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Abstract

This thesis is concerned with the descriptive epidemiology of parkinsonism with a 

particular emphasis on the differentiation of parkinsonian disorders. The areas 

investigated were the population prevalence of different parkinsonian disorders, the 

accuracy of their diagnosis in the community, and the clinical characteristics and 

natural history of Parkinson's disease (PD) in a population-based sample, including 

quality of life (QoL).

The age-adjusted prevalence rates of MSA was 4.4, of PSP 6.4, and of PD 168 per

100,000. At least 15% of patients with a diagnosis of PD in the general population 

were misdiagnosed, and, conversely, approximately 20% of patients were 

unrecognised to have PD.

The most disabling problems in the population of patients with PD in the 

community were disease severity, depression and dementia. Unfavourable 

prognostic factors were older age at onset and development of dementia. The rates 

of motor complications in PD increased with disease duration and severity, but were 

also related to dose of levodopa and duration of levodopa treatment. Depression in 

patients with PD was associated with advancing disease severity and disability. 

However, it was also strongly influenced by the patients' own perceptions of their 

handicap rather than being simply the result of objective impairment.

This study also found evidence for the existence of different subtypes of PD.

Factors associated with a faster rate of progression but a lower rate of motor 

fluctuations were older age at onset, older current age and presence of dementia.

PD in this community-based sample of patients interfered with various aspects of 

QoL, particularly with those related to physical and social functioning, whereby 

depression, disability, postural instability and cognitive impairment had the greatest 

influence on QoL. The generic instrument EQ-5D was demonstrated to be a feasible 

and valid instrument to measure QoL in PD that reflects severity and complications 

of disease.
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Chapter 1. Introduction

The aim of this thesis was to investigate the descriptive epidemiology of 

parkinsonian subtypes, with a particular view of differentiating idiopathic 

Parkinson's disease and atypical, neurodegenerative parkinsonian disorders. In 

this introductory chapter I will therefore outline the differences between these 

disorders and the difficulties in their differentiation, and discuss the 

importance of research in neuroepidemiology and the problems associated 

with it.

1.1 Parkinsonian disorders

The clinical syndrome of parkinsonism embraces a variety of disorders, which 

share the three classical clinical features of bradykinesia, expressed as 

slowness and paucity of movement, rigidity, and, less frequently, tremor. 

These disorders can be classified into two major groups: Parkinson’s disease 

and other parkinsonian disorders. Although pathologically they all share a 

defect in the nigrostriatal dopaminergic system, they are otherwise distinct 

entities with characteristic findings at post mortem examination of the brain. 

Despite this pathological distinction, their clinical differentiation in life is 

frequently difficult. In the absence of a biological marker, the diagnosis 

primarily rests on clinical observation, and specific features are often lacking. 

Late in the course of disease atypical parkinsonian disorders are often 

associated with additional features, but, particularly early in the course of 

disease, many patients are misdiagnosed. Their differentiation is however 

important in order to provide the patient and family with information on 

prognosis and possible complications, to choose the right treatment, and to not 

include patients in treatment trials not designed for their disease. Thus, the 

major diagnostic challenge for neurologists is to differentiate Parkinson's 

disease from this heterogeneous group of other parkinsonian disorders.
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Parkinson's disease is the most common type of parkinsonism. The main 

pathological correlate of Parkinson's disease is degeneration of dopaminergic 

pigmented neurons in the substantia nigra, and the presence of typical 

eosinophilic cytoplasmatic inclusion bodies, Lewy bodies, in brain stem 

nuclei. Parkinson's disease was first described in 1817 by James Parkinson 

(Parkinson, 1817), although earlier descriptions in the Indian and Chinese 

medicine exist (Manyam, 1990; Gourie-Devi, 1991). The classical features of 

bradykinesia, rigidity and tremor gradually progress, and axial features, such 

as bent posture, shuffling gait, postural instability, hypersalivation, speech 

impairment and increasing disability occur as the disease advances. Diagnosis 

of Parkinson's disease was thought to be straightforward, but clinico- 

pathological studies have shown a high rate of misdiagnosis in patients dying 

with this diagnosis (Rajput, 1991; Hughes, 1992; Litvan, 1998).

In the last decades a number of different disorders have been 

recognized that can be associated with clinical features similar to those of 

Parkinson's disease. Most importantly, other and rarer neurodegenerative 

diseases such as multiple system atrophy, progressive supranuclear palsy, and 

corticobasal degeneration, which are pathologically characterized by entirely 

different correlates, can mimic the clinical picture of Parkinson's disease. The 

pathological abnormalities in multiple system atrophy extend beyond the 

substantia nigra, involving the striatum (mainly putamen), the inferior olives, 

pons and cerebellum, and the intermediolateral cell columns and Onuf s 

nucleus in the spinal cord. Oligodendroglial cytoplasmatic inclusion bodies 

(GCIs) are characteristically present, widespread and plentiful, and Lewy 

bodies absent, unless incidental (Lantos, 1998; Wenning, 1995). In brains of 

patients with progressive supranuclear palsy, neuronal loss and gliosis with 

neurofibrillary tangles and neuropil threads in high density are found in a 

characteristic distribution in the basal ganglia and brainstem (Hauw, 1994). In 

corticobasal degeneration asymmetrical neuronal loss and gliosis with swollen
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neurons is mainly found in the parietal and frontal cortex with variable 

involvement of subcortieal structures (Gibb, 1990). Due to the more extensive 

neuronal loss in these disorders, clinical features indicating the more 

widespread involvement of other structures within the central nervous system 

typically occur, and often do not respond well to treatment with levodopa or 

other antiparkinsonian drugs. Thus, multiple system atrophy can cause 

cerebellar features, pyramidal signs, and early autonomic features, which do 

not occur in Parkinson's disease, and other features such as prominent 

antecollis, discoloured cold hands, involuntary sighs, stridor, newly developed 

snoring or permanent restriction to a wheelchair may also be present 

(Wenning, 1994a). Progressive supranuclear palsy, on the other hand, may 

present with early falls, often as the initial feature, often with little and 

frequently symmetrical limb akinesia. When a vertical supranuclear gaze 

palsy develops, usually later in the disease, a diagnosis can be made, but in 

some patients it may not develop at all (Litvan, 1996a). Corticobasal 

degeneration is even rarer than multiple system atrophy or progressive 

supranuclear palsy, and is often characterized by the pathognomonic ‘alien 

limb’, which patients described as having ‘a mind of its own’. Classically, 

cortical sensory loss, apraxia and myoclonus in addition to parkinsonism 

occur, but can be absent in some patients (Gibb, 1989a; Litvan, 1997b). 

However, these fully developed classical syndromes often do not develop 

until late, and their distinction from Parkinson's disease poses a particular 

challenge to the neurologist. Not only can these disorders mimic Parkinson’s 

disease, but may also be indistinguishable from each other (Litvan, 1997b). 

Expert clinical examination, applieation of strict diagnostic criteria, long-term 

follow-up, and eventually pathological examination of the brain would 

therefore be desirable for correct diagnosis. In clinical practice, however, this 

can rarely be achieved, and many of patients remain undiagnosed until death 

(Hughes, 1992).
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In addition to these atypical neurodegenerative diseases, parkinsonism 

can also be caused by other diseases, or as a consequence of drugs or toxins.

