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Abstract 

Parkinson's disease (PD) is a progressive neurological illness that causes symptoms that are both motor and non-

motor. It is defined by the death of dopaminergic neurons in the substantia nigra. Parkinson’s disease is a 

progressive neurological illness that causes symptoms that are both motor and non-motor. Despite extensive 

research, the precise cause of PD remains enigmatic and is thought to involve a complex interplay of genetic 

vulnerability, environmental factors, and disrupted cellular processes. This review delves into the complex 

molecular processes, including damage caused by oxidation, misfolded proteins, neuroinflammation, and 

mitochondrial malfunction, that underlie the development of Parkinson’s disease. Additionally, it discusses 

emerging therapeutic strategies that target these pathways, including gene therapy, stem cell transplantation, and 

neuroprotective agents. This review highlights the potential and challenges in translating basic research findings 

into effective clinical interventions for PD. A comprehensive understanding of the disease’s complex molecular 

mechanisms is essential for developing novel therapies that can alleviate symptoms and ultimately halt disease 

progression. 

Keywords: Neurodegenerative disorder, Substantia nigra, Oxidative stress, Neuroinflammation, Genetic 

susceptibility. 

Introduction 

Parkinson’s disease is a common neurological disorder that is marked by a variety of motor indications, 

including discomfort, recovery, trembling in the hands, poor and slow movement of the limbs, and issues with 

posture1,2. Its critical to distinguish between parkinsonism, a different name for a syndrome with comparable 

motor signs that can result from a number of diseases, including PD3. Lewy bodies, misfolded α-synuclein 

intracellular components, and dopaminergic neuron degeneration in the substantia nigra are some of its 

pathological features4,5. Risk factors for Parkinson’s disease are associated with both hereditary and biological 

factors, even though the exact process underlying the condition’s progressive loss of neurons is yet unknown. 

Even so, non-motor symptoms, such as dementia, persist. The clinical diagnosis of PD is predominantly based 

on its motor indications6. Although there are therapies to control motor symptoms, none of them stop the 

disease’s advancement at this time2,.3,4,6. 
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EPIDEMIOLOGY 

Parkinson’s disease is more prevalent in the elderly and rises with longevity (0.1-0.3% of the general population, 

1.8% in those over 65, and 2-3% in those over 80).  

The complexity of PD, with diverse symptoms, makes diagnosis and management challenging. Research on the 

relationship between anti-Parkinson medication and mental health symptoms like anxiety and depression has 

yielded conflicting results, emphasizing the need for individualized treatment approaches based on clinical 

evaluations7,8. 

CLINICAL MANIFESTATIONS 

A challenging neurodegenerative illness, Parkinson's disease is characterized by a wide range of physical and 

mental signs that all play a part in the disease's progression and clinical presentations9.  

Motor symptoms 

Motor grievances, such as poor and slow movement of the limbs, resting tremors, muscle rigidity, and issues 

with posture13,14. These motors impairments are often the most recognizable and are used as primary diagnostic 

criteria for the disease. However, it is essential to recognize that the severeaty and presentation of motor 

symptoms can vary widely among individuals with PD10. 

Non-motor symptoms 

Non motor symptoms, including hyposmia (reduced sense of smell), constipation, sleep disturbances, and 

depression. These non motor manifestations often pose substantial challenges in clinical management and may 

require targeted interventions to alleviate patient Morbidity and mortality11,12. 

Early onset and impact  

Non-motor symptoms are an essential indicator for an early diagnosis and subsequent treatment as they can 

appear far before motor signs do. Improving long-term results in Parkinson's disease and maximizing patient 

care require a holistic approach to non-motor symptoms14. 

Diagnostic tools  

Ocular motor function test has emerged valuable diagnostic tool for PD, with specific eye movement 

abnormalities being indicative of the disease. These evaluations may assist in the initial diagnosis and 

advancement of surveillance, along with providing doctors with a better understanding of the neural root of 

Parkinson's disease 15. 

 

Fig. 1. Clinical manifestations of PD. 
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Etiology 

It involves various factors, including genetic, Environmental, and age-related influences. Genetic aspects 

contributing to PD have been Confirmed through the discovery of mutations in specific genes like SNCA and 

GBA, Linked to both familial and sporadic cases of the illness16. Nevertheless, genetic factors alone do not 

account for PD, as indicated by the presence of non-genetic causes and the incomplete expression of known 

genetic mutations. 

