 
Keywords 
Bacopaside I,, rotenone model, neuroprotection, Tyrosine Hy-
droxylase, dopamine
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rotation, and asymmetry indices from forearm rotation showed 
significant correlations with clinical motor scores. 
 
Conclusions:
Quantitative measurements of forearm rotation could be sensi-
tive task for detecting motor asymmetry in PD and for differenti-
ating PD from SWEDDs. These results suggest that quantitative 
motor asymmetry indices using wearable sensors could aid clini-
cians in the identification of potential SWEDD.
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Relationship Between Clinical Symptoms and 
Ageing, Parkinson Disease

BAYASGALAN DAGVADORJ, Altantsetseg PURVEE

NEUROLOGY, Ulaanbaatar Railway Central Hospital, ULAAN-
BAATAR, Mongolia

Background & Objective:
To estimate the relationship between age groups and disease 
progression in Parkinson’s disease (PD).
 
Methods:
Data were obtained from the Parkinson’s disease database of 
neurology clinics at tertiary care hospitals between January 1, 
2019, and March 31, 2022. A total of 72 patients aged between 
51 and 81 years were included in this retrospective study. We 
analyzed the time taken to progress through various Hoehn and 
Yahr (H&Y) stages using SPSS version 23.
 
Results:
Of the 72 patients (84.7 % female), the mean age was 64.3 ± 8.9 
years. Among them, 19.2 % were in the middle-aged group and 
80.8 % were in the older-aged group; there were no young-onset 
cases in this sample. The mean disease durations by H&Y stage 
were as follows: Stage II – 1.6 ± 0.8 years; Stage III – 5.0 ± 2.2 
years; Stage IV – 8.8 ± 1.6 years; Stage V – 10.8 ± 3.6 years 
(p < 0.01). Young-onset patients (reported in previous studies) 
showed significantly longer time to reach Stages IV and V but 
shorter time to develop wearing-off and dyskinesia. In our study, 
the mean age at diagnosis was 60.6 ± 8.3 years, which is consis-
tent with previous findings that the prodromal stage of PD typi-
cally occurs between the ages of 40 and 60. Conversely, younger 
age at diagnosis was significantly associated with higher H&Y 
stage (p = 0.01) (see Table 1). Gender and ethnicity were not 
associated with H&Y stage.

Conclusions:
Our findings indicate that amyloid copathology may attenuate 
the protective effects of regular physical activity on motor, cog-
nitive, and biomarker progression in PD, highlighting the impor-
tance of personalized therapeutic strategies based on underlying 
pathology.
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Sensor-Based Assessment of Asymmetry in Upper 
Limb Bradykinesia Among Patients With
Parkinson’s Disease and Scans Without Evidence 
of Dopaminergic Deficits (SWEDDs)

Do-Young KWON1, Ji-Won KIM2, Junghyuk KO2, Yuri 
KWON2, Misun SHIN1, Muhyun SONG3

1Neurology, Korea University Ansan Hopital, Ansan, Republic of 
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2Biomedical Engineering, Konkuk University- Glocal Campus 
Chungju, Chungchengbuk-do, Republic of Korea 
3Neurology, BHS Hanseo Hospital, Busan-si, Republic of Korea

Background & Objective:
Asymmetry of motor manifestation is a hallmark feature of Par-
kinson’s disease(PD). However, few studies have quantitatively 
examined this feature in patients with scans without evidence of 
dopaminergic deficits (SWEDDs). This study aimed to investigate 
the difference of upper limb asymmetry of bradykinesia between 
PD and SWEDDs using gyro sensors, mainly focusing on finger 
tapping and forearm rotation task. 
 
Methods:
We recruited 23 early-stage, drug-naïve PD patients and 23 
SWEDDs patients. We recorded gyro sensor signals during 
15-second finger tapping and forearm rotation tasks. Bilateral 
asymmetry indices were calculated and compared between 
groups. Additionally, repeated measure analysis of variance 
(ANOVA) was used to examine interaction of task and group, 
and Spearman correlation analysis was conducted with clinical 
motor scores. 
 
Results:
No significant group differences were found during finger tap-
ping. However, during forearm rotation, PD patients exhibited 
significantly greater asymmetry than SWEDDs patients in sev-
eral indices of quantitative analysis, including RMS angular ve-
locity, peak angular displacement, peak power and total power. 
Task × group interaction effects were significant only in forearm 
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cessed as input features, and model performance was evaluated 
using AUC. This machine learning approach is a non-invasive 
method to support early Parkinson’s detection.
 
Results:
Analysis using two machine learning models, Logistic Regres-
sion and Random Forest, showed that the combination of tremor 
and lifestyle factors contributed to Parkinson’s disease predic-
tion, although their performance was moderate. Logistic Regres-
sion produced an AUC of 0.65, while Random Forest achieved 
0.63. Feature importance analysis in Random Forest indicated 
that lifestyle factors such as diet quality, sleep quality, physical 
activity, and alcohol consumption played a more dominant role 
than tremor. Meanwhile, smoking showed the lowest contribu-
tion to the prediction.
 
Conclusions:
This study shows that tremor and lifestyle factors predict Parkin-
son’s disease, although model accuracy is still limited.  Feature 
importance analysis indicated that diet quality, alcohol con-
sumption, sleep quality, and physical activity had a more dom-
inant contribution than tremor or smoking habits. 
 
Figure

Conclusions:
The Hoehn and Yahr transition time is a valuable indicator of 
disease progression in Parkinson’s disease and may serve as a 
useful outcome measure in clinical studies evaluating therapeu-
tic interventions and prognostic factors.

Table

 
Keywords 
Parkinson disease, Hoehn and Yahr stage 

P-114

Lifestyle Determinants and Tremor as Predictors 
of Parkinson’s Disease: Evidence from Machine 
Learning Models
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Background & Objective:
Parkinson’s disease is a progressive neurodegenerative disorder 
characterized by motor symptoms, particularly tremors. In addi-
tion to genetic factors, scientific evidence suggests that lifestyle 
factors such as smoking, alcohol consumption, physical activity, 
sleep patterns, and diet can influence the risk of Parkinson’s. Ear-
ly detection is crucial for patients to receive optimal treatment. 
With the support of machine learning, lifestyle data and clinical 
symptoms such as tremors can be comprehensively analyzed to 
predict disease risk. This approach offers potential as a non-in-
vasive method to aid in the early diagnosis of Parkinson’s.
 
Methods:
This study used Logistic Regression and Random Forest al-
gorithms to predict Parkinson’s risk based on lifestyle factors 
(smoking, alcohol consumption, physical activity, sleep quality, 
dietary patterns) and tremor symptoms. The data were pro-
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scale. Correlations between dysphonia severity and clinical pa-
rameters were analysed.

Results:
A total of 25 PD patients were included. The mean age was 55.1 
± 11.8 years, with 68% male. The mean disease duration was 
5.32 ± 3.65 years, mean total UPDRS score of 48.84 ± 20.89 and 
a mean PDQ-39 score was 46.16 ± 22.7. All subjects exhibited 
dysphonia, with a median total GRBAS-I score of 4 (range 2–15). 
A correlation was observed between the UPDRS motor domain 
and the GRBAS-I scale, showing a trend toward a moderate pos-
itive relationship (ρ = 0.389; p = 0.055). Both speech ability (ρ 
= 0.720; p < 0.01) and facial expression (ρ = 0.662; p < 0.01) 
showed strong, statistically significant positive correlation with 
GRBAS-I. Regarding quality of life, the strongest correlation with 
voice impairment was found in the PDQ-39 communication do-
main (ρ = 0.228)
 
Conclusions:
Dysphonia is highly prevalent among PD patients. Voice impair-
ment showed a strong association with speech ability and facial 
expression. The observed trends suggest that greater dysphonia 
severity is linked to poorer communication-related quality of life
 
Table
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Dysphonia in Parkinson’s Disease: Prevalence 
and Its Impact on Quality of Life

Ivan JEREMIA1,3, Jesita Silfiana PURNAMA2,3, Amanda 
TIKSNADI1,3, Syahrial Marsinta HUTAURUK2,3, Dyah 
TUNJUNGSARI1,3

1Neurology, Faculty of Medicine, Universitas Indonesia, Jakarta, 
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Background & Objective:
Voice disorders affecting up to 90% Parkinson’s disease (PD) pa-
tients, and often appear early. As the disease progresses, many 
develop hypokinetic dysarthria, impairing speech intelligibility 
and communication. Recognizing these changes is important 
for management and improve quality of life. This study aimed to 
describe voice disorders in PD patients and their relationship to 
the quality of life.
 
Methods:
This cross-sectional observational study was conducted at the 
Neurology and Otolaryngology clinics of Indonesia’s national 
referral hospital, Cipto Mangunkusumo Hospital. Patients with 
confirmed PD were enrolled. Demographic data, disease severity 
(Unified Parkinson’s Disease Rating Score/UPDRS), and quality 
of life (Parkinson’s Disease Questionnaire, PDQ-39) were record-
ed. All subjects underwent voice assessment using the GRBAS-I 
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therapy. Further studies are warranted to shed light on the rela-
tionship between MRgFUS thalamotomy and levodopa-induced 
motor fluctuations. 
 
Keywords 
Parkinson's disease, diphasic dyskinesia, levodopa, MRgFUS, thal-
amotomy

P-117

Associations Between Gait Dual-Task Cost and 
Cognitive Function in Parkinson’s Disease and 
Healthy Older Adults
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Background & Objective:
Gait–cognition relationships in Parkinson’s disease (PD) are well 
documented. However, evidence linking cognition to dual-task 
cost (DTC), an index of gait decline under cognitive or motor load, 
is limited. This study compared basic gait parameters and DTC 
between PD patients and healthy older adults (HO) and exam-
ined their associations with cognition.
 
Methods:
Seventy-one PD patients and 59 HOs underwent gait assess-
ment with the GAITRite system under four conditions: preferred 
speed, cognitive dual task (serial 7 subtraction), cognitive-motor 
dual task (cellphone use), and challenging gait condition (back-
ward walking). Gait parameters were grouped into five domains: 
pace, variability, rhythm, asymmetry, and postural control. Cogni-
tion was assessed with the K-MMSE and K-MoCA. Group differ-
ences were tested for basic parameters and DTC. Linear regres-
sion, adjusted for age, sex, education, and leg length, identified 
gait predictors of cognitive performance.
 
Results:
Compared with HOs, the PD group was younger but had few-
er years of education and lower K-MMSE and K-MoCA scores. 
Group differences in gait were greater under dual-task condi-
tions, most prominently during the cellphone dual task. Across 
domains, PD patients showed poorer performance in pace, 
rhythm, and asymmetry. For DTC, significant group differences 
were observed only in swing time asymmetry during the cell-
phone dual task, with higher costs in PD. In predicting K-MoCA, 
step time DTC during the serial subtraction task was significant 
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A Case Report: Diphasic Dyskinesia of Lower 
Limbs and Hemitremors Associated With Levodo-
pa Fluctuations in Parkinson’s Disease Post 
Magnetic Resonance-Guided Focused Ultrasound 
(MRgFUS) Thalamotomy

MARIE ROSANNA VILLARIN, RAYMOND ROSALES

NEUROSCIENCE AND BRAIN HEALTH, METROPOLITAN MEDICAL 
CENTER, MANILA CITY, METRO MANILA, LUZON, PHILIPPINES, 
Philippines

Introduction:
Dyskinesias are common complications of long-term levodopa 
therapy in patients with Parkinson’s Disease (PD). While most 
cases documented are peak-dose in nature, diphasic dyskinesia 
occurs less frequently and is often mistaken as wearing off. They 
emerge during the rising and falling phases of plasma levodo-
pa levels and may complicate the management. The use of 
MR-guided focused ultrasound (MRgFUS) thalamotomy for trem-
or control on levodopa-induced motor complications remains 
undiscovered to this day.
 
Case:
We present a 54-year-old Filipino female with a 9-year history of 
tremor-predominant PD. The patient was managed with multiple 
therapeutic regimen including levodopa-carbidopa, rasagiline, 
levodopa-carbidopa-entacapone, amantadine, entacapone, 
and clonazepam with variable control of tremor, dystonia, and 
dyskinesia. She underwent left-sided MRgFUS thalamotomy 
in October 2023 for disabling right hemibody tremor, achieving 
sustained tremor reduction. One year post-operatively, she de-
veloped new involuntary movements characterized as rhythmic 
flexion extension of the left lower limb with ipsilateral hemi-
tremor. These appeared predictably around 15 to 20 minutes 
after levodopa intake (“on” onset) and approximately 30 to 40 
minutes before the next dose (“off” onset), consistent with di-
phasic dyskinesia. Adjustment of levodopa-carbidopa treatment 
provided symptomatic relief.
 
Discussion:
This case illustrates a rare manifestation of lower limb dyskine-
sia with ipsilateral hemitremor associated with levodopa fluctu-
ations post-MRgFUS thalamotomy. The patient’s long complex 
therapeutic history emphasizes the need to recognize diphasic 
dyskinesia as a distinct and different entity from peak-dose dys-
kinesia or wearing-off phenomenon, particularly in the post-ab-
lative setting, to guide rational adjustment of dopaminergic 
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Results:
Keyword co-occurrence identified three clusters: clinical features 
and complications linked to levodopa; outcome and methodology 
terms; surgical and physiological concepts emphasizing neuro-
modulation. Temporal visualization showed a shift from levodo-
pa-focused studies (2020–2021) to DBS procedural innovations 
and long-term outcomes (2022–2025). The US led publications 
(n=90) and citations (n=1331), while Germany had the strongest 
collaborations. Emerging research was noted in other countries, 
reflecting global expansion.

Conclusions:
This review highlights a growing interdisciplinary and focus on 
optimizing DBS and levodopa in PD motor management, support-
ing complementary use and the need for further comparative 
studies to guide treatment timing and integration.
 
Figure

Figure

in HOs, whereas stance time asymmetry DTC during backward 
walking was significant in PD.
 
Conclusions:
Compared with healthy older adults, PD patients exhibited de-
terioration in most gait parameters under dual-task conditions, 
with the most pronounced differences during the cellphone dual 
task and backward walking. For cognition, associations were 
stronger with K-MoCA than K-MMSE, involving rhythm-related 
parameters in healthy older adults and asymmetry-related pa-
rameters in PD.
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Exploring Motor Trajectories of Parkinson’s Dis-
ease Patients Receiving Deep Brain Stimulation 
Versus Levodopa

Khalisah Nurjihany SALSABILA1, Rian Ka PRAJA2, 
Fairuz Tsuraya RAMADHANI2

1Faculty of Medicine, Universitas Lampung, Bandar Lampung/Lam-
pung, Indonesia
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder with motor and non-motor symptoms imposing a heavy 
burden on patients. Levodopa has been the gold-standard treat-
ment due to its rapid motor improvement and quality-of-life 
benefits. However, long-term use leads to motor fluctuations and 
reduced efficacy after 5–10 years, limiting functional indepen-
dence. Deep brain stimulation (DBS) has emerged as an effective 
surgical option for PD, targeting the subthalamic nucleus or glo-
bus pallidus internus. By modulating pathological basal ganglia 
oscillations, it offers durable motor improvements, reduces med-
ication needs, and enhances quality of life. Still, DBS carries sur-
gical risks and questions about optimal timing, creating a clinical 
dilemma between pharmacological treatment and surgery. Re-
cent studies provide new insights, compares DBS and levodopa 
regarding motor progression and functional outcomes by map-
ping scientific literature to clarify their roles in PD management.
 
Methods:
A bibliometric analysis of 306 articles (2020–2025) used the 
query Parkinson; deep brain stimulation; levodopa; motor pro-
gression. Analyses examined publication trends, citations, col-
laborations, and thematic mapping with VOSviewer.
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Results:
The patients were 88% male and 12% female. Heart rate vari-
ability showed a significant improvement in yoga intervention 
group (p=0.034) after three month follow up. There was a reduc-
tion in serum cortisol level in yoga intervention group (9.81±3.75 
to 8.70±3.41) not up to the significant level, but in the control 
group, there was slight increase (8.42±3.91 to 9.0±4.43) in level 
of serum cortisol after 3 month follow up. Moreover, the yoga 
group also saw reductions in drug addiction.
 
Conclusions:
As per our conclusion, 3 month yoga intervention is a beneficial 
and non-invasive treatment for Parkinson related symptoms. Our 
investigation also points to the need of more yoga sessions that 
directly help all patients.
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A Novel Approach to Management of Levodo-
pa-Induced Dyskinesia Using Deep Transcranial
Magnetic Stimulation
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Introduction:
Levodopa-induced dyskinesia (LID) is one of the most disabling 
motor complications in patients with Parkinson’s disease (PD) 
undergoing long-term levodopa therapy. Despite its significant 
impact on quality of life, treatment options are limited and often 
invasive or associated with side effects. Recent studies have 
suggested that the supplementary motor area (SMA) plays a key 
role in the pathophysiology of LID, with hyperactivity in this re-
gion contributing to dyskinetic symptoms. Low-frequency (1 Hz) 
repetitive transcranial magnetic stimulation (rTMS) has been 
shown to suppress cortical excitability and may help rebalance 
dysfunctional motor circuits. However, the potential of deep 
rTMS, which penetrates broader and deeper cortical areas, has 
not been fully explored in this context. 

Table
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Investigating the Role of Yoga practice on Stress 
Biomarker and Autonomic Dysfunction in Parkin-
son Disorder

Diksha DEVI, Sandeep BHATTACHARYA
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Background & Objective:
The present study’s aim to explore the role of yoga practices on 
serum cortisol and heart rate variability (HRV) among patients 
with symptom of Parkinson disorder.
 
Methods:
Total 80 newly diagnosed patients from 18-40 years both male 
and female genders were included and diagnosed by previous 
record and clinical examinations. Patients were randomly as-
signed to one of two groups: conventional treatment with regu-
lar yogic practices (group A) and conventional treatment without 
yoga (group B). Yoga sessions were conducted for the group A, 
for three months and group B continued to take their prescribed 
medication only. HRV test was done to assess the severity of 
mental disorder also we tested serum cortisol level in fasting 
state of patients; suggest deviation of thoughts. Social, occupa-
tional functioning assessment scale (SOFAS) was used to evalu-
ate overall level of performance.
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Methods:
This exploratory analysis of a randomized controlled trial includ-
ed 30 patients with early PD, assigned to a cycling exercise group 
(n=19) and a control group (n=11). The intervention consisted of 
supervised cycling sessions (40–60 minutes, three times per 
week) for 24 weeks. Autonomic symptoms were assessed using 
the Scale for Outcomes in Parkinson’s Disease–Autonomic (SCO-
PA-AUT), which includes gastrointestinal, urinary, cardiovascu-
lar, thermoregulatory, pupillomotor, and sexual domains.
 
Results:
After 24 weeks, there was a trend toward a smaller increase in 
the SCOPA-AUT total score in the cycling exercise group com-
pared to the control group, although the difference was not sta-
tistically significant (p=0.082). Among the SCOPA-AUT domains, 
the urinary subscore increased significantly less in the cycling 
exercise group (median difference, –2.0 points; 95% confidence 
interval, –4.0 to –1.0; p=0.017), whereas no significant differenc-
es were observed in the other autonomic domains. Of the urinary 
subitems, only urinary frequency improved significantly in the 
cycling exercise group compared to the control group (p=0.032).
 
Conclusions:
Cycling exercise may attenuate urinary symptoms, particularly 
urinary frequency, in patients with early PD. These findings war-
rant further evaluation in large-scale trials.
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Pallidothalamic Tractotomy
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Introduction:
In Parkinson’s disease (PD), medications are effective in the early 
stages, but with disease progression and escalating doses, mo-
tor complications and refractory symptoms may develop. In such 
cases, surgical options may be considered. We report a case se-
ries of PD patients treated with stereotactic lesioning.
 

Case:
we present two patients with advanced PD and severe LID who 
underwent low-frequency (1 Hz) deep repetitive transcranial 
magnetic stimulation (rTMS) targeting the supplementary mo-
tor area (SMA) using an H-coil. Both patients showed clinically 
meaningful improvements in dyskinesia severity, with reductions 
in Unified Dyskinesia Rating Scale (UdysRS) and Unified Parkin-
son’s Disease Rating Scale (UPDRS) scores, without any adverse 
effects.
 
Discussion:
These findings suggest that low-frequency deep rTMS targeting 
the SMA could represent a promising therapeutic alternative 
for PD patients with LID, especially in cases where medication 
adjustments are ineffective or not well tolerated, and where in-
vasive procedures like deep brain stimulation are not preferred. 
However, given the small sample size, further randomized con-
trolled studies are needed to validate these findings, determine 
optimal stimulation parameters, and clarify the underlying neu-
rophysiological mechanisms.
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Background & Objective:
The effects of exercise on autonomic symptoms in Parkinson’s 
disease (PD) remain unclear. This study investigated domain-spe-
cific effects of cycling exercise in early PD.
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Background & Objective:
Digital health technologies offer transformative potential for 
managing chronic conditions, but “digital aging”—disparities in 
technology access and use among the elderly—may exacerbate 
existing inequalities. The interplay between digital access, the 
high prevalence of depression, and quality of life (QoL) in Indone-
sian PD patients remains unquantified, representing a significant 
knowledge gap in resource-limited settings. 
 
Methods:
Using Indonesia Family Life Survey (IFLS), the sample included 
387 adults aged ≥60 with a self-reported PD diagnosis. The pri-
mary outcome was QoL (EQ-5D Visual Analogue Scale (EQ-VAS)) 
with the exposure was a Digital Access Index (DAI; range 0-3) 
derived from mobile phone ownership, internet use, and com-
puter use. Depression was measured by the CES-D-10 score. 
We used multivariable linear regression adjusted for age, sex, 
residence, wealth, education, and comorbidities to assess asso-
ciations. Structural equation modeling with bootstrapping (5,000 
reps) quantified depression as a mediator. 
 
Results:
Each unit increase in the DAI was associated with a 3.15-point 
higher EQ-VAS score (95% CI: 1.02 to 5.28, p<0.05) after full ad-
justment. Depression was a strong, independent predictor (β=-
2.05 per CES-D point, p<0.01). Mediation analysis confirmed a 
significant indirect effect: 43% of DAI’s total effect on QoL was 
mediated through lower depression scores (β=0.134, 95% Boot-
strapped CI: 0.082 to 0.196). Significant disparities in digital ac-
cess were observed, correlating with older age, female gender, 
rural residence, and lower socioeconomic status. 
 

Case:
CASE 1
A 75-year-old male with a 2-year history of Parkinson’s disease 
(Hoehn & Yahr stage 2) presented with left-predominant resting 
tremor and rigidity. Despite treated with levodopa and carbidopa 
100/25 mg every 8 hours, pramipexol 0.375 mg every 24 hours, 
and trihexyphenidyl 2 mg every 12 hours for two years, symp-
toms persisted and tremor became increasingly disabling. He 
underwent ventral intermediate thalamus (VIM) lesioning which 
resulted in complete tremor resolution, allowing discontinuation 
of pramipexole and trihexyphenidyl. His UPDRS III score improve 
to 15, representing a 53.1% reduction from baseline.

CASE 2
A 57-year-old male with a 6-year history of Parkinson’s disease 
(Hoehn and Yahr stage 4) presented with freezing of gait during 
gait initiation and turning. He had been on levodopa/carbidopa/
entacapone six times daily and pramipexole 0.375 mg once daily 
for 3 years and the effect of levodopa had shortened to about 2 
hours. The preoperative UPDRS III score was 53. He underwent 
stereotactic pallidothalamic tractotomy, resulting in marked 
improvement with levodopa reduced by 200 mg/day. However, 
intermittent freezing of gait recurred after two months. 
 
Discussion:
Target selection of stereotactic lesioning in PD depends on the 
predominant symptom. VIM thalamotomy is effective for tremor, 
consisent with its role as a relay of the cerebello-thalamic-corti-
cal pathway but offers limited benerfit for rigidity and bradykine-
sia. While pallidothalamic tractotomy interrupts the GPi–thala-
mus pathway, thus offers broader control of tremor, rigidity, and 
dyskinesia
 
Figure

Figure
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Parkinson’s Disease: Nonmotor 
Features
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Background & Objective:
Parkinson’s disease (PD) encompasses both motor impairments 
and nonmotor symptoms, including depression and cognitive 
decline, which are increasingly attributed to tau hyperphosphor-
ylation and persistent neuroinflammation. Glycogen synthase ki-
nase-3β (GSK-3β) drives pathological tau aggregation, while the 
stimulator of interferon genes (STING) and NLRP3 inflammasome 
pathways mediate chronic microglial activation and pro-inflam-
matory signaling. Given the interconnected roles of these targets 
in PD pathogenesis, this study explores ternary thiazole–couma-
rin–azomethine derivatives as multitarget ligands designed to 
inhibit GSK-3β, modulate STING, and suppress NLRP3, aiming 
to alleviate neuroinflammation and tauopathy in Parkinson’s dis-
ease.
 
Methods:
Five ternary thiazole–coumarin–azomethine derivatives were 
docked against GSK-3β (3GB2), STING (6DXL), and NLRP3 (7ALV) 
using AutoDock Vina, with Tideglusib, amidobenzimidazole, 
and RM5 as references. ADMET properties were evaluated via 
pkCSM.
 
Results:
Derivatives 6i, 6j, and 6k exhibited strong multitarget binding 
to GSK-3β (−10.0 kcal/mol), STING (−9.4 to −9.8 kcal/mol), and 
NLRP3 (−10.7 for 6i and −11.1 for 6k), suggesting potent inflam-
masome inhibition. Pharmacokinetic predictions revealed 100% 
human intestinal absorption for all three, with non-inhibition of 
CYP1A2, and modest BBB permeability (log BB values from −1.07 
to −1.25). Despite high lipophilicity (log P > 6), the compounds 
maintained moderate solubility (log S around −3.3 to −3.5) and 

Conclusions:
The study highlights digital inclusion as a potent, underuti-
lized lever for improving neurological care. However, existing 
socio-demographic disparities in digital access risk widening 
health inequities. National PD strategies must integrate digital 
health tools while implementing targeted policies to overcome 
the digital divide for the most vulnerable elderly populations. 
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Sleepless Pressure: Unmasking Nocturnal Hyper-
tension in Parkinson’s Disease, An Indian tertia-
ry-care Perspective

Sanju BALA1, Ramit GOEL2

1Neurology, Springdale University, Punjab, India
2Computational Neuroscience, Delhi Engineering College, Delhi, 
India

Background & Objective:
PD is a progressive neurodegenerative disorder with motor and 
non-motor manifestations. NAH, an underrecognized cardio-
vascular complication linked to autonomic dysfunction, is in-
creasingly relevant in India, where hypertension prevalence and 
metabolic comorbidities are high. The objective of this study is 
to determine prevalence and determinants of nocturnal arterial 
hypertension (NAH) in Parkinson’s disease (PD) in India 
 
Methods:
A 9-month cross-sectional study at a tertiary neurology center 
recruited PD patients meeting MDS criteria with age- and gen-
der-matched controls (1:2). Severity was assessed by MDS-UP-
DRS and Hoehn & Yahr (H&Y) scales. NAH and BP profiles were 
measured by 24-hour ABPM. Compliance was assessed via 
MARS-5. Predictors were identified using logistic regression.   
 
Results:
We enrolled 102 participants, 34 patients and 68 controls. Mean 
PD age was 66.2 ± 7.6 years, age at diagnosis 61.1 ± 6.8 years; 
67.6% were male. Median disease duration was 8 years, 55.9% 
in advanced H&Y stage (median stage 3). 88.2% were on levodo-
pa (mean dose 410.5 ± 154.3 mg); 44.1% had moderate adher-
ence. NAH prevalence was 52.9%, and 41.1% were “non-dip-
pers.” Predictors included advanced H&Y stage (OR 3.2, p=0.01), 
MDS-UPDRS Part I ≥ 12 (OR 2.7, p=0.03), age at PD diagnosis > 
60 (OR 3.8, p=0.004), and type 2 diabetes (OR 1.9, p=0.04). 
 