A variety of disorders affecting the function of the basal ganglia, such as basal 

ganglia lesions, intoxication with carbon-monoxide or manganese, metabolic 

disorders such as Wilson's disease, metachromatic leukodystrophy, or 

neuroacanthocytosis, and other, neurodegenerative syndromes like 

Huntington's disease, dementia with Lewy bodies (which may be part of the 

same disease spectrum as Parkinson's disease), or Alzheimer's disease can 

cause secondary parkinsonism. However, in these disorders, other features are 

usually present, and confusion with Parkinson's disease is less frequent. Long­

term treatment with dopamine depleting drugs such as neuroleptic drugs or 

antiemetics, however, can induce a, usually reversible, parkinsonian 

syndrome, which can otherwise be indistinguishable from idiopathic 

Parkinson's disease. Moreover, in many such eases underlying Parkinson's 

disease may only have been unmasked by the use of the dopamine antagonist 

(Bower, 1999).

To complicate matters further, some symptoms and signs of 

parkinsonism can be confused with other non-parkinsonian disorders.

Vascular disease or hydrocephalus can cause a small stepped gait and postural 

instability, and benign essential tremor or other forms of tremor can be 

mistaken for parkinsonian tremor. Conversely, patients with early, particularly 

benign tremulous Parkinson's disease or elderly patients with Parkinson's 

disease are sometimes not diagnosed with the disorder, as their symptoms may 

be misdiagnosed as benign or 'senile' tremor or attributed to old age. Often, 

these other disorders can be differentiated by careful history taking and 

examination, but many of these patients may, nevertheless, only be correctly 

diagnosed at post-mortem examination.

As a consequence, in clinico-pathological studies up to 35% of all 

patients who die with a diagnosis of Parkinson's disease have a different
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diagnosis at post-mortem pathological examination (Rajput, 1991; Hughes, 

1992). The main differential diagnoses in these series were progressive 

supranuclear palsy, multiple system atrophy, Alzheimer’s disease, vascular 

disease, and essential tremor. This rate of incorrect diagnosis was shown to be 

improved by application of rigid clinical criteria that were derived from such 

clinico-pathological studies (Hughes, 1992), although a minority of patients 

never develop typical features of their disease even until death.

1.2. Epidemiologv

Epidemiology is concerned with the study of distribution and dynamics 

of diseases in human populations (Schoenberg, 1977). The term epidemiology 

is derived from the Greek terms epi (upon), demos (people) and logos 

(doctrine or science), and was originally used to describe outbreak of 

infectious disease in large population groups (Schoenberg, 1977). In modem 

times, the use of the term epidemiology has widened. The main roles of 

epidemiological research today are the estimation of the magnitude of disease 

burden in the population, the provision of aetiological clues, accurate 

description of the natural history of disease, and the measurement of the 

impact of the disease and interventions. Thus, epidemiological studies are an 

important tool to plan the provision of health care resources, to investigate 

patterns of occurrence and risk factors, to predict prognosis, to determine the 

needs of patients with the disease, and to ultimately determine the cause of 

disease and plan its prevention. For these reasons, epidemiology has been 

increasingly recognized as an area of major importance by the World Health 

Organization, and its prime importance has been highlighted by the NHS 

Research and Development executive (Beecham, 1992), and by the newly 

appointed director of NHS Research and Development, Professor Michael 

Peckham in his inaugural lecture.
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Descriptive epidemiology characterizes observations of disease in 

human populations by attempting to identify and study all cases in a defined 

population. Two of the key measurements used in descriptive epidemiology 

are the prevalence and incidence of a disease (Schoenberg, 1981). Prevalence 

measures the number of all current cases of disease within a specific 

population at a given time and place. The incidence is the number of new 

cases of a disease occurring in a defined population and period of time, 

usually over a year's time. It can be calculated indirectly by dividing 

prevalence by the average duration of the disease (Schoenberg, 1981).

Changes over time or differences between geographical areas can serve to 

identify patterns of disease occurrence. The determination of prevalence or 

incidence figures for a particular disease requires the ascertainment of all 

cases of the disease in the target population and high diagnostic accuracy. 

Major sources of error in prevalence and incidence studies are therefore 

underascertainment, caused by incomplete detection of cases in the study 

population, and overascertainment, caused by inclusion of false positive 

diagnoses.

Descriptive epidemiology is also concerned with the description of 

clinical features, natural history, and prognosis of disease, thus providing a 

fuller picture for our understanding of the disease. Examples are the 

description of the rate of progression, occurrence of remission and mortality 

of the disease, identification of subgroups, factors determining prognosis or 

general impact, and identification of needs in the population affected by the 

disease (Schoenberg, 1977).

The other main area of epidemiology, analytic epidemiology, is mainly 

concerned with the cause and control of disease (Schoenberg, 1982). It aims at 

identifying factors that are associated with a low or high risk of disease by 

comparing those with the disease to a control group, either in a prospective 

study or retrospectively in a case control study. Experimental epidemiology
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similarly aims to identify risk factors for disease, but this time by exposing 

individuals with the disease prospectively to experimental factors in a 

controlled fashion, for instance in a randomized trial.

Any kind of epidemiological research however has to fulfil two crucial 

requirements: 1) representativeness and 2) accuracy of diagnosis. The 

individuals studied (study population) must have the same or similar 

characteristics as the population under investigation (target population). In 

order to be able to generalize the results to other areas, this target population 

should also be similar to the overall population. Thus, a study in inhabitants of 

a retirement community might yield very different results from a study in a 

small University town where a third of the population are students, and the 

exclusive examination of individuals attending a sports centre will hardly be 

representative of the health status of the population.

In order to obtain valid results from epidemiological research it is also 

crucial not only to choose a population representative of the population one 

wishes to study, with ideally inclusion of all suitable subjects within this 

population, but also to exclude all subjects who do not have the disease under 

investigation. Contamination of patient samples with cases of different 

diagnoses can alter the results greatly, as the frequency, distribution, causes, 

risk factors and prognosis may be very different between different diseases.

For instance, inclusion of patients with essential tremor among a population of 

patients with Parkinson's disease will yield higher prevalence rates, slower 

progression, better prognosis, and increase the rate of inheritance. Establishing 

the correct diagnosis is therefore a pivotal requirement of epidemiological 

research.

Epidemiological studies of neurological disorders have been burdened 

with major obstacles: Clinic-based studies are not representative for the 

population of all patients with the disease due to the substantial referral bias 

that is inherent to such samples. Population-based studies are therefore
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required to study a population that is representative of the whole population of 

patients with this disorder. On the other hand, in many neurological diseases, 

such as parkinsonism, no biological marker is available and diagnosis relies 

on clinical examination. Thus, expert assessment of clinical findings is 

essential to obtain high diagnostic accuracy. However, many neurological 

diseases are rare and, to minimize the likelihood of chance findings, 

epidemiological studies require large populations. A door-to-door survey, 

which aims to screen all individuals in the target population, is the method 

with the greatest sensitivity to detect all cases of disease in the population. 