Environmental impact on Parkinson's Disease 

Environment factors also exert a significant influence on PD's development. Exposure to neurotoxic substances, 

pesticides, and other environmental toxins has been associated with PD Onset.  Evidence suggests that such 

exposure can cause gradual harm to the substantia nigra, potentially occurring many years before clinical 

symptoms emerge17,18,20. Moreover, epidemiological studies have identified protective effects from Lifestyle 

factors like smoking and coffee consumption, although the precise mechanism are still unclear. 

Age related Aspects  

Gerontology greatly complicates the association between environmental exposure and hereditary propensity. 

The primary risk factor for Parkinson's is years of age, as this disease is far more frequently diagnosed in elderly 

individuals. This suggest that age related cellular changes may heighten the susceptibility of dopaminergic 

neurons to various insults, thereby contributing to PD's development19. 

Interplay and covering pathways 

In essence, PD is a multifaceted condition with a complex etiology that cannot be attributed to single cause. It's 

development likely involve a combination of genetic susceptibility, environmental exposure, age related factors. 

Converging pathways such as mitochondrial malfunction, oxidative stress and neuroinflammation play a pivotal 

role in the disease process20,21. Comprehending this intricate interaction is essential for devising effective 

therapeutic interventions to prevent or alter the progression of PD. 

Understanding Parkinson's Disease Pathology 

Parkinson's disease is characterized by Lewy bodies, which are intercellular inclusions mainly composed of 

fragmented alpha-synuclein, and a gradual degeneration of dopamine-producing neurons in the substantia 

nigra22, 23. The motor symptoms of PD, such as hardness, shaking hands, and poor and slow limb movement, 

are   related to these pathological characteristics. Moreover, the pathology of Parkinson's affects the peripheral 

and enteric neural systems, in addition to the central nervous system, suggesting multisystem involvement  24. 

Fig. 2. Initially, alpha-synuclein monomers form smaller oligomers, which can be toxic to cells. These 

oligomers then aggregate further to form larger fibrils, which ultimately accumulate in neurons and disrupt 

cellular function. 

Role of alpha-synuclein mutations 

There's on going debate regarding this significance of specific alpha-synuclein mutations in PD. While certain 

familial PD cases are associated with mutation in the alpha-synuclein generate, such mutations are uncommon 

in sporadic PD25. However, the initiation of Parkinson’s appears to progress in an observable way, potentially 
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including the intraneuronal transmission of alpha-synuclein clumps from the lower brainstem to the neocortex. 

The potential use of alpha-synuclein pathology in the peripheral nervous system as a diagnostic marker for 

prodromal illness lends legitimacy to this notion.26. 

Complex pathological mechanisms 

While familial PD maybe linked to specific genetic mutations, pathology of sporadic PD is more intricate, 

involving multiple systems. The potential for alpha-synuclein aggregate to propagate through neural network 

provide insights into disease progression and offer avenues for early diagnosis through the detection of 

peripheral alpha-synuclein pathology23,25,26,44. 

Elaborating and Lewy bodies and dopaminergic neuron loss 

This accumulation of proteins is considered to impede typical cell turnover while sustaining the neurons of the 

substantia nigra. The brain's ability to produce dopamine diminishes as these neurons become less effective, 

triggering the motor symptoms of Parkinson's disease 27,28,. 

Multisystem involvement in Parkinson's pathology 

Although PD is categorized as a central nervous system condition, research shows that its pathology may not be 

solely confined to the brain.29,30. The diverse spectrum of symptoms that people with Parkinson's disease endure, 

including non-motor symptoms like gastrointestinal issues and mental retardation along with to neurological 

symptoms, may be attributed to multisystem involvement.33-37. 

Parkinson's genesis involves connections between biology and the environment. 