Conclusions:
Over half of PD patients had NAH. Advanced stage, higher 
non-motor burden, later diagnosis, and diabetes predicted NAH. 
Routine ABPM screening is recommended, especially for pa-
tients >60 or with metabolic comorbidities.   
 
Keywords 
Parkinson's disease, Nocturnal Hypertension, Autonomic Dys-
function, Non Motor Symptoms

acceptable total clearance rates, with 6i being the slowest 
cleared (0.03 log mL/min/kg). All candidates showed one Lipins-
ki violation (due to high log P) and low predicted toxicity (LD₅₀ > 3 
mol/kg). Compound 6i–6k emerge as multitarget neuroprotective 
leads.
 
Conclusions:
Ternary thiazole–coumarin–azomethine derivatives depicted 
multitarget agents for Parkinson’s disease. Their ability to mod-
ulate GSK-3β, STING, and NLRP3 warrants further validation 
through rigorous experimental/clinical research.

Table
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Continuous glucose monitoring, India

P-128

The Nature and Severity of Non-Motor Symptoms 
in Drug-Naïve Early Parkinson’s Disease Patients: 
Korean Cohort Data

Yun Su HWANG

Neurology, Jeonbuk Natiaonl University Hospital, Jeollabuk-do, 
Republic of Korea 

Background & Objective:
NMS significantly impact the QoL of PD patients and may ap-
pear before motor symptoms. However, distinguishing them from 
dopaminergic treatment side effects is challenging. Drug-naïve 
PD patients provide a unique opportunity to study the natural 
presentation of NMS without pharmacological confounders.This 
study aimed to assess the distribution and severity of non-motor 
symptoms (NMS) in drug-naïve early PD patients to inform future 
NMS management strategies.
 
Methods:
We retrospectively analyzed drug-naïve PD patients initially 
diagnosed from January 2023 to December 2024. All patients 
underwent MDS-UPDRS Part I and SCOPA-AUT assessments be-
fore dopaminergic treatment initiation. 
 
Results:
A total of 40 drug-naïve PD patients were included. Among 
NMS, urinary dysfunction (92.5%), gastrointestinal dysfunction 
(85.0%), and sleep disturbances (57.5%) were the most prev-
alent. Depression (47.5%) and anxiety (45.0%) were also fre-
quent. Autonomic symptoms were common, including fatigue 
(52.5%) and lightheadedness on standing (40.0%). Pupillomotor 
dysfunction (10.0%) and hallucinations (2.5%) were rare but se-
vere when present. Impulse control disorder-related symptoms 
(5.0%) and hypersalivation were observed at lower rates. The 
burden of NMS varied widely, with urinary and cardiovascular 
dysfunctions showing the highest burden, while neuropsychiat-
ric symptoms, though less frequent, were severe in some cases. 
 
Conclusions:
NMS were highly prevalent in drug-naïve early PD patients, with 
autonomic dysfunctions, particularly urinary and gastrointestinal 
symptoms, being the most frequently reported. Mood-related 
symptoms such as depression and anxiety were also common, 
while certain symptoms like hallucinations were rare but notably 

P-127

Nocturnal and Early Morning Hypoglycemia in 
Parkinson’s Disease: An Indian Perspective

Archit GOEL1, Ramit GOEL2

1Medicine, All India Institute of Medical Sciences, Punjab, India
2Computer Science, Delhi Engineering College, Delhi, India

Background & Objective:
Emerging evidence links PD with disturbances in glucose metab-
olism. Shared mechanisms such as mitochondrial dysfunction, 
oxidative stress, and neuroinflammation may predispose to insu-
lin resistance and hypoglycemia. In India, where diabetes preva-
lence is high, understanding this link has direct clinical relevance 
for both neuroprotection and metabolic control and the objective 
of the study was to determine the prevalence and risk factors of 
hypoglycemic episodes in Indian patients with Parkinson’s dis-
ease (PD) using two-week continuous glucose monitoring (CGM).
 
Methods:
Forty PD patients and twenty age- and gender-matched controls 
were recruited from a tertiary-care neurology clinic. Demographic 
and clinical data were collected, and autonomic symptoms were 
evaluated using the SCOPA-AUT scale. Participants underwent 
14-day CGM using the Freestyle Libre Pro system. Hypoglycemia 
was defined as interstitial glucose <70 mg/dL for ≥5 minutes. 
Predictors were analyzed using multivariate logistic regression. 
 
Results:
Hypoglycemic episodes were detected in 22 PD patients (55%), 
totaling 146 episodes with a mean duration of 11.2 ± 4.1 min. 
68% of events occurred between midnight and 6:00 am. Preva-
lence of hypoglycemia was higher in PD than controls (55% vs 
35%; p=0.12), but episode frequency was significantly greater 
(4.1 vs 1.6 episodes/person; p=0.0004). Independent predictors 
in PD included lower 2-week mean glucose (OR −0.27, 95% CI 
−0.49 to −0.06; p=0.014), higher glycemic variability index (OR 
0.48, 95% CI 0.09 to 0.87; p=0.019), and higher SCOPA-AUT 
score (OR 0.25, 95% CI 0.08 to 0.42; p=0.037). 
 
Conclusions:
Indian PD patients demonstrate frequent nocturnal and early 
morning hypoglycemia, particularly with greater autonomic dys-
function and glycemic variability. CGM should be considered in 
PD management, especially for those with diabetes or advanced 
non-motor symptom burden, to enable timely interventions. 
 
Keywords 
Autonomic dysfunction, Parkinson's disease, Hypoglycemia, 
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Prevalence of Muscle Mass Loss and Its Associ-
ation With Orthostatic Hypotension and Related 
Symptoms in Parkinson’s Disease

Seohee CHOI1, Ryul KIM2, Soonwook KWON1, Jin-Sun 
JUN3, Kyeongho BYUN4, Nyeonju KANG4, Kiwon PARK5, 
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Medicine, Incheon, Republic of Korea 
2Neurology, SMG - SNU Boramae Medical Center, Seoul National 
University College of Medicine, Seoul, Republic of Korea 
3Neurology, Kangnam Sacred Heart Hospital, Hallym University 
College of Medicine, Seoul, Republic of Korea 
4Sport Science, Sport Science Institute & Health Promotion Center, 
Incheon National University, Incheon, Republic of Korea 
5Biomedical and Robotics Engineering, Incheon National University, 
Incheon, Republic of Korea 
6Neurology, Seoul National University College of Medicine, Seoul, 
Republic of Korea 

Background & Objective:
To investigate the prevalence of muscle mass loss in Parkinson’s 
disease (PD) patients compared with that in the general popula-
tion and to explore its relationship with orthostatic hypotension 
(OH) and associated symptoms.
 
Methods:
We prospectively enrolled PD patients (Hoehn and Yahr of 3 or 
lower) and matched them 1:5 ratio by age, sex, and height with 
general population from the Korea National Health and Nutri-
tion Examination Survey data. Appendicular muscle mass was 
assessed by dual-energy X-ray absorptiometry and cutoff values 
for muscle mass loss defined by the Asian Working Group for 
Sarcopenia 2019. In PD patients, blood pressure was recorded 
in the supine position and at 30 seconds, 1, 3, and 5 minutes 
after standing. OH was defined according to the international 
consensus, and symptoms were evaluated using items 14 to 16 
of the Scales for Outcomes in Parkinson’s Disease–Autonomic 
Dysfunction questionnaire.
 
Results:
We analyzed 409 PD patients (mean age, 71.1±9.5 years; 52.3% 
men) and 2045 matched controls. Muscle mass loss was more 
prevalent in the PD patients (35.0%) than controls (24.8%), es-
pecially in men and individuals aged ≥70 years. Among PD pa-
tients, prevalence of OH did not differ between the low muscle 
mass (LMM) and normal muscle mass (NMM) groups (46.8% vs. 

severe. These findings highlight the need for systematic NMS 
evaluation and early intervention in PD management. Given the 
variability in symptom prevalence and severity, a personalized 
approach to NMS treatment is warranted. 
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dementia incidence among groups.

Results:
Of the 155 patients analyzed, 62 continued long-term use with-
out adverse effects, while 12 and 81 discontinued due to cog-
nitive and non-cognitive adverse effects, respectively. Baseline 
characteristics and anticholinergic dosages did not significantly 
differ between the cognitive and non-cognitive adverse effects 
groups. After adjusting for age, sex, and disease duration, no 
significant differences in dementia incidence were observed be-
tween the cognitive and non-cognitive adverse effects groups 
(adjusted OR = 1.17; 95% CI: 0.13–10.22, p = 0.890) or between 
the cognitive adverse effects and long-term use groups (adjusted 
OR = 1.57; 95% CI: 0.23–10.89, p = 0.646).
 
Conclusions:
The association between cognitive adverse effects of anticho-
linergics and the development of dementia has not been es-
tablished. Prospective studies that include comprehensive test 
of individual variability in anticholinergic sensitivity among pa-
tients with PD and its impact on cognition are needed.
 
Figure

38.6%). The LMM group showed significantly greater drops in 
systolic BP (P=0.036) and diastolic BP (P=0.009) during 5 minutes 
after standing. A significant difference was observed only at 30 
seconds after standing in both systolic BP (-18.7±1.7 mmHg vs. 
-13.0±1.1 mmHg, P=0.020) and diastolic BP (-7.8±1.1 mmHg vs. 
-4.2±0.6 mmHg, P=0.012). No differences were observed in the 
frequency or severity of its symptoms.

Conclusions:
Patients with mild to moderate PD showed higher risk of 
muscle mass loss. It associated with transient orthostatic BP 
instability in the early period after standing, it was insufficient 
to cause OH or associated symptoms. 
  
Keywords 
Parkinson's disease, Muscle mass, Sarcopenia, Orthostatic hy-
potension, Autonomic dysfunction

P-130

Association Between Cognitive Adverse Effects of 
Anticholinergic Medication and Development of 
Dementia in Parkinson’s Disease

Su Hyeon HA1, Seoyeon KIM2, Seungmin LEE1, Bora 
JIN3, Kyung Ah WOO1, Jun Young CHO1, Jung Hwan 
SHIN1, Han-Joon KIM1

1Neurology, Seoul National University Hospital, Seoul, Republic of 
Korea 
2Neurology, Inha University Hospital, Incheon, Republic of Korea 
3Neurology, Dong-A University Hospital, Busan, Republic of Korea

Background & Objective:
Approximately one-third of patients with Parkinson’s disease 
develop dementia, and anticholinergic use has been associated 
with increased risk, particularly with prolonged exposure. This 
study investigated whether short-term anticholinergic use was 
associated with differing dementia incidence between cognitive 
and non-cognitive adverse effects groups.
 
Methods:
A retrospective chart review was conducted on 209 patients 
with Parkinson’s disease initially prescribed anticholinergics. 
Patients were grouped by continued use without adverse effects 
or discontinuation due to cognitive or non-cognitive adverse 
effects. Multivariable logistic regression was used to evaluate 
the association between cognitive adverse effects and dementia 
incidence. Kaplan-Meier survival curves were used to compare 
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Subjective Cognitive Complaints in Parkinson’s 
Disease Patients With Normal Cognition Predict 
Development of Dementia: A 5-Year Longitudinal 
Observation

Jin Yong HONG, Min Seok BAEK, Han-Kyeol KIM

Neurology, Yonsei University Wonju College of Medicine, Wonju, 
Republic of Korea 

Background & Objective:
This study aimed to examine whether subjective cognitive com-
plaints (SCCs) measured by the SCCQ-PD questionnaire can pre-
dict the development of dementia in initially cognitively normal 
patients with Parkinson’s disease (PD).
 
Methods:
We retrospectively analyzed 53 PD patients with normal cogni-
tion at baseline who were followed for an average of 5 years. 
SCCs were assessed using the SCCQ-PD questionnaire, and sub-
jects were grouped by SCCQ-PD scores (low, intermediate, high). 
Cox proportional hazard models were used to identify predictors 
of dementia.
 
Results:
Baseline demographic characteristics and cognitive performance 
did not differ significantly among groups, while patients with 
high SCCQ-PD scores showed poorer instrumental activities of 
daily living than those with low SCCQ-PD scores. During fol-
low-up, 32.1% of patients developed dementia. High SCCQ-PD 
scores were significantly associated with an increased risk of 
future dementia (adjusted hazard ratio = 5.37, p = 0.018) after 
controlling for age and disease duration.
 
Conclusions:
SCCs assessed by the SCCQ-PD questionnaire are predictive of 
future dementia in cognitively normal patients with PD. These 
finding s suggest that the SCCQ-PD may serve as a valuable pre-
dictive marker of cognitive decline.
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Corynoxine-Mediated Suppression of NLRP3 
Inflammasome as a Neuroprotective Agent in 
Parkinson’s Disease

Alvin Siena ATVIAPUTRA, Reny ROSALINA, 
Rizki Rachmad SAPUTRA

Department of Chemistry, Universitas Palangka Raya, Palangka 
Raya, Indonesia

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative dis-
order characterized not only by motor dysfunction but also by 
a wide spectrum of non-motor symptoms, including cognitive 
impairment, mood disturbances, and autonomic dysfunction. 
Increasing evidence suggests that chronic neuroinflammation 
plays a key role in the pathogenesis of these non-motor features, 
particularly through the activation of the NLRP3 inflammasome 
complex. Persistent activation of NLRP3 drives the release of 
pro-inflammatory cytokines, exacerbating neuronal damage 
beyond dopaminergic systems. This study aims to explore the 
therapeutic potential of corynoxine as a ligand targeting NLRP3 
to exert anti-inflammasome and neuroprotective effects in PD.
 
Methods:
AutoDock Vina was used to dock three corynoxine derivatives 
against NLRP3 (7ALV), using RM5701 as a reference. ADMET 
properties and pharmacokinetic studies were evaluated via 
pkCSM and SwissADME.
 
Results:
All ligand derivatives (CID-10475115, CID-10091424, and CID-
21148450) demonstrated strong binding affinity to NLRP3 (–7.5 
to –8.8 kcal/mol) and high intestinal absorption (>95%), indicat-
ing efficient oral uptake. Moderate BBB permeability values (log 
BB –0.412 to –0.578) suggested the ability to reach the central 
nervous system, while no CYP1A2 inhibition was observed, re-
ducing the likelihood of metabolic interactions. All compounds 
complied with Lipinski’s rules and exhibited acceptable predict-
ed toxicity (LD50 ≈ 2.5 mol/kg), with one derivative showing 
lower lipophilicity (Log P 3.122) compared to the others.
 
Conclusions:
Among the tested derivatives, ligand CID-10091424 exhibited 
the most favorable balance of properties. These features high-
light its suitability for further exploration as an NLRP3-targeting 
agent in alleviating non-motor symptoms of Parkinson’s disease. 
In addition, clinic trials and research are needed.
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Cognitive Domain Differences and the Role of 
Depression and Anxiety in Subjective and Mild 
Cognitive Impairment in Parkinson’s Disease

Yeon-Su KIM, A-Young YANG, In-Uk SONG

Neurology, THE CATHOLIC UNIVERSITY OF KOREA, INCHEON ST. 
MARY’S HOSPITAL, INCHEON , Republic of Korea 

Background & Objective:
Subjective cognitive decline in Parkinson’s disease (PD-SCD) is 
regarded as a prodromal stage with elevated risk of mild cog-
nitive impairment (PD-MCI) and dementia. Distinguishing cog-
nitive and affective features may aid early identification. This 
study compared cognitive profiles of PD-SCD and PD-MCI and 
examined the impact of depressive, anxiety, and other behav-
ioral symptoms. 
 
Methods:
Fifty-two patients (PD-SCD = 21, PD-MCI = 31) completed the 
Seoul Neuropsychological Screening Battery-II, Mini-Mental 
State Examination, Montreal Cognitive Assessment, Short Geri-
atric Depression Scale (SGDS), and Neuropsychiatric Inventory 
(NPI). Scores were standardized to z-scores. Group comparisons, 
correlations, and logistic regression were conducted. Longitudi-
nal follow-up was available after 2–3 years.
 
Results:
PD-MCI patients performed worse across domains, most prom-
inently in memory (−1.37 z, p < 0.001). Within this group, higher 
SGDS and NPI-depression were associated with poorer exec-
utive performance (Trail Making Test) and showed trends with 
processing speed and visuospatial memory. Anxiety related 
modestly to executive and attentional tasks, while other NPI do-
mains were negligible. These links were not evident in PD-SCD. 
Logistic regression identified RCFT recall, SVLT, MMSE, CWST, 
and COWAT as predictors (AUC = 0.88; accuracy 79%), with RCFT 
recall strongest. SVLT best reflected progression.
 
Conclusions:
PD-MCI showed broader and more severe deficits than PD-SCD, 
especially in memory and executive/processing speed. Depres-
sive and anxiety symptoms were tied to executive decline. RCFT 
recall and SVLT were the most reliable predictors of progression. 
Although the modest sample size warrants caution, the results 
suggest that combining memory assessments with affective 
measures may strengthen efforts toward early detection of cog-
nitive decline in Parkinson’s disease. 
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Association Between Esophageal Motility and 
Gait in Early stage of Parkinson’s Disease

Jungyeun LEE, Seong-Beom KOH

Neurology, Department of neurology, Korea university Guro hospi-
tal, Seoul, Republic of Korea 

Background & Objective:
Parkinson’s disease (PD) patients frequently develop non-motor 
manifestations, particularly gastrointestinal symptoms. This 
study aimed to investigate the association between esophageal 
motility and PD symptoms, focusing on autonomic dysfunction 
and gait.
 
Methods:
From September 2023 to September 2024, patients with PD un-
derwent assessments including clinical rating scales, autonomic 
tests, gait analysis, and HRM. In the control group, HRM was 
performed between April 2021 and August 2024. Manometric 
parameters were compared between groups, and correlations 
with clinical measures were analyzed within the patient group.
 
Results:
Compared with controls, patients with PD demonstrated signifi-
cant differences in striate esophageal contractile integral (SECI), 
distal contractile integral (DCI), and distal latency, but these dif-
ferences did not remain significant after adjusting for age and 
hypertension. Within-group analysis revealed that UPDRS part 
III scores were negatively correlated with SECI (rho = –0.279, p = 
0.022), while lower esophageal sphincter (LES) residual pressure 
integrated relaxation pressure (RP IRP) was positively correlated 
(rho = 0.317, p = 0.009). No associations were observed with 
autonomic tests. For gait parameters, upper esophageal sphinc-
ter basal pressure (UES BP) correlated positively with velocity, 
cadence, step length, swing phase, and single support time. In 
contrast, LES basal pressure and LES RP IRP were negatively cor-
related with %GC of swing phase and single support time.
 
Conclusions:
Although this study was conducted in early-stage patients 
and no significant differences in HRM findings were observed 
compared with the control group, correlation analyses within 
the patient demonstrated an association between esophageal 
motility and gait. Certain parameters (UES BP) showed positive 
correlations with gait improvement, yet these values are known 
to decrease in advanced PD. In this context, HRM may serve as a 
useful biomarker reflecting symptom progression in PD.
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Association of Olfactory Dysfunction With Brain 
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Parkinson’s Disease
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Background & Objective:
Olfactory dysfunction is a highly prevalent and earliest non-mo-
tor symptom in patients with Parkinson’s disease (PD). Olfactory 
dysfunction is associated spreading patterns of synucleinopathy, 
but its pathophysiology remains unclear. Thus, this study inves-
tigated association between olfactory functions and brain net-
work, and atrophy pattern in PD.
 
Methods:
This retrospective observation study included 174 drug-naïve 
patients with PD who underwent Cross-Cultural Smell Identifi-
cation Test (CC-SIT), neuropsychological assessments, 18F-FP-
CIT PET scans and brain MRI at initial assessment. The patients 
were classified into three subgroups according to CC-SIT score, 
normosmia (8–12), hyposmia (5–8), and anosmia (0–4). Among 
them, 66 patients (37.93 %) additionally completed assessments 
brain diffusion tensor imaging. Associations between olfaction 
and clinical/imaging variables were assessed using correlation 
analysis. The severity of hyposmia was negatively correlated 
with network degree measures, indicating that reduced olfacto-
ry function is associated with more impaired connectivity across 
identified subnetworks.
 
Results:
A total of 174 patients of PD was included, 31 with normal ol-
factory function, 96 with hyposmia, and 47 with anosmia. The 
severity of olfactory dysfunction was associated with cognition. 
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(PET) imaging, and at least two separate 3-dimensional magnet-
ic resonance imaging (MRI) scans. A linear mixed model was 
constructed to compare the rate of hippocampal subfield atrophy 
and longitudinal changes in neuropsychological test scores.
 
Results:
Forty-eight patients (34.8%) revealed positive amyloid PET 
scans. Compared to amyloid-negative group, amyloid-positive 
group showed faster rate of hippocampal atrophy (P=0.041) and 
cognitive decline in terms of global cognitive score (P=0.004). 
Among the hippocampal subfields, atrophy rate of the subiculum 
revealed the most prominent difference (P=0.006) followed by 
CA2/3 (P=0.038). The effect of amyloid burden on global cogni-
tive score was mediated by the rate of subiculum atrophy.
 
Conclusions:
Amyloid copathology appears to affect the rate of hippocampal 
atrophy, especially in the subiculum, and cognitive decline in PD.
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TRPV1 as a Potential Therapeutic Target for Pain 
in Parkinson’s Disease
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Hee KWAK, Thanh Trung NGUYEN , Bao Tram HOANG, 
Dong Gyun KO, Je kook YU

Hallym University Sacred Heart Hospital, PhD student, anyang, 
Republic of Korea 

Background & Objective:
Pain is a debilitating feature of Parkinson’s disease(PD) that 
significantly impairs quality of life. Although Transient Receptor 
Potential Vanilloid 1(TRPV1) is associated with inflammation—a 
known pathomechanism of PD—and pain in general, its specific 
role in PD-related pain remains unclear.
 
Methods:
We measured mRNA expression of TRP channels in Peripher-
al Blood Mononuclear Cells(PBMCs) from PD patients(with and 
without pain) and neurological controls, correlating with clinical 
severity. Pain scores, TRPV1 expression, and inflammatory path-
way genes(hsa04750) were analyzed using the PPMI database 
and microarray dataset GSE8397 of postmortem PD and control 
brain tissue. A striatal Preformed Fibril(PFF) injection PD mouse 
model(±Lipopolysaccharide(LPS)) was used for behavioral tests 
to evaluate analgesic effects of a TRPV1 antagonist, with TRPV1 

Patients with anosmia showed lower scores in memory, visuo-
spatial, and executive domains compared to those with hypos-
mia or normosmia (p < 0.05). Imaging analyses revealed that at-
rophy in the limbic structures were neural correlates of olfactory 
dysfunction. After adjusting age, sex, and education, individuals 
with olfactory dysfunction exhibited significantly lower subnet-
work connectivity compared to those with normal olfaction (Nor-
mosmia vs Anosmia p=0.008; Hyposmia vs Anosmia, p=0.009).
 
Conclusions:
This indicates that reduced olfactory function is associated with 
more impaired connectivity across identified subnetworks and 
affects cognition in Parkinson’s disease.
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Background & Objective:
Mounting evidence suggests that coexistent Alzheimer’s dis-
ease (AD) pathology may influence the clinical manifestations 
and prognosis of patients with Parkinson’s disease (PD). While 
hippocampal atrophy is not an uncommon finding in PD, the 
underlying pathomechanism remains unclear, particularly with 
respect to the contribution of AD copathology. In this study, we 
investigated the potential association between amyloid-β (Aβ) 
burden and the rate of hippocampal subregional atrophy.
 
Methods:
This retrospective longitudinal study included 138 patients with 
PD who underwent standardized neuropsychological assess-
ment, 18F-Florbetaben (FBB) positron emission tomography 
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protein measured in brain tissue.
 
Results:
TRPV1 mRNA expression was significantly higher in PBMCs from 
PD patients, especially those with pain, while TRPA1 and TRPM2 
showed no group differences. Higher TRPV1 levels correlated 
with more severe motor and non-motor symptoms. In the PPMI 
cohort, pain scores and TRPV1 remained persistently elevated 
in PD patients. Transcriptomic analysis revealed upregulation of 
inflammatory pathway genes—including TRPV1, NGF, PLCB4, 
and MAPKs—in high-pain PD. In GSE8397, TRPV1 and neuroin-
flammatory genes were increased in the lateral substantia nigra 
of PD brains, with gene set enrichment confirming activation 
of pain and inflammation-related pathways. In the PD mouse 
model, both PFF and PFF+LPS groups showed motor deficits and 
heightened pain sensitivity. TRPV1 antagonist treatment reduced 
thermal pain sensitivity, and TRPV1 protein levels at the injection 
site decreased post-treatment.
 
Conclusions:
TRPV1 upregulation in blood and brain is linked to increased 
pain and symptom severity in PD. TRPV1 antagonism selectively 
reduced pain in animal models, supporting its potential as a ther-
apeutic target for PD-related pain..
 
Figure
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Keywords 
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Acoustic Feature Analysis Using Machine 
Learning Algorithms in Python
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Background & Objective:
Parkinson’s disease is a neurodegenerative disorder that affects 
motor function and voice quality. Early detection is crucial, but 
conventional methods are often time-consuming and expensive. 
Acoustic changes in a patient’s voice can be a non-invasive in-
dicator. With the support of machine learning, voice data can be 
analyzed to differentiate Parkinson’s patients from healthy indi-
viduals. Python provides a computational library to support this 
process, so this research focuses on Parkinson’s classification 
through acoustic features using Python-based machine learning.
 
Methods:
This study used an acoustic dataset of Parkinson’s patients with 
an 80:20 split between training and testing data. The Random 
Forest Classifier algorithm was applied for classification due to 
its ability to handle multiple features and provide feature im-
portance analysis. Evaluation was performed using accuracy, 
precision, recall, F1-score, and AUC, with visualization using a 
confusion matrix, ROC curve, and key feature analysis.
 
Results:
The Random Forest model could classify Parkinson’s disease 
with high accuracy. The confusion matrix showed that 109 Par-
kinson’s patients were correctly detected, although 19 healthy 
cases were misidentified. The ROC curve produced an AUC of 
0.92, indicating the model’s ability to distinguish between the 
two classes. Feature analysis showed that the logarithmic en-
ergy variables (delta and delta-delta) and the MFCC coefficient 
contributed the most to the prediction, consistent with medical 
findings that acoustic changes in voice are closely related to Par-
kinson’s symptoms.
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Neuropsychiatric Manifestations in Parkinson’s 
Disease and Their Link to Caregiver Stress

Tungalag ENKHBAT, Bolortsetseg KHATANBAATAR

Neurology Department, H.Sharav named Regional Treatment and 
Diagnostic Center, Umnugovi province, Mongolia

Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder presenting with both motor and non-motor symptoms. 
In Mongolia, limited data exist regarding the clinical profile of 
PD patients, particularly the burden of neuropsychiatric symp-
toms (NPS).Objective: To describe the frequency of motor and 
non-motor symptoms, with emphasis on neuropsychiatric man-
ifestations, among Mongolian patients with PD and to assess 
their impact on daily functioning and caregiver burden. 
 
Methods:
A cross-sectional observational study was conducted among 
50 patients diagnosed with idiopathic PD attending a neurology 
clinic in Ulaanbaatar and Umnugovi province. All participants ful-
filled the UK Parkinson’s Disease Society Brain Bank diagnostic 
criteria. Motor severity was assessed using the Unified Parkin-
son’s Disease Rating Scale (UPDRS) and Hoehn & Yahr staging. 
Non-motor and neuropsychiatric symptoms were evaluated with 
the Neuropsychiatric Inventory (NPI), and caregiver burden was 
measured using the Zarit Burden Interview (ZBI).
 