However, examination of all individuals is impractical, especially if a high 

level of diagnostic accuracy with expert examination is attempted. They are 

labour-intensive and costly projects, even if performed with the help of trained 

helpers who are medically unsophisticated. Additionally, even in studies of 

this kind, some individuals with the disease may be missed, as a) not everyone 

may agree to participate, b) the screening criteria may not pick up 100 percent 

of cases, and c) many neurological diseases like Parkinson's disease start 

gradually with little or no findings in the initial stages. Among the 

alternatives, the next most complete method of case ascertainment is to screen 

the target population at primary care level, which requires that an individual 

has sought medical advice for a given symptom, or a finding was detected by 

a medical person incidentally. Although individuals who have not yet come to 

medical attention will not be captured with this method it does not require 

referral to a hospital or specialist, prescription of specific medication or even 

diagnosis of the disorder, as the symptoms are in themselves sufficient for 

inclusion in the study. However, this method is often not possible as a) the 

patient populations of primary care physicians in many countries are not 

necessarily representative of the study area, which introduces a selection-bias, 

b) primary care physicians are not necessarily aware of their patients attending 

other doctors or hospitals, and c) the practices may not have a computerized
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system from which information is easily retrievable, thus relying on the 

physicians’ memory. If, as in the United Kingdom, the health care system is 

organized locally, with the general practitioner as the 'gatekeeper' to specialist 

medical care, these problems are avoided and underascertainment minimized. 

The third way of case ascertainment is using multiple sources, such as hospital 

records, nursing home records and drug-prescriptions. Identification of all 

suitable subjects then usually relies on medical records from a variety of 

different sources. The risk of incomplete case ascertainment is greater with 

this method than with the former two, as patients early in the disease may not 

be included due to the difficulties in early recognition of a slowly progressive 

disorder such as parkinsonism, and some patients may not be picked up by 

any of the sources. The least representative method of case ascertainment is 

that of obtaining data on a population from just one of these sources, such as 

from a hospital covering the area, or from records on patients receiving 

specific drug-prescriptions. This method may lead to overascertainment, e.g. 

through patients being referred from a different catchment area or receiving 

these drugs for a different disease, or underascertainment, e.g. by excluding 

patients who are not referred to this hospital or do not require or tolerate these 

drugs.

The validity of the results of epidemiological research relies not only 

on completeness of case ascertainment and representativeness, but also on the 

correct diagnosis. Too wide inclusion criteria, such as inclusion of all patients 

on antiparkinsonian drugs or all patients with tremor or a diagnosis of 

parkinsonism among patients with Parkinson's disease, will result in 

artificially high prevalence rates and can result in distortion of the conclusions 

on prognosis and aetiology of the disease, and ultimately inhibit or delay the 

finding of the cause and possible prevention. Too rigid diagnostic criteria, 

such as inclusion of only patients who present with the typical clinical 

syndrome, on the other hand, will result in the exclusion of true cases of the
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disease, which may not have fully developed, thus underestimating the extent 

of the disease and distorting the results in the opposite direction. The clinical 

diagnosis and the application of defined clinical criteria are therefore the key 

variables in the provision of epidemiological data.

1.3. Descriptive enidemioloev of parkinsonism

In the case of parkinsonian disorders, the task of diagnostic accuracy is 

conspicuously difficult, and highly important at the same time. The difficulties 

and pitfalls in the diagnosis of parkinsonism can lead to over- or also 

underdiagnosis of Parkinson's disease. Epidemiological data on the prevalence 

of Parkinson's disease are reliant on correct diagnosis, and the described 

difficulties in diagnosing Parkinson's disease limit the determination of its true 

extent. Many studies on the prevalence of Parkinson's disease not only 

employed different methodology and case ascertainment methods, but also 

differing inclusion and exclusion criteria, sometimes resulting in the inclusion 

of a variety of other disorders, e.g. vascular parkinsonism, and drug-induced 

parkinsonism. The failure to differentiate Parkinson's disease from other 

parkinsonian syndromes, the varying use of diagnostic criteria, the subtle 

onset of the disease, the possible overlap with symptoms of aging, such as 

postural instability and slowness all contribute to the varying results of 

prevalence studies of parkinsonism. These diagnostic difficulties are therefore 

partly responsible for the very differing results of epidemiological studies of 

Parkinson's disease, resulting in prevalence rates ranging from 57 to 234 cases 

of Parkinson's disease per 100,000 people (Zhang, 1993), and in sometimes 

conflicting conclusions on the subtypes, characteristics or prognosis of 

Parkinson's disease (Jankovic, 1990; Graham, 1999; Hershey, 1991; Kostic, 

1991). In addition, conclusions on the aetiology, natural history and impact of 

individual parkinsonian syndromes rely importantly on the differentiation of 

true cases of parkinsonism, uncontaminated by different disorders and known
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causes of parkinsonism. Contamination of samples of patients with 

Parkinson's disease may thus not only result in an overestimation of the rate of 

Parkinson's disease in the population, it may also lead to the distortion of the 

results of clinical studies on risk factors, complications and prognosis of 

Parkinson's disease. Atypical parkinsonian disorders can not only be 

associated with a number of additional features, but also progress faster 

towards greater disability and earlier death than patients with Parkinson's 

disease (Poewe, 1998; Wenning, 1994a). Thus, the faster rate of progression 

and the higher rate of mortality of atypical neurodegenerative parkinsonism 

would introduce a bias to a much worse prognosis of Parkinson's disease, and 

the lack of response to treatment may result in more severely impaired quality 

of life than in a sample of patients with typical Parkinson's disease only. The 

rate of progression in early studies of Parkinson's disease, which probably 

included patients with postencephalitic parkinsonism as well as those with 

atypical parkinsonian disorders, some of which were not recognised at the 

time, thus resulted in greater variability of rates of progression and greater 

mortality (Hoehn and Yahr, 1967) than later studies that excluded these 

patients (Martilla, 1977; Ben-Shlomo, 1995). In addition, disability may result 

from very different complications of the disease in atypical parkinsonian 

disorders than in Parkinson's disease, such as falls, speech and swallowing 

difficulties, or cognitive impairment, whereas other problems, such as motor 

fluctuations and dyskinesias may be more likely to compromise quality of life 

in patients with Parkinson's disease.

In recent years, it has become possible to directly investigate quality of 

life or subjectively evaluated health status, with validated and reliable 

instruments in patients with Parkinson's disease (Fitzpatrick, 1997;

Rubenstein, 1998). It is increasingly recognised as one of the most important 

evaluation and outcome measures in management of these patients (Devinsky, 

1995). However, unless rigorous exclusion criteria are applied, patients with
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atypical parkinsonian disorders will inevitably be included and studies will 

thus result in lower quality of life than in a sample exclusively including 

patients with Parkinson's disease (Fitzpatrick, 1997; Peto, 1995). It is thus 

crucial for the interpretation of all epidemiological and clinical studies that a 

high level of diagnostic accuracy is achieved and cases with atypical disorders 

are excluded.

These methodological and diagnostic difficulties not only have 

consequences for studies on the epidemiology of Parkinson's disease, but also 

of atypical parkinsonian disorders. These disorders, such as multiple system 

atrophy and progressive supranuclear palsy, carry a more severe prognosis 

than Parkinson's disease and have different, but still unknown, aetiologies. 