This condition possesses an enigmatic path that is influenced by both hereditary and external factors. Genetic 

involvement has been confirmed through the identification of PARK genes and a mutations in genes like SNCA, 

LRRK2, and GBA, associated with both familial and sporadic cases of the disease38,39,40. Additionally 

environmental factors, such as exposure to toxins and lifestyle choices, play a role in PD etiology with some 

studies proposing that environmental toxins could be play a role in PD etiology with some studies proposing 

that environmental toxins could  induce epigenetic alterations contributing to the disease31. Notably, evidence 

suggests that genetic predisposition may modify an individual 's susceptibility to environmental risk factors, 

with genetic mutation influencing the impact of oxygen environment factors affecting the expression of PD 

related genes42,43. This interplay is further supported by observations of epigenetic modifications such as DNA 

methylation changes in genes involved in neurogenesis, possibly triggered by environmental exposures32. In 

summary, PD pathogenesis likely arises from a complex interaction between genetic prepositions and 

environment exposure with both contributing to the disease, potentially through epigenetic modification and 

Gene environment in interactions41,42,43. 

 

Fig. 3. progression of the illness in the (Lewy bodies, unstable protein aggregates within neurons, are prognostic 

of the onset of Parkinson's disease in the substantia nigra). The Lewy bodies, that are speculated to play a role in 

the neuronal malfunction and eventual cell death seen in Parkinson's illness, consist mainly of misfolded alpha-

synuclein protein. 
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Pathogenesis 

It has grown in popularity that dysfunction in mitochondria serves an essential part in the progression of 

Parkinson's disease. Research indicate that the neurodegenerative process observed may be mainly caused by 

oddities in mitochondrial function. The acquisition of mitochondrial contaminants, such as N-methyl-4-Phenyl-

1,2,3,6-tetrahydropyridine (the compound MPTP), which elicits Parkinsonism and illustrates the susceptibility 

of dopaminergic neurons to mitochondrial collisions, supports this idea. Further emphasizing the vital function 

of mitochondrial abnormalities in the development and progression of Parkinson's disease is the fact that genetic 

research has associated specific mutations to defective mitochondria in both hereditary and atypical PD patients. 

Despite it is typical in several neurological diseases, PD exhibits a specific kind of mitochondrial impairment 

resulting from diminished complex I activity and elevated stress levels. In spite of affecting energy production, 

this defect additionally impacts other critical mitochondrial activities like cell death, ferroptosis, the  

inflammasome activation all of which contribute to the progress of Parkinson's disease. 

The observed electron transport patterns in multiple tissues and tissue cultivation data support a relationship 

between complex I deficiency and PD. Mendelian sequences of inheritance seldom occur in monozygotic twins 

despite the fact that nuclear genes encode a significant number of complexes I subunits. This finding may 

indicate a lack of concordance. It is vital keep in mind that the genome of a mitochondrial cell produces seven 

complex I subunits, which might clarify the reason complex 1 lesion show up intermittently in the disease. 

Reactive oxygen species could be generating as the consequence of complex I disarray, which could aid in the 

onset of Parkinson's disease. Reactive oxygen species (ROS) the generation pathway impacts mitochondrial 

DNA (mtDNA), that contains a replacement version of complex I subunits.  

Fortunately, it is unusual for mitochondrial DNA or mtDNA mutations to be transferred from spouses in the 

case of PD, and genetic data indicate that mt variations in DNA might contribute to the pathology of TD. A 

single case resulting from a finding of a new point mutation in the mitochondrial 12 Sr RNA in a pedigree 

manifesting neuropathy, parkinsonism, and deafness. Furthermore, Parkinsonism has been associated with the 

G11778A mitochondrial mutation in Laber's optical atrophy. No homoplasmic point deletions were identified in 

the coding fields of mtDNA from PD subjects. PD was observed to be associated with low-level heterozymic 

mutations in the ND5 subunit of complex I, yet at far lower levels than in issues carried on by mtDNA 

mutations. 

Evidence demonstrates that mitochondrial permeability plays a role in both congenital and random varieties of 

PD, with the latter emerging as a significant pathological marker. The potential for therapeutic intervention to 

target malfunctioning mitochondria is demonstrated by the overlapping of genetic compromise and external 

factors in mitochondrial pathways. However, further studies are required to identify the specific process by 

which the breakdown of mitochondria causes Parkinson's illness and to design an effective therapy based on 

these findings. The primary roles of oxidative stress and mitochondrial malfunction in Parkinson's disease (PD) 

are supported by mutations in the nuclear encoder mitochondrial genes, including PINK1, DJ-1, and Omi/HtrA2. 

Protecting mitochondria from damage caused by oxygen and cell death requires the mitochondrial protein 

kinase PINK1. The G309D missense mutation in the PINK1 gene reduces its kinase activity, which could impair 

neural protection from oxidative stress. 45-54. 