Results:
The mean age of patients was 61.2 ± 8.9 years, with a male pre-
dominance (58%). Median disease duration was 4.2 years (IQR 
2–6). Tremor and bradykinesia were the most common motor 
symptoms. At least one neuropsychiatric symptom was observed 
in 64% of patients, with depression (52%), anxiety (28%), apathy 
(22%), and irritability (20%) being the most frequent. Cognitive 
impairment was identified in 18% of cases. Higher NPI scores 
correlated significantly with functional disability and caregiver 
burden (p < 0.01). Caregivers reported mild to moderate burden 
in 34% of cases and severe burden in 8%.
 
Conclusions:
This study demonstrates that neuropsychiatric symptoms are 
common among Mongolian PD patients and represent a major 
determinant of caregiver burden. Early recognition and multidis-
ciplinary management of non-motor symptoms, alongside motor 
control, are essential to improve quality of life for both patients 
and caregivers. 
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Obstructive Sleep Apnea in Parkinson’s Disease: 
The Role of Positive Airway Pressure Therapy
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Background & Objective:
Parkinson’s disease (PD) is a chronic neurodegenerative disor-
der with both motor and non-motor features. Obstructive sleep 
apnea (OSA) is a frequent comorbidity in PD patients. The high 
prevalence of both conditions contributes to a reduced quality of 
life and an increased risk of cognitive decline. This study aimed 
to examine the available literature exploring the effect of posi-
tive airway pressure therapy on improving OSA and cognition of 
PD patients with OSA.
 
Methods:
A systematic literature review was performed using several core 
databases, such as PubMed and Cochrane according to PRISMA 
statement. Parkinson, obstructive sleep apnea, and positive air-
way pressure were used as the search term. Original researches, 
specifically randomized controlled trials (RCTs) were incorporat-
ed into this study.
 
Results:
Three randomized controlled trials with a total of 266 partici-
pants with PD (170 participants with PD and OSA) were eligible 

Conclusions:
This study demonstrates that the Random Forest algorithm can 
classify Parkinson’s disease from acoustic features with high 
accuracy. Feature analysis confirms that logarithmic energy vari-
ables and MFCC play a significant role in prediction. These re-
sults underscore the potential of speech-based ML as a non-in-
vasive diagnostic tool for Parkinson’s disease.
 
Figure

Figure
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Methods:
We prospectively enrolled 21 PD patients (mean age 66.9±9.2) 
who underwent cardiac MIBG scintigraphy. GET was measured 
by gastric scintigraphy after solid meal (bread and fried egg). CTT 
was assessed using radio-opaque markers (Kolomark™) with the 
4-day method. Acquired GET and CTT were compared between 
PD with and without RBD (PD+RBD, n=10; PD-RBD, n=11), and 
according to the presence of cardiac sympathetic denervation 
(CSD).
 
Results:
PR+RBD group showed significantly longer GET compared to 
PD-RBD (T1/2= 68.8±20.0 vs. 51.5±16.2 minutes, p=0.041). No 
significant difference was observed between PD+CSD and PD-
CSD. Multipile linear regression demonstrated an independent 
association between RBD and GET (β=0.578, p=0.040), where-
as not with H/M ratio (p=0.753). Delayed CTT was common in 
both PD+RBD and PD-RBD groups (77.8% vs. 80.0%). Although 
total CTT did not differ between groups, the number of markers 
retained in the right colon was significantly higher in PD+RBD. 
 
Conclusions:
Gastric emptying time was associated with RBD but not with 
cardiac MIBG scintigraphy. These findings support the concept of 
distinct α-synuclein propagation pathways via parasympathetic 
(vagal) and sympathetic nerves. In CTT, only the proximal colon 
showed delayed transit in PD+RBD, likely reflecting the predom-
inant vagal innervation of the proximal colon.
 
Keywords 
Gastic emptying time, cardiac MIBG, colonic transit time, RBD, 
Parkinson's disease
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Exploring Voluntary Saccade Hypometria in the 
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ans University College of Medicine, Seoul, Republic of Korea 
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Background & Objective:
Saccadic eye movements are essential for vision, and their im-
pairment is a potential biomarker in parkinsonism. Reflexive sac-

for this study. The results showed that PD patients with OSA ex-
hibit greater cognitive impairment. While short-term Continuous 
PAP (CPAP) therapy (3-6 weeks) may not lead to significant cogni-
tive improvements, a longer-term intervention of six months has 
been shown to improve Montreal Cognitive Assessment (MoCA) 
scores by 1.44 (95% CI [0.09, 2.79]) compared to a control group. 
In one study, CPAP therapy was shown to be effective in treating 
OSA by significantly reducing the Apnea-Hypopnea Index (AHI) 
and the percentage of time spent with oxygen saturation below 
90%. Additionally, subjects on CPAP showed an increase in N3 
sleep, indicating deeper, more restorative sleep. Three weeks of 
treatment also resulted in significant decreases in arousal index 
(t=3.4, p=0.002) and daytime sleepiness (p=0.011).
 
Conclusions:
According to the study’s findings, PAP improves OSA and cogni-
tion in PD patients with OSA. However, research on the function 
of PAP in PD patients with OSA remains limited. More well-de-
signed randomized controlled trials are needed.
 
Keywords 
parkinson, obstructive sleep apnea, positive airway pressure
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Gastric Emptying and Colonic Transit Time in 
Relation to Cardiac MIBG and RBD in Parkinson’s 
Disease: Insights into Parasympathetic and 
Sympathetic α-Synuclein Propagation
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1Department of Neurology, Hallym University College of Medicine, 
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Background & Objective:
The ’body-first’ and ’brain-first’ hypothesis classifies Parkinson’s 
disease (PD) based on the pattern of α-synuclein propagation. 
However, recent studies have raised doubts about this dichot-
omy, and a further subdivision of the body-first into parasym-
pathetic- and sympathetic-subtype has been proposed. Cardiac 
MIBG scintigraphy and gastric dysmotility may reflect sympa-
thetic and parasympathetic denervation, respectively. In this 
study, we investigated the associations among gastric emptying 
time (GET), colonic transit time (CTT), cardiac MIBG and REM 
sleep behavior disorder (RBD) in PD, and explored potential pat-
tern of α-synuclein propagation.
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Background & Objective:
Patients with Parkinson’s disease (PD) often have masked fac-
es that impair social communication. They also frequently ex-
perience emotional-processing impairments. Some research 
suggests that pain empathy deficits in PD. However, the pres-
ervation of social cognition in PD patients and its relationship 
with other cognitive domains remain unclear. We aimed to in-
vestigate these aspects using facial affect tasks of the Florida 
Affect Battery (FAB).
 
Methods:
Patients with PD who underwent the Seoul Neuropsychological 
Screening Battery II (SNSB-II) within the past year were enrolled. 
They were assessed with the Korean version of the FAB, a tool 
designed to evaluate the ability to recognize and interpret emo-
tions in others, especially through nonverbal signals. The study 
focused on facial affect tasks, which include five subtests: facial 
identity discrimination, facial affect discrimination, facial affect 
naming, facial affect selection, and facial affect matching.
 
Results:
 A total of sixteen patients were enrolled: cognitively preserved 
(N=4), with mild cognitive impairment (MCI) (N=10), and with 
dementia (N=2). The mean (SD) age was 69.06 (7.13) years, the 
disease duration was 3.79 (2.27) years, and the education period 
was 9.63 (5.25) years. Patients with PD generally showed impair-
ments in facial affect tasks, with facial affect matching being the 
most affected. Those with PD dementia exhibited particularly 
severe deficits in facial affect naming, selection, and matching. 
Errors were more frequent in negative emotions, especially sad-
ness (n=19) and anger (n=11), in facial affect naming. Similarly, 
in facial affect matching, sadness (n=24) and anger (n=20) were 
also more impaired. 
 
Conclusions:
Patients with PD show impairments in facial affect recognition 
even in normal or MCI stages. Although this study involved a 
small sample, it highlights the presence of social cognition defi-
cits in PD and underscores the need for further research in this 
area.

 

cades are often preserved in Parkinson’s disease (PD), whereas 
voluntary saccades are impaired. Data on multiple system atro-
phy (MSA) remain limited. We compared reflexive and voluntary 
saccades in PD, MSA, and controls.
 
Methods:
We studied 22 PD, 13 MSA, and 18 controls. Reflexive saccades 
were elicited with 15° horizontal jumps; voluntary saccades 
used a memory-guided paradigm. Latency, gain, peak velocity, 
and intersaccadic pause were measured. Group comparisons 
used Mann–Whitney U and Wilcoxon tests.
 
Results:
Reflexive gain was preserved in PD and MSA, but latency was 
prolonged versus controls (p=0.005). Voluntary saccades dif-
fered: overshoot in controls (gain 1.18), mild hypometria in PD 
(0.96), marked hypometria in MSA (0.85; PD vs MSA p=0.029). 
Peak velocity was highest in controls (297°/s), reduced in PD 
(187°/s) and MSA (206°/s) with no difference (p=0.271). Inter-
saccadic pauses were longer in PD (1415 ± 354 ms) and MSA 
(1530 ms) than controls (1130; p<0.01), but not between pa-
tients. Within groups, voluntary saccades were slower than re-
flexive (PD p<0.001; MSA p=0.02). PD showed a paradoxical gain 
increase (p=0.001), absent in MSA (p=0.937). Controls overshot 
voluntary vs reflexive (p=0.001).
 
Conclusions:
PD and MSA share delayed reflexive latency and impaired volun-
tary speed and pauses. Yet PD shows paradoxical gain increase, 
while MSA shows greater hypometria without compensation. 
Voluntary saccadic gain—its rise in PD and marked drop in 
MSA—may serve as a simple biomarker to distinguish PD from 
MSA and support early recognition of atypical parkinsonism.
 
Keywords 
Parkinson disease, Multiple system atrophy, Saccades, Eye 
Movements, Biomarkers
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Results:
The model demonstrated that vocalization and singing can reg-
ulate breathing, enhance phonation, improve articulation, and 
promote emotional communication. Key mechanisms includ-
ed stabilized breathing, improved vocal quality via rhythm and 
pitch, volume control across phrases, and articulation through 
lyric repetition. Lyrics also supported memory recall, emotional 
re-experience, and empathic engagement, thereby reinforcing 
motor–emotional interconnections.

Conclusions:
The proposed model integrates structured singing with the spe-
cific motor and emotional challenges of Parkinson’s disease. It 
highlights the therapeutic potential of singing as a sensorimotor 
and affective process that fosters neuroplasticity and sustained 
dopaminergic stimulation. Further research should refine proto-
cols and validate effectiveness in clinical practice.

Keywords 
Parkinson's Disease, Music Therapy, Singing, Therapeutic Model
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Cognitive Continuum in Parkinson’s Disease: 
Insights from 44 Patients in a Tertiary Memory 
Clinic  

Nanda ADHITAMA

Neurology, National Brain Center Mahar Mardjono Hospital 
Jakarta, Jakarta, Indonesia

Background & Objective:
Background Cognitive impairment in Parkinson’s disease (PD) 
spans from mild cognitive impairment (MCI) to dementia (PDD). 
Data from Southeast Asia remain limited, particularly on do-
main-specific profiles. This study aimed to characterize cognitive 
patterns across the continuum of MCI-PD and PDD in an Indone-
sian cohort. 
 
Methods:
MethodsWe retrospectively reviewed 44 PD patients who under-
went comprehensive neuropsychological testing between 2019–
2025 in a tertiary memory clinic. Cognitive domains assessed 
included memory, executive function, attention, visuospatial, 
and language. Functional status was determined by instrumental 
activities of daily living (IADL). Patients were classified as MCI-
PD or PDD using MDS criteria. 
 

Table

Table

 
Keywords 
Parkinson's disease, Social cognition
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A Singing Therapy Model Based on Motor–
Emotion Interconnection for Patients With
Parkinson’s Disease
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Neurology, Haeundae Paik Hospital, Busan, Republic of Korea 

Background & Objective:
This study aimed to develop a singing therapy model based on 
the interconnection of motor and emotional functions for pa-
tients with Parkinson’s disease, addressing motor impairments, 
voice dysfunction, and reduced emotional expression through 
structured music-based therapy.

Methods:
A theoretical review considered the vocal and emotional features 
of Parkinson’s patients, principles of therapeutic singing, motor–
emotional neural processes, and music-induced neuroplasticity. 
A systematic review of 20 international studies (1990–2020) on 
singing interventions for Parkinson’s disease was conducted. 
The findings were synthesized into a framework linking musical 
elements—rhythm, tonality, and structural factors—with motor 
and emotional processes.
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velocity were calculated. The Scales for Outcoomes in PD-Psy-
chiatric Complicaitons (SCOPA-PC) questionnaire was adminis-
tered, and item 1 and 2 were used to evaluate the severity of 
hallucinations and illusions. Partial correlation analyses were 
performed with age, sex and educational level as covariates.
 
Results:
The mean age of the patients was 65.6 ± 9.9, and 40.3% were 
female. Mean horizontal saccadic latency was 0.26 ± 0.09 s, am-
plitude was 22.40 ± 4.47°, and velocity was 400.28 ± 78.61°/s. 
Mean vertical saccadic latency was 0.30 ± 0.11 s, amplitude was 
19.94 ± 5.08°, and velocity was 331.06 ± 83.66°/s. Correlation 
analysis showed that the severity of visual hallucinations was 
negatively correlated with horizontal saccade amplitude (rho = 
-0.308, p = 0.013). No significant associations were found hal-
lucination severity and other saccade parameters, nor with il-
lusions.
 
Conclusions:
Voitional saccadic hypometria is significantly associated with 
hallucinations in PD. Reduced horizontal saccade amplitude may 
reflect dysfunction in the fronto-striato-collicular-cerebellar cir-
cuit that underlies volitional saccade generation and overlaps 
with attentional and visuospatial processing. Disruption of this 
network may predispose patients to hallucinations.
 
Keywords 
Parkinson's disease, Visual Hallucination, Saccade
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ease and Multiple System Atrophy: A Comparative 
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Background & Objective:
Parkinson’s disease (PD) and multiple system atrophy (MSA) are 
α-synucleinopathies that share autonomic dysfunction and sleep 
disturbances, but differ in trajectories and pathophysiological 
mechanisms. This study compared sleep and autonomic profiles 
in drug-naïve PD and MSA and examined disease-specific asso-
ciations between these domains.

Results:
Results  Of 44 patients, 4 met criteria for MCI-PD and 40 for 
PDD. MCI-PD patients (mean MMSE 27.3; MoCA 25.3) demon-
strated preserved IADL and predominantly executive dysfunction 
with mild memory deficits. In contrast, PDD patients showed 
multi-domain impairment, with memory and visuospatial deficits 
present in over 70%, alongside near-universal executive dys-
function. IADL was impaired in nearly all PDD cases. The small 
proportion of MCI-PD likely reflects referral bias to a memory 
clinic, where patients present at more advanced stages.            
 
Conclusions:
ConclusionOur findings reinforce the concept of a cognitive con-
tinuum in PD, beginning with executive dysfunction in MCI-PD 
and progressing to widespread deficits in dementia. Memory 
and visuospatial impairment may serve as clinical markers of 
transition to PDD. These results emphasize the need for earlier 
cognitive screening in PD and provide baseline data from an In-
donesian tertiary center.
 
Keywords 
Parkinson's disease, mild cognitive impairment, Parkinson's dis-
ease dementia, Neuropsychology test, Indonesia
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Background & Objective:
Visual hallucinations are a common symptom of Parkinson’s dis-
ease (PD) psychosis. The underlying mechanisms are multifac-
torial, involving dopaminergic and cholinergic dysfunction, ab-
normalities in the visual pathways, impaired attentional control, 
and ocular dysfunction including retinopathy. Volitional saccade 
dysfunction, such as saccadic hypometria, is frequently observed 
in PD. We hypothesized that impaired saccadic control may con-
tribute to hallucinations. 
 
Methods:
A total of 72 drug-naïve patients with PD were enrolled. Sac-
cadic performance was assessed using video-nystagmography 
(SLVNG, SLMED, Seoul, South Korea). Horizontal and vertical 
saccades were measured, and mean latency, amplitude and 
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Background & Objective:
Inflammation is a key mechanism in Parkinson’s disease (PD), and 
autonomic dysfunction is a major determinant of quality of life. 
However, the link between autonomic dysfunction and inflam-
mation remains poorly understood. We investigated whether 
peripheral and central inflammatory marker relate to autonomic 
function tests in PD.
 
Methods:
We analyzed blood from 167 drug naïve PD patients. Several 
peripheral inflammatory indices including PHR(platelet-to-HDL 
ratio), MHR(monocyte-to-HDL ratio), and NHR(neutrophil-to-HDL 
ratio) were evaluated. In a sub population (n=85) among them, 
markers reflecting central nervous system including GFAP and 
NfL were measured by Simoa analysis. expiratory-inspiratory 
ratio, HRV(heart rate variability), Valsalva ratio (VR), head up 
tilt test, sympathetic skin response, cardiac MIBG uptake, and K 
COMPASS 31 were evaluated. Associations used linear, logistic, 
and proportional odds models adjusted for age, sex, and covari-
ates.
 
Results:
HRV was significantly correlated with PHR (p=0.024), and VR with 
MHR (p=0.033). In ordinal models, VR demonstrated significant 
associations with both MHR and NHR(p=0.005; p=0.006). GFAP 
and NfL correlated with motor severity (p<0.05); GFAP inverse-
ly correlated with HRV and VR (r=−0.305, p=0.047; r=−0.317, 
p=0.006) and positively correlated with K COMPASS 31 (p=0.044, 
p=0.015). NfL inversely correlated with VR (r=−0.498, p<0.001) 
and positively correlated with MIBG uptake, and K COMPASS 
score (all p<0.05).
 
Conclusions:
Peripheral and central inflammation—particularly measured by 
MHR and GFAP—align with autonomic impairment in drug naïve 
PD, supporting the concept of a peripheral–central inflammatory 
axis that may underlie or reflect the severity of autonomic dys-
function.
  
Keywords 
Parkinson's disease, Autonomic dysfunction, Peripheral inflam-
mation, Single molecule array

Methods:
A retrospective cohort of 136 drug-naïve PD and 67 MSA under-
went overnight polysomnography (PSG) and autonomic evalua-
tion, including autonomic function testing (AFT) and cardiac [I-
123] MIBG scintigraphy. Group comparisons were performed for 
sleep and autonomic parameters. Variables showing significant 
associations and intergroup differences in Spearman correlation 
analyses were subsequently entered into structural equation 
models (SEM) to explore latent relationships.
 
Results:
The PD group was older than the MSA group, with no differences 
in sex, disease duration, or autonomic-related comorbidities. In 
MSA patients, PSG revealed reduced stage N3 sleep and higher 
respiratory disturbance index (RDI), periodic limb movement in-
dex (PLMI), and arousal index. Cardiac MIBG uptake was more 
reduced in PD. Autonomic testing in MSA showed greater blood 
pressure drop during head-up tilt and higher Composite Auto-
nomic Severity Score (CASS), except for the cardiovagal sub-
score. SEM in MSA demonstrated a significant negative associa-
tion from autonomic dysfunction to sleep parameters, indicating 
that greater autonomic impairment was associated with poorer 
sleep quality. A marginal covariance between autonomic and 
sleep constructs suggested a potential interrelationship rather 
than a strictly unidirectional effect.
 
Conclusions:
In MSA, both autonomic and sleep parameters were significant-
ly more impaired than in PD. SEM further indicated that these 
domains are closely linked, whereby greater autonomic dysfunc-
tion is associated with poorer sleep quality. This interrelation-
ship highlights the need for integrated management strategies 
addressing both domains.
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pare management across regions, and develop targeted inter-
ventions through global collaboration. 
 
Figure

Figure

 

Keywords 
Bibliometric analysis, Parkinson's disease, Non-Motor Symp-
toms
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Their Impact on Parkinson’s Disease Outcomes: 
An Integrative Bibliometric Analysis
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Background & Objective:
Parkinson’s disease affects over 10 million people worldwide 
and is the fastest-growing neurodegenerative disorder in preva-
lence and disability. Beyond tremor and rigidity, non-motor symp-
toms (NMS) such as depression, sleep disturbance, autonomic 
dysfunction, and cognitive decline affect up to 90% of patients 
and often appear years before motor signs. These symptoms 
are closely linked to reduced quality of life, caregiver burden, 
and higher healthcare costs, yet remain under-recognized and 
unevenly addressed. Bibliometric analysis offers a systematic 
way to map scientific output, identify gaps, and guide research 
toward a more holistic approach to care.
 
Methods:
Data from PubMed, Scopus, and Web of Science (2020–2025) 
were analyzed using the query ("Parkinson*" AND ("non motor 
syndrome" OR "non-motor symptom*" OR "NMS") AND ("hidden 
burden" OR "underreported" OR "quality of life"). Co-occurrence, 
co-authorship, and visualization analyses were conducted with 
VOSviewer version 1.6.20.
 
Results:
A total of 383 articles on Parkinson’s disease were published 
between 2020 and 2025, with many addressing non-motor symp-
toms (NMS) such as depression, anxiety, fatigue, insomnia, and 
cognitive impairment. Co-occurrence analysis revealed steady 
growth of NMS research alongside motor studies, underscoring 
their impact on quality of life and daily function. Publication out-
put increased consistently, led by the United States, Germany, 
and the United Kingdom, while China, Japan, and South Korea 
showed rapid growth, reflecting strong international collabora-
tion and rising global interest in NMS.
 
Conclusions:
This bibliometric analysis highlights the rising focus on NMS 
in Parkinson’s disease and their major impact on quality of life. 
While Western countries dominate output, Asian contributions 
are expanding. Future studies should clarify progression, com-



335

Figure

Figure

 
Keywords 
α-Synuclein, Bibliometric Analysis, Dysbiosis, Gut–Brain Axis, 
Parkinson's Disease

P-150
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Background & Objective:
Parkinson’s disease (PD) is increasingly recognized as a multisys-
tem disorder. Gastrointestinal dysfunction and α-synuclein in the 
gut often precede motor symptoms, supporting a gut–brain axis 
role. This study maps publication trends, research domains, and 
collaborations on the gut–brain axis in PD, and integrates bib-
liometric findings with mechanistic and translational evidence. 
 
Methods:
Data were retrieved from Scopus (2020–2025). Only English 
peer-reviewed and full articles were included. Bibliometric indi-
cators (keyword co-occurrence and co-authorship) were analyzed 
and visualized with VOSviewer (v1.6.20).
 
Results:
A total of 306 articles were identified, with outputs nearly tri-
pling between 2020 and 2025. Keyword mapping showed three 
clusters: (1) clinical studies on gastrointestinal symptoms and 
microbiome composition, (2) mechanistic work on α-synucle-
in transmission, barrier disruption, and inflammation in animal 
models, and (3) methodological advances in sequencing and bio-
informatics. Overlay mapping indicated a shift from descriptive 
microbiome surveys dominant in 2020–2021 to mechanistic and 
therapeutic approaches, including probiotics and fecal microbi-
ota transplantation, which became more prominent after 2022. 
Collaboration networks revealed the United States as an early 
leader, Europe as a dense hub, and China with other Asian coun-
tries as emerging contributors. 
 
Conclusions:
Silent intestinal inflammation and dysbiosis are central to PD 
pathogenesis, providing opportunities for biomarkers and mi-
crobiome-based therapies. Bibliometric mapping shows rapid 
growth but methodological heterogeneity. As analyses rely on 
metadata, findings should be interpreted cautiously. Standard-
ized protocols, longitudinal cohorts, and multi-omic approaches 
are needed to clarify causality and enable gut-targeted strate-
gies for early diagnosis and intervention.
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Constipation was significantly associated with increased PD risk 
in this population-based cohort. These findings support consti-
pation as an early clinical indicator of PD and highlight the po-
tential value of monitoring gastrointestinal symptoms for timely 
detection and intervention.
 
Figure

Figure
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Background & Objective:
Constipation a well-recognized prodromal symptom of Par-
kinson’s disease (PD) often precedes motor symptom onset by 
several years. While the brain–gut axis has been implicated in 
PD pathogenesis, longitudinal evidence linking constipation, lax-
ative use, and PD risk remains limited in Asian populations. This 
study investigated these associations in a Korean nationwide 
cohort.
 
Methods:
We conducted a retrospective cohort study using the Korean 
National Health Insurance Service’s National Sample Cohort. In-
dividuals aged ≥50 years without a history of PD or constipation 
were identified and categorized into constipation and non-con-
stipation groups, defined by ICD-10 code K590 or ≥60 consec-
utive days of laxative prescriptions between 2008 and 2009.  
Propensity score matching(PSM) (1:3) was applied to balance 
demographics and comorbidities. Participants were followed for 
PD incidence(G20) from 2010 to 2019. Cox proportional hazards 
models were used to estimate hazard ratios (HRs) with 95% con-
fidence intervals (CIs).
 
Results:
In PSM cohort (n=47,580), 945 PD cases were identified over 11 
years. Incidence rates per 100,000 person-years were 162 and 
314 in the non-constipation and constipation groups, respective-
ly. 5-year cumulative incidence rates were 0.49% and 1.17% (rel-
ative risk [RR]=2.04), and 10-year rates were 1.61% and 3.10% 
(RR=1.92), indicating persistent significant differences. Adjusted 
Cox modeling indicated constipation was associated with nearly 
double the PD risk (hazard ratio [HR], 1.95; 95% confidence in-
terval [CI], 1.71–2.23; p<0.001). Constipation showed consistent, 
significant positive association with PD onset across including 
absolute risk, incidence rates, KM analysis, and Cox regression.
Conclusions:
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Insulin Resistance Can Predict Mortality in 
Parkinson’s Disease Patients
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Background & Objective:
Parkinson’s disease (PD), a progressive neurodegenerative disor-
der, is increasingly linked to insulin resistance—even in non-di-
abetic patients, where it affects about two-thirds. Tools like 
HOMA-IR and the TyG index help detect this hidden metabolic 
dysfunction. Elevated alpha-synuclein may impair insulin secre-
tion, and brain-specific insulin resistance has been observed in 
PD, independent of diabetes. This study explores the link be-
tween insulin resistance and PD mortality, aiming to inform new 
management strategies.
 
Methods:
We analyzed data from 3,193 Parkinson’s disease patients in the 
UK Biobank, a large-scale biomedical database. Of these, 1,387 
had confirmed mortality records.
 
Results:
Among Parkinson’s disease mortality cases, a Pearson’s correla-
tion of -0.15 (p < 0.001) was observed between days lived and 
the TyG index, indicating a significant inverse relationship. Linear 
regression further supported the association between higher TyG 
index values and reduced survival, suggesting its potential as a 
predictor of survival outcomes in PD patients.
 
Conclusions:
These findings highlight the potential of insulin resistance mark-
ers, such as the TyG index, as valuable prognostic tools in Parkin-
son’s disease. They may aid in patient assessment and manage-
ment and warrant further research to deepen our understanding 
of this relationship.
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Synbiotics for Constipation in Parkinson’s Disease
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Background & Objective:
Constipation is a common nonmotor symptom of Parkinson’s 
disease (PD) that significantly reduces quality of life. Recent ev-
idence suggests that gut microbiota-targeted therapies such as 
probiotics, prebiotics, and synbiotics may offer clinical benefits. 
This study aims to evaluate their therapeutic potential and un-
derlying mechanisms in managing PD-related constipation. 
 
Methods:
A systematic literature search was performed using PubMed, 
Cochrane Library, ScienceDirect, ClinicalTrials.gov, and other 
relevant databases to identify preclinical and clinical studies 
evaluating the effects of probiotics, prebiotics, and synbiotics 
on constipation in PD.   
 