However, very little is known on their prevalence in the population. As 

patients with these disorders are often difficult to distinguish from patients 

with idiopathic Parkinson's disease, they are frequently not correctly 

diagnosed and misdiagnosed as Parkinson's disease. They are comparatively 

rare and have only been described in the last decades (Graham and 

Oppenheimer, 1969; Steele, 1964; Rebeiz, 1968). As a consequence, they are 

often not recognized in population-based epidemiological studies, which were 

not designed to detect these disorders. These studies usually employ methods 

of case ascertainment and neurological evaluation with a low sensitivity for 

the recognition of atypical parkinsonism, and either did not distinguish them 

from Parkinson's disease, or excluded them from the study population 

(Tandberg, 1995; Morgante, 1992). The results of studies based on 

pathological examination of brains of patients with parkinsonism suggest that 

these disorders are less rare than clinically suspected, and represent a 

substantial proportion of patients dying with a diagnosis of Parkinson's 

disease (Hughes, 1992). However, studies derived from brain banks, and also 

from specialist clinics, are likely to overrepresent these disorders
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(Maraganore, 1998), and it is unknown how frequently these disorders occur 

in the unselected population.

In this thesis I will report on a descriptive epidemiological study of the 

different types of parkinsonism, which was undertaken with a particular 

emphasis on diagnostic accuracy of the parkinsonian disorders. Five main 

areas were investigated. First, the prevalence and incidence of parkinsonism 

and its different subtypes, and their relative distribution among patients with 

parkinsonism. Second, the accuracy of diagnosis of these disorders in the 

community. Third, the description of the clinical syndrome of Parkinson's 

disease (the most common of these subtypes and the only one to allow 

meaningful further analysis) with its main complications and the factors 

contributing to them in this population, and the analysis of different subtypes 

of Parkinson's disease. Fourth, the analysis of quality of life in this 

population-based sample of patients with Parkinson's disease, and the factors 

determining it.

30



Chapter 2. Aims of the study

2.1. The prevalence and incidence of parkinsonian disorders in the population

1. To determine the population prevalence and incidence of atypical parkinsonian 

disorders, such as multiple system atrophy and progressive supranuclear palsy

2. To determine the prevalence and incidence rates of Parkinson's disease in the area of 

London and to compare these with previously found prevalence and incidence rates in 

other areas

3. To calculate the distribution of parkinsonian disorders among patients with 

parkinsonism in this population

2.2. Accuracy of diagnosis

1. To determine the rate of true and false positive cases of patients diagnosed with 

Parkinson's disease and related disorders in the community

2. To determine the rate of true and false negative cases of Parkinson's disease and 

related disorders among all patients who had already come to medical attention in the 

community

2.3. The clinical features and natural history of parkinsonian disorders in a 

population-based sample

1. To analyse the frequency of symptoms and signs of the disease in patients with 

parkinsonian disorders in a cross-sectional sample of patients with these disorders

2. To determine the factors influencing disability in this cross-sectional sample of 

patients with Parkinson's disease

3. To retrospectively investigate the rate of progression and factors associated with 

fast progression in this cross-sectional sample of patients with Parkinson's disease

4. To investigate the rate of motor complications and the factors determining their 

occurrence in patients treated with levodopa

5. To investigate the rate of depression in a population-based sample of patients with 

Parkinson's disease and the factors that influence their occurrence

6. To determine the different subtypes of Parkinson's disesase
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7. To analyse the features and prognosis of Parkinson's disease in patients in whom it 

starts before the age of 40 years

2.4. Quality of life in Parkinson's disease

1. To investigate quality of life in a population-based sample of patients with 

Parkinson's disease using a disease-specific and two generic quality of life instruments.

2. To compare the validity and reliability of these three different quality of life 

questionnaires in patients with Parkinson's disease

3. To compare impairment of quality of life in patients with Parkinson's disease to that 

of people of the same age group and sex in the population
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Chapter 3. Methodology

The primary aim of this study was to obtain prevalence rates and clinical data on a 

representative sample of patients with the different types of parkinsonism classified 

with high diagnostic accuracy. In order to achieve this aim, rigid diagnostic criteria, 

which were mainly derived from clinico-pathological studies, were employed, and as 

many patients as feasible with possible parkinsonism in a representative target 

population were included in the screening phase of this study. A population-based 

approach was used, employing a linkage scheme with a number of general practices, 

who used computerised patient records, to identify all patients with possible 

parkinsonism in a population of over 100,000 people in the area of London.

3.1. Patient ascertainment

The most sensitive method of patient ascertainent, door-to-door surveys, require large 

human and financial resources, and therefore the next sensitive method, a population- 

based survey with patient ascertainment via general practices was chosen. Primary care 

in the UK is organised locally and coverage of the population is high, with more than 

98% of residents being registered with a general practitioner (Cockerell, 1993). The 

study population was therefore considered representative of the area of investigation.

3.1.1. Linkage Scheme with general practices

A linkage scheme between the National Hospital for Neurology and Neurosurgery 

(NHNN) and a number of general practices in and around London has been established 

since 1994 (Cockerell, 1996). Patients with neurological syndromes were referred from 

these general practices to the NHNN in an incidence study of neurological disease, 

which has been conducted for more than five years. One practice, which was also the 

biggest practice, was situated in Tonbridge, Kent (Warders Medical Centre), and the 

remaining practices in London. The patients belonged to different Health Authorities 

within London, including Fulham (Cassidy Medical Centre), Westminster and Pimlico 

(Westminster and Pimlico General Practice), and Hackney (The Lawson Practice), but 

the majority belonged to the Camden and Islington Health Authority (The Amwell 

Street Practice, Lonsdale Medical Centre; The Surgery, Mitchison Rd; The Holbom
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Medical Centre, The Museum Practie, Abbey Medical Centre, River Place Health 

Centre; The St. John’s Way Medical Centre, The Caversham Group Practice, James 

Wigg Practice; Elizabeth Avenue Group Practice). The practices were included if they 

a) had computerised records with diagnoses and treatments to choose from a 

stardardised menu to enable easy and complete retrieval of information on diagnoses 

and treatment, b) were located in an area considered typical for the overall population, 

e.g. not primarily responsible for a nursing home population, c) were not involved in 

other population-based studies on diagnosis or treatment of Parkinson's disease in order 

not to confound the results.

All of the general practices in the linkage scheme were invited to participate in 

this study on the epidemiology of parkinsonian syndromes. All of them agreed to 

participate, but two practices (Bounds Green Group Practice and The Surgery, Fitzroy 

Square) had been excluded from the trial as both were already participating in a 

different study involving patients with Parkinson’s disease. It was felt that a second 

study would be confusing and too great a burden for these parkinsonian patients, and 

that it could also confound the results of this and the other study, which examines the 

effects of nursing intervention in parkinsonian patients in a controlled study.

The remaining general practices had an overall population of 89,821. To cover a 

population of more than 100,000 persons a number of other general practices were 

contacted and invited to participate in the study. Only surgeries with three or more 

partners were contacted in order to exclude practices who did not use computerised 

records, and to achieve the highest possible consistency of screening methods.

Three additional general practices belonging to the Camden and Islington Health 

Authority, covering a population of 31,787 on prevalence day, agreed to participate.

The population figures by age and sex of all general practice on prevalence day is given 

in table 1.

