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Abstract
Parkinson’s disease is a common neurological condition affecting movement, but also mental function. This review provides an introduction to the underlying pathology, clinical symptoms, diagnosis and treatment. More detailed discussion focusses on the use of neuroimaging to support clinical diagnosis, psychiatric co-morbidity and the cognitive changes associated with Parkinson’s disease.
Main Text
Introduction
Parkinson’s disease is a progressive neurological condition affecting movement, mental function, and psychological well-being.  It is common, affecting 1% of people over the age of 60 and is caused by degeneration of the basal ganglia and a reduction in brain dopamine levels. It is associated with ageing, and usually no specific cause is found.  People with Parkinson’s disease have an increased risk of psychiatric ill-health and of developing dementia.  Parkinson’s disease is currently treated by medication, and rarely by using deep brain stimulation.  
Clinical diagnosis 
Parkinson's disease is the second most common neurodegenerative disorder after Alzheimer's disease, affecting 1% of those over the age of 60 (1). It is more common with increasing age, and can occur spontaneously. Certain causal factors have been identified, including genetic factors. Dominant mutations in α-synuclein, leucine-rich repeat kinase 2 (LRRK-2), and glucocerebrosidase (GBA) genes have all been implicated (1, 2). The condition (‘parkinsonism’) can be induced by anti-psychotic medication which blocks dopamine receptors, caused by cerebrovascular disease, or may follow encephalitis (e.g. encephalitis lethargica, or Japanese B encephalitis). Finally, toxins such as carbon monoxide, repeated head trauma (e.g. from boxing), and other neurodegenerative disease have been implicated in its causation.
The pathophysiology of Parkinson’s disease is degeneration within the basal ganglia, particularly within the substantia nigra (which connects to the striatum). Microscopically, there is neuronal loss in this region, and Lewy bodies are prominent. These are intra-cellular, eosinophilic inclusion bodies. One of the most recognised pathophysiological changes in Parkinson’s disease is deficiency of dopamine within the striatum. This leads to the classic movement abnormalities associated with the disease. It is increasingly recognised that this is not the only anatomical and biochemical change; degeneration of other neuronal pathways and reduction in other neurotransmitters also occurs, accounting for the other symptoms, including cognitive changes.
Clinically, Parkinson’s disease is characterised by akinesia, rigidity, resting tremor and festinant gait. It affects limbs bilaterally, but may be more pronounced on one side of the body. The clinical presentation is of an expressionless face, stooped posture and difficulty walking (lack of normal arm swinging, shuffling feet, tendency to fall). The tremor is most prominent at rest, and may be exacerbated at times of stress. A quiet, monotonous voice is common, as is small indistinct hand-writing. In addition to movement difficulties, Parkinson’s disease causes a number of other symptoms, including psychological changes. These may occur as people adapt to their changed physical condition, but depressive disorder is also common (3). Subtle cognitive changes are present initially, and as the illness progresses, over a third of patients develop dementia. In the later stages of the disease ‘freezing’, limb discomfort, restless legs, constipation, dysphagia, drooling, urinary frequency and postural hypotension are frequently manifest.
The diagnosis of Parkinson’s disease is made following clinical interview and examination. The early symptoms of reduced dexterity, fatigue and stiffness may be subtle and non-specific, and the diagnosis may be missed in the early stages (2). Resting tremor is a relatively early sign of the disease that helps clarify the diagnosis, however, it is not always present. Thus, in the early stages of disease it may be difficult to distinguish depression from Parkinson’s disease. Once other features, such as postural changes, rigidity and slowed movements develop, the condition can usually be easily recognised. Criteria for a diagnosis of parkinsonism require the presence of at least two of the following: resting tremor, bradykinesia, rigidity, or postural imbalance (4). A diagnosis of Parkinson’s disease requires that potential causes of secondary parkinsonism have been excluded (1, 4).
Investigations and imaging
In most cases the diagnosis can be made clinically, and no further investigations are needed. However, additional clinical tests may be needed to elicit some symptoms, for example, finger tapping and repetitive finger movements to demonstrate bradykinesia. Where the clinical presentation is atypical or indistinct, neuroimaging is indicated. A standard MRI brain scan is likely to be normal in Parkinson’s disease, although it may demonstrate atrophy in the basal ganglia region. More sensitive is a dopamine transporter (DAT) SPECT (Single Positron Emission Tomography) scan; this identifies whether there is loss of dopaminergic cells in the nigrostriatal pathways. This helps to clarify diagnosis: positive scans indicate Parkinson’s disease (as well as the rarer Progressive Supranuclear Palsy or Multiple System Atrophy, and dementia with Lewy bodies), and normal scans indicate other conditions, such as drug induced parkinsonism or essential tremor. 
Although imaging is not yet routinely used for diagnosis, this may change with its increased availability. Perhaps of greater interest is the possibility that these techniques could be used to detect premotor disease and disease progression (5). This would be useful not only in expanding theoretical knowledge of Parkinson’s disease, but may enable disease modifying agents to be used before significant clinical symptoms develop.
Psychiatric co-morbidity
Parkinson’s disease was initially only considered to affect movement, without any psychological consequences, but now a number of psychiatric co-morbidities are recognised, some of which are discussed below. 