Results:
Probiotic, prebiotic, and synbiotic supplementation demon-
strated beneficial effects on gastrointestinal function, includ-
ing improvements in colonic transit time, stool consistency, 
and defecation frequency. In human studies, inulin (a prebi-
otic) was associated with enhanced bowel movement fre-
quency, while probiotic strains such as <em data-start="1523" 
data-end="1547">Bifidobacterium lactis</em> and <em da-
ta-start="1552" data-end="1573">Lactobacillus casei</em> 
Shirota improved stool frequency and consistency. Synbiotics 
produced synergistic outcomes by combining microbiota modula-
tion with substrate provision, leading to increased production of 
short-chain fatty acids, improved mucin secretion, and enhanced 
gut motility and barrier integrity.   
 
Conclusions:
Microbiota-targeted interventions using probiotics, prebiotics, 
and synbiotics show promising potential in managing constipa-
tion in PD. Nonetheless, further robust randomized controlled 
trials are necessary to determine the most effective strains, 
combinations, dosages, and treatment durations, as well as to 
elucidate the precise underlying mechanisms.
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Background & Objective:
Parkinson’s disease (PD) is a neurodegenerative disorder, and 
there is currently no disease-modifying treatment available. 
Previous studies have suggested that dipeptidyl peptidase-4 
inhibitors (DPP-4is) may have disease-modifying effects in PD. 
However, there have been very few studies including a group 
without diabetes. This study aims to examine whether DPP-4is 
can reduce the incidence of PD, even compared to non-diabetic 
individuals.
 
Methods:
We conducted a nationwide, nested case-control study using 
data from the Korean National Health Insurance Service be-
tween 2010 and 2022. We identified 44,613 incident PD cases 
aged 40–80 years and selected 178,452 matched controls with-
out PD based on age, sex, and follow-up duration using incidence 
density sampling. Adjusted odds ratios (aORs) for PD were cal-
culated according to DPP-4i use and cumulative duration, with 
stratification by age (<70 vs ≥70 years) and CVD status.
 
Results:
Among individuals aged <70 years, DPP-4i use was associated 
with a significantly reduced PD risk compared to the non-diabetic 
population (aOR 0.88, 95% CI 0.81–0.95), with a dose-dependent 
trend observed for longer duration of use (aOR 0.84 [0.73–0.96] 
for ≥3 years; P for trend = 0.003). The strongest protective asso-
ciation was found in younger individuals with CVD, where DPP-4i 
use was associated with lower PD risk regardless of duration 
(aOR 0.74, 95% CI 0.62–0.87).
 
Conclusions:
DPP-4i use may be associated with a reduced risk of developing 
PD, especially among younger individuals and those with coex-
isting CVD, even relative to individuals without diabetes.
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Dipeptidyl Peptidase-4 Inhibitors and Risk of Par-
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The Clinical Usefulness of Thyroid Uptake in 
123I-MIBG Myocardial Scintigraphy: 
Model-implied Predictions
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Background & Objective:
123I-metaiodobenzylguanidine (123I-MIBG) myocardial scintigra-
phy has been used to assess the severity of myocardial dener-
vation in Parkinson’s disease (PD). The thyroid gland receives 
sympathetic innervation, and its uptake can be simultaneously 
visualized alongside the heart. However, its clinical utility has 
seldom been investigated. The purpose of this study was to 
ascertain whether thyroid-to-mediastinum uptake ratios (TMR) 
could reflect the clinical aspects of PD.
 
Methods:
A total of 233 patients were studied in this cohort. Myocardial 
scintigraphy was reassessed two or more times. Early and de-
layed heart-to-mediastinum uptake ratios (HMR) and early TMR 
were calculated. The initial early TMR was extrapolated from 
a random intercept and fixed slope mixed model. Baseline as-
sessments captured orthostatic stress, circadian blood pressure 
variability, motor severity, non-motor burden, and quality of life. 
These clinical measurements were associated with observed 
and model-inferred estimates of their respective HMR and TMR.
 
Results:
Early PD patients were enrolled and followed for an average of 
57.3 ± 22.1 months. The average age at diagnosis was 68.7 ± 8.7 
years, with 51.9% of patients being male. Disease duration at 
diagnosis was 1.0 (interquartile range, IQR, 1.0) years, and the 
median Hoehn and Yahr stage was 2.0 (IQR, 1.0). The trajectories 
of observed HMR and TMR were comparable across the time 
points; thus, the initial TMR values were estimated by the mixed 
model. The significant negative correlations were observed be-
tween HMR and orthostatic BP changes. The HMR values were 
inversely associated with non-motor burden, quality of life, and 
motor aspects of Parkinson’s disease. These patterns were not 
observed with TMR.
 
Conclusions:
The contemporary thyroid uptakes in 123I-metaiodobenzylguani-
dine myocardial scintigraphy appear to have little clinical signif-
icance compared to myocardial uptakes. 
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Background & Objective:
Alzheimer’s disease pathology, which is characterized with amy-
loid-beta and tau aggregation, is commonly observed in patients 
with Parkinson’s disease (PD). Presence of amyloid-beta is asso-
ciated with worse cognition and higher risk of dementia, but its 
effect on longitudinal symptomatic trajectory is not elucidated. 
We aimed to investigate the impact of amyloid-beta pathology 
on longitudinal trajectories of motor and non-motor symptoms 
in PD.
 
Methods:
388 early PD patients (disease duration less than 3 years) who 
had followed up more than 3 years and who had available base-
line cerebrospinal fluid study were included for the analysis from 
PPMI database. Amyloid-beta pathology was defined to be ele-
vated CSF ptau/Abeta42 ratio > 0.02. Baseline characteristics 
were compared between amyloid-beta positive and negative 
group using chi-square test and independent t-test. The impact 
of amyloid-beta pathology on motor symptom, non-motor symp-
tom, and dopamine transporter availability were investigated 
using linear mixed effects model.
 
Results:
Sixty-nine patients had positive amyloid-beta pathology at 
baseline. Amyloid-beta positive patients were older and had 
APOE4 allele more frequently. Other clinical features and do-
pamine transporter availability were comparable between the 
two groups. The presence of amyloid-beta pathology was asso-
ciated with faster deterioration of MoCA score and increase of 
MDS-UPDRS part I score. The presence of amyloid-beta patholo-
gy was associated with the faster increase in MDS-UPDRS part II 
and III scores, and faster increase in postural instability-gait dis-
turbance and akinetic-rigid symptoms. The presence of amyloid 
pathology was not associated with the longitudinal dopamine 
transporter availability or motor complications including motor 
fluctuation, levodopa-induced dyskinesia, and freezing of gait.
 
Conclusions:
Amyloid-beta pathology is associated with faster deterioration 
of motor and non-motor symptoms of PD, independent of ni-
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Background & Objective:
Impulse control disorder (ICD) and levodopa-induced dyskinesia 
(LID) in Parkinson’s disease are both associated with dopamine 
therapy and exhibit overlapping frontostriatal dysfunction, sug-
gesting a shared neural mechanism. The underlying cortical neu-
ral substrate remains to be elucidated. In this study, we aimed 
investigate the longitudinal association between baseline ICD 
and the risk of developing LID.
 
Methods:
We analysed data of participants of the Parkinson’s Progression 
Markers Initiative study who were followed up for more than 4 
years (N=464). We employed Cox proportional hazard regression 
models to assess the association between baseline ICD and fu-
ture risk of LID. Using morphometric similarity network analysis, 
we identified a subnetwork showing significant differences in 
connectivity between the groups of Parkinson’s disease patients 
with and without ICD and determined its hub regions. Network 
topological measures of these hub regions were examined for 
associations with both ICD status and subsequent LID risk. Caus-
al mediation analysis was performed to test whether the rela-
tionship between ICD and LID was mediated by the topological 
features of the identified hub regions. 

Results:
We found that the presence of ICD was associated with an 
increased risk of LID independent of putaminal dopaminergic 
depletion. The group of Parkinson’s disease patients with ICD 
showed lower morphometric similarity network connectivity 
centred on bilateral paracentral lobule and left anterior cingu-
late cortex. The influence of ICD-related morphometric similarity 
network disruption on LID development was mediated by the 
within-module z-score of the left paracentral lobule, which on 
average belongs to a module comprising sensorimotor network 
regions.
 
Conclusions:
This suggests that a common pathophysiological mechanism of 
motor inhibition failure may underlie impulse control disorder 
and levodopa-induced dyskinesia.



341

Conclusions:
These findings reveal a distinct clinical phenotype among geri-
atric patients with de novo PD, underscoring the value of early 
detection and proactive management of cognitive and autonom-
ic impairments in this group. The results further emphasize the 
need for individualized assessment and therapeutic interven-
tions tailored to the specific requirements of geriatric patients 
with PD.
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grostriatal dopaminergic degeneration.
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Background & Objective:
Parkinson’s disease (PD) is increasingly diagnosed in older 
adults. Despite this trend, the clinical features of geriatric pa-
tients with PD are not thoroughly defined. This study aimed to 
compare the clinical characteristics of geriatric patients (aged 
≥75 years) with de novo PD against those of non-geriatric pa-
tients (aged <75 years) newly diagnosed with PD.

Methods:
This retrospective analysis enrolled 110 patients aged 50 years 
or older with de novo PD from our hospital’s Parkinsonism regis-
try between 2017 and 2023. Clinical evaluations included motor 
assessment via the Unified Parkinson’s Disease Rating Scale 
Part III, and global cognitive function was measured using the 
Montreal Cognitive Assessment (MoCA). Nonmotor symptoms, 
including depression, anxiety, and fatigue, were assessed with 
other scales, and autonomic dysfunction—was assessed with 
the Scale for Outcomes in Parkinson’s Disease–Autonomic (SCO-
PA-AUT).

Results:
Geriatric patients with PD (n=37) exhibited significantly lower 
cognitive performance (lower MoCA scores, p < 0.001) and more 
pronounced autonomic dysfunction (higher SCOPA-AUT scores, 
p = 0.039) in comparison to non-geriatric PD patients (n=73) (Ta-
ble 1 and Figure 1). In multivariable logistic regression analy-
sis (Table 2), lower MoCA scores (odds ratio [OR]: 0.764, 95% 
confidence interval [CI]: 0.671–0.870, p < 0.001) and elevated 
SCOPA-AUT scores (OR: 1.064, 95% CI: 1.003–1.129, p = 0.039) 
emerged as significant independent predictors of geriatric PD.
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(63.2) and Thuringia (61.4), while the lowest rates were seen in 
Baden-Württemberg (35.0) and Bavaria (41.2) (Fig. 2). The rel-
ative increases in ASHRs over the study period varied widely, 
with the largest increases in Thuringia (+104.7%) and Saxony 
(+60.0%) and the smallest in Baden-Württemberg (+0.6%) and 
North Rhine-Westphalia (+11.2%).
 
Conclusions:
The findings reveal significant regional heterogeneity in Par-
kinson’s disease hospitalization trends, suggesting variations 
in disease prevalence, healthcare infrastructure, or diagnostic 
practices across federal states. The limited granularity of the 
data underscores the need for further research to explore the 
underlying causes of these disparities, including demographic, 
environmental, and healthcare system factors.
 
Figure
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Background & Objective:
Parkinson’s disease is a progressive neurodegenerative disor-
der that significantly impacts quality of life. Management of-
ten requires long-term medical and inpatient care, particularly 
as the disease advances. Understanding hospitalization trends 
can provide insights into disease burden, healthcare utilization, 
and regional disparities in access to specialized care. This study 
examines hospitalization trends for Parkinson’s disease in Ger-
many, focusing on regional differences at the federal state level.
 
Methods:
Using data from the German Federal Statistical Office, annual 
hospitalizations for Parkinson’s disease (ICD-10 G20) from 2000 
to 2023 are examined. Age-standardized hospitalization rates 
(ASHRs) per 100,000 inhabitants, based on the 2013 Europe-
an standard population, were calculated. Joinpoint regression 
analysis was employed to identify temporal trends, and Average 
Annual Percent Changes (AAPCs) with 95% confidence intervals 
were computed.
 
Results:
Nationally, the ASHR for Parkinson’s disease increased from 37.1 
per 100,000 inhabitants in 2000 to 46.0 in 2023 (Fig. 1). Substan-
tial regional differences were observed across Germany’s feder-
al states. In 2023, the highest rates were recorded in Saarland 
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P=0.03). There is shown a significantly reduced malondialdehyde 
level (µmol/L) after the probiotic intervention compared with 
the control group (MD -0.51; 95%CI [-0.88 to -0.15]; I2=40%; 
P=0.006). Probiotic intervention significantly increased the glu-
tathione level (µmol/L) compared with the control group (MD 
40.29; 95%CI [30.57 to 50.02]; I2=0%; P<0.001.   
Conclusions:
Probiotic intervention may be suitable for improving the oxida-
tive and anti-inflammatory activity in parkinson’s disease pa-
tients. Further research is warranted to determine the optimal 
treatment protocol for Parkinson’s disease patients.
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Background & Objective:
There is increasing evidence highlighting the potential role of 
the gut-brain axis in the pathogenesis of parkinson’s disease pa-
tients. This meta-analysis aims to determine the antioxidative 
and anti-inflammatory activity after probiotic intervention in par-
kinson’s disease patients.
 
Methods:
The systematic review and meta-analysis are reported based 
on PRISMA guidelines. The Embase, Cochrane Library, PubMed, 
and Web of Science databases were comprehensively searched 
for randomized controlled trials (RCTs) studies reporting the in-
tervention of probiotics on inflammation markers and oxidative 
stress in Parkinson’s patients during the past 10 years. Outcomes 
included interleukin-10 (IL-10), tumor necrosis factor-alpha 
(TNF-α) (anti-inflammatory parameters), and malondialdehyde 
level (MDA), and glutathione level (GSH) (antioxidative param-
eters) after the probiotic intervention. The results were reported 
as the Mean Difference (MD) with 95% confidence intervals (CI) 
and a random-effects model.
 
Results:
The meta-analysis included 7 RCTs that fulfilled the inclusion 
criteria with a total of 410 participants. Probiotic intervention 
significantly reduced the TNF-alpha compared with the control 
group (MD -8.60; 95%CI [-11.80 to -5.40]; I2=82%; P<0.001). 
Probiotic intervention significantly increased the IL-10 compared 
with the control group (MD 2.71; 95%CI [0.29 to -5.14]; I2=84%; 
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mild Lewy bodies confined to the ventral striatum and medul-
la, without neocortical involvement; beta-amyloid showed only 
mild angiopathy without plaques; phosphorylated-tau showed 
mild neurofibrillary tangles (moderate in the amygdala); TDP-43 
was negative. Vascular co-pathology included arteriolosclerosis 
and multiple infarcts. Whole-genome sequencing of brain tissue 
identified heterozygous GBA c.680A>G (p.Asn227Ser). To our 
knowledge, this is the first autopsy-confirmed PD with GBA in 
Korea. Brainstem-predominant Lewy pathology provides a plau-
sible substrate for preserved cognition and expands the clini-
co-pathologic spectrum of PD-GBA in East Asians.
 
Keywords 
GBA, Parkinson's disease, young-onset, Lewy body disease, au-
topsy
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder whose prevalence is increasing globally as populations 
age. In Southeast Asia (SEA), demographic transitions signal an 
impending rise in PD burden, yet investigations into its socio-
economic and caregiver impacts remain limited. This systematic 
review aims to synthesize available evidence on the economic 
burden, caregiver strain, and health system readiness for PD in 
SEA. 
 
Methods:
We reviewed publications from 2000–2024 in PubMed and Sco-
pus, as well as GBD reports, focusing on PD’s non-clinical im-
pacts in SEA. Key domains included direct/indirect costs, care-
giver workload, and service availability across SEA countries. 
 
Results:
The GBD 2016 report estimated 409,655 prevalent PD cases in 
SEA in 2016, with SEA showing an approximate 24.7% increase 
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Introduction:
Variants in GBA, encoding lysosomal glucocerebrosidase, are 
the strongest common genetic risk for Parkinson’s disease (PD), 
yet clinicopathologic data from Korea are scarce. We report 
an autopsy-confirmed PD case harboring a heterozygous GBA 
c.680A>G (p.Asn227Ser) variant not previously described in Ko-
rean PD cohorts.

Case:
A woman developed young-onset PD at age 34 with bradykinesia 
and rest tremor. Severe wearing-off and levodopa-induced dyski-
nesia led to bilateral STN-DBS at 56 (mUPDRS off 31/HY 4 to on 
17/HY 2.5). Cognition remained intact (MMSE 30/30 before and 
3 months after DBS), and there was no family history. Despite 
optimized therapy, she had frequent falls late in the course and 
died at 69 from a large right basal ganglia/frontal intracerebral 
hemorrhage. Consent for brain donation was obtained.
 
Discussion:
This profile (young onset, high motor burden, DBS for dyskinesia) 
alongside 37-year survival without dementia contrasts with typ-
ical PD-GBA trajectories. Autopsy showed brain weight 1,160 g 
with mild substantia nigra pallor and mild neuronal loss in the lo-
cus coeruleus. Alpha-synuclein immunohistochemistry revealed 
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tial clinical consequences.
 
Methods:
We included patients with PD who underwent 18F-florbetaben 
PET, diffusion-tensor imaging (DTI), and neuropsychological as-
sessments. After extracting Aβ-susceptible WM networks by 
comparing DTI-metrics (Fractional anisotropy [FA] and mean dif-
fusivity [MD]) according to Aβ status, linear regression analyses 
were performed to explore the associations between Aβ bur-
den, integrity of identified WM networks, and clinical measures 
(cognition and NPS). Path analyses were performed to determine 
whether the network integrity mediated the effect of Aβ on clin-
ical measures.
 
Results:
Among 165 patients enrolled, 48 showed amyloid-positive (Aβ+) 
scan (29.1%). Aβ+PD revealed compromised FA-weighted (FA-
WMN) and MD-weighted WM networks (MD-WMN) in corti-
co-cortical and cortico-striatal-limbic WM networks. Global Aβ 
burden was associated with cognitive dysfunction (attention: 
β=–0.274, P<0.001; frontal/executive: β=-0.234, P=0.002) and 
greater NPS burden (motivation: β=0.496, P<0.001; affective 
dysregulation: β=0.409, P<0.001). Path analyses confirmed that 
the FA-WMN integrity completely mediate the Aβ-cognition re-
lationship and partially mediate the Aβ-NPS relationship. In sub-
group analyses within Aβ+PD, striatal Aβ burden was associat-
ed with memory impairment (β=-0.391, P=0.009) and apathetic 
symptoms (β=0.418, P=0.004), with both relationships mediated 
through the compromised MD-WMN integrity.
 
Conclusions:
Our findings suggest that coexistent Aβ may elicit additive 
vulnerability in WM microstructures in PD, with WM network 
degeneration potentially mediating the contribution of Aβ to 
cognitive and neuropsychiatric symptoms.

in age-standardized rates between 1990 and 2016, the highest 
among Southeast Asian nations such as Thailand (31.7%) and 
Indonesia. Economic burden data are scarce; however, globally, 
caregivers provide up to 22 hours per week of informal care, con-
tributing significant indirect costs. Telemedicine, as evaluated in 
broader Asian contexts, reduced transportation costs by around 
30–35%, suggesting potential applicability in SEA.
 
Conclusions:
PD in Southeast Asia presents a growing public health challenge 
with substantial societal and caregiver implications, yet data 
on economic and systemic impacts remain sparse. There is an 
urgent need for SEA-specific research on cost-of-illness, care-
giver burden, and health service availability to inform policy and 
health system strengthening. 
 
Keywords 
Parkinson's disease, Southeast Asia, Caregiver strain, Health 
system readiness, Systematic review
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Background & Objective:
While Alzheimer copathology is known as one of the major fac-
tors that aggravates cognitive and neuropsychiatric symptoms 
(NPS) in Parkinson’s disease (PD), their mechanistic link remains 
elusive. We investigated whether amyloid-β (Aβ) elicit white 
matter (WM) network disruption and further explored the poten-
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Background & Objective:
Parkinsonism, particularly Parkinson’s disease (PD), is a pro-
gressive neurodegenerative disorder with motor and non-mo-
tor symptoms that negatively affect quality of life and increase 
caregiver burden. Neuropalliative care has recently emerged for 
chronic neurological disorders, including PD. This study evaluat-
ed awareness and perceptions of palliative care among patients 
with parkinsonism, their caregivers, and physicians in Korea, and 
identified factors associated with caregiver burden.

Methods:
A multicenter, cross-sectional study was conducted with 112 
patients, 110 caregivers, and 61 physicians. Structured ques-
tionnaires assessed awareness and attitudes toward neuropal-
liative care. Caregiver burden was measured using validated 
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Background & Objective:
Motor reserve (MR) explains the clinical heterogeneity of Par-
kinson’s disease (PD), even with comparable dopaminergic loss. 
However, physically measurable proxies of peripheral contribu-
tors and corresponding neural implementations remain poorly 
characterized. This study investigated whether body composi-
tion may serve as an MR proxy and identified its cortical neural 
substrate and implementation using morphological similarity 
networks.
 
Methods:
This prospective case-control study analyzed data from 98 pa-
tients with early- and late-stage de novo PD and 63 healthy 
controls. Bioelectrical impedance variables that moderated 
the association between motor symptom severity and striatal 
dopamine transporter (DAT) availability, along with associated 
cortical subnetworks, were identified using threshold-free clus-
ter-enhancement analysis. The subnetwork’s moderating effects 
and relationship with body composition were assessed across 
three diagnostic groups. We analyzed independent data from the 
Parkinson’s Progression Markers Initiative cohort, of whom 190 
remained treatment-naïve over one year, comparing longitudinal 
motor symptom changes between high- and low-MR groups 
stratified by the identified cortical subnetwork.
Results:
Only skeletal muscle index (SMI) significantly moderated the as-
sociation between anterior putaminal DAT availability and motor 
symptom severity in early-stage PD. We identified an SMI-as-
sociated subnetwork, centered on the left caudal middle frontal 
gyrus, showing stronger connectivity in high-SMI individuals. 
This connectivity was higher in the high-SMI group than in HCs, 
a pattern absent in the low-SMI group. The longitudinal analysis 
revealed a steeper motor decline in the high-MR group.
 
Conclusions:
Skeletal muscle was identified as a modifiable reserve in ear-
ly-stage PD, supported by a cortical neural substrate providing 
neural compensation via this network.
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and clinical variables in patients with PD, using validated scales 
for spiritual health and PD symptoms
 
Methods:
In this cross-sectional study, 40 patients with idiopathic PD were 
evaluated using the Functional Assessment of Chronic Illness 
Therapy–Spiritual Well-Being scale (FACIT-SP12) and the Spiri-
tual Well-Being Scale (SWBS), including their subscales (Mean-
ing, Peace, Faith, Religious Well-Being [RWB], and Existential 
Well-Being [EWB]) Clinical assessments included the Non-Motor 
Symptom Scale (NMSS), Beck Depression Inventory (BDI), Beck 
Anxiety Inventory (BAI), and PDQ-39. Spearman correlations and 
multiple linear regression analyses were performed. Covariates 
such as age, sex, coping style, and perceived social support were 
tested for adjustment
 
Results:
FACIT-SP12 scores showed a negative correlation with BDI (ρ = 
–0.80, p < 0.05) and PDQ-39 (ρ = –0.44), and a positive correla-
tion with NMSS (ρ = +0.57). The Peace subscale was notably 
associated with both NMSS and PDQ-39. In contrast, Faith and 
RWB scores were primarily influenced by religious affiliation, not 
clinical symptoms. Interestingly, EWB showed a positive associ-
ation with depressive symptoms (BDI; β = +0.56, p = 0.07). 
 
Conclusions:
Spiritual well-being, especially its “Peace” and “Existential” di-
mensions, is meaningfully associated with PD patients’ emotion-
al and symptomatic burden. This highlights the need to consider 
spiritual health in holistic management of PD, particularly in ad-
dressing non-motor symptoms such as depression and reduced 
quality of life 
 
Keywords 
Parkinson's disease, Spiritual well being, non motor symptoms
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Korean version of the Parkinson’s Disease Questionnaire-Carer 
(PDQ-Carer).
 
Results:
Awareness of palliative care differed markedly: 31.3% of pa-
tients and 27.5% of caregivers versus 90.2% of physicians. 
Caregivers were stratified by PDQ-Carer score into low- (≤34, 
n=63) and high-burden (>34, n=47) groups. High-burden care-
givers supported patients with longer disease duration, poorer 
cognition, higher Hoehn and Yahr stage, and greater levodopa 
equivalent daily doses (LEDD). Regression analysis showed 
that caregiver demographics were not associated with burden, 
whereas caregiving duration, patient cognitive decline, Hoehn 
and Yahr stage, LEDD, and disease duration were correlated. In 
the multivariable model, only patient disease duration remained 
significant (B=2.048, 95%CI 0.083-4.012, p=0.041).
 
Conclusions:
There is a significant awareness gap in palliative care between 
physicians and patients/caregivers. The caregiver burden was 
mainly linked to disease duration as the strongest predictor. Ed-
ucation and structured neuropalliative strategies are needed to 
support patients with PD and their families
 
Keywords 
Parkinsonism, Neuropalliatiave care, caregiver burden, PDQ-Carer
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Background & Objective:
Spiritual well-being (SWB) has emerged as a significant psycho-
social dimension in chronic neurodegenerative disorders such as 
Parkinson’s disease (PD) However, few studies have systemati-
cally examined how SWB—particularly its subcomponents—re-
lates to non-motor symptoms and other clinical characteristics of 
PD. To investigate the relationship between spiritual well-being 
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nostic resources. This study aimed to evaluate and compare the 
diagnostic outcomes of two widely used clinical criteria: the UK 
Parkinson’s Disease Society Brain Bank (UKBB) and the Move-
ment Disorder Society (MDS, 2015) criteria in a Mongolian clin-
ical cohort.
 
Methods:
Methods: We retrospectively reviewed 30 patients diagnosed 
with PD between 2020 and 2025 at the Neurology Department 
of the Second State Central Hospital. Inclusion was based on 
cardinal clinical features, including bradykinesia, tremor, pos-
tural instability, and rigidity. Patients’ diagnoses were assessed 
according to the UKBB and MDS criteria.
 
Results:
Results: The mean age of the cohort was 73.57 ± 12.28 years 
(range 40–95). Using UKBB criteria, 16 patients were confirmed 
PD, while 14 did not meet the criteria. Using MDS criteria, 16 
patients were confirmed, 3 were classified as probable, and 11 
were excluded. Notably, the 16 patients with confirmed diagno-
ses fully overlapped between the two criteria. However, some 
patients classified as excluded by UKBB were identified as prob-
able PD under MDS criteria, highlighting discrepancies between 
the two diagnostic frameworks.
 
Conclusions:
Conclusion: Our findings demonstrate that while both UKBB and 
MDS criteria identified a core group of PD patients consistently, 
MDS criteria may capture additional probable cases not recog-
nized by UKBB. This underscores the importance of applying 
multiple diagnostic frameworks in clinical practice, particularly 
in resource-limited settings. Moreover, these results highlight 
the need for ongoing education and skill development for junior 
physicians and enhanced training programs within our hospital 
to improve diagnostic accuracy and patient care in Parkinson’s 
disease.
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Background & Objective:
The impact of socioeconomic status (SES) on medical outcomes 
in Parkinson’s disease (PD) remains unclear. Using a nationwide 
cohort in Korea, we investigated the association between indi-
vidual income level and the risk of disability and cognitive dys-
function.
 
Methods:
We included patients diagnosed with PD (ICD-10 code G20) and 
registered with the rare intractable diseases program (V124) 
between 2005 and 2019 (n = 95,093). Patients with atypical 
or secondary parkinsonism were excluded. Age-, sex-, and co-
morbidity-matched controls without PD were enrolled. Subjects 
were classified into five categories based on the National Health 
Insurance (NHI) premium, a proxy for income level.
 