All general practices agreed to participate in this study after discussing its purpose, 

method and the potential benefit and burden for the patients and the practice among the 

partners. One practice (The Amwell Street Practice), whose partners had only recently 

taken over the practice, requested that the patients were contacted by me rather than by 

themselves.
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3.1.2. Patient searches

3.1.2.1. Stage I

The computerised records of all general practices were screened according to the same 

procedure and criteria, where possible. The search to detect patients with possible 

parkinsonism was performed on all patients who were registered with the practice on 

prevalence day, the 1®̂ July 1997, and entries from the earliest entry to the day of search 

were included. A threefold search was performed using the following criteria:

1. All patients with a current or previous diagnosis of parkinsonism, without restriction 

of age, including paralysis agitans, parkinsonism secondary to drugs, malignant 

neuroleptic syndrome, postencephalitic parkinsonism, secondary parkinsonism due to 

other external agents, secondary parkinsonism unspecified, and Parkinson’s disease not 

otherwise specified.

2. All patients with a current or previous diagnosis of tremor or those in whom a tremor 

had ever been recorded. No type of tremor and no patient with a tremor was excluded 

at this stage. Included were codings for ‘has a tremor’, ‘trembling’, ‘fine tremor’, 

‘intention tremor’, ‘coarse tremor’, ‘parkinsonian tremor’, ‘familial tremor’, ‘essential 

and other specified tremor’, ‘drug-induced tremor’, ‘other specified forms of tremor’, 

and ‘tremor not otherwise specified’.

3. All patients who had ever received a drug used in parkinsonism or related disorders, 

including dopaminergic and anticholinergic drugs used in parkinsonism, 1-dopa, drugs 

used in essential tremor, chorea, tics and related disorders, Britaject, apomorphine 

hydrochloride, Tasmar and tolcapone (after they were made available). The only drugs 

excluded from this search were botulinum A toxin, Botox, and Dysport injections, 

Nitoman and tetrabenazine, as they are not used for the treatment of parkinsonism, but 

of other movement disorders.

4. All patients who were diagnosed or suspected to have ‘progressive supranuclear 

palsy’ or ‘progressive supranuclear ophthalmoplegia’.

5. All patients who were diagnosed or suspected to have ‘striatonigral degeneration’, 

‘Shy-Drager syndrome’, or ‘parkinsonism with orthostatic hypotension’.

6. All patients with ‘other basal ganglia disorders not otherwise specified’ were 

screened for symptoms suggesting any of the above.
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The same search was repeated in all practices at least once during, and at the end of the 

study to detect newly diagnosed patients, or patients who had developed parkinsonism 

or tremor during the time of the study.

3.1.2.2. Stage II

The personal records of all patients identified in stage I, on computer and written notes, 

were examined to determine whether the patients were correctly coded and met the 

inclusion and exclusion criteria (see below), and to extract as much clinical information 

as possible.

For each practice, a list of all patients who fulfilled the inclusion criteria and did not 

fulfil any of the exclusion criteria was constructed, including patients in whom 

insufficient information was available to determine whether the inclusion or exclusion 

criteria applied. For instance, in a number of, particularly elderly, patients, the onset of 

tremor was not recorded, but it was present at the time when the patient joined the 

practice after the age of 50 years. Or alternatively, tremor was mentioned in the notes 

as a known problem, but the onset was not recorded. These patients were also included 

on the preliminary list of eligible patients.

3.1.2.1.1. Inclusion criteria

I. All patients in whom a diagnosis of parkinsonism was made or the suspicion of it 

was recorded at any point in time, and

II. All patients with progressive supranuclear palsy, progressive supranuclear 

ophthalmoplegia, striatonigral degeneration, Shy-Drager syndrome, parkinsonism with 

orthostatic hypotension, and other basal ganglia disorders not otherwise specified with 

symptoms suggesting any of the above, and

III. All patients with a tremor in the past or at present, and

IV. All patients who had ever received antiparkinsonian drugs.

3.1.2.1.2. Exclusion criteria 

Regarding I. Patients with parkinsonism
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Drug-induced parkinsonism (treatment with dopamine receptor blocking agents 

at and at least 6 months prior to the onset of symtoms)

Parkinsonism following dementia (onset of dementia clearly before the onset of 

symptoms of parkinsonism)

Regarding III. Patients with tremor

Tremor starting before the age o f 50 years

Drug-induced tremor (treatment with dopamine receptor blocking agents at, and 

at least 6 months prior, to the onset of tremor, or tremor in clear relationship to 

treatment with lithium)

Tremor due to thyrotoxicosis 

Tremor due to alcohol withdrawal 

Regarding IV. Patients on antiparkinsonian drugs

Patients on antiparkinsonian drugs for a different indication (e.g. 

bromocriptine for prolactinoma, procyclidine in combination with a neuroleptic 

drug for treatment of schizophrenia)

Miscoded patients (e.g. spouse of a patient who was mistakenly listed to receive 

antiparkinsonian treatment)

All patients who were eligible for the study according to the defined criteria and 

registered with the practices on prevalence day, were included. Patients who had 

screened positive at the beginning of the study, but were not part of the practice 

population on prevalence day, as they had moved or died, were excluded from the 

study, independently of whether they had been seen or not. Patients who were 

diagnosed with a tremor or parkinsonism, or who received an antiparkinsonian drug 

after prevalence day, were also excluded from the study.

3.1.2.2. Stage III

The general practioners decided whether the patients were listed correctly and were 

eligible for the study. Few patients were excluded by their general practioners because 

he or she had felt that the patient was in too poor a condition to participate in the 

survey. These patients were included in the group of patients who had declined to 

participate.
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3.1.3. Patient contact

A letter inviting each patient to participate in the study on headed paper from the 

general practice was signed by the patient's general practitioner and returned to the 

researchers. This letter was sent to each patient along with the patient information 

sheet, a stamped addressed envelope, and a return form to indicate refusal or agreement 

to participate. All patients were given the option to be seen at the NHNN, at their 

general practice or at their home. In any contact with the patients the study was named 

‘Study on slowness and tremor’ to avoid mentioning the word ‘Parkinson’s disease’, in 

order not to alarm the patient.

In patients who declined to participate, as much information as possible was extracted 

from the computerised and written notes in the general practices. Additionally, the 

records of the NHNN were screened to determine whether the patients had been seen 

there before, and if so, information was extracted from the notes.

Patients who did not reply received a reminder letter after 4 weeks, and a second after 

another 2 weeks if they failed to answer. If there was still no reply, the general 

practitioner was contacted to find out whether the patient was still alive and residing in 

the area, and if so, he or she received a reminder call.

3.2. Patient assessment

3.2.1. Diagnostic visit

If patients agreed to participate, they were contacted by telephone or in writing and an 

appointment was made at the NHNN, at the general practice, or at their home. All 

patients were seen by me, and patients who were seen at the NHNN were mostly seen 

together with Professor Niall Quinn. In addition to clinical history taking and a 

complete neurological examination, a questionnaire with ticklist for the presence or 

absence of symptoms and signs, specifically designed for the purpose of this study in 

order to detect any typical and atypical features of parkinsonism, was completed. As a 

subsection of this, the UPDRS motor part (Fahn, 1987) was applied. In addition, a short 

cognitive test, using the Minimental scale of Folstein (Folstein, 1975) was performed.
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A Hoehn and Yahr scale (Hoehn and Yahr, 1967), as well as a Schwab and England 

grading (Schwab and England, 1969) was performed. Patients were also asked to rate 

their disability on the Schwab and England scale themselves. Patients were questioned 

about the presence or absence of a number of symptoms and signs associated with 

Parkinson's disease and atypical parkinsonian syndromes, such as hallucinations, falls 

(and their first occurrence), gait impairment, motor fluctuations or dyskinesias, 

incontinence, orthostatic symptoms (and their severity), insomnia, visual disturbances, 

pain, speech or swallowing impairment or a family history of Parkinson's disease. They 

were also asked which single symptom had been present at onset and whether they 

were unemployed or had retired early due to having parkinsonism. Details of the 

patients' medical history and medication, including time of diagnosis and initiation of 

treatment, were extracted from their general practitioners' records. If the dose of 

antiparkinsonian treatment listed in the records differed from that the patient and carer 

reported as actually taken, the dose reported by the patient and carer was taken as the 

current dose.