Complications 

The longevity of PD patients is markedly lesser than that of the general population. PD mostly affects the 

nervous system and is a neuro degenerative illness, though it may additionally trigger non-neurological 

symptoms and difficulties. Lewy bodies, which are symptomatic of Parkinson's condition, for instance, to imply 

a more pervasive systemic involvement than mere a neurological condition. Studies on GB A1 a mutation 

careers show the affect of environmental as well as genetic variables on the neurological spectrum that further 

demonstrates its clinical diversity. Genetic and external variables work together to contribute to these issues, 

which reinforces the requirement for extensive treatment approaches that satisfy the numerous requirements 

individuals with PD55-59. 

Clinical Diagnosis 
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Rigidity involves consistent resistance to passive moment of a linked to "lead pipe' rigidity while tremor 

typically occurs at rest63. These motor symptoms are crucial for diagnosing PD and are often accompanied by 

postural instability. However, that clinical presentation of PD61 can be intricate. Non motor symptoms are 

increasingly recognized and included in diagnostic criteria reflecting PD's diverse nature with both motor and 

non-motor effects60. Moreover, differential diagnosis is vital, another form of Parkinsonism can mimic PD but 

have different causes and outlooks. Diagnosis is supported by clinical criteria62,64-66. 

Asymmetrical clinical findings play a significant role in diagnosing 

Parkinsonism should be diagnosed to obtain an accurate diagnosis, which entails poor and slow limb movement, 

and possibly shaking at rest or stiffness. A supportive criterion that increases optimism regarding prognosis is 

the appearance of imbalance, whereas the opposite side of the body has a greater impact than the other side of 

the body. This accumulation is frequently apparent when the condition first begins, and can continue to occur as 

it develops68,69. While asymmetry supports PD diagnosis other criteria are also considered. For example, the 

presence of unusual neurological signs like early dementia or a typical Parkinsonism may complicate the 

diagnosis70. The criteria aim to maximize specificity, especially for early or new cases of PD, by excluding 

cases where disease duration components are present and by modifying red flags to be absolute exclusions67. 

A critically important instrument for the detection and management of Parkinson's disease (PD) is the 

unified Parkinson's disease rating scale (UPDRS).71,72, offering a holistic assessment of the condition's severity 

and progression, while the UPDRS scale is a cornerstone in PD assessment, it's predictive power of certain 

aspects of the disease such as peak aerobic capacity, KS is not always robust, this underscores the complexity of 

PD and the need for a comprehensive diagnostic approach. Expert diagnosis remains crucial, as the UPDRS 

scale is typically administered by a specialist who evaluates motor and behavioral symptoms through 

observation. The UPDRS scale goes beyond symptom assessment, it also aids in predicting functional capacities 

like aerobic capacity and ambulatory function, albeit with limitations. To enhance its predictive capabilities, the 

UPDRS scale is often used alongside other, such as the Hoehn and Yahr scale. This highlights the importance of 

a multifaceted diagnostic approach in PD management73. 

Table. 1. Diagnostic method of pakinson’s disease. 

S.no Diagnostic method Description  References  

1 Healthcare history Extensive healthcare history, including 

the initial onset and progression of 

symptoms, how well the individual 

behaved to medication, the presence of 

risk factors, and any familial history of 

Parkinson's disease. 

[116] 

2 Physical assessment Motor manifestations were examined 

physiologically. 

[117] 

3 Neurological examination Evaluation of gait, balance, 

coordination, and other neurological 

signs to assess the extent of motor 

impairment. 

 

4 Response to Dopaminergic 

therapy 

Improvement in motor symptoms 

following a trial of dopaminergic 

medications can support the diagnosis 

of parkinson’s disease. 

[60] 

5 Diagnostic procedures included 

magnetic resonance imaging 

(MRI) and DAT tests. 

 

MRI: To examine abnormalities in the 

brain and rule out possible root causes 

of Parkinsonism. 

DAT test: To determine dopamine 

transporter levels in the brain. 