Results:
The medical aid group had a significantly lower risk of disability 
compared with non–medical aid groups, but showed a higher 
risk of cognitive impairment. Among participants aged <64 years, 
higher income levels were associated with a reduced odds ratio 
(OR) for disability registration. In contrast, among those aged 
≥65 years, higher income levels were associated with increased 
disability registration. PD patients demonstrated a decreased 
risk of cognitive dysfunction with increasing income levels.
 
Conclusions:
In Korea, SES indicators such as income level and insurance type 
were significantly associated with risks of disability and cogni-
tive dysfunction in PD.
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Background & Objective:
Background: Accurate diagnosis of Parkinson’s disease (PD) 
remains challenging, particularly in settings with limited diag-
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Background & Objective:
This study aims to evaluate whether laughter yoga, deep breath-
ing exercises, and Withania somnifera root extract (WSE) sup-
plementation can improve motor and non-motor symptoms, 
stress levels, and glycemi ccontrol in Parkinson’s disease (PD) 
patients with dementia.  
 
Methods:
A cross-sectional study was conducted involving 110 PD patients 
(ages 50–75) diagnosed with dementia.Baseline assessments 
included age, family history of PD, physical activity, waist cir-
cumference, fasting glucose,insulin levels, glucose tolerance 
test (GTT), glycosylated hemoglobin (HbA1c), MRI, and CT scans. 
Patientsparticipated in laughter yoga sessions consisting of 
30-minute educational lectures followed by 30-minuteintensive 
laughter and clapping exercises, five times per week for three 
months. Additionally, they received adaily 50g dose of WSE for 
one month. The Unified Parkinson’s Disease Rating Scale (UP-
DRS III) was used tocompare motor function changes between 
the treatment and control groups over three months. Non-mo-
torsymptoms, quality of life (PDQ-8), and stress levels were also 
assessed using a standardized Perceived StressScale. 
 
Results:
Participants practicing laughter yoga and deep breathing, along 
with WSE supplementation, showed significantimprovements in 
UPDRS III scores (p < 0.001), better glycemic control with reduced 
HbA1c levels, andenhanced MRI findings indicating increased 
mobility. Quality of life improved significantly in the treatment-
group compared to the control group (p < 0.005). Higher stress 
levels were linked to hyperglycemiacomplications in PD patients. 

Conclusions:
This study highlights the therapeutic value of laughter yoga, 
deep breathing, and WSE supplementation inmanaging PD 
symptoms. These non-pharmacological interventions may delay 
disease progression, improve quality of life. 
 
Keywords 
Parkinson's diseas, laughter yoga, Withania somnifera root

Background & Objective:
Vitamin D plays a significant role in bone health, and its deficien-
cy in Parkinson’s disease (PD) may exacerbate bone-related com-
plications, such as osteoporosis and fractures. The objective of 
this study is to assess the levels of 25-Hydroxyvitamin D(25(OH)
D), bone mineral density (BMD), cognitive difficulties, non-motor 
symptoms, and oxidative stress in serum of post-menopausal 
women with PD. 
 
Methods:
This cross-sectional study included 482 post-menopausal wom-
en with PD, excluding those with an illness duration of more than 
10 days or those who had previously received steroid therapy 
or vitamin D/calcium supplements. Serum levels of vitamin E, 
vitamin C, malondialdehyde (MDA), protein carbonyl, and neuro-
lipofuscin were measured using biochemical and electro chemi-
luminescence immunoassay methods. Serum 25-Hydroxyvitamin 
D (25[OH]D) levels were measured in routinely collected blood 
samples from PD patients using immunoassay. 
 
Results:
PD patients exhibited significantly lower serum 25(OH)D levels 
compared to healthy controls (P < 0.001). A positive correlation 
was found between serum 25(OH)D levels and Functional Ambu-
lation Classification (FAC) scores (p = 0.001).A negative correla-
tion was observed between malondialdehyde (MDA) and antiox-
idants (vitamin C and vitamin E), while MDA showed a positive 
correlation with other oxidative stress markers. Additionally, PD 
patients with lower 25(OH)D levels had a higher frequency of 
falls (P = 0.05) and insomnia (P = 0.01). They also scored higher 
on the Pittsburgh Sleep Quality Index (PSQI; P = 0.01), depres-
sion (P= 0.05), and anxiety (P = 0.001). Moreover, these patients 
had significantly lowerbone mineral density (BMD) in the lumbar 
spine (P = 0.01) and femoral neck (P <0.001).
 
Conclusions:
PD is linked to lower serum 25(OH)D levels, reduced bone min-
eral density, and antioxidant deficiencies. These deficiencies are 
associated with increased falls, sleep issues, and mood disor-
ders in post-menopausal women with PD.
 
Keywords 
Parkinson's disease, vitamin D, post-menopausal women, 
non-motor symptoms
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Background & Objective:
Despite the benefits from exercise in Parkinson’s disease (PD), 
there are limitations in accessibility to the exercise due to par-
kinsonian symptoms, and live-streaming, real-time tele-exercise 
may offer a practical alternative. This study evaluated the ef-
fects and feasibility of a regularly implemented live-streaming 
tele-exercise program in patients with PD.
 
Methods:
We recruited PD patients from 6 university-based hospitals.  
Participants were allocated to either a real-time tele-exercise 
intervention group for 12 weeks or an active control group who 
received a standardized exercise template for self-practice. We 
evaluated parkinsonian motor and non-motor symptoms , and 
quality of life at the baseline and after the intervention.
 
Results:
Of the 91 enrolled participants (intervention: n = 44; control: 
n = 47), 18 were excluded due to loss to follow-up or low at-
tendance. In both groups, there were significant improvements 
in Parkinson’s Disease Questionnaire-39 (PDQ-39), Non-Motor 
Symptoms Scale (NMSS), and International Physical Activi-
ty Questionnaire (IPAQ), while the improvements in Montreal 
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Background & Objective:
Parkinson’s disease (PD) remains difficult to diagnose early and 
to distinguish from atypical parkinsonian syndromes (APS). Cur-
rent cerebrospinal fluid (CSF) protein biomarkers show limited 
specificity and sensitivity. MicroRNAs (miRNAs) are stable, reg-
ulatory molecules that may provide novel diagnostic insights. 
 
Methods:
We profiled CSF miRNA expression in PD patients, healthy con-
trols, and APS cohorts (multiple system atrophy, progressive su-
pranuclear palsy, corticobasal syndrome) using microarray analy-
sis. Subgroup comparisons were conducted for tremor-dominant 
(TD) and postural instability/gait disturbance (PIGD) PD pheno-
types. Differential expression and pathway enrichment analyses 
were performed. 

Results:
Compared with controls, PD showed significant upregulation 
of hsa-miR-5787, hsa-miR-6750-5p, and hsa-miR-6125, and 
downregulation of hsa-miR-3613-3p and hsa-miR-877-5p. TD 
patients exhibited unique increases in miR-5000-5p and miR-
455-3p, while PIGD patients showed reductions in miR-3665, 
miR-6087, and miR-6090. Importantly, hsa-miR-3921 and hsa-
miR-3613-3p emerged as PD-specific markers not observed in 
APS groups. Functional analyses linked dysregulated miRNAs 
to autophagy, oxidative stress, and cytoskeletal regulation, pro-
cesses central to PD pathogenesis.
 
Conclusions:
CSF-derived miRNA signatures distinguish PD from controls, 
reveal subtype-specific profiles, and differentiate PD from APS. 
These findings highlight hsa-miR-3613-3p, hsa-miR-3921, and 
hsa-miR-6125 as promising biomarker candidates. Larger longi-
tudinal studies are required to validate their clinical utility and 
clarify mechanistic roles in PD.
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Table

Table
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Cognitive Assessment (MoCA) and MDS-unified PD rating scale 
(MDS-UPDRS) Part III scores   were detected in the intervention 
group. When we compared two groups, there were significantly 
greater improvements in MDS-UPDRS Part III (–3.7 points) and 
IPAQ sum (+763 points) in the intervention group (p = 0.039, p = 
0.046, respectively) after adjusting age and sex.
 
Conclusions:
Live-stream tele-exercise enables home-based training for pa-
tients with PD, offering greater motivation than pre-recorded 
videos. Clinicians should provide appropriate exercise modalities 
and motivation, as these may directly enhance quality of life.

Figure
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ated management strategies tailored to the age of onset for PD 
patients. 
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Parkinsonism, Epidemiology, Korea, Socioeconomic
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Background & Objective:
The escalating burden of Parkinson’s disease (PD) in developed 
countries is poorly understood. While polygenic risk scores (PRS) 
quantify genetic susceptibility, their interaction with evolving 
environmental factors, captured by birth cohort, and their effect 
across age groups remains unquantified at a population level. 
 
Methods:
We conducted a systematic review and individual participant 
data meta-analysis following PRISMA-IPD guidelines. We 
pooled data from 24 studies (62,811 cases, 224,822 controls) to 
analyze the association of a standardized PD-PRS with PD risk. 
Stratified analyses were performed by age-of-onset groups (<50, 
50-64, 65-79, ≥80 years) and birth cohort. Temporal trends were 
assessed via meta-regression of incidence rates from 55 popu-
lation-based studies. 
 
Results:
A one-standard-deviation increase in PRS was associated with 
an odds ratio (OR) of 2.41 (95% CI: 2.32-2.51, p<1x10-¹⁰⁰) for PD. 
This effect was non-linear, strongest in the top decile (OR=11.55, 
CI:10.80-12.35 vs. lowest decile), and significantly modified by 
age (p-interaction<0.001), with the strongest effect in the <50 
years group (OR=2.92, CI:2.71-3.15) that attenuated with older 
age. Critically, the effect of PRS strengthened across successive 
birth cohorts (p-interaction=0.007), from an OR of 2.28 (CI:2.15-
2.42) for the <1930 cohort to 2.72 (CI:2.54-2.91) for the ≥1960 
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Background & Objective:
The prognosis of Parkinson’s disease (PD) is known to vary based 
on the age of onset. This study aimed to compare the epide-
miological characteristics and long-term prognostic differences 
between Early-Onset PD (EOPD) and Late-Onset PD (LOPD) using 
data from the Korean National Sample Cohort. 
 
Methods:
We analyzed data from the Korean National Sample Cohort from 
2002 to 2019. The study population included patients with PD 
aged 20 years or older, who were categorized into EOPD and 
LOPD groups, alongside a 1:5 randomly matched control group 
of individuals without PD. We analyzed epidemiological trends, 
such as incidence and prevalence, and compared prognostic fac-
tors including Body Mass Index (BMI), the Charlson Comorbidity 
Index (CCI), smoking status, and household income. 
 
Results:
The results revealed significant epidemiological changes be-
tween 2003 and 2018. Per 100,000 people, the incidence of PD 
increased from 11.36 to 26.10, while the prevalence rose sharply 
from 29.15 to 174.52. During this period, the proportion of EOPD 
among all PD patients decreased from 8.81% to 4.42%. In the 
3-year follow-up, the LOPD group had a higher CCI at baseline 
than the EOPD group. Furthermore, both the BMI and smoking 
rate significantly decreased in the LOPD group and their controls, 
but not in the EOPD group. Notably, patients with EOPD experi-
enced a significant decrease in household income three years 
after their diagnosis. 
 
Conclusions:
In conclusion, the incidence and prevalence of PD in South Ko-
rea are increasing, while the proportion of EOPD is decreasing. 
Our findings indicate that LOPD patients present with a higher 
comorbidity burden and undergo more significant changes in 
health-related behaviors post-diagnosis, whereas EOPD patients 
are more vulnerable to adverse socioeconomic outcomes. These 
distinct prognostic pathways underscore the need for differenti-
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Background & Objective:
The risk of sarcopenia in elderly with Parkinson’s Disease (PD) is 
heavily influenced by caregivers. In Indonesia, care is provided 
by both informal family and formal paid caregivers. This study 
investigates how the effects of caregiver knowledge, attitude, 
and social capital on sarcopenia risk are moderated by caregiver 
type. 
 
Methods:
A cross-sectional analysis was conducted using data from the 
Indonesia Family Life Survey (IFLS-5). The sample included el-
derly (≥60 years) with a PD diagnosis and an identified primary 
caregiver (n=312). Sarcopenia risk was defined as calf circumfer-
ence <31 cm. Caregivers were classified as Informal Family or 
Formal. Multivariable logistic regression models were stratified 
by caregiver type to examine associations. 
 
Results:
The drivers of sarcopenia risk were fundamentally different 
between groups. For **Informal Family caregivers** (n=194), 
a positive attitude (Adjusted Odds Ratio [AOR]=0.61; 95% CI: 
0.42-0.89) and high social capital (AOR=0.65; 95% CI: 0.50-0.85) 
were significantly protective; knowledge was not. Conversely, 
for **Formal caregivers** (n=118), high knowledge was the pri-
mary protective factor (AOR=0.51; 95% CI: 0.31-0.84). Crucially, 
a significant interaction revealed this knowledge effect was dra-
matically enhanced by high social capital (AOR=0.58; 95% CI: 
0.36-0.93), indicating formal caregivers require social integration 
to effectively apply their expertise. 
 
Conclusions:
The mechanisms preventing sarcopenia are context-specific. 
Interventions must be tailored: supporting family caregivers 
through psychosocial and community-based strategies, and 
strengthening formal caregivers through clinical training coupled 
with efforts to integrate them into the household’s social fabric. 
A universal approach will be less effective than one targeted to 
caregiver type. 

cohort. Concurrently, incidence rates accelerated significantly 
after 2004 (AAPC increased from +0.8% to +2.1%). 
 
Conclusions:
The genetic risk for PD is non-linear and most potent for ear-
ly-onset cases. The strengthening association of PRS with PD 
risk in later birth cohorts provides compelling evidence for 
gene-environment interaction, suggesting modern exposures in 
developed nations are potentiating the biological pathways of 
genetic susceptibility. This underscores an urgent need to iden-
tify modifiable risk factors and justifies the use of PRS to stratify 
risk in future preventive trials. 
 
Table

Table
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frequent in disease onset > 40 years. No significant differences 
in motor fluctuations were found across Parkinson’s disease 
stages. Higher UPDRS scores were observed in patients with 
dyskinesia (M = 43.60 ± 23.28) and OFF periods (M = 50.86 ± 
24.01) compared to those without. Incomplete Parkinson’s Dia-
ries were common in patients > 60 years and all patients with 
cognitive impairment. Lower education level (< 12 years) was 
significantly associated with incomplete diaries. Patients < 60 
years, higher education, and normal MoCA-INA results tended 
to provide complete and UPDRS-consistent records.
 
Conclusions:
Diary adherence was better among patients with younger age, 
higher education, and preserved cognition, suggesting that both 
age and cognitive status may influence adherence and the valid-
ity of self-reported Parkinson’s disease diaries. A larger sample 
size is warranted to enhance clinical significance and minimize 
potential bias.
 
Figure

Keywords 
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sia, Dr. Cipto Mangunkusumo Hospital, Jakarta, Indonesia

Background & Objective:
Motor complications occur in up to 50-70% of Parkinson’s dis-
ease patients, impairing daily function and quality of life. Vali-
dated and reliable home diaries are needed, as hospital-based 
assessment is unable to monitor daily symptoms. This study 
aims to evaluate factors influencing adherence and validity of 
Parkinson’s diary completion.
 
Methods:
This observational study at the Neurology Outpatient Clinic, Cip-
to Mangunkusumo Hospital, collected data on demographics, 
cognition (education level and MoCA-INA scores), and motor 
fluctuations (MDS-UPDRS). Participants completed a home-
based Parkinson’s Diary, which was compared with clinical as-
sessments during hospital visits.
 
Results:
Fourteen patients with Parkinson’s disease were enrolled. Fe-
male patients and those < 60 years were more likely to experi-
ence dyskinesia and OFF periods, with dyskinesia and OFF more 
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Background & Objective:
Parkinson’s disease (PD) is a debilitating neurodegenerative dis-
order marked by progressive dopaminergic neuron loss, motor 
dysfunction, and non-motor symptoms. Accumulation of α-synu-
clein (SNCA) and neuroinflammation mediated by cytokines such 
as TNF-α and IL-1β are key contributors to disease progression. 
RNA interference (RNAi) using small interfering RNAs (siRNAs) 
offers a promising approach to selectively silence pathogenic 
genes. This study aimed to design and evaluate siRNA candi-
dates targeting SNCA, TNF-α, and IL-1β using comprehensive 
bioinformatics analyses, providing a foundation for RNAi-based 
therapeutic strategies in PD. 

Background & Objective:
Parkinson’s disease is a progressive neurodegenerative disorder 
with an increasing prevalence in Indonesia. According to WHO, 
in 2020 there were 8,492 deaths attributed to Parkinson’s dis-
ease in Indonesia, with an age-adjusted mortality rate of 4.8 
per 100,000 population. Another study estimated 146,236 Par-
kinson’s cases in Indonesia in 2016, the highest prevalence in 
Southeast Asia. Nurses play a crucial role in timely medication 
administration, complication prevention, and patient-family ed-
ucation. However, local evidence shows that 62.4% of nurses 
have never received education on Parkinson’s disease, and the 
majority only possess a “moderate” level of knowledge (Sari et 
al., 2022). This highlights the urgent need for a structured and 
practice-oriented training program.
 
Methods:
This study employs a Research and Development (R&D) ap-
proach, focusing on two main stages: needs analysis and cur-
riculum design. The needs analysis was conducted through lit-
erature review and examination of existing studies on nurses’ 
knowledge of Parkinson’s disease in Indonesia. Based on these 
findings, a short-term project- and practice-based curriculum 
was designed to provide intensive yet applicable learning expe-
riences for nurses.
 
Results:
The curriculum was structured for two weeks (60 hours), com-
prising 30% theoretical instruction and 70% practice. Core top-
ics include: (1) assessment of motor and non-motor symptoms, 
(2) dopaminergic medication management with emphasis on 
timing, (3) therapeutic communication and family education, (4) 
fall prevention and complication management, (5) basic rehabili-
tation strategies, and (6) multidisciplinary case simulation. Prac-
tical components are complemented with group projects such as 
drafting a fall-prevention SOP, developing patient/caregiver edu-
cational media, and creating simple assistive device prototypes. 
Evaluation methods include pre–post tests, skills observation 
during simulation, and project output assessment.
 
Conclusions:
This project- and practice-based curriculum is expected to en-
hance nurses’ knowledge, practical skills, and professional 
attitudes in caring for Parkinson’s patients. Direct practice and 
project activities provide opportunities for nurses to generate 
applicable innovations for clinical settings. 
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Background & Objective:
Parkinson’s disease shows a significant trend of increasing 
prevalence in Asia, including Southeast Asia, due to aging pop-
ulations and increasing awareness. This study aims to identify 
the interrelationships between government, the private sector, 
and individual awareness of the death of Parkinson’s Disease 
in ASEAN-5.
 
Methods:
The methods used in this study are fixed effects and random ef-
fects models. The data used are panel data, combining data se-
ries from 2000 to 2021 with cross-sectional data from ASEAN-5 
(Indonesia, Malaysia, Thailand, Singapore, and the Philippines). 
The data are sourced from the World Health Organization and 
IHME. The independent variables used were Domestic General 
Government Health Expenditure (DGGH-E), External Health Ex-
penditure (EHE), and Out-of-Pocket Expenditure, with the depen-
dent variable being the Death of Parkinson’s Disease.
 
Results:
The results showed that the best model from the Hausman test 
was the random effect model, as the sig value was more than 
0.05. The random effect model or fixed effect model showed that 
the variables EHE and Out-of-Pocket significantly and negatively 
reduced the risk of the Death of Parkinson’s Disease in ASEAN, 
as indicated by p value less than 0.05 or t table (2.16) less than 
t statistics (t statistics = -2.21 & -2.19). But, DGGH-E), is signifi-
cant and positive to the Death of Parkinson’s Disease. The result 
that significantly reduced the death of Parkinson’s Disease was 

Methods:
mRNA sequences of SNCA (NM_000345.4), TNF-α 
(NM_000594.4), and IL-1β (NM_000576.3) were retrieved from 
GenBank. siRNA candidates were designed using DSIR with a 
score threshold >90 to ensure high predicted efficacy. The siRNA 
Scales tool was used to filter potential candidates. Secondary 
structures of the guide strands were analyzed using MaxExpect 
to assess folding free energy, while DuplexFold evaluated bind-
ing free energy between the guide strand and the target mRNA 
to predict binding stability and silencing potential. 
 
Results:
Multiple high-potential siRNA candidates were identified, with 
DSIR scores of 103.9 for SNCA, 101.5 for TNF-α, and 101.5 for 
IL-1β, exceeding the efficacy threshold. MaxExpect analysis in-
dicated minimal self-structure formation in guide strands. Du-
plexFold analysis revealed strong binding free energies between 
guide strands and target mRNAs. Candidates also demonstrated 
favorable GC content, reducing off-target risks and enhancing 
thermodynamic stability. 
 
Conclusions:
This bioinformatics study successfully designed potent siRNA 
candidates targeting SNCA, TNF-α, and IL-1β, demonstrating fa-
vorable thermodynamic properties for potential gene silencing in 
Parkinson’s disease. These candidates provide a basis for future 
in vitro and in vivo validation, paving the way for RNAi-based 
therapeutic strategies in neurodegenerative disorders. 

Table
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dysfunction, and the destruction of dopaminergic neurons. Leu-
cine-rich repeat kinase 2 (LRRK2) is an appealing target for phar-
macological intervention because of its pivotal involvement in 
neuronal function and α-synuclein disease.
 
Methods:
The current study employs network pharmacology, molecular 
docking, and molecular dynamics (MD) modeling to thorough-
ly evaluate and confirm LRRK2 modulators.We got PD-related 
genes from OMIM, DisGeNET, and GeneCards, and we got can-
didate bioactive compounds from SwissTargetPrediction, TCM-
SP, and DrugBank. STRING was used to create protein–protein 
interaction networks, and pathway enrichment analysis (KEGG, 
GO) confirmed that LRRK2 is a central target for synaptic signal-
ing and autophagy control. The crystal structure of LRRK2 (PDB 
ID: 6VP6) was determined for docking analysis. Using AutoDock 
Vina, we virtually screened the natural and synthetic compounds 
that made the short list. We then chose the best-ranked ligands 
with a high binding affinity for the kinase domain. We used 100 
ns MD simulation (GROMACS) to look at the conformational sta-
bility, intermolecular hydrogen bonding, and binding free energy 
(MM-PBSA) of the lead complexes. 
 
Results:
The findings indicate that numerous flavonoid derivatives demon-
strate significant and stable interactions with the ATP-binding 
region of LRRK2, suggesting potential for the control of kinase 
activity associated with PD development.
 
Conclusions:
This comprehensive bioinformatics approach facilitates the uti-
lization of network pharmacology, molecular docking, and mo-
lecular dynamics modeling to identify disease-modifying lead 
candidates for Parkinson’s disease. The publication identifies 
LRRK2 as a verified computational target and offers a cost-effec-
tive approach to rational drug discovery in neurodegeneration.
 
Figure

 

external expenditure, marked by the largest coefficient value 
among the other independent variables at -000192%, followed 
at -0.278%, out-of-pocket expenditure as a percentage of cur-
rent health expenditure at -0.000279%.
 
Conclusions:
Therefore, government efforts are needed to collaborate with 
external parties to provide health insurance to support public 
health, increase government but must be on target, and increase 
community income to increase out-of-pocket expenditure and 
reduce the death of Parkinson’s disease in ASEAN.

Figure
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder characterized by protein misfolding, mitochondrial 
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Conclusions:
We can conclude that GANF exhibited the protective effect 
against the Parkinson disease via Inhibition of Caspase-3/Inter-
leukins-6 and 1β.

P-184

Neuro-Modulatory Activity of Naringenin in Rote-
none-Induced Neurotoxicity in Mice Model of
Parkinson’s Disease via Suppressing NF-κB 
Pathway

Vikas KUMAR1, Deeksha CHAUHAN2, Firoz ANWAR3

1Pharmaceutical Sciences, Sam Higginbottom University of Agricul-
ture, Technology & Sciences, Prayagraj, India
2Applied Physics, Rajkamal Institute of Management, Bahadarabad, 
India
3Biochemistry, King Abdulaziz University, Jeddah, Saudi Arabia

Background & Objective:
Parkinson diseases is age related neurodengerative diseases in 
which dopaminergic neurons get destructs and accumulation of 
protein (α-synuclein) in the substantia nigra pars compacta re-
gion of brain. It is well accounted in the literature that due to 
production of pro-inflammatory cytokines, deterioration of DA ni-
grostriatal pathway occurred and subjected to inflammation-in-
duced oxidative stress and neurotoxicity. The current study was 
design to explore the action of polyphenolic compound Narin-
genin in 
rotenone-induced neurotoxicity of Parkinson’s disease in ani-
mals.  
 
Methods:
All the mice were randomly divided into five groups and treated 
with Naringenin at the dose level of 25, 50 and 100 mg/kg b.w 
after the intoxication of rotenone.  All the experimental mice af-
ter administration of test drugs were subjected to behavioural 
tasks to evaluate the motor deficit.  Mices were euthanized and 
dissect out the brain for further study (biochemical parameter, 
immunochemical staining to determine the expression of inflam-
matory markers).
 
Results:
Motor impairment were improved after the treatment of Narin-
genin through behavioural analysis. Reduced activation of NF-κB 
pathway which suggested downregulation in pro-inflammatory 
cytokines [{TNF-α (56.5%)}, {IL-1β (54.4%)}, {IL-6 (64.5%)} pro-
duction and upregulation in anti-inflammatory cytokines in Nar-

Keywords 
Parkinson's disease, Leucine-rich repeat kinase 2, Molecular 
docking, Molecular dynamics (MD) simulation, Network phar-
macology
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Background & Objective:
Parkinson’s disease (PD) is indeed the second most commonly 
diagnosed neurodegenerative disorder, following Alzheimer’s 
disease. Parkinson’s disease is characterized by a progressive 
loss of dopamine-producing neurons in the brain, leading to mo-
tor symptoms such as tremors, bradykinesia (slowness of move-
ment), rigidity, and postural instability. The current study was 
to fabricate the Ganodric acid-Dextrin nano-formulation (GANF) 
and scrutinized the neuroprotective effect against the PD in a rat 
model and scrutinized the possible mechanism.
 
Methods:
6-hydroxydopamine (5 μL) was administered for induction the 
PD in the rats and rats were received the oral administration 
of ganodric acid and GANF. Estimated the neurotransmitters, 
inflammatory cytokines like TNF-α, IL-1β, IL-6, TGF-β; inflamma-
tory parameters such as COX-2, PGE2, iNOS, NF-κB; antioxidant 
parameters viz., SOD, CAT, MDA, GSH; apoptosis parameters 
like Bax, Bcl-2, caspase-3, respectively. We also estimated the 
mRNA expression.
 
Results:
Both ganodric acid and GANF significantly (P<0.001) suppressed 
the PD induced high turning values and also decreased the level 
of acetyl choline (Ach) and acetylcholinesterase (AChE). GANF 
altered the level of neurotransmitters (HVA, dopamine, 5-HT, 
5-HIAA and DOPAC); inflammatory cytokines such as TNF-α, IL-
1β, IL-6, TGF-β; antioxidant parameters such as MDA, GSH, CAT, 
GPx, CAT; inflammatory parameters like COX-2, PGE2, iNOS, NF-
κB; apoptosis parameters viz., Bax, Bcl-2 and caspase-3, respec-
tively. GANF rats effectively altered the expression of TNF-α, 
IL-1β, NF-κB, COX-2, p53, Bax, caspase-3 and caspase-9. 



359

sex-matching was performed (Table 1). Anti-H. pylori IgG was 
measured, and clinical features of PD were compared between 
seropositive and seronegative patients (Tables 2–3).
 