3.2.1.1. Diagnosis. A diagnosis was made according to published criteria (see below).

If necessary, further investigations were recommended. In all patients who were seen at 

home, at the general practice, or at the NHNN in the absence of NPQ, a video 

recording of the patient was taken according to a defined protocol (sitting at rest, 

speaking, rapid alternating movements, holding both arms extended, whole body and 

zoomed to different body regions, walking, handwriting, fmger-to-nose test, eye 

movements), and all patients were discussed with the consultant who also reviewed the 

video, but was blinded to the initial clinical diagnosis.

In cases in whom an unequivocal diagnosis could not be made without a remaining 

doubt, a repeat visit was arranged for the end of the study, either at the NHNN, the 

general practice or at home. At this second visit, a repeat video recording was taken 

and reviewed, if the patient was not seen by the consultant personally, and a final 

diagnosis was made, if possible.
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3.2.1.2. Diagnostic criteria. Parkinsonism was diagnosed if bradykinesia and at least 

one other of the four cardinal signs (resting tremor, rigidity, or impaired postural 

reflexes) were present. Parkinson's disease was diagnosed according to the UK PD 

Society Brain Bank criteria (Gibb, 1989b; table 2) with the exception that patients with 

an isolated Babinski sign but otherwise typical Parkinson’s disease were not excluded. 

In addition, patients with only a classical resting tremor were included as ‘possible 

Parkinson’s disease’. Progressive supranuclear palsy (probable and possible) was 

diagnosed according to criteria proposed by the National Institute of Neurological 

Disorders and Stroke (NINDS) and the Society for Progressive Supranuclear Palsy, Inc. 

(SPSP; Litvan, 1996a; table 3), and multiple system atrophy (probable and possible) 

according to the criteria of Quinn (Quinn, 1994; table 4). The diagnosis of CBD was 

made according to the criteria of Litvan (Litvan, 1997a; table 5). Vascular 

pseudoparkinsonism was diagnosed when there was presence of at least two of the 

following: history of previous strokes, abrupt onset with stepwise progression, 

hypertension, a wide-based gait with small steps, cognitive decline, pseudobulbar or 

pyramidal signs (Zijlmans, 1996).

3.2.1.3. Depression and Quality of Life assessment

At the first visit, all patients with a clinical diagnosis of parkinsonism, who agreed to it, 

were given a questionnaire booklet comprising the Beck Depression Inventory, a 

widely used 21-item depression inventory (BDI; Beck, 1961), and three different 

quality of life questionnaires, a disease-specific instrument for patients with Parkinson's 

disease, the PDQ 39 (Peto, 1995), and two generic, non-specific quality of life 

instruments, the EQ-5D (EuroQoL Group, 1990) and the Medical Outcomes Study 

Short Form (SF 36; Brazier, 1992). Patients were also asked to rate their current 

general level of health as better, much the same, or worse than during the past 12 

months. They were asked to complete this questionnaire as soon as possible, and return 

it to the researchers in a stamped addressed envelope, which was provided.

3.2.2. Follow-up

All patients with a diagnosis of parkinsonism, who agreed to this, were sent a brief 

questionnaire at 3-monthly intervals with questions on development of additional
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symptoms or aggravation of symptoms like depression, hallucinations, confusion, falls, 

fluctuations of motor performance, dyskinesia, or forgetfulness during these last three 

months. Secondly, the general practitioners were asked at the end of the study whether 

they had noticed any new atypical features in any of their eligible patients. If any 

atypical features or features suggestive of atypical parkinsonism were detected a 

second visit was arranged at the end of the study (end of 1998)

3.3. Data analysis

For all analyses only patients who were registered with the involved general practice on 

prevalence day and fulfilled inclusion criteria on prevalence day were included. Thus, 

patients who had been seen and diagnosed, but had died or left the area before 

prevalence day, or those who developed parkinsonian features after prevalence day or 

moved into the area after it, were not included in the analysis. The akinesia score of the 

UPDRS was calculated as the sum of items 19 and 23 to 26 of the UPDRS for both 

sides, the score of axial features from items 27 to 30, and the tremor score from items 

20 and 21 for both sides. The tremor-dominant subtype of PD was defined as patients 

with a ratio of tremor to bradykinesia score (bradykinesia, rigidity and postural 

instability subscores from the UPDRS motor scale and history) >0.5, and the akinetic- 

rigid subtype as patients with a ratio of <0.5. Socioeconomic groups were determined 

according to the classification of occupations and coding index (Office for Population 

indices, 1980).

Group differences were analysed by the student’s t-test. Categorical data were 

compared with Chi-square test, and Fisher's exact test if the numbers were small. 

Spearman rank correlations were calculated for interval data. A statistical level of 5% 

was considered as significant in most analyses. However, in order to take into account 

multiple comparisons in some analyses, a statistical threshold of p<0.005 was 

considered to be sufficiently conservative for these analyses. Differences with p<0.01 

and p<0.05 were then considered as marginally significant. The statistical analyses of 

data will be further described in each individual chapter.

3.4. Approval by an Ethics Committee
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The study and its design, including the methods of patient ascertainment, contacting 

eligible patients, the patient information sheet, the examination procedure, and follow- 

up questionnaires and examination were approved by the Joint Medical Ethics 

Committee of the National Hospital for Neurology and Neurosurgery and the Institute 

of Neurology.

3.5. Confidentiality and patient consent

The initials of all patients, their date of birth and their general practitioner were 

recorded on hard copy and computer system. No information was passed on to any 

third party, apart from a summary letter on the clinical findings, diagnosis and 

management suggestions, where appropriate, to the general practitioner, unless the 

patient declined this.
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Chapter 4. The population prevalence and incidence of the atypical parkinsonian 

disorders progressive supranuclear palsy and multiple system atrophy 

4.1. Background

Progressive supranuclear palsy (PSP) and multiple system atrophy (MSA) are two 

distinct and well described neurodegenerative disorders but little is known about their 

prevalence and incidence in the general population. They are frequently misdiagnosed, 

particularly as Parkinson’s disease (PD). The diagnosis may be particularly difficult in 

the early stages of the disease before atypical features have clearly emerged, so that 

ideally patients should be regularly reassessed by movement disorder specialists 

(Rajput, 1991). In the United Kingdom Parkinson's Disease Society Brain Bank, 

neuropathological examination of patients who died with a diagnosis of PD showed 

that around 6% and 5% of them actually had PSP and MSA respectively (Hughes, 

1992), and among a series of 35 pathologically proven cases of MSA, 55% of the 22 

cases referred from other institutions died with an erroneous diagnosis of PD 

(Wenning, 1995). Over the 5 year period from 1989 to 1994, 7.9% and 9.9% of 303 

brains donated had PSP and MSA, respectively (Dr. Susan Daniel, personal 

communication). However, PSP and MSA patients are likely to be over-represented in 

studies of PD brain banks (Maraganore, 1998), and therefore extrapolating from these 

results to estimate their prevalence may produce very misleading estimates. Moreover, 

because survival in PSP and MSA is markedly shorter than in PD, such figures are a 

better indicator of incidence than prevalence.