Depression is common in Parkinson’s disease, with prevalence rates varying depending on criteria used and sampling.  A recent review estimated the prevalence of major depressive disorder to be 17%, with depression often preceding the diagnosis of Parkinson’s disease (6).  Diagnosing depression in Parkinson’s Disease can be a challenge due to the similarity of symptoms of the two conditions (psychomotor retardation in depression and mental slowing and bradykinesia in Parkinson’s Disease, and loss of energy in both conditions), which may explain why it is often underdiagnosed (7).  There is a lack of robust evidence as to choice of antidepressant, with the little evidence there is pointing towards tricyclic antidepressants, if the side effects are tolerated (7).  There is evidence for Cognitive Behavioural Therapy (a form of talking therapy focussing on current thoughts, feelings and behaviours) for depression in Parkinson’s disease (7).     Depression can be considered to be a marker of a more severe Parkinson’s disease, and is associated with worse quality of life and faster decline in cognitive and motor functions (7).  
The prevalence of anxiety disorders ranges widely. An estimated 34% of people with Parkinson’s disease meet the DSM-IV criteria for an anxiety disorder, with up to 40% of patients suffering substantial anxiety (6).  The types of anxiety disorders associated with Parkinson’s disease are heterogeneous, and there is no evidence to suggest any specific treatment for anxiety in Parkinson’s disease.  
Apathy, which is commonly seen in patients with Parkinson’s disease, lacks widely recognised diagnostic criteria and is therefore under-researched.  Apathy is associated with depressive symptoms and a reduced quality of life; it is also associated with worsening cognitive impairment and may be a predictor of dementia (6) and functional decline (8).  Dopamine is a neurotransmitter associated with reward and motivation, so it is possible that the reduction of dopamine in Parkinson’s disease mediates apathy (8).  It is important to exclude reversible causes of apathy, such as medication side effects, delirium, depression, and co-morbid medical conditions.  There is a lack of robust evidence for the treatment of apathy: structured activity programme and physical activity may help, and there is some evidence for cholinesterase inhibitors, such as rivastigmine (8). 
Hallucinations, illusions, and delusions occur in up to 60% of patients with Parkinson’s disease (6).  Such symptoms may be drug induced (secondary to dopaminergic treatment), or may be related to the disease itself, or secondary to other conditions (depression, dementia, poor vision, delirium, sleep disturbance).  Hallucinations in Parkinson’s disease, are usually visual and (at first) insight is retained, unlike other psychotic disorders such as schizophrenia.  However, it has been shown that 80% of these initially benign hallucinations progress to more typical psychotic symptoms and may be associated with delusions, which are often paranoid in nature (9).  Psychotic symptoms require careful pharmacological management, often with drugs such as rivastigmine, as antipsychotic agents antagonise dopamine receptors, therefore worsening the motor symptoms of Parkinson’s disease.  
Cognitive impairment
About 50% of patients with Parkinson’s disease have some form of cognitive impairment, often presenting with reduced executive function (planning tasks, flexible thinking), mental slowing (sometimes called bradyphrenia), or attentional difficulties. Memory may be spared.  Mild cognitive impairment is a predictor of developing dementia (6) and is seen in 19-24% of patients with newly diagnosed Parkinson’s disease (10).
A diagnosis of Parkinson’s disease Dementia (PDD) is made when a patient with an established diagnosis of Parkinson’s disease (> 1 year) suffers a progressive decline in more than one cognitive domain with deficits of sufficient severity to interfere with daily life.  It is thought that the majority of patients with Parkinson’s disease will develop PDD within 10 years of diagnosis (10).  The cognitive impairment in PDD tends to fluctuate over time.  PDD is also associated with neuropsychiatric symptoms, such as visual hallucinations and delusions, and other features including sleep disturbance and autonomic dysfunction. PDD is progressive and is associated with a reduction in quality of life and increased likelihood of institutionalisation (10).  Rationalising medication (e.g. stopping anticholinergic agents) may improve symptoms, and specific drugs may slow the cognitive decline (e.g. rivastigmine).  
Dementia with Lewy Bodies (DLB) is thought to be on a spectrum with PDD and the two disorders have similar clinical characteristics. By convention, PDD is diagnosed when the motor disturbances precede symptoms of dementia by 12 months or more, and DLB if the cognitive and neuropsychiatric symptoms emerge earlier (11). Lewy body pathology is seen in both conditions, with the spread of the inclusions and cell loss correlating with symptoms: more early cortical disease in DLB, more nigral cell loss in PDD.  The treatment of the two conditions is similar.  
Treatment of Motor Features
As with any chronic, progressive condition it is important that a patient with Parkinson’s disease has a holistic package of care, incorporating pharmacotherapy with other treatments as appropriate, including surgical intervention, physiotherapy, occupational therapy, speech and language therapy, psychological support or therapy, support for carers, and (towards the end of life) palliative care. 
Pharmacotherapy for motor symptoms of Parkinson’s disease need not be started immediately upon diagnosis; the pros and cons of treatment are weighed up with the patient and an appropriate medication started, if the benefits of treatment outweigh the risks. The symptoms of Parkinson’s disease are a result of dopamine deficiency, but as oral dopamine does not cross the blood-brain barrier, this is not a suitable therapy.  The discovery that high dose L-DOPA (a precursor of dopamine) alleviates the symptoms of Parkinson’s disease was made in 1968 (12).  Levodopa (the drug form of L-DOPA) remains the mainstay of treatment and is administered in combination with Carbidopa (a DOPA-decarboxylase inhibitor), which inhibits the metabolism of Levodopa outside the brain, allowing a greater proportion to reach the brain and therefore potentiating the clinical effect allowing for lower doses of Levodopa. This and other pharmacological treatments are outlined in Table 1.