[118] 
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Management of PD 

Managing is effectively requiring a comprehensive, multidisciplinary. This approach involves a team of health 

care professionals, including neurologists, psychiatrists, physical therapists, and others working together to 

address the multifaceted challenges of the disease74,76,79. Palliative care concepts have shown promise in 

improving symptoms in advanced PD patients, like the benefits observed in patients with metastatic cancer, 

highlighting the importance of a holistic approach to management. Day-Clinic models that offer 

multidisciplinary care have also been effective in improving both motor and non-motor symptoms, underscoring 

the value of integrated care approaches in PD management75,77,78,80 

Noteworthy that while adherence to pharmacological treatment is crucial for symptom management, non-

adherence remains a significant issue. Interventions aimed at improving adherence have been shown to lead to 

better clinical outcomes and QOL82-86. For instance, physiotherapy interventions have demonstrated 

effectiveness in reducing falls, improving posture, and enhancing QOL in PD patients81. Surgical intervention 

such as deep brain simulation offer promise in outcomes for selected patient, particularly when medication alone 

is insufficient,87. 

 

Fig. 4. Deep brain stimulation works by modulating the activity of these brain regions, helping to restore more 

normal patterns of neural activity. This can lead to a reduction in motor symptoms and, in some cases, a 

decrease in the need for medication. 

One of the most significant challenges in the field of Parkinson's is the absence of neuroprotective agents. No 

treatment has been proven for neuroprotection or to slow down the disease, despite substantial studies and 

clinical trials88,89. The complicated pathogenesis mechanism of PD, lack of an accurate animal model that 

mimics the human condition, and scarcity of beneficial biomarkers to track the development of the illness all 

contribute to this issue. 

Although alternative treatment with levodopa has been beneficial for managing the symptoms of Parkinson's 

disease, it fails to alter the course of the disease. Additional drugs, such as monoamine oxidase (MAO) B agents 

and dopamine agonists, have demonstrated symptomatic relief, but not definitive neuroprotective properties. 

Various methods of neuroimaging, particularly SPECT and PET imaging, MRI, and CT, are being examined for 

the possibility of being used to diagnose at an early stage and follow the successful outcome of neuroprotective 

treatments. Efforts to develop indications for PD are currently underway92. In conclusion, the search for 

neuroprotective therapy in PD remains a significant challenge with current treatments primary focus on 

managing symptoms rather than modifying the underlying disease process. Research on indicators is still a vital 

area with the goal of improving early identification and monitoring the progress of disease, neither of which is 

crucial for the development of preventative indicators in the decades to come.90,91,92. 

Table. 2. Treatment of Parkinson’s disease. 

S.no  Treatment  Description  References  

1 Levodopa Levodopa precursor of dopamine, 

which relieves motor symptoms by 

[103,104] 
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converting to dopamine after crossing 

the blood-brain barrier. 

2 Dopamine agonist bind to dopamine receptors and 

replicate adrenaline's effects 

[105,106] 

3 MAO-B Blockers Blocking the monoamine oxidase-B 

enzyme, which breaks down 

antagonists of MAO-B, increases the 

amount of dopamine in the brain. 

[106,107] 

4 COMT inhibitors Levodopa's actions can be further 

sustained by decreasing an enzyme 

called catechol-O-methyltransferase, it 

tears down its active ingredient. 

[106,108] 

5 Anticholinergics  Minimize trembling and rigidity in the 

muscles by decreasing the action of 

excess cholinergic in Parkinson's 

disease. 

[106] 

6 Amantadine NMDA receptor antagonist and weak 

dopamine agonist, used to improve 

motor function and reduce dyskinesias 

[109] 

7 Deep brain stimulation  Before surgery, sedation is used to 

place electrodes in specific parts of the 

brain in order to regulate aberrant 

impulses. 

[110,111] 

8 Physical therapy Helps maintain mobility, range of 

motion, and overall physical fitness. 

[112,113] 

9 Speech therapy Improves speech and swallowing 

difficulties often associated with PD. 

[114] 

 

Table. 3. These investigations have shed insight into the obstacles and accomplishments that accompany 

establishing effective treatments for the illness, which has significantly improved knowledge about the condition. 