There are no large population-based studies on the prevalence of PSP and MSA. 

Prevalence studies of PD usually either exclude atypical parkinsonian patients or do not 

attempt to diagnose such patients but simply include them under the diagnosis of 

parkinsonism. (Tandberg, 1995; Morgante, 1992). This population-based study was 

primarily carried out to determine the prevalence rates of PSP and MSA.

4.2. Methods

The methods of case ascertainment and diagnosis were described in chapter 3. In brief, 

the computerised records of 15 general practices (12 participating in the linkage
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scheme and 3 additional practices; 14 in London and 1 in Kent) were screened for 

patients with the following entries: ‘Parkinson’s disease’, ‘parkinsonism’, ‘progressive 

supranuclear palsy’, ‘striatonigral degeneration’, ‘Shy-Drager syndrome’,

‘parkinsonism with orthostatic hypotension’, and ‘other extrapyramidal disorders, not 

otherwise specified’, ‘tremor’ with onset above the age of 50 years, as well as for those 

patients who had ever been prescribed an antiparkinsonian drug. This over-inclusive 

multiple approach was taken to ensure that the screening criteria had a high sensitivity 

(include all PSP and MSA cases) at the expense of low specificity (include lots of other 

conditions). Patients with only tremor beginning before the age of 50 were excluded 

because the risk of missing PSP or MSA patients presenting at a young age with 

isolated tremor without other neurological signs was considered minimal. I reviewed 

the computerised and hard copy records of all eligible patients. Patients were excluded 

from further evaluation in this part of the study if they (a) had used antiparkinsonian 

drugs for other indications (e.g. bromocriptine for pituitary adenoma or anticholinergic 

drugs taken ‘prophytactically’ in association with dopamine antagonists in patients with 

psychotic disorders), (b) had a known alternative cause of tremor (e.g. 

hyperthyroidism), (c) had onset of parkinsonian symptoms within 6 months of at least 6 

months treatment with dopamine receptor blocking drugs, (d) developed dementia 

before the onset of their parkinsonism, and (e) had been miscoded. All the remaining 

patients were contacted through their general practitioners (in all but one practice) and 

invited to be seen at the NHNN, the general practice, or at home. Those who did not 

reply were sent a reminder letter and, if they failed to respond, received a reminder 

telephone call.

4.2.1. Diagnosis. All patients who agreed to participate had a general and neurological 

interview and examination. I also administered a questionnaire specifically designed to 

detect signs and symptoms of PSP, MSA, or other atypical parkinsonian disorders. To 

enable independent diagnostic validation, a video recording of the neurological signs 

was made if the patient consented. The diagnosis was made according to published 

criteria (see chapter 3 and below) after review and discussion of each subject with 

NPQ.
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As the diagnosis in some cases may only become evident after a period of time as new 

clinical features develop, patients were kept under review using three methods. All 

patients with a diagnosis of parkinsonism, PSP or MSA received a three monthly 

questionnaire on the development of atypical features and symptoms of progression 

(e.g. development of falls). Secondly, the general practitioners were asked at the end of 

the study whether they had noticed any new atypical features in any of their eligible 

patients. Finally, patients with either no definitive diagnosis or with atypical features at 

the first visit, or who developed them during follow-up, were reviewed and re­

examined after at least one year. As much information as possible was sought from the 

general practitioner and other hospitals they had attended on those patients who 

declined to participate. The same diagnostic criteria were applied to these patients.

4.2.2. Diagnostic criteria. PSP (probable and possible) was diagnosed according to 

criteria proposed by the National Institute of Neurological Disorders and Stroke 

(NINDS) and the Society for PSP, Inc. (SPSP; Litvan, 1996a), and MSA (probable and 

possible) according to the criteria of Quinn (Quinn, 1989; table 3 and 4).

4.2.3. Data analysis. The numbers of patients registered with each general practice by 

sex and age were obtained from the practice or the responsible Family Health Services 

Authority. Prevalence day was 1st July 1997. Crude prevalence and age-adjusted rates 

were calculated by direct standardisation to the 1996 European Population (Eurostat 

Data Shop). Crude incidence rates were calculated indirectly by dividing the prevalence 

rates by mean disease duration from previous publications (see below), making the 

assumptions of a steady state population. 95% confidence intervals (95% Cl) were 

calculated for the crude rates using the Poisson formula and for the standardised rates 

according to the method of Smith (Smith, 1987).

4.3. Results

The total population was 121,608 people, of whom 23,859 were older than 55, and 

14,272 older than 65 years. The screening process identified 679 patients, but 438 

patients were excluded after reviewing their records, leaving 241 eligible patients. The 

reasons for exclusion were a) the use of antiparkinsonian drugs for other indications in 

334 patients (76%; 286 of whom had been receiving an anticholinergic in association
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with a dopamine antagonist for a psychiatric disorder), b) a known alternative cause of 

tremor in 51 patients (12%), c) drug-induced parkinsonism in 43 patients (10%), d) 

dementia before the onset of parkinsonian symptoms in 5 patients (1%), and e) 

miscoding in 5 patients (1%). 202 of these patients agreed to be examined (84% 

participation rate), with 33 patients declining to participate, and 6 patients died before 

they could be seen. There were no statistically significant differences for sex (59% vs. 

51% female, Chi^ value = 0.63, p=0.43) comparing patients who were not with those 

who were seen, but patients who were not seen were significantly older than those who 

were seen (79.5 years vs. 73.0 years, t-test p<0.001).

170 patients fulfilled the criteria for parkinsonism (137 patients seen, 33 not seen). Five 

patients fulfilled criteria for probable PSP, and one patient was classified as having 

possible PSP. Two patients had probable MSA, and one patient qualified for possible 

MSA. One further patient, who had declined to be seen, was under the care of a 

movement disorder specialist with a suspected diagnosis of MSA, and fulfilled criteria 

for possible MSA. Apart from this case, none of the other patients had been previously 

diagnosed with either of these two diseases (table 6), the previous diagnoses being PD 

(n=7), small vessel disease (n=l) and no diagnosis (n=l). Only two of the MSA 

patients and three of the PSP patients had previously seen a neurologist. In addition to 

these ten patients, another four with parkinsonism and features atypical for idiopathic 

PD were seen, who did not fulfil criteria for PSP, MSA, or another specific 

parkinsonian disorder (see below). All but one patient with probable PSP, who was of 

Asian origin, were Caucasian. There were no cases of corticobasal degeneration or 

other, rare neurodegenerative disorders.