Table 1. Pharmacological treatments in Parkinson’s disease
	Class of Drugs
	Examples
	Comments

	Levodopa/Carbidopa
	Sinemet, Madopar
	Difficulties with long-term use: end-of-dose wearing off, delayed response to dose, on-off effect (rapid return of symptoms), tolerance (higher doses needed for same effect) dystonia (muscle spasm) and dyskinesia (involuntary movements).  These occur in 50% of patients after 5 years of use (13). Co-prescription with other medications or prescription of modified release formulation may help moderate side effects. 

	Dopamine agonists
	Pramipexole
Ropinirole
	Can be used as monotherapy in early disease to delay initiation of Levodopa.  Reduce on-off effect of Levodopa when co-prescribed later in the disease (13).

	
	Apomorphine
	Can be injected in late disease to reduce “off” time. Rapid effect.  

	MAO-B inhibitors
	Rasagiline, Selegiline
	Reduce the breakdown of dopamine in the brain.  Possible neuroprotective effect (13).  Suitable for monotherapy in early disease. 

	Amantadine 
	
	Mechanism of action unclear

	Catechol-O-methyl transferase (COMT) inhibitors
	Entacapone
	Can be co-prescribed with Levodopa/Carbidopa to extend the duration of action.




Rapid withdrawal of antiparkinsonian medication (either through non-compliance or poor absorption, i.e. with gastroenteritis) may lead to acute exacerbation of motor symptoms or neuroleptic malignant syndrome, a potentially life threatening condition. In a subset of patients with Parkinson’s disease, dopamine replacement therapy can lead to a “dopamine dysregulation syndrome” characterised by craving for and compulsive overuse of medication, feelings of euphoria, and other compulsive and impulsive behaviour, such as hypersexuality and gambling (14).   
Surgery for Parkinson’s disease was pioneered in the 1940s, firstly with crude lesions made to the basal ganglia, and with subsequent development of stereotactic techniques facilitating more precise procedures such as pallidotomy and thalamotomy (12).  Such procedures fell out of favour with the development of medication but were reinstated when the limitations of medication became apparent.  Developments in chronic stimulation for pain and movement disorders other than Parkinson’s disease and improvements in imaging led to trials of Deep Brain Stimulation for Parkinson’s disease (12).   Nowadays, the subthalamic nuclei or globus pallidus (and occasionally the thalamus) can be targets for deep brain stimulation; electrodes are sited under local anaesthetic and attached to a stimulator implant, which is carefully programmed to optimise results.  The mechanism of action is not known (13).  Careful patient selection is important, given the magnitude of the surgery and post-operative risks, such as haemorrhage, infection and hardware failure (13). 

Conclusions
Parkinson’s disease is a complex condition.  Current priorities for research are the identification of further genes and environmental triggers elucidating the pathway which leads to development of the disease.  Future advances may involve early intervention to slow disease progression, development of new classes of medication, and improvements to current medication regimens to maximise clinical effectiveness and minimise side effects.  In the long-term there may be a role for stem cells in replacing degenerating and diseased neurons, with gene therapy offering the possibility or targeting the defective genes before symptoms arise.  
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