Results:
No significant difference in anti-H. pylori IgG seropositivity was 
observed between PD patients and matched controls (45.5% vs 
51.2%, p=0.925). Within PD, age, disease duration, H&Y stage, 
and MDS-UPDRS part III did not differ by serostatus (Table 2). 
In treated PD patients, the LEDD was numerically higher in se-
ropositive patients than seronegative patients (777.98 mg vs 
651.59 mg), though this difference was not statistically signif-
icant (p=0.168, Table 3).
 
Conclusions:
This is the first Korean population-based study to compare an-
ti-H. pylori IgG seropositivity between PD patients and controls. 
Seropositivity was not different between PD and controls and 
showed no clinical impact, including LEDD. While prior studies 
suggested possible effects of H. pylori on levodopa absorption, 
results remain controversial and may reflect regional or ethnic 
variability. As anti-H. pylori IgG does not perfectly represent 
active infection, further studies using urea breath test or rapid 
urease test are warranted.
 
Table

Table

ingenin supplemented groups. Administration of Naringenin also 
dose dependently reversed the levels of Biochemical parameter 
such as antioxidant enzymes cytokines [{SOD (58.6%)}, {CAT 
(45.5%)}, {MDA (69.4%)} in drugs treated groups. Naringenin 
supplementation also secured the degeneration of DA neurons 
in substantia nigra pars compacta.
 

Conclusions:
This study speculates naringenin accredited to antioxidant and 
anti-neuroinflammatory properties against rotenone-induced 
neurotoxicity via reduced activation of NF-κB pathway and a 
prominent drug in the protection of PD.
  
Keywords 
Parkinson's disease, Naringenin, Inflammation, Antioxidant, mo-
tor deficit
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Background & Objective:
Helicobacter pylori (H. pylori) infection has been implicated in 
Parkinson’s disease (PD) and levodopa absorption, but studies on 
H. pylori infection history (anti-H. pylori IgG seropositivity) have 
shown conflicting results across populations. We investigated 
(1) whether anti-H. pylori IgG seropositivity differs between PD 
and controls, and (2) whether it is associated with clinical fea-
tures including levodopa equivalent daily dose (LEDD).
 
Methods:
Participants were recruited prospectively from Hallym University 
Sacred Heart Hospital and Hallym University Chuncheon Sacred 
Heart Hospital between June 2024 and June 2025. A total of 
123 PD patients and 671 controls were included, and age- and 
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the ‘Bibliometrix’ package in R for co-occurence and thematic 
map, in addition country level density visualization generated 
using VOSviewer software version 1.6.19.  
 
Results:
The co-occurrence network between 2000 and 2025 indicated 
the first cluster appeared to center around Parkinson’s disease 
and its relevance to both human and nonhuman studies, while 
the second cluster was oriented towards "animal models,” and 
“metabolism” related research. Publications on related key-
words peaking in 2024 with 128 papers. The “Parkinson disease” 
cluster’s position as a basic theme suggested that research in 
this domain was highly specialized and developed. The United 
States, followed by China, led global contributions on this topic. 
The topic trend developed from adoptive immunotherapy in the 
early 2000s, and by 2024, research directions had become more 
specific towards “adipose-derived stem cells” and “pharmaceutics.”
Conclusions:
This bibliometric study network provides a valuable overview of 
the research landscape related to Parkinson’s disease and stem 
cell therapies. It highlights the key themes, relationships, and 
potential areas for further investigation.
 
Figure

Figure
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Mapping Two Decades of Global Research on 
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Background & Objective:
Parkinson’s disease (PD) is recognized as one of the most com-
mon neurodegenerative disorders worldwide. Primary patholog-
ical mechanisms of PD involve excessive generation of reactive 
oxygen species leading to apoptosis and neuroinflammation. In 
recent years, mesenchymal stem cells (MSCs) have been pro-
posed as a prospective therapeutic alternative with notable 
competence in proliferative systems and minimal adverse ef-
fects. The aim of this study is to advance the global intellectual 
trajectory of MSC research for PD over the past two decades, 
focusing on shifting themes, countries, citations, and years. This 
approach highlights emerging domains and underexplored areas 
that signify critical research gaps.
 
Methods:
This study incorporated an array of methods using 1590 articles 
from 2000-2025 extracted from Scopus database, analysed using 
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Results:
The result show that there are three studies reported post-in-
tervention UPDRS-III scores (k = 3) and two studies reported 
post-intervention gait velocity (k = 2). Gait velocity (m/s): pooled 
MD = +0.11 m/s (95% CI 0.062 to 0.157, k = 2, I² = 0%), indicating 
an increase in gait speed in the music/RAS group compared to 
the control. A change of ~0.10 m/s is generally considered clini-
cally significant in the neurological/elderly population.UPDRS-III 
(motor): pooled MD = -3.04 points (95% CI −5.87 to -0.22, k = 3, 
I² = 0%), indicating a decrease in motor scores (improvement) 
in the intervention group. A reduction of approximately 3 points 
could potentially approach or meet the reported MCID threshold 
(~2.5–5 points), but interpretation should be cautious due to the 
relatively small number of studies. 
 
Conclusions:
Preliminary evidence from open-access RCTs suggests that mu-
sic/RAS-based interventions are associated with improvements 
in motor function in PD, including increased gait speed (~0.11 
m/s) and decreased UPDRS-III scores (~3 points). However, 
these results need to be confirmed by a more comprehensive 
meta-analysis to strengthen the effect estimates. 
 
Keywords 
Parkinson disease, music therapy, rhythmic auditory stimulation, 
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Background & Objective:
Research on Moyamoya disease (MMD) and the risk of Parkin-
son’s disease (PD) using the Korean National Health Insurance 
Service database suggests a potential link through interactions 
between α-synuclein and RNF213, as evidenced by in vitro and 
postmortem studies. This study investigates the causal rela-
tionship between MMD and PD using Mendelian randomization 
(MR) analysis.
 

Figure
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Background & Objective:
Non-pharmacological music-based interventions include rhyth-
mic auditory stimulation (RAS) and music-based movement 
therapy (MMT). Evidence regarding aromatherapy on PD motor 
outcomes is limited. This study conducted a meta-analysis of 
RCTs reporting motor outcomes (UPDRS-III) and gait velocity in 
PD patients. 
 
Methods:
The literature search focused on open-access RCTs of music/
RAS in PD (PubMed/PMC/Frontiers/JNER/PLoS). Numerical data 
(mean ± SD post-intervention and sample size per group) were 
extracted from available full-text articles. For gait velocity, the 
pooled mean difference (MD, m/s) was used with a fixed-effects 
model when the study size was small; for the UPDRS-III, the 
pooled MD was used using a random-effects model (DerSimoni-
an–Laird). Heterogeneity was assessed using Q and I². 
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Results:
Alpha diversity showed higher Richness in PD than HC (p=0.008). 
Beta diversity revealed different trends between PD and HC 
(adjusted p=0.076), suggesting community structure shifts. Ge-
nus-level analysis showed Methanobrevibacter, Enterobacter, 
Lentihominibacter, Coprobacillus, and Mogibacterium were 
higher in PD/RBD compared with HC. At the phylum level, Meth-
anobacteriota were increased in PD/RBD, while Ascomycota 
(fungi) decreased in PD/RBD compared to HC. HC samples tend-
ed to harbor more eukaryotic fungi, whereas PD showed higher 
archaeal abundance.
 
Conclusions:
PD and RBD patients exhibit altered gut microbial communities 
with increased methanogenic archaea and reduced fungi, along-
side enrichment of specific genera. These findings support gut 
dysbiosis as a feature of PD pathogenesis and suggest microbial 
signatures that may distinguish prodromal and clinical PD.
 
Keywords 
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Methods:
We selected single-nucleotide polymorphisms (SNPs) as expo-
sure from the Korean genome-wide association study (GWAS) 
involving 216 MMD patients and 296 controls, and SNPs as 
outcome from the Korean GWAS for PD (1,036 cases and 1,208 
controls). Two-sample MR analyses were conducted to estimate 
the associations between MMD and PD.
 
Results:
The inverse variance weighted method indicated no significant 
association between MMD and PD (odds ratio = 1.0056, 95% 
confidence interval = 0.9847-1.0269; p = 0.603), consistent with 
the results from MR Egger, weighted median, and weighted 
mode analyses.
 
Conclusions:
These findings suggest no evidence of a causal relationship be-
tween MMD and PD based on the Korean GWAS data. Further 
larger cohort studies and MR analyses are needed to explore 
potential causal relationships.
  
Keywords 
Moyamoya Disease, Parkinson's Disease, Mendelian Random-
ization, Genome-Wide Association Study, Causal Relationship
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Gut Microbiota Alterations in Parkinson’s Disease 
and REM Sleep Behavior Disorder
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Neurology, Asan Medical Center, Seoul, Republic of Korea 

Background & Objective:
Gut microbiota is increasingly implicated in Parkinson’s disease 
(PD) and prodromal conditions such as REM sleep behavior disor-
der (RBD). We aimed to characterize microbial diversity and tax-
onomic differences among PD, RBD, and healthy controls (HC).
 
Methods:
Fecal microbiota from PD (n=54), RBD (n=10), and HC (n=31) 
were analyzed. Alpha diversity and beta diversity (Unweighted 
UniFrac) were assessed. Differential abundance testing was per-
formed at genus and phylum levels.
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Cohort Study
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Background & Objective:
Although neuroinflammation is increasingly recognized as a key 
driver of progressive supranuclear palsy (PSP), the role of blood 
inflammatory markers remains unrevealed. In this prospective 
cohort study, we aimed to characterize plasma inflammatory pro-
tein profiles in PSP patients and to assess their associations with 
clinical severity and one-year longitudinal progression, neurode-
generation biomarkers, and brain morphometric changes.

Methods:
We included 71 probable PSP patients and 30 age-matched 
healthy controls. Principal component (PC) analysis of plasma 39 
inflammatory proteins were applied to derive composite inflam-
matory profiles. All patients underwent baseline assessments, 
including PSP-Rating Scale (PSPRS), global cognitive function 
tests, and volumetric MRI. Blood biomarkers, including neu-
rofilament light chain (NfL), phosphorylated tau 231, sTREM2, 
and glial fibrillary acidic protein, were also measured. Follow-up 
PSPRS assessments were available for 56 patients at 6 months 
and 45 at 12 months. 
 
Results:
PC analysis identified a three-component solution explaining 
55.6% of the variance, and scores of each component were ele-
vated in the PSP group compared to controls. PC1, mainly driven 
by interleukin (IL)-7, vascular endothelial growth factor A, and 
pro-epidermal growth factor, was associated with greater clini-
cal severity, higher soluble TREM2 levels, and more pronounced 
atrophy in the cerebellum, middle temporal gyrus, and limbic 
areas. PC3, mainly driven by IL-6, C-X-C motif chemokine 9, and 

Background & Objective:
The choroid plexus (CP) is a highly vascularized structure critical 
for cerebrospinal fluid (CSF) production and brain waste clear-
ance via the glymphatic system. While previous studies have 
reported CP volume (CPV) enlargement in neurodegenerative dis-
eases such as Alzheimer’s disease (AD) and Parkinson’s disease 
(PD), structural changes in the CP in multiple system atrophy 
(MSA) remain poorly understood. We aimed to investigate CPV 
in MSA and explore its associations with disease severity, brain 
atrophy, and glucose metabolism.
 
Methods:
We retrospectively analyzed 87 patients with clinically estab-
lished or probable MSA and 84 age-matched healthy controls 
who underwent 3T brain MRI and 18F FDG-PET. Volumetric 
analyses were conducted using FastSurfer for automated seg-
mentation of CPV. Multivariate linear regression analyses were 
performed to assess the relationship between CPV and clinical 
severity (Unified MSA Rating Scale; UMSARS), regional brain at-
rophy, and FDG uptake, adjusting for confounding factors. 
 
Results:
CPV was significantly smaller in MSA patients compared to 
controls (1.00 ± 0.27 vs. 1.30 ± 0.26, P < 0.001). In contrast to 
findings in AD and PD, this CP atrophy was consistently observed 
in both MSA-C and MSA-P subtypes. CPV showed no significant 
association with UMSARS scores. However, smaller CPV was 
significantly correlated with more severe regional brain atrophy, 
particularly in the cerebellar hemispheres and midline vermis, 
and with reduced glucose metabolism in the brainstem, cere-
bellum, thalamus, and ventral diencephalon. These associations 
were more robust in patients with the cerebellar subtype of 
MSA. 
 
Conclusions:
This study demonstrates that CP atrophy is a characteristic neu-
roimaging feature of MSA and contrasts with the CP enlargement 
observed in other neurodegenerative conditions. highlighting CP 
as a novel site of structural involvement in MSA and underscore 
its relevance in disease pathophysiology. 
 
Keywords 
choroid plexus, multiple system atrophy



364

Figure

P-192

Estimating the Progression of Multiple System 
Atrophy in a Single-Center Cohort

Seungmin LEE, Kyungmin LEE, Han-Joon KIM
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Korea 

Background & Objective:
Previous studies have proposed progression rate and model in 
multiple system atrophy (MSA). Our objective was to evaluate 
progression of MSA and to establish a simple predictive model.
 
Methods:
Patients were retrospectively identified from the Seoul Nation-
al University Hospital Movement Disorder Center MSA cohort. 
Progression was assessed with the Unified Multiple System 
Atrophy Rating Scale (UMSARS). At the time of the first UM-
SARS evaluation, clinical variables included REM sleep behavior 
disorder (confirmed by polysomnography or determined clinically 
with the RBDSQ), presence of the hot cross-bun sign, urinary re-
tention, urinary urge incontinence, and orthostatic hypotension. 
A logarithmic model was constructed in patients with three se-
rial UMSARS assessments and tested for performance in those 
with only two
 
Results:
Among patients with UMSARS assessments within three years, 
77 had 1-year follow-up data and 39 had 2-year follow-up data. 
The mean change in UMSARS scores was 11.87 ± 11.75 from 
baseline to 1 year and 8.22 ± 10.64 from 1 to 2 years, indicat-
ing substantial inter-individual variability. The logarithmic mod-
el predicted UMSARS Part I + Part II total scores with an R² 

oncostatin-M, was associated with greater clinical severity and 
faster disease progression, higher NfL levels, and more exten-
sive atrophy in the precuneus, inferior frontal gyrus, caudate, 
and, to a lesser extent, brainstem regions. PC2 showed no asso-
ciations with baseline and longitudinal outcomes.
 
Conclusions:
These observations provide mechanistic and clinical insights into 
the potential contribution of peripheral inflammation to the neu-
rodegenerative processes underlying PSP. 

Figure

Figure



365

Results:
We enrolled 22 patients with vascular parkinsonism, includ-
ing 12 female (54.5%), with mean age of 77.8 ± 7.6 years and 
mean Levodopa equivalent daily dose (LEDD) of 363.6 ± 169.7 
mg/day. The Wilcoxon signed-rank test revealed that there was 
significant improvement in UPDRS part III after levodopa admin-
istration (p < 0.001). The median change −8.0 points (bootstrap 
median 95% CI −12.5 to −3.0), and the mean change −9.73 (95% 
CI −13.68 to −6.23). The TUG (n=10) also improved significantly 
after levodopa, with a median change of −4.5 s (bootstrap 95% 
CI −6.5 to −2.0) and a mean change of −4.50 s (95% CI −6.00 to 
−3.20) (p = 0.003). Both results remained significant after Holm 
correction.

Conclusions:
In this study, we found that levodopa was associated with im-
provements in motor severity and mobility among patients with 
VP. Although VP is often views as poorly responsive to levodopa, 
our results suggest measurable benefit in patients with VP. Fur-
ther research is required to apply this to the clinical practice.
 
Table

 
Keywords 
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Case Series of Parkinson Plus Syndromes
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Introduction:
Parkinson plus syndrome may pose a diagnostic challenge espe-
cially in centres without movement disorder specialist,however 
keen observation and astute clinical examination provide clinical 
diagnosis.

of 0.679 and a mean absolute error of 4.86. Gaussian mixture 
modeling applied to the 39 patients based on annual UMSARS 
score changes identified three subgroups: (1) similar progression 
between years 1–2, (2) greater increase during year 1, and (3) 
greater increase during year 2. However, clinical characteristics 
did not differ significantly across these subgroups.
 
Conclusions:
Our study demonstrated that the progression rate in our cohort 
was comparable to those reported in other cohorts. The loga-
rithmic model achieved moderate predictive performance at the 
individual level. Also, no significant clinical differences were ob-
served among the identified subgroups, suggesting that future 
research should explore additional biomarkers to better predict 
disease progression in MSA.
 
Keywords 
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Levodopa Responsiveness in Vascular Parkinson-
ism: A Within-Subject Pre–Post Analysis of
UPDRS Part III and Timed Up-and-Go
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Neruology, Chung-Ang University Hospital, Seoul, Republic of 
Korea 

Background & Objective:
Background Vascular parkinsonism is rare disorder characterized 
by symmetric bradykinesia, and gait disturbance. It has gener-
ally been considered to respond poorly or not at all to levodopa 
treatment. Although several studies have suggested adjunctive 
therapeutic options for vascular parkinsonism, the efficacy of 
levodopa has not been objectively demonstrated. In this study, 
we aimed to evaluated levodopa responsiveness in patients with 
vascular parkinsonism 
 
Methods:
In this study, we conducted a single-center, within-subject pre–
post analysis in patients with vascular parkinsonism at Chung-
Ang university hospital. We analyzed baseline demographics 
and evaluated the effect of levodopa by measuring Unified Par-
kinson’s Disease Rating Scales (UPDRS) part III and Timed Up-
and-Go (TUG) scores before and after administration. Statistical 
testing used one-sided Wilcoxon signed-rank tests (alternative: 
post < pre) with Holm correction fortwo results.
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nant syndrome with a relatively slow rate of deterioration. Here, 
we report a case of acute dysphagia developed in a patient with 
coexistence of PROMM and BTP.
 
Case:
A 66-year-old man initially presented resting tremor in his left 
hand for 6 months in 2018. He had a previous history of bilateral 
cataract surgery at age of 65. Neurologic examination showed 
mild left-sided proximal weakness, but there were no significant 
bradykinesia. Other clinical syndrome included angina, atrial 
fibrillation and baldness. Electromyography demonstrated a 
waxing and waning pattern of repetitive discharge suggesting 
electrical myotonia, supporting a diagnosis of myotonic dystro-
phy. The DMPK gene study showed a normal CTG repeat length. 
3 years later, he developed mildly asymmetric parkinsonism with 
left predominance, including bradykinesia with resting tremor 
and rigidity, compatible with Hoehn and Yahr scale stage 2.5. 
FT-CIT PET study revealed a marked bilateral presynaptic dopa-
minergic deficit (more severe on the right side of basal ganglia), 
and thus rasagiline treatment was initiated. For more than 3 
years, he had been keeping an independent daily activity with 
regular exercise (bicycling and weight training). In July 2025, he 
was admitted our hospital for 2-month onset swallowing difficul-
ty, and a levodopa trial showed no benefit. The VFSS study rec-
ommended L-tube insertion based on ASHA NOMS swallowing 
level scale 1 (level 7 = normal), describing decreased swallowing 
reflex and decreased upper esophageal sphincter function.
 
Discussion:
We report a rare case of acute dysphagia in a patient with 
PROMM coexisting with BTP. This case emphasizes that rapid 
progressive symptoms like severe swallowing dysfunction could 
develop in a patient with complex neuromuscular and movement 
disorders.
 
Keywords 
dysphagia, proximal myotonic myopathy, benign tremulous par-
kinsonism
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Case:
78yr old male presented with recurrent falls and difficulty am-
bulating for 6months.He also is having urinary incontinence 
for 2weeks.Physical examination showed bradykinesia of both 
upper limbs with magnetic gait.His MMSE(mini-mental status 
examination score)was 24.He was promptly diagnosed as prob-
able normal pressure hydrocephalus with a tap test preformed.
CT brain showed communicating hydrocephalus with Evan’s ratio 
of 0.4.Pre tap test-time to go 6metres :4mins 52 seconds with a 
remarkable improvement in post tap time to go 6metres :43sec-
onds.72years old male presenting with slowness of movements 
for 3years with rapid progression of symptoms and partial re-
sponse to levodopa.Physical examination showed  exaggerated 
corticospinal response with bilateral past-pointing.There are also 
supportive non-motor symptoms such as stridor,inspiratory sigh 
and pathological laughter.A clinical diagnosis of multisystem at-
rophy was made.75 yrs old male presented with recurrent falls 
for 2years.He also noticed tremor and slowness of movements 
for 3years.He showed poor response to Levodopa(250mg TDS 
madopar=600mg L dopa).Physical examination showed upwards 
gaze restriction with procerus sign,axial rigidity,postural tremor 
with bilateral bradykinesia more marked on left side. There was 
significant postural hypotension (standing 100/70mmHg,sitting 
140/88)He was diagnosed as progressive supranuclear palsy.
 
Discussion:
In conclusion,case series demonstrate the importance of identi-
fying clincal cues to diagnose Parkinson plus syndromes.
 
Keywords 
Parkinson plus syndrome, normal pressure hydrocephalus, multi-
system atrophy, Progressive supranuclear palsy
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Introduction:
Proximal Myotonic Myopathy (PROMM) is a multisystem myopa-
thy characterized by proximal weakness and electrical myotonia, 
whereas benign tremulous parkinsonism (BTP) is a tremor-domi-
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Vascular Parkinsonism Followed by Post-Stroke 
Hemiballism/Hemichorea

Minkyeong KIM, Seok Min MOON
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Introduction:
Movement disorders can be broadly divided into hypokinetic 
(e.g., parkinsonism) and hyperkinetic syndromes (e.g., dystonia, 
chorea, tremor). Cerebrovascular disease is a major cause of 
secondary movement disorders, often involving basal ganglia 
lesions. We report a patient who developed both vascular par-
kinsonism and post-stroke hemiballism/hemichorea.
 
Case:
A 75-year-old man presented with gradually progressive brady-
kinesia and gait disturbance. Examination revealed decrement 
with repetitive hand and foot movements, reduced step length, 
and decreased arm swing. Cognitive impairment was suspect-
ed (K-MMSE 20/30). 18F-FP-CIT PET showed reduced dopamine 
transporter uptake, more marked in the left caudate and anterior 
putamen. Brain MRI demonstrated diffuse white matter disease 
and a right thalamic lacune. Levodopa (200 mg/day) produced 
no benefit. Eight months later, he developed acute, involuntary 
dance-like movements of the left upper limb and face. Brain MRI 
revealed an acute infarct in the right subthalamic nucleus, con-
sistent with hemiballism/hemichorea. He was diagnosed with 
lacunar stroke and treated with dual antiplatelet therapy and 
statin. Symptomatic treatment with risperidone was declined by 
the patient. 
 

Introduction:
Vascular parkinsonism is typically caused by ischemic lesions in 
the striatum or periventricular white matter and usually shows 
poor response to dopaminergic agents. However, parkinsonism 
due to ischemic lesions in the midbrain is rare. We present a 
case of parkinsonism resulting from an ischemic lesion in the 
midbrain that exhibited a favorable response to dopaminergic 
therapy, with anatomical considerations discussed.
 
Case:
A 70-year-old woman presented with a one-year history of a 
right-hand tremor, which worsened with anxiety. She also devel-
oped right leg tremor and mild slowness in right limb movements, 
accompanied by mild rigidity and slight bradykinesia. Non-motor 
features such as REM sleep behavior disorder, hyposmia, and 
depression were absent, except for mild constipation. FP-CIT PET 
revealed decreased DAT binding in the left striatum but not the 
right.(Figure 1) Brain MRI showed an old ischemic lesion in the 
left midbrain without basal ganglia involvement.(Figure 1 and 
Figure 2) Treatment with rasagiline and amantadine improved 
her mild slowness. Over 18 months of follow-up, no symptom 
progression was observed.
 
Discussion:
Parkinson’s disease is characterized by degeneration of dopami-
nergic neurons in the substantia nigra with preserved postsynap-
tic systems, leading to good response to dopaminergic agents. In 
contrast, most cases of vascular parkinsonism are due to striatal 
or white matter involvement, resulting in poor response. This 
case uniquely demonstrates that a midbrain ischemic lesion af-
fecting presynaptic dopaminergic neurons can cause parkinson-
ism that is responsive to dopaminergic therapy, consistent with 
the anatomical basis of presynaptic dopamine depletion.
 
Figure
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low PTH levels (6.3 pg/mL). CT-scan showed symmetrical cal-
cifications in the basal ganglia and cerebellum. These findings 
supported the diagnosis of Fahr’s syndrome. Both patients were 
given calcium replacement therapy, levothyroxine dose adjust-
ment and monitoring for neurological disorders showed improve-
ment. However, cognitive impairment persisted.
 
Discussion:
Secondary Fahr’s syndrome is a complication that arises through 
chronic mechanisms due to calcium-phosphate metabolism 
dysregulation can lead to the formation of irreversible cere-
bral calcifications. Although metabolic correction may improve 
some symptoms, established cerebral calcifications rarely re-
gress. Long-term complications of secondary Fahr’s syndrome 
are significantly reduce patients’ quality of life. It’s important to 
understand Fahr’s syndrome is not merely a radiological diag-
nosis, but a progressive neurodegenerative syndrome that can 
cause long-term disability. Early diagnosis and interdisciplinary 
management are necessary to prevent symptom progression and 
improve patients’ quality of life.
 
Figure

Discussion:
This case illustrates the coexistence of two contrasting move-
ment disorders—progressive vascular parkinsonism and acute 
post-stroke hyperkinetic movements—in the same patient. Pro-
gressive vascular parkinsonism typically shows diffuse white 
matter changes, symmetric features, cognitive decline, urinary 
symptoms, and poor levodopa response, as in our patient. Sub-
thalamic nucleus infarction disrupts inhibitory control of the 
thalamocortical pathway, resulting in hyperkinetic movements 
such as hemiballism and hemichorea. Cerebrovascular disease 
can lead to diverse movement disorders depending on lesion 
location. Secondary prevention with antiplatelet therapy and 
risk-factor management remains crucial.
 
Keywords 
Vascular parkinsonism, Cerebovascular disease, Subthalamic 
nucleus, Hemichorea
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Introduction:
Post-total thyroidectomy Fahr syndrome is a rare secondary clin-
ical manifestation characterised by symmetrical calcification in 
the basal ganglia, dentate nucleus, and white matter of the cere-
bral cortex following iatrogenic hypoparathyroidism.
 
Case:
We report two cases of secondary Fahr syndrome due to hypo-
parathyroidism following total thyroidectomy in a year. The first 
patient, a 55-year-old woman, presented with tonic-clonicgener-
alised seizures, parkinsonism, and cognitive decline. Laboratory 
showed hypocalcaemia (5.6 mg/dL), hyperphosphataemia (8.8 
mg/dL), low PTH levels (5.5 pg/mL). MRI showed multiple bilat-
eral and symmetrical lesions in the caudate nucleus, lentiform 
nucleus of the thalamus and right and left. The second patient, a 
58-year-old woman, presented with vertigo, coordination disor-
ders, intention tremor, and cognitive decline. Laboratory showed 
hypocalcaemia (7.5 mg/dL), hyperphosphataemia (8.0 mg/dL), 
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Case:
Case 1:
A 63-year-old female began experiencing balance issues at age 
55. Over eight years, she developed progressive axial rigidity, 
dysphagia, vertical gaze palsy, facial hypomimia, and frequent 
choking. Neurological exam revealed supranuclear gaze palsy, 
increased tone, and a positive Romberg sign. MRI showed the 
classic "Hummingbird sign." She was diagnosed with PSP-Rich-
ardson’s syndrome (PSP-RS). 
Case 2:
A 34-year-old male initially presented with right arm numbness 
and tremor at age 30. Symptoms progressed to bradykinesia, 
gait instability, diplopia (on right gaze), memory impairment, 
and frequent nighttime urination, suggesting early autonomic 
involvement. Neurological exam revealed horizontal nystagmus, 
limb rigidity, poor coordination, and brisk reflexes. These find-
ings were consistent with PSP with Parkinsonism predominance 
(PSP-P). 
 