S.No Study  Intervention Outcome measures Results  References  

1 DATATOP study Deprenyl vs. 

Placebo 

Time to disability 

requiring levodopa 

Deprenyl 

delayed onset 

of disability in 

early PD 

patients 

[93] 

2 ADAGIO Rasagiline vs. 

placebo 

Changes in UPDRS 

score over 72 weeks 

Rasagiline 

showed 

significant 

reduction in 

UPDRS scores 

[94] 

3 TEMPO study Rasagiline 

vs.entacapone 

Changes in total 

UPDRS scores  

after 18 weeks 

Rasagiline 

demonstrated 

non-inferiority 

to entacapone 

in PD treatment 

[95] 

4 CALM-PD study Coenzyme Q10 

vs. placebo 

Changes in UPDRS 

score over 16 

months 

Coenzyme Q10 

showed no 

significant 

[96] 
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difference 

compared to 

placebo 

5 REAL-PET study Levodopa vs. 

pramipexole 

Change in 

dopaminetransporter 

binding using PET 

Pramipexole 

showed similar 

effects on 

dopamine 

transporter 

binding as 

levodopa  

[97] 

6 ELLDOPA study Levodopa vs. 

Placebo 

Change in UPDRS 

score over 40 weeks 

Levodopa 

significantly 

improved 

motor function 

compared to 

placebo 

[98] 

7 ADAGIO-LFS study  Rasagiline vs. 

placebo 

Change in UPDRS 

score over 76 weeks 

Rasagiline 

showed a 

significant 

reduction in 

UPDRS scores 

[99] 

8 PRECEPT study Creatine vs. 

placebo 

Rate of clinical 

decline using the 

UPDRS 

Creatine 

showed no 

significant 

effect on the 

rate of clinical 

decline 

[100] 

9 QE2 study Coenzyme Q10 

vs.placebo 

Change in UPDRS 

score after 16 

months 

Coenzyme Q10 

showed no 

significant 

difference 

compared to 

placebo 

[101] 

10 NET-PD LS-1 study Creatine vs. 

placebo  

Rate of clinical 

decline using the 

UPDRS 

There was no 

discernible 

effect of 

creatine on the 

individual's rate 

of clinical 

decline. 

[102] 

 

 

Discussion 

A complex neurodegenerative medical condition is distinguished by the gradual mortality of neurons producing 

dopamine in the substantia nigra. Despite extensive research on PD, its specific pathogenesis remains 

unidentified, despite the hypothesis of both genetic and environmental factors. Establishing optimal plans for 

therapy requires an understanding of the molecular processes underlying the condition known as PD. 

Molecular pathways of Parkinson' disease 
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One pathogenic aspect of Parkinson's disease (PD) is the deposition of misfolded alpha-synuclein proteins, 

which results in the development of Lewy bodies. These protein complexes are implicated in cell death and 

brain injury. The onset of illness has also been associated with oxidative stress, mitochondrial deficiency, and 

accelerated disintegration of protein networks119,120. 

Biological elements 

Although nearly all PD circumstances are will, a number of genetic anomalies have been demonstrated to 

increase the risk of the condition. Parental variants of PD have been shown to involve polymorphisms in genes 

including SNCA (encoding alpha-synuclein), LRRK2, PARKIN, and PINK 1. Several genetic advances have 

shed significant light on the molecular processes that drive the clinical manifestations of the illness121,122. 

Environment-related components 

Many testimonies have associated the consumption of particular contaminants in the environment, such as 

herbicides and toxic metals, with an increased risk of developing Parkinson's disease. The beginning and course 

of an illness are caused by the association of these external variables with inherited aspects123,124,125. 

Modalities of therapy 

The principal objectives of presently accessible PD therapy are alleviating symptoms and the standard of life 

augmentation. Levodopa along with other dopamine receptor agonists are examples of cholinergic medicines, 

that constitute the mainstay of medical care for motor signs and symptoms. However, additionally, the growth of 

the condition. or its non-motor manifestations are efficiently treated with these therapies. 

Conclusion  

Demystifying Parkinson's disease requires a comprehensive understanding of its molecular pathways and the 

complex interplay between genetic and environmental factors. Advances in research are paving the way for 

more effective treatments that target the underlying pathophysiology of PD, offering hope for improved 

outcomes for patients in the future. There's a growing interest in developing disease - modifying therapies that 

Target the underlying molecular pathways of PD. Strategies aimed at reducing alpha- synuclein aggregation, 

enhancing mitochondrial function, and reducing neuroinflammation are being actively investigated. 

Additionally, advances in genes therapy and stem cell research hold promise for restoring dopaminergic 

function in PD patients. 
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