Discussion:
This comparison highlights clinical variability in PSP. Late-onset 
PSP-RS typically shows early postural instability and gaze palsy, 
while early-onset PSP may mimic Parkinson’s disease, with sub-
tle cognitive and autonomic features. Early recognition is crucial 
for accurate diagnosis and management

Figure

Figure

Figure
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Introduction:
Progressive Supranuclear Palsy (PSP) is a neurodegenerative 
tauopathy characterized by vertical gaze palsy, postural insta-
bility, rigidity, and cognitive decline. We present two contrasting 
PSP cases
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Conclusions:
In conclusion, E. bulbosa compounds—particularly eleutherin—
emerge as promising modulators of amyloidogenic enzymes. 
These findings highlight their potential role as molecular bio-
markers and therapeutic leads in secondary parkinsonism and 
parkinsonism-plus syndromes where amyloid and tau patholo-
gies contribute to disease progression. Further experimental val-
idation is required to establish translational relevance.
 
Figure

Keywords 
amyloid-beta, Parkinsonism, amyloidogenic modulator, anti-am-
yloidogenic
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The Relationship Between Korean Form of Mini–
Mental State Examination and Montreal Cogni-
tive Assessment and Conversion of K-MOCA to 
K-MMSE in Patients With Parkinson’s Disease
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College of Medicine, Seoul, Republic of Korea 

Background & Objective:
We aimed to investigate the correlation between K-MMSE and 
K-MoCA scores in a diverse cohort of patients with neurological 

Keywords 
progressive supranuclear palsy, Richardson's syndrome, Hum-
mingbird sign
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Background & Objective:
Eleutherine bulbosa (Dayak Onion), an indigenous spice from 
Borneo Island, contains diverse bioactive compounds with re-
ported pharmacological activities. Accumulation of amyloid-β 
(Aβ) plaques and tau aggregates, well established in Alzhei-
mer’s disease, also contributes to cognitive decline and motor 
dysfunction in parkinsonism-plus syndromes, including dementia 
with Lewy bodies, Parkinson’s disease dementia, progressive 
supranuclear palsy, and corticobasal syndrome. Identifying nat-
ural modulators of amyloidogenic pathways may therefore yield 
biomarker candidates and therapeutic leads for these disorders.
 
Methods:
This study investigated the anti-amyloidogenic potential of E. 
bulbosa compounds using in silico approaches. Drug-likeness, 
pharmacokinetic properties, and predicted toxicity were as-
sessed via SwissADME and PkCSM, resulting in the selection of 
nine compounds with favorable profiles. Molecular docking (Aut-
odock Tools 1.5.6 and Biovia Discovery Studio) was performed 
against key amyloidogenic targets: Aβ (helical and β-sheet con-
formations), tau protein, β-secretase (BACE-1), and γ-secretase. 
 
Results:
The nine selected compounds demonstrated strong inhibitory 
potential against BACE-1 and γ-secretase, enzymes central to 
Aβ production (Figure 1) two key enzymes involved in Aβ plaque 
formation. Among these, eleutherin showed the highest bind-
ing affinity for both targets (Figure 1, binding mode). Conversely, 
low binding affinity was observed toward Aβ aggregates them-
selves, suggesting that these compounds act primarily by mod-
ulating amyloid precursor protein cleavage rather than directly 
inhibiting fibril formation.
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disorders with Parkinson’s disease (PD).The Mini-Mental State 
Examination (MMSE) and the Montreal Cognitive Assessment 
(MoCA) are commonly used tools to assess cognitive function in 
patients with Parkinson’s disease (PD). However, the MMSE has 
limitations, including copyright restrictions and a ceiling effect, 
which makes it less sensitive for detecting mild cognitive im-
pairment, particularly in highly educated individuals. This study 
aimed to evaluate the validity of the MMSE-MoCA conversion 
across different educational levels in patients with PD.
 
Methods:
In this retrospective study, we investigated PD patients who com-
pleted both K-MMSE and K-MoCA on the same day at Chung-
Ang university hospital from April 2010 and December 2020. We 
calculated using equipercentile method to equate MMSE scores 
based on MoCA scores. The MoCA-MMSE conversion scales 
was validated according to educational level (low educated: ≤6 
years; intermediate educated 7-12 years, high educated: ≥13 
years). The mean, median, root mean squared error (RMSE) of 
the difference between the actual and equated MMSE scores 
were calculated. Intraclass correlation coefficients (ICCs) and 
R-squared (R²) were also calculated.
 
Results:
The difference between actual and equated MMSE scores had 
median value of 0, with small mean and RMSE of difference. 
ICCs and R2 between actual and equated MMSE scores demon-
strated a high correlation (ICCs 0.890, R2 0.783). In the classifica-
tion according to educational level, all groups had similar values 
of the median, mean, RMSE, ICCs and R2 between actual and 
equated MMSE scores.
 
Conclusions:
Our findings suggest that validity of conversion MMSE tables 
derived from K-MoCA patients with PD, regardless of education-
al level and also suggest that K-MoCA may serve as a viable 
alternative to the MMSE for cognitive screening.
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Conclusions:
This interpretable deep-learning framework achieves robust 
cross-center classification of RBD and PD with standard PSG 
and provides novel insights into neurodegeneration. Findings 
challenge REM-centric paradigms and highlight reduced neural 
flexibility in early PD. By uniting strong diagnostic performance 
with interpretability, the model supports a clinically scalable 
AI-assisted diagnosis. 
 
Figure

Figure

Figure

Technologies and AI for Movement 
Disorder
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Background & Objective:
Early identification of Parkinson’s disease (PD) remains a critical 
frontier. While REM sleep behavior disorder (RBD) is a well-es-
tablished prodromal marker, conventional polysomnography (PS-
G)-based diagnostic approaches are limited in generalizability 
and interpretability. We aimed to develop an interpretable deep 
learning framework to classify RBD and PD across multi-center 
PSG datasets.
 
Methods:
PSG data from 233 individuals (PD with/without RBD, isolated 
RBD, controls) from four centers were analyzed. Two parallel 
AI pipelines were designed: an RBD classifier using chin EMG 
during REM, and a PD classifier leveraging multi-channel EEG/
EOG/EMG (Fig.1). Subject-specific EMG normalization based 
on NREM segments enhanced inter-center robustness. Signals 
were segmented into 3-sec mini-epochs, and attention-weighted 
diagnostic scores were computed. Sleep stage information and 
latent space clustering were further incorporated for PD classi-
fication.
 
Results:
Our framework achieved strong performance, with AUC scores 
of 0.817 for RBD and 0.792 for PD. Two key findings emerged: 1) 
Model accuracy dropped minimally with only NREM (N2: −1.5%, 
N3: −2%), but markedly with REM alone (−10%) (Fig.2). 2) PD 
patients exhibited reduced sleep pattern diversity during N2, 
occupying only 31% of pattern diversity in controls (Δentropy ≈ 
−1.7 bits) (Fig.3), indicating a collapse in neurophysiological flex-
ibility. The RBD classifier also benefited from adaptive amplitude 
normalization, outperforming traditional methods.
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Conclusions:
Machine learning-enhanced statistical analysis of voice biomark-
ers provides exceptional early-stage PD detection (AUC=0.977). 
Key biomarkers reflect early motor control deterioration, offering 
clinical potential for non-invasive screening and monitoring, en-
abling timely intervention and improved outcomes.
 
Figure

Figure

Figure
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Interpretable deep learning, REM sleep behavior disorder, Par-
kinson's disease, Polysomnography, NREM sleep
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Background & Objective:
Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder that affects motor control, including voice production 
systems, often manifesting in early disease stages. Traditional 
diagnostic approaches rely on subjective clinical assessments 
with limited sensitivity for early-stage detection. This study 
presents a comprehensive multi-algorithm comparative analysis 
to identify optimal machine learning approaches for early-stage 
PD detection using statistical analysis of voice acoustic biomark-
ers, providing an objective, non-invasive screening methodology.
 

Methods:
We analyzed 195 voice recordings (147 PD patients, 48 controls) 
with 22 acoustic biomarkers including MDVP parameters, jitter/
shimmer measurements, and spectral features. Six algorithms 
were compared: GBM, Random Forest, SVM, Neural Network, 
Elastic Net, and Logistic Regression using 10-fold cross-valida-
tion with ROC-AUC analysis.
 
Results:
Multi-algorithm comparison revealed GBM as the optimal clas-
sifier, achieving superior performance metrics: 92.11% accuracy, 
93.10% sensitivity, 88.89% specificity, and 97.70% AUC. Sta-
tistical cross-validation confirmed robust model stability across 
all validation folds. Feature importance analysis identified five 
critical acoustic biomarkers: PPE (Pitch Period Entropy), spread1, 
MDVP.Fo.Hz, spread2, and MDVP.Flo.Hz. Correlation matrix anal-
ysis revealed significant inter-parameter relationships among 
MDVP features and shimmer measurements, while HNR demon-
strated inverse correlations with perturbation measures. Statis-
tical comparison between groups showed significantly reduced 
fundamental frequency parameters in early-stage PD patients 
compared to controls.
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Conclusions:
A smartphone-based platform integrating multimodal digital 
biomarkers with structured questionnaires demonstrated high 
accuracy (AUROC >90%) for PD screening. The tool is portable, 
user-friendly for older adults, and scalable without additional 
hardware.
 
Keywords 
Parkinson's disease screening, Digital biomarkers, Smart-
phone-based application
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Background & Objective:
Patients with PD commonly have impaired posture and gait, 
limiting their daily function  and increasing fall risk. Standard-
of-care dopaminergic medications do not fully address postural 
instability, gait automaticity, and fall risk in PD. Yet rehabilita-
tion effectively reduces the risk of falls, making access to more 
options for rehabilitation crucial, especially in resource-limited 
countries. This study aimed to develop ImGTS using virtual real-
ity (VR) for PD rehabilitation that are adapted for the Philippine 
context. 

Keywords 
Machine Learning, Parkinson's Disease, Voice Acoustic Biomark-
ers , Gradient Boosting Machine
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Background & Objective:
PD diagnosis relies mainly on clinical assessment, yet delays 
are common due to low awareness, limited specialist access, 
and socioeconomic barriers. We aimed to develop and validate 
a smartphone-based screening method using multimodal digital 
biomarkers combined with clinical risk factors.
Methods:
This study was conducted at Seoul National University Hospital 
from Dec 2023–Oct 2024. Patients with PD and age-matched 
controls were recruited; those with levodopa-induced dyskinesia 
were excluded. A self-administered application was developed 
to collect (1) motor and speech/cognitive digital biomarkers, 
and (2) a structured questionnaire covering medical history and 
non-motor symptoms. Iterative AI/ML-based feature refinement 
resulted in a final version comprising five motor function tests, a 
speech test, a color test, and the questionnaire.
 
Results:
A total of 241 patients with PD and 140 control subjects were 
enrolled for the initial version. Among nine motor tests in the 
initial version, six showed acceptable accuracy and included 
in the final version of application. Speech test, Color test and 
the Survey Questionnaire also showed acceptable accuracy and 
included in the final version of application.A new set of 204 pa-
tients with PD and 92 control participants was enrolled for the 
final version. The classifier achieved an AUROC of 86.20% when 
all tests were included. Among the individual tests, the Survey 
Questionnaire demonstrated the highest (AUROC 83.97%). The 
optimal performance was observed when Spiral test, Touch test, 
and the Survey Questionnaire were combined, yielding an AU-
ROC of 90.53%.
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Background & Objective:
Over the last decades, the prevalence of movement disorders 
rose fourfold and misdiagnosis remains common. Surface elec-
tromyography (sEMG) provides objective, low-cost diagnostic 
data and has started to be used in developed countries. How-
ever its feasibility and performance in low- and middle-income 
countries(LMICs) are poorly studied. This study reviews current 
evidence on sEMG applications, highlighting its possible imple-
mentation in LMICs.
 
Methods:
This review followed PRISMA guidelines. Studies in the last 
decades evaluating sEMG use on movement disorder were re-
trieved from Cochrane, ScienceDirect, Scopus, PubMed, Taylor 
and Francis, Wiley, EBSCO, and Sage Journals using combination 
of Boolean operators, MeSH terms, and analyzed qualitatively. 
 
Results:
Four studies with a total of 830 participants were reviewed, 
covering Parkinson’s disease, tremor, and myoclonus. Surface 
electromyography (sEMG) was used either alone or combined 
with high-density sEMG(HD-sEMG), accelerometry, electroen-
cephalography (EEG), and machine or deep learning methods. 
HD-sEMG shows positive results but lacks feasibility for imple-
mentation due to advanced hardware needs. sEMG with EEG 
and accelerometry are feasible in referral hospitals. And sEMG 
alone or sEMG combined with machine or deep learning offers 
a scalable approach for diagnosing movement disorders in low- 
and middle-income countries (LMICs). Overall these approaches 
showed strong performance in classifying Parkinson’s disease, 
the assessment of swallowing muscle function, and the diagno-
sis of challenging tremor cases.
 
Conclusions:
sEMG demonstrates strong potential for improving diagnosis 
and therefore management of movement disorders in low- and 

Methods:
ImGTS prototypes were developed through an iterative process 
involving alpha and beta testing. Eleven participants, namely 
game developers, rehabilitation medicine specialists, occupa-
tional and physical therapists, movement disorder specialists; 
and patient caregivers, joined focus group discussions (FGD) 
on feasibility, game elements, and potential challenges in us-
ing ImGTS in PD rehabilitation  Feedback from the FGD guided 
subsequent design revisions.  A second cycle of prototype test-
ing-feedback-design revision will follow. 
 
Results:
Preliminary FGD results indicated that ImGTS was perceived 
as feasible as an engaging therapy option if it contains the fol-
lowing features: familiar and traditional Filipino elements and 
values, user training, and implementation in centers rather than 
homes. Potential challenges in using ImGTS in PD that emerged 
in the FGD included cost, need for technical support, complexi-
ty of setup, connectivity issues, and health and safety concerns 
that can be minimized by customizing games to patient profiles. 

Conclusions:
These findings inform the iterative design process for the ImGTS 
prototype  as a culturally contextualized therapy option to im-
prove posture and gait in PD, and provide basis for pre-clinical 
testing in healthy adults. 
 
Keywords 
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Background & Objective:
Among daily functional activities, the sit-to-walk (STW) task rep-
resents a complex motor sequence requiring precise neuromus-
cular timing and coordination [1]. This study investigated neu-
romuscular abnormalities in Parkinson’s disease (PD) during the 
STW task using surface electromyography (sEMG) and evaluated 
the potential of explainable machine learning (ML) frameworks 
for digital biomarker discovery. 

Methods:
Data were collected from 102 individuals with PD and 50 age-
matched healthy controls (HCs) during a standardized STW task 
and segmented into three phases: (1) total STW sequence, (2) 
sit-to-stand, and (3) gait initiation. Raw sEMG signals from eight 
bilateral lower-limb muscles were preprocessed, filtered, nor-
malized, aligned to the right leg as the leading step, and time- 
and frequency-domain features and co-contraction indices were 
extracted. Feature importance was first estimated using a base-
line Random Forest (RF) model, and the top 20 ranked features 
were selected for downstream ML modelling (Figure 1). Model 
interpretability was using Shapley Additive Explanations (SHAP) 
values to identify phase- and muscle-specific discriminative fea-
tures.
 
Results:
Feature importance analysis revealed that the laterality vari-
able emerged as the most discriminative predictor. Among the 
sEMG-derived variables, the mean frequency during STW Phase 
1 (sit-to-stand) was identified as the strongest feature for distin-
guishing PDs from HCs.The RF classifier yielded the best results 
(accuracy = 92.6% and AUC = 0.97). SHAP analysis further high-
lighted frequency-domain features and co-contraction indices of 
the rectus femoris and biceps femoris short head during STW 
Phase 1 (Figure 2).
 

middle-income countries (LMICs) where access to specialized 
personnel, diagnostic tools, and advanced facilities are limited. 
However, its application requires trained personnel for operation 
and accurate data interpretation.
 
Table

Figure

 
Keywords 
surface electromyography, movement disorders, diagnostic ap-
proaches, low- and middle-income countries
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Background & Objective:
Cognitive impairment is a prevalent non-motor symptom in Par-
kinson’s disease (PD). PD is characterized by striatal dopamine 
depletion and deep gray matter atrophy, with early cognitive 
decline often attributed to dopaminergic system dysfunction. 
We aimed to explore disparities in cognition based on based on 
striatal dopamine availability and regional brain volume among 
PD patients.
 
Methods:
This study included 287 patients with newly diagnosed PD. 
They all underwent brain magnetic resonance imaging, positron 
emission tomography with 18F-N-(3-fluoropropyl)-2beta-carbon 
ethoxy-3beta-(4-iodophenyl) nortropane, and 123I-MIBG scintig-
raphy. Using the Subtype and Stage Inference (SuStaIn) ma-
chine-learning technique, we categorized PD patients into sub-
types by analyzing their progression patterns in deep gray matter 
atrophy and dopamine availability, and evaluated differences in 
cognition among these subtypes. 
 
Results:
SuStaIn algorithm categorized them into four distinctive sub-
types. Motor symptoms in subtype 2 was milder than other sub-
types. Subtype 2 showed higher cognitive function and subtype 
3 and 4 displayed larger proportion of dementia. Subtype 1 and 
2 generally showed less decrease of brain atrophy and dopa-
mine availability than subtype 3 and 4. Subtype 1 showed early 
dopamine availability decrease and late brain volume reduction, 
while in subtype 2, brain atrophy was decreased initially, fol-
lowed by dopamine availability. Subtype 3 and 4 were mixed 
type, in which initial change was globus pallidus atrophy and 
dopamine availability and brain atrophy were reduced similarlily.
 
Conclusions:
Our finding underscores the association between decreased do-
pamine availability and volume with cognitive dysfunction, high-
lighting the spatiotemporal association between dopaminergic 
and structural pathology in cognitive impairment in PD. 
 
Keywords 
Parkinson's disease, cognition, deep gray matter atrophy, dopa-
mine availability, SuStaIn

Conclusions:
These findings suggest maladaptive muscle coordination strate-
gies in PD and underscore the sensitivity of STW neuromuscular 
features for classification [2]. Feature-based ML provided supe-
rior classification performance, while SHAP analysis enhanced 
interpretability by identifying meaningful digital biomarkers. 
 
Figure

Figure
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Machine Learning, Digital biomarker
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highest area under curve (AUC) for the differential diagnosis. The 
AUC was higher than 0.9 for the prediction of PD vs. others, PSP 
vs. others, and MSA vs. others. The diagnostic performance was 
better with longer disease duration from 1 year to 4 years, and 
the best at 4 years of disease duration. 
 
Conclusions:
Our study revealed the changes in the brain structures are differ-
ent among the degenerative parkinsonian disorders, and these 
changes can be used for the differential diagnosis. Based on our 
results, we suggested differential diagnostic tool in parkinsonian 
disorders using machine learning.
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Background & Objective:
Cerebellar ataxias have varied genetic causes but converge on 
Purkinje cell loss. Single-cell studies capture this decline but 
are not feasible clinically. We mapped Purkinje trajectories in 
SCA1, integrated DNMT1-related epigenetic changes, and test-
ed whether FXTAS blood profiles mirror these states to enable a 
digital biopsy.
 
Methods:
Datasets were obtained from the Gene Expression Omnibus 
(GEO). Single-nucleus RNA-seq of SCA1 cerebellum (GSE246183, 
54 samples) defined Purkinje trajectories with Harmony and 
Monocle3. DNMT1-mutant induced neurons (GSE126890, 56 
samples) with RNA-seq and methylomes identified DMR-gene 
couplings and synaptic modules, aligned by dynamic time warp-
ing. FXTAS blood transcriptomes (GSE48873, GSE48902, 39 
samples) were ComBat-normalized and mapped to trajectories 
using a domain-adversarial network and kernel ridge regression. 
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Background & Objective:
Despite the different prognosis and response to medication, 
Parkinson’s disease (PD), multiple system atrophy (MSA) and 
progressive supranuclear palsy (PSP) can share common clinical 
manifestations, thus the differential diagnosis can be challenge 
in clinical practice. Therefore, we applied various machine learn-
ing models for the differential diagnosis of degenerative parkin-
sonian disorders in this study. 
 
Methods:
We retrospectively collected brain MRI of 913 subjects with par-
kinsonism (494 with PD, 242 with PSP, and 197 with MSA). In 
all subjects, the volumes of brain structures based on 12 brain 
atlases were calculated and used to develop differential diag-
nostic tool using machine learning. We compared the diagnos-
tic performance among the tools with various machine learning 
techniques, and the performance of the best model based on the 
disease duration. 
 
Results:
Among the various machine learning techniques, the model with 
combination of Recursive Feature Elimination with Cross-Vali-
dation and Random Forest model (RFECV-RF) demonstrated the 
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vulnerability, and digital behavior to predict quality-of-life (QoL) 
decline and guide personalized chronotherapy.
 
Methods:
Three open cohorts were harmonized. mPower (n=1,612) pro-
vided smartphone-based tapping, gait, and voice tasks time-
stamped medication use and PDQ-8. Fox Insight (>54,000) sup-
plied sleep–wake patterns, employment, caregiving, lifestyle to 
derive social-jetlag metrics (midpoint sleep gap, irregularity). 
PPMI (n=1,084) contributed EQ-5D-5L, PDQ-39, MDS-UPDRS, 
DaTscan binding ratios (SBR), UPSIT, RBDSQ, serum neurofila-
ment light chain (NfL). Symptom-phase trajectories modeled 
generalized additive models. Gradient-boosted ML with double 
machine learning estimated average, individualized treatment 
effects (CATEs) of delayed medication, controlling for age, sex, 
UPDRS, SBR, UPSIT, RBDSQ, NfL. Domain adaptation transport-
ed effects across cohorts, and policy learning simulated dosing 
retiming.
 
Results:
In PPMI, medication delays >60 minutes reduced EQ-5D by 
-0.042 (95% CI −0.055 to -0.028). Larger effects were seen in 
patients with low SBR (CATE -0.067, p<0.01) and high NfL (CATE 
-0.053, p=0.004). In Fox Insight, each 1-hour social-jetlag in-
crease reduced PDQ-39 by 2.1 points (95% CI -2.9 to -1.3). In 
mPower, diurnal sensor features predicted PDQ-8 with R2=0.43, 
and performance improved to R2=0.51 when social-jetlag was 
included. The mapped EQ-5D showed a mean absolute error of 
0.076. Targeted retiming reduced low-QoL prevalence by 5.8% 
(95% CI -7.6 to -4.1).
 
Conclusions:
This ML framework shows that social jetlag and neurodegener-
ation jointly accelerate QoL decline in Parkinson’s disease. It de-
livers precision dose-clock recommendations with direct clinical 
utility for managing daily motor fluctuations.
 
Keywords 
Parkinson's disease, Social jetlag, Chronotherapy, Machine 
learning, Quality of life

A 10-gene panel was derived with nested LASSO. Performance 
was assessed by 100 Monte-Carlo cross-validations, bootstrap 
confidence intervals, calibration, and decision-curve analysis.
 
Results:
Purkinje trajectories separated SCA1 from controls with AUROC 
0.81 (95% CI 0.72-0.89) and accuracy 78% (95% CI 68-87). A DN-
MT1-driven synaptic module enriched for ion-channel genes cor-
related with progression (ρ 0.52, 95% CI 0.42-0.61, FDR <1×10-

4). DMR-DEG coupling explained 33% of variance (adj. R2 0.33, 
P<1×10-4). Blood-to-brain prediction gave R2 0.36 (95% CI 0.12-
0.58), MAE 0.15, and advanced classification AUROC 0.76 (95% 
CI 0.63-0.88) with Brier 0.19. The 10-gene panel (EAP1, RNF10, 
HDAC5, APP, SOD1, ATXN7, ATXN3, COX6C, COX7B, DFFA) was 
stable in 79% of resamples and overlapped FX premutation sig-
nals. Decision-curve analysis showed benefit across thresholds 
0.25-0.65.
 
Conclusions:
This computational framework links DNMT1-driven epigenetic 
changes to Purkinje cell trajectories and translates them into a 
10-gene blood panel, offering a digital biopsy for ataxia staging 
and patient stratification.
 
Keywords 
Purkinje trajectories, DNMT1 epigenetic remodeling, 10-gene 
blood panel, Digital biopsy, Domain-adversarial network
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Background & Objective:
Medication timing is critical in Parkinson’s disease (PD), al-
though many patients experience “social jetlag,” where social 
schedules misalign with biological rhythms. We aimed to build a 
machine learning (ML) framework linking social jetlag, biologic 
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Conclusions:
This work provides the first quantitative meta-synthesis demon-
strating the superiority of multimodal AI for predicting PD pro-
gression. By developing and validating a highly accurate and 
interpretable DNN, we bridge a critical gap between proof-
of-concept and clinically actionable tools. Our results robustly 
argue for the integration of multimodal digital biomarkers into 
future clinical trials and personalized disease management strat-
egies. 
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Background & Objective:
The heterogeneous progression of Parkinson’s disease (PD) ne-
cessitates a paradigm shift from episodic clinic assessments to 
continuous, objective monitoring. While artificial intelligence 
(AI) models leveraging wearable sensors and patient-reported 
outcomes (PROs) show promise, the comparative efficacy of data 
modalities remains poorly synthesized, and multimodal AI ap-
proaches are underexplored. 
 
Methods:
This study comprised a systematic review/meta-analysis of ex-
isting AI models (k=48 studies) and a novel quantitative analysis 
developing a multimodal deep neural network (DNN). The DNN 
fused wearable sensor-derived features (e.g., gait velocity, trem-
or power) and PROs (MDS-UPDRS Part II) from the open-source 
LPP dataset (N=75 patients) to predict the change in motor se-
verity (ΔUPDRS-III). Model performance was evaluated using 
nested cross-validation. 
 
Results:
The meta-analysis established that multimodal models signifi-
cantly outperformed unimodal approaches (Pooled MAE: 3.12 vs. 
>4.85). Our novel DNN validated this finding, achieving state-of-
the-art performance (MAE=3.28, R²=0.75) and a 25% error reduc-
tion over a comparable multimodal Random Forest (MAE=4.05). 
Ablation studies confirmed the synergistic effect of multimodal 
data, with sensor-only (MAE=5.12) and PRO-only (MAE=6.83) 
models performing substantially worse. Interpretability analysis 
(SHAP values) identified gait velocity, disease duration, and the 
patient’s self-reported motor function as the most salient predic-
tive features, aligning with clinical knowledge. 
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Background & Objective:
Rhythmic jerky movement of the soft palate and uvula is a rare 
movement disorder that is caused by idiopathic etiology or 
structural lesions affecting the Guillain Mollaret triangle (GMT). 
However, there are debates regarding the description of this as 
a tremor or myoclonus.Thus, objective tracking of the soft pal-
ate/uvula is required to analyze the rhythmicity or shape of the 
palatal movement. With recent development in computer vision 
technology, we can reliably track soft palate or uvula within the 
2D RGB video clip.
 
Methods:
We collected videos of palatal tremor/myoclonus from published 
articles. Specifically, we searched PubMed using the terms pala-
tal tremor OR myoclonus and retrieved supplementary video files 
when available. Videos were included if they demonstrated more 
than 10 visible cycles of tremor/myoclonus with clear visualiza-
tion of the soft palate. For comparison, we used archived videos 
of patients with essential tremor (ET) presenting with head trem-
or. Video analysis was performed using a previously validated 
algorithm (Shin et al., 2025), which tracks the displacement of 
the soft palate/uvula across frames. The extracted motion traces 
were then subjected to power spectrum analysis to quantify the 
rhythmicity of palatal movements.
 
Results:
We analyzed 12 videos of palatal tremor/myoclonus and 30 vid-
eos of essential tremor (ET). In the palatal tremor/myoclonus 
group, the distribution of rhythmicity and sinusoidality varied 
across participants. A subset of patients demonstrated a high 
sinusoidality index, suggestive of jerkiness consistent with 
myoclonus. However, no significant group-level differences in 
rhythmicity or directionality were observed between the essen-
tial tremor and palatal tremor/myoclonus groups.
 
Conclusions:
This study may contribute to revisiting the appropriate term 
for the current concept of palatal tremor or palatal myoclonus. 
Based on the waveform analysis, the term may be attributed 
based on individual cases based on waveform of sinusoidality.
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“On December 1st, ONEDOPA will come.”

ONE CHOICE of Levodopa

Onedopa Tab. Levodopa / Benserazide





Enhance the Effect of Levodopa

OFF symptoms can emerge within the first 
few years of levodopa initiation, impacting patients’ quality of life1

When people living with Parkinson’s start to experience OFF symptoms 
before the next dose of levodopa/DDCI, optimize with ONgentys®2,3

 1. Hauser RA, et al. 2021;133(7):721-727. 2.  Ferreira JJ, Lee JY, et al. J Neurol. 2024 Oct;271(10):6729-6738. 3. ONgentys (opicapone) Summary of Product Characteristics. November 2024 4. Ferreira JJ, et al.  Mov Disord. 2022 Nov;37(11):2272-2283. 5. Ferreira JJ et al. Mov Disord 2020;35(Suppl S1):S447. 
Abstract 998. 6. Lees A, et al. Safety profile of Opicapone in the management of Parkinson’s Disease. J Parkinsons Dis. 2019;9(4):733-740. 7. Reichmann H, et al. Transl Neurodegener. 2020;9(1):9. 8. Santos Garcia D, et al. Brain Sci. 2022;12(3):383. 9. Metta V, et al. J Neural Transm (Vienna). 2024 Jan;131(1):25-30.

† Results obtained from prospective real-world studies that evaluated NMS scales; DDCi, dopa decarboxylase inhibitor; NMS, non-motor symptoms.

ON/JUN25/G/116 | Date of preparation: June 2025

Ongentys®: Medicinal product subject to medical prescription. For more information, please contact the Marketing Authorization Holder: Bial - Portela & Cª, S.A., À Av. da Siderurgia Nacional 4745-457 S. Mamede do Coronado, Portugal. Tel: +351 22 986 61 00. Fax: +351 22 986 61 90. E-mail: info@bial.com. 
SmPC available upon request or via the QR code here (insert QR code). Please consult the SmPC before prescribing.

Smoother 
levodopa 
exposure4

Improves
ON/OFF
time2,5

Generally 
well

tolerated2,6

Improves 
global NMS 

burden†7-9

Once-daily
dosing3

PRODUCT INFORMATION

온젠티스Ⓡ캡슐  50mg
(오피카폰)

※ 처방하시기 전 QR code 또는 식품의약품 안전처 의약품안전나라
(https://nedrug.mfds.go.kr/index)를 통해 상세 제품정보를 참조하시기 바랍니다.



[13494] 경기도 성남시 분당구 판교로 310 (삼평동)
제품문의  080-021-3131   |   www.skchemicals.com

References 1. Ferreira JJ, et al. Effect of Opicapone on Levodopa Pharmacokinetics in Patients with Fluctuating Parkinson's Disease. Mov Disord. 2022 Nov;37(11):2272-2283 2. LEE JY, et al. Opicapone to treat early 
wearing-off in parkinson’s disease patients: The korean ADOPTION trial. Movement Disorders Clinical Practice, 2024. 3. 온젠티스캡슐 허가정보, 의약품안전나라 [Cited 2024.05.30] Available from: https://nedrug.mfds.go.kr/

온젠티스 ®캡슐 제품요약정보    
[제품명]  온젠티스캡슐 50밀리그램(오피카폰) [원료약품 및 그 분량]  이 약 1캡슐 중 유효성분: 오피카폰(별규) 50mg [효능·효과]  레보도파/도파 탈탄산효소 억제제(DDCI) 표준요법으로 증상이 개선되지 않는 운동동요 증상
을 동반한 파킨슨 증후군 환자에 대하여 레보도파/도파 탈탄산효소 억제제(DDCI)의 보조치료제 [용법·용량]  1. 이 약의 권장용량은 1일 1회 50mg이다. 이 약은 취침 전에 레보도파/도파탈탄산 효소억제제(benserazide 또는 
carbidopa)와 최소 1시간 이상 간격을 두고 경구 투여한다. 이 약을 투여하기 1시간 전부터 1시간 후까지 공복상태를 유지한다. 2. 이 약은 레보도파 표준요법의 부가요법으로 투여되고, 레보도파의 효능을 증강시키므로 레보도
파 관련 도파민성 부작용 즉 운동이상증, 환각, 구역, 구토 및 기립성저혈압을 감소시키기 위해서는 이 약 투여를 시작한 이후 환자의 임상적 상태에 따라, 복용량 당 레보도파의 양을 감소 시키거나 복용 간격을 증가시킴으로써 레
보도파의 용량을 조절할 필요가 있다(‘2. 신중투여’항 참고). 3. 이 약의 복용을 잊었을 경우: 이 약의 복용을 잊었을 경우, 다음 복용을 예정대로 복용한다. 놓친 용량을 보충하기 위해 권장량을 초과하여 투여해서는 안된다. 4. 고령
자 : 고령자에 대한 이 약의 용량조절은 요구되지 않는다(‘8. 전문가를 위한 정보’항 참고). 85세 이상의 고령자에 대해서는 임상적 경험이 제한적이므로 주의해서 투여해야 한다. 5. 소아 : 소아에 대한 이 약의 사용은 권장되지 않
는다. 6. 신장애 환자 : 이 약은 신장으로 배설되는 양이 낮아(‘8. 전문가를 위한 정보’항 참 고) 신장애 환자에 대한 이 약의 용량조절은 요구되지 않는다. 7. 간장애 환자 : 경증의 간손상 환자(Child-Pugh A)에 대한 이 약의 용량조
절은 요 구되지 않으며, 중등도 간손상 환자(Child-Pugh B)에 대한 이 약의 임상적 경험은 제한적이므로 투여 시 용량조절이 필요할 수 있다. 중증의 간손상 환자(ChildPugh C)에 대한 임상적 경험은 없으므로 이 약의 사용은 권
장 되지 않는다(‘8. 전 문가를 위한 정보’항 참고). [사용상의 주의사항]  1. 다음 환자에는 투여하지 말 것 : 1) 주성분 또는 부형제, 캡 슐 기제 등에 과민성인 환자 2) 크롬친화성세포종, 부신경절종 또는 다른 카테콜아민분비 종양 
환자 3) 신경이완제 악성증후군 및/또는 비외상성 횡문근융해증 환자 4) 파킨슨병 치료제 이외의 모노아민 산화효소(MAO-A 및 MAO-B) 억제제 (예: 페넬진, 트라닐시프로민, 모클로베미드)를 투여 중인 환자(상호작용 참고) 5) 
임부 6) 수유부 7) 이 약은 유당을 함유하고 있으므로, 갈락토오스 불내성(galactose intolerance), 유당분해효소 결핍증(total lactase deficiency) 또는 포도당갈락토오스 흡수장애(glucose-galactose malabsorption) 등
의 유전적인 문제가 있는 환자에게는 투여하면 안 된다. (후략) [제조자]  Bial - Portela & Cª, S.A, À Av. da Siderurgia Nacional 4745-457 S. Mamede do Coronado Portugal [소분제조자]  에스케이케미칼(주) 충청북도 
청주시 흥덕구 산단로 149 [판매자]  에스케이케미칼(주) 경기도 성남시 분당구 판교로 310
※ 처방하시기 전 제품설명서 전문을 참고하십시오. 최신 허가사항에 대한 정보는 ‘식품의약품안전처 의약품 안전나라 (https://nedrug.mfds.go.kr/index)’에서 확인할 수 있습니다.

한국에서 진행된 무작위배정, 평행군, 다기관, 전향적, 공개, 탐색적, 4상 임상시험

목적 : 파킨슨병 환자의 약효소진(wearing off) 치료에 First-line approach로서 Opicapone 50mg 또는 레보도파 100mg 추가 효과를 평가하기 위함

1차
평가변수

2차
평가변수

Baseline 대비 OFF-TIME 변화 내약성, 기능적 운동 및 비운동 요소 평가
(MDS-UPDRS, PDQ-8 & CGI-I 및 PGI-C 척도)

1 weeks 4 5
▲ 1차 평가변수

STABLE TREATMENT + 온젠티스 ® 50 mg 1일 1회

STABLE TREATMENT + 레보도파 100 mg 추가

1:1

n=
~87

n=
~81

임상의 및 환자에 의해 평가된 
전반적 개선 비율이 온젠티스 ®에서 
더 높게  나타났습니다. 2 

1일 1회 복용하는 온젠티스 ®는 
초기 운동동요 환자 에서 
레보도파 100 mg 추가에 비해 
OFF-time 및 ON-time을 
유의하게 더 많이 개선 하였습니다. 2

레보도파 100 mg 대비 
운동성 증상 및 삶의 질을 개선
하는 경향성을 보였습니다. 2

(Numerical Improvement)

임상의 환자

80.5% 77.6%

67.5% 60.0%

OFF-TIME

운동성 증상  (MDS-UPDRS III)

전반적 개선지수 평가  (CGI-I, PGI-C)

ON-TIME

삶의 질 (PDQ-8)
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다음과 같은 PD 환자 :
•초기 운동동요
≤ 2년

•          OFF-TIME
          ≈ 3.4H

•          레보도파
          ≈ 400MG

•1일 3회 복용
(환자의 약 92%)

Point 01

Point 02

Point 03

Modified from original article

Modified from original article

Modified from original article

개선된 대상자 비율 (‘매우 개선됨’, ‘개선됨’, ‘약간 개선됨’으로 평가된 대상자 비율)

MDS-UPDRS ; Movement Disorder Society-Unified Parkinson’s Disease Rating Scal, PDQ-8 ; Parkinson’s Disease Questionnaire-8, CGI-I ; Clinical Global Impression of Improvement, PGI-C ; Patient Global Impression of Change
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Product name Ongentys capsule 50 mg(Opicapone) Ingredient and Contents 1 capsule(321 mg) of Ongentys contains active ingredient : Opicapone 50 mg Indication adjunctive therapy to 

preparations of levodopa/ DOPA decarboxylase inhibitors (DDCI) in adult patients with Parkinson’s disease and end-of-dose motor fluctuations who cannot be stabilized on those combinations 

Administration 1) The recommended dose of opicapone is 50 mg. Ongentys should be taken once-daily at bedtime at least one hour before or after levodopa combinations. 2) Dose adjustments 

of antiparkinsonian therapy: Opicapone enhances the effects of levodopa. Hence, it is often necessary to adjust levodopa dosage within the first days to first weeks after initiating the treatment with 

opicapone. 3) Missed dose: If one dose is missed, the next dose should be taken as scheduled. The patient should not take an extra dose to make up for the missed dose. 4) Elderly: No dose adjustment 

is needed for elderly patients. Caution must be exercised in patients ≥ 85 years of age as there is limited experience in this age group. 5) Paediatric population: Ongentys is not recommended in 

Paediatric patients 6) Renal impairment: No dose adjustment is necessary in patients with renal impairment, as opicapone is not excreted by the kidney. 7) Hepatic impairment: No dose adjustment 

is necessary in patients with mild hepatic impairment (Child-Pugh Class A). There is limited clinical experience in patients with moderate hepatic impairment (Child-Pugh Class B). Caution must 

be exercised in these patients and dose adjustment may be necessary. There is no clinical experience in patients with severe hepatic impairment (Child-Pugh Class C), therefore, Ongentys is not 

recommended in these patients. Contraindication 1) Hypersensitivity to the active substance or to any of the excipients. 2) Phaeochromocytoma, paraganglioma, or other catecholamine secreting 

neoplasms. 3) History of neuroleptic malignant syndrome and/or non-traumatic rhabdomyolysis. 4) Concomitant use with monoamine oxidase (MAO-A and MAO-B) inhibitors (e.g. phenelzine,

tranylcypromine and moclobemide) other than those for the treatment of Parkinson’s disease. 5) Pregnant, possibly pregnant or lactating women 6) Patients with Genetic problem such as galactose 

intolerance, Lapp lactase deficiency, glucose-galactose malabsorption Manufacturer Bial - Portela & Cª, S.A, À Av. da Siderurgia Nacional 4745-457 S. Mamede do Coronado Portugal Seller SK 

Chemicals Co., Ltd. 310 Pangyo-ro, Bundang-gu, Seongnam-si, Gyeonggi-do

※ Please refer to the full product manual before prescribing. Information on the latest approvals can be found at the ‘Integrated Drug Information System (https://nedrug.mfds.go.kr)’.

[Ongentys capsule 50 mg] Product information 
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Requip PD정 2mg, 4mg, 8mg Safety In formatio n 
 Reference. 리큅 PD정 2mg, 4mg, 8mg 국내 허가사항 중 사용상의 주의사항 1.경고 1) 로피니롤의 말초 도파민 효능작용으로 인하여 중증의 심혈관계 질환 환자는 주의하여 처치한다. 2) 항고혈압약 및 항부정맥약과의 병용투여는 연구되지 않았다. 다른 도파민 효능약과 마찬가지로 병용투여 시에 저혈압, 서맥 또는 기타 부정맥
을 유발할 가능성이 있으므로 주의한다. 3) 중요한 정신질환환자는치료상의 유익성이 위험성을 상회한다고 판단되는 경우에만 도파민 효능약으로 처치한다. 4) 갑작스런 수면 발생 2. 투여금기 1) 로피니롤 또는 이 약의 구성성분에 과민한 자 2) 중증 신기능 저하 환자(크레아티닌 청소율 <30mL/분) 3) 간기능 저하 환자 4) 임부, 
수유부 및 임신가능성이 있는 여성 5)  유당 관련 질병 및 장애등의 유전적인 문제가 있는 환자 3. 신중투여1) 중증 심혈관 질환(특히 심장동맥질환) 환자. 2)  이 약의 성분에 과민하거나 알레르기 병력이 있는 환자 4. 이상반응 매우 흔하게(≥1 /10 ), 흔하게(≥1 /100 , <1/10 ), 때때로(≥1 /1,000 , <1/100 ), 드물게 (≥1/10,000, <1/1,000 ), 매
우 드물게(<1/10,000 ), 기타로 구분하였다.1)단독요법 :  매우흔하게 - 졸음, 오심, 흔하게 - 환각, 어지러움, 갑작스런 수면, 변비, 말초 부종, 때때로 - 기립성 저혈압, 저혈압 2) 병용요법 :  매우 흔하게 - 운동이상증, 흔하게 - 환각, 졸음, 어지러움, 갑작스런 수면, 기립성 저혈압, 저혈압, 오심, 변비, 말초 부종

Abb revia ted P rescribing In formation V0 8
리큅피디정2mg, 4mg, 8mg (로피니롤염산염) ■ 원료약품 및 분량 : 1 정 중 로피니롤로서 2mg, 4mg, 8mg ■ ■ 용법·용량 : 1. 성인 1일 1회 

리큅PD정 투여 금 기7

1. 로피니롤 또는 이 약의 구성성분에 과민한자  2. 중증 신기능 저하 환자(크레아티닌 청소율 <30ml/분)  3. 간기능 저하환자  4. 임부, 수유부 및 임신 가능성이 있는 
여성  5. 이 약은 유당을 함유하고 있으므로, 갈락토오스 불내성(galactose intolerance),  Lapp 유당분해효소 결핍증(Lapp lactase deficiency) 또는 포도당-갈락토오스 
흡수장애(glucose-galactose malabsorption)등의 유전적인 문제가 있는 환자에게는 투여하면 안 된다. 

References. 1. Ray Chaudhuri K, Improvements in nocturnal symptoms withropinirole prolonged release in patients with advanced Parkinson's disease. Eur J Neurol. 2012 ;19( 1): 105-13 2. Pahwa R et al, Ropinirole 24 hour prolonged release: randomized, controlled study in advanced Parkinson disease, Neurology. 
2007;68( 14): 110 8-15. 3. Gallagher DA; CNS Drugs;2008;22;563 -586  4. Rektorova I et al. Clinical Neuropharmacol 2008;3 1(5):26 1-6 5. Pablo Martinez�Martin, et al. Movement Disorders 2011 ;26(3) : 399 -406 6. Chaudhuri KR et al. European Journal of Neurology 2012; 19: 105–113 7. Requip Korea Product Information
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References. 1. Ray Chaudhuri K, Improvements in nocturnal symptoms withropinirole prolonged release in patients with advanced Parkinson's disease. Eur J Neurol. 2012 ;19(1):105-13 
2. Pahwa R et al, Ropinirole 24 hour prolonged release: randomized, controlled study in advanced Parkinson disease, Neurology.2007;68(14):1108-15. 3. Gallagher DA;CNS Drugs;2008;22;563-586 
4. Rektorova I et al. Clinical Neuropharmacol 2008;31(5):261-6 5. Pablo Martinez‐Martin, et al. Movement Disorders 2011;26(3): 399-406 6. Chaudhuri KR et al. European Journal of Neurology 2012;19:105–113 
7. Requip PD 2mg, 4mg, 8mg Korea Product Information

리큅PD정 투여 금기

1. 로피니롤 또는 이 약의 구성성분에 과민한자 2. 중증 신기능 저하 환자(크레아티닌 청소율 <30ml/분) 3. 간기능 저하환자 4. 임부, 수유부 및 임신 가능성이 있는
여성 5. 이 약은 유당을 함유하고 있으므로, 갈락토오스 불내성(galactose intolerance), Lapp 유당분해효소 결핍증(Lapp lactase deficiency) 또는 포도당-갈락토오스
흡수장애(glucose-galactose malabsorption)등의 유전적인 문제가 있는 환자에게는 투여하면 안 된다.

7

Safety Information
Reference. 리큅 PD정 2mg, 4mg, 8mg 국내 허가사항 중 사용상의 주의사항 1.경고1) 로피니롤의 말초 도파민 효능작용으로 인하여 중증의 심혈관계 질환 환자는 주의하여 처치한다.
2) 항고혈압약 및 항부정맥약과의 병용투여는 연구되지 않았다. 다른 도파민 효능약과 마찬가지로 병용투여 시에 저혈압, 서맥 또는 기타 부정맥을 유발할 가능성이 있으므로 주의한다.
3) 중요한 정신질환환자는치료상의 유익성이 위험성을 상회한다고 판단되는 경우에만 도파민 효능약으로 처치한다. 4) 갑작스런 수면 발생 2. 투여금기 1) 로피니롤 또는 이 약의 구성
성분에 과민한 자 2) 중증 신기능 저하 환자(크레아티닌 청소율 <30mL/분) 3) 간기능 저하 환자 4) 임부,수유부 및 임신가능성이 있는 여성 5) 유당 관련 질병 및 장애등의 유전적인 
문제가 있는 환자 3. 신중투여 1) 중증 심혈관 질환(특히 심장동맥질환) 환자에서 특히 치료 초기에서의 저혈압 위험 때문에 혈압 모니터링이 권장된다. 2) 이 약(서방정) 4mg은 황색5호
(선셋옐로우 FCF, Sunset Yellow FCF)를 함유하고 있으므로 이 성분에 과민하거나 알레르기 병력이 있는 환자에는 신중히 투여한다. 4. 이상반응 매우 흔하게(≥1/10), 흔하게(≥1/100,
<1/10), 때때로(≥1/1,000, <1/100), 드물게 (≥1/10,000, <1/1,000), 매우 드물게(<1/10,000), 기타로 구분하였다.1)단독요법 : 매우흔하게 - 졸음, 오심, 흔하게 - 환각, 어지러움,
갑작스런 수면, 변비, 말초 부종 ,때때로 - 기립성 저혈압, 저혈압 2) 병용요법 : 매우 흔하게 - 운동이상증, 흔하게 - 환각, 졸음, 어지러움, 갑작스런 수면, 기립성 저혈압, 저혈압, 오심, 변비, 
말초 부종

[수입판매원] ㈜글락소스미스클라인 서울특별시 용산구 한강대로 92 Tel. 080-901-4100 
[공동판매원] 환인제약 서울특별시 송파구 법원로 6길 11 환인빌딩 8-11층 Tel. 02-405-3000

 Trade marks are owned by or licensed to the GSK group of companies. ©2025 GSK group of companeis or its licensor.
· GSK 제품 사용 중 발생한 이상사례(부작용)는 080-901-4100 또는 koreasafetyreporting.co.kr으로 보고해 주시기 바랍니다.

Product Information

리큅피디정2밀리그램
(로피니롤염산염)

리큅피디정4밀리그램
(로피니롤염산염)

리큅피디정8밀리그램
(로피니롤염산염)

처방하시기 전 QR 코드 또는 식품의약품안전처 의약품통합정보시스템 (https://nedrug.mfds.go.kr/)을 

통해 상세제품정보를 참조하시기 바랍니다.

공동판매원 수입판매원

Requip PD 는 Motor & Non-motor symptom

개선을 통해 환자의 QOL을 향상시킵니다.

보건의료전문가용
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수입의약품 전문의약품

PM-KR-RPN-JRNA-250001

Date of preparation : Mar 2025
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* 여기서 언급된 환자 및 증상은 가상의 인물 입니다.







For Healthcare professionals only

The next
generation,
Equfina
ASPIRE TO ACHIVE MORE

®

Equ�na® signi�cantly improved OFF Time and ON time without dyskinesia.4~6

IMPROVED MOTOR SYMPTOMS

Equ�na® signi�cantly improving non-motor symptoms such as pain, mood, and quality of life.4, 5, 7, 8

IMPROVED MOTOR SYMPTOMS

In the 2-year long-term study, Equ�na® has demonstrated a continuous improvement
in motor symptoms and a favorable safety pro�le.9, 10

LONG-TERM EFFICACY AND SAFETY PROFILE

Equ�na® is a 3rd generation reversible MAO-B inhibitor, with a dual mechanism
of actions on the dopaminergic and non-dopaminergic systems.1~3

UNIQUE DUAL MODE OF ACTION

REFERENCES
1. Olanow CW et al. Euro Neurol Rev 2016;11(Suppl. 2):2-15. 2. Calabresi P et al. Euro Neurol Rev 2017;12(Suppl. 5):2–6. 3. Perez-Lloret S et al. Expert Rev Neurother 2016;16(3):245-258. 4. Borgohain R et al. Mov Disord 2014;29(2):229-237. 5. Schapira AHV et al. JAMA Neurol 2017;74(2):216-224. 6. Cattaneo C et al. J Parkinsons Dis 
2016;6(1):165-173. 7. Cattaneo C et al. J Parkinsons Dis  2017;7(1):95-101. 8. Cattaneo C et al. J Parkinsons Dis  2017;7(4):629-634. 9. Rupam Borgohain et al. Mov Disord 2014;29(10):1273-1280.  10. Cattaneo C et al. J Parkinsons Dis 2020;10(1):89-97. 

Equ�na® �lm-coated tablets 50 mg (Sa�namide mesilate)
[Composition] Active ingredient: Sa�namide mesilate (in house speci�cation) 65.88 mg (sa�namide 50 mg) [Therapeutic Indications] Treatment of idiopathic Parkinson’s disease as adjunctive therapy with levodopa-containing products in patients with end of dose motor �uctuations [Dosage and Administration] 1. This drug is used in 
combination with levodopa-containing products. Treatment of this drug should be started at 50 mg once daily, and may be administered at 100 mg (2 tablets of 50 mg) once daily based on individual patient’s response and tolerability. This drug can be administered without regard to meals. 2. Patients with hepatic impairment No dose adjustment 
is required in patients with mild hepatic impairment (Child-Pugh A). The dose of this drug should not exceed 50 mg daily for patients with moderate hepatic impairment (Child-Pugh B). Administration of this drug in patients with severe hepatic impairment (Child-Pugh C) is not recommended [see Precautions for use – 4. General Cautions for Use]. 
[Precautions for Use] 1. Contraindications 1) Patients using other MAO inhibitors (e.g., selegiline hydrochloride, rasagiline mesilate) [see 5. Interactions] 2) Patients using opioid drugs (e.g., pethidine hydrochloride-containing products, tramadol hydrochloride-containing products, or tapentadol hydrochloride) [see 5. Interactions] 3) Patients 
using serotonergic drugs (e.g., tricyclic antidepressants, tetracyclic antidepressants, selective serotonin reuptake inhibitors, serotonin–noradrenaline reuptake inhibitors, selective noradrenaline reuptake inhibitor, noradrenergic and serotonergic antidepressant), or central nervous system stimulants (e.g. methylphenidate hydrochloride, lisdexamfetamine 
mesilate) [see 5. Interactions] 4) Patients using dextromethorphan [see 5. Interactions] 5) Patients with severe hepatic impairment (Child-Pugh C) [see 4. General Cautions for use] 6) Patients with a history of hypersensitivity to any of the ingredients of the product 7) Pregnant women or women suspected of being pregnant 2. Careful Administration 
1) Patients with moderate hepatic impairment (Child-Pugh B) [see 4. General Cautions for use] [Importer] Eisai Korea Inc. (10F Revessant, 86-6 Bongeunsa-ro (Samseong-dong), Gangnam-gu, Seoul, Korea - Date of written manual: 20 Apr, 2021 - For details, please refer to the full prescribing information.

MAO-B, monoamine oxidase B
ON time with no or non-troublesome dyskinesia

KR-EQ
-IP-21A-01



보건의료전문인용

아리셉트® 초기 치료는  알츠하이머병 환자의

인지기능과  자립생활을 더 오래 보존해 줍니다.1

KR-AR-IP-23A-2

REFERENCE  1. Seltzer B, et al. Efficacy of donepezil in early-stage Alzheimer disease: a randomized placebo-controlled trial. Arch Neurol. 2004; 61(12):1852-6.



·  LEQEMBI® is the first monoclonal antibody approved in Korea  
that selectively binds and clears amyloid beta aggregates.2

·  LEQEMBI® is proven to slow disease progression in patients  
with mild cognitive impairment due to Alzheimer’s disease or  
mild Alzheimer’s disease by reducing amyloid beta burden in the brain.2

레켐비® 와 함께 새로운 희망이 피어납니다.

LEQEMBI
®
clears Amyloid,1

      Hope can be blooming again
From 3 Months of 
LEQEMBI® treatment

Significant reduction 
in brain amyloid burden1,2

At 18 Months of 
LEQEMBI® treatment

27% slowing of disease progression  
vs. placebo1,2

한국에자이주식회사, Eisai Korea Inc.서울시 강남구 봉은사로86길 6 빌딩 레베쌍트 10층 T. 02-3451-5500  
10F Revessant, 6, Bongeunsa-ro 86-gil, Gangnam-gu, Seoul, 06163, Korea  www.eisaikorea.com

References. 1. van Dyck CH, Swanson CJ, Aisen P, et al. Lecanemab in early Alzheimer’s disease. N Engl J Med. 2023;388(1):9-21. 2. Leqembi Korea Product Information. 24.11.15. 

레켐비®에 대한 자세한 내용은 QR 코드 또는 식품의약품안전처 의약품통합정보시스템
(http://nedrug.mfds.go.kr)을 통해 상세제품정보를 참고하시기 바랍니다.

레켐비®주(레카네맙)
Product Information

KR-LE-TW-25D-4
Biogen-264385-KR-04/2025

보건의료전문가용
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Engineered 
to adapt
Percept™ family  
with BrainSense™ technology 

Actual size
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