4.3.1. Prevalence. The crude and age-adjusted prevalence for PSP, if all probable and 

possible cases were included, was 4.9 per 100,000 (95% confidence interval 1.8 to 10.7 

per 100,000) and 6.4 per 100,000 (95% confidence interval 2.3 to 10.6 per 100,000), 

respectively (table 7). If only those with probable PSP were included, the crude and 

age-adjusted prevalence of PSP was 4.1 and 5.5 per 100,000. If it was assumed that all 

atypical, not classifiable cases had PSP, the prevalence for PSP would be 8.2 and 11.1 

per 100,000, respectively. The crude prevalence for MSA (all probable and possible
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cases), was 3.3 per 100,000 (95% confidence interval 0.9 to 8.4 per 100,000) and 

adjusted rate was 4.4 per 100,000 (95% confidence interval 1.2 to 7.6 per 100,000) 

(table 7). If only the probable cases were included, the crude and age-adjusted 

prevalence of MSA were 1.6 and 2.2 per 100,000, respectively. If it was assumed that 

all atypical, not classifiable cases had MSA, the crude and age-adjusted prevalence for 

MSA would be 6.6 and 9.0, respectively.

4.3.2. Gender differences. 116 men (48.1%) and 125 women (51.9%) were eligible for 

the study. The rates for men and women with probable or possible PSP were almost 

identical - 5.0 per 100,000 and 4.8 per 100,000 based on 3 male and 3 female cases 

(relative rate 1.05, 95 confidence interval 0.14 to 7.8). For probable and possible MSA, 

the rates were 1.7 per 100,000 from men and 4.8 per 100,000 for women (relative rate 

0.35, 95% confidence interval 0.01-4.3) Among the four patients with atypical, not 

otherwise classified parkinsonism, one was male.

4.3.3. Incidence. Using survival times of 5.6 years for PSP derived from Litvan et al 

(Litvan, 1996b) and 5.3 years derived from Bower et al (Bower, 1997), indirect age- 

adjusted incidence rates were calculated for (probable and possible) PSP of 1.14 and 

1.21 per 100,000 per year, respectively. For probable and possible MSA, using survival 

times of 9.5 derived from Wenning et al (Wenning, 1994a) and 8.5 derived from Bower 

et al (Bower, 1997), age-adjusted incidence rates were obtained of 0.46 and 0.52 per

100,000 per year, respectively.

4.4. Discussion

To my knowledge, this is the first large population-based prevalence study that has 

specifically attempted to measure the frequency of PSP or MSA using currently 

accepted diagnostic criteria and with a period of follow-up to increase diagnostic 

accuracy. The methods in this study have resulted in higher prevalence rates (PSP 6.4 

per 100,000, MSA 4.4 per 100,000) than have been previously reported. The results 

also illustrate the importance of community-based studies as none of the PSP cases and 

only one of the MSA cases were previously diagnosed. Initially, wide inclusion criteria 

were used so that all potential cases of parkinsonism could be identified. Not only were 

all patients examined with a particular view on detection of features indicating an 

atypical parkinsonian syndrome, but almost all also had a video recording taken for
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discussion and diagnostic confirmation. Twenty three patients with any atypical 

feature(s) were reviewed after a year follow-up period, two (9%) of whom received a 

new diagnosis (one with probable PSP and one with atypical parkinsonism). These 

methods identified more patients than would have been found using more conventional 

methods.

The frequency of PSP and MSA has been estimated from a German door-to-door study 

of 1190 people aged 65 years or over. (Trenkwalder, 1995). The investigators did not 

identify any cases of PSP but found 3 cases of MSA and 7 cases of PD. Their 

prevalence rate for MSA (252 per 100,000, 95% confidence interval 52 to 734 per 

100,000) is very much greater among people older than 65 years than the equivalent 

rate in this study (28 per 100,000, 95% confidence interval 8 to 72 per 100,000). In 

contrast, the prevalence for PD in this population (588 per 100,000, 95% confidence 

interval 236 to 1212) is less than half the usual rate in Caucasian populations for 

patients over the age of 65 years (Tison, 1994). A door-to-door survey should identify 

not only cases who have, but also those who have not, sought medical help, so this 

might partially explain the difference. However, given the ease of access to primary 

care in the United Kingdom and the rapid progression of MSA, it is more likely that, 

given the wide confidence intervals, the extraordinary high prevalence rate of MSA in 

the German study is due to chance. In contrast, a large prevalence study, which 

specifically focused on PSP, but only included pre-diagnosed patients (Golbe, 1988), 

found a much lower prevalence rate of 1.4 per 100,000, which may be accounted for by 

failure to include mis- or undiagnosed patients. No comparable data on the prevalence 

of MSA derived from large population samples are available.

A number of studies on the prevalence of PD, which specifically excluded patients with 

PSP and MSA, have reported data that enable presumptive calculation of their 

prevalence, even though one is uncertain of which diagnostic criteria were used. 

Wermuth et al (Wermuth, 1997) found a prevalence of PSP and MSA of 4.6 and 2.3 

per 100,000, respectively, in a study of PD on the Faroe Islands with a population of 

43,000. These results are similar to the findings in this study and given the small 

population of the Islands it is likely that all cases were identified. Chio et al (Chio,
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1998) found a prevalence of 3.2 and 4.9 per 100,000 for PSP and MSA, respectively, 

examining all patients on antiparkinsonian drugs in a study in Northwestern Italy 

covering a population of 61,830. The prevalence data among patients above the age of 

55 from the study by de Rijk et al in Rotterdam (De Rijk, 1995; 14.3 and 28.7 per

100,000 for PSP and MSA, respectively) are also comparable to those in the patients in 

this study above the age of 55 (25.1 and 16.8 per 100,000, respectively). However, 

small numbers (overall population of 6,969) once again make comparison difficult. 

Additionally, the degree of diagnostic certainty in these studies, which were mainly 

designed to detect idiopathic PD, is unclear.

There are only a few reports on the incidence of PSP and MSA, yielding rates of 

between 0.3 to 1.1 (Bower, 1997; Mastaglia, 1973; Radhakrishnan, 1988; Rajput, 1984) 

per 100,000 per year for PSP and 0.6 per 100,000 per year for MSA (Bower, 1997). 

These findings are fairly comparable to the results of this study but incidence was 

measured indirectly so one must be cautious in making comparisons.

The frequency of PSP and MSA in this study as a proportion of all cases with 

parkinsonism was about half that seen from autopsy series from Parkinson brain banks. 

It is possible that cases who had not yet developed atypical features were 

underascertained. However, patients with atypical parkinsonian disorders are more 

likely to come to autopsy than those with idiopathic PD (Maraganore, 1998), and PSP 

and MSA are therefore likely to be over-represented in autopsy series.

Prevalence rates of PSP were similar for men and women in this study, in contrast to 

studies finding a higher incidence of PSP in men (Steele, 1964; Bower, 1997). It is 

possible that male cases are more likely to be ascertained from specialist centres 

(Rybicki, 1995). Alternatively, these discrepant observations may be reconciled if men 

with PSP die more rapidly than women. The results of this study do not support 

hypotheses of occupational risk factors in men or hormonal protection in women. MSA 

was more frequent in women, but due to the small numbers no firm conclusions can be 

drawn from this finding. Both diseases increased with increasing age, but fewer 

patients were found in the age-group above 80 years. This may indicate a true declining
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prevalence of these disorders, but may also be due to underascertainment, since a 

parkinsonian syndrome is less likely to be suspected in older patients (De Rijk, 1995) 

and older patients were more likely to decline participation. In addition, the increasing 

prevalence of concomitant dementia with increasing age may bave lead to exclusion of 

cases of PSP (which can cause dementia) in this oldest age group if it began before the 

onset of parkinsonism. Last, it may also purely be a chance finding, as the numbers 

were small in this oldest age group.

Despite efforts to maximise case ascertainment, the prevalence rates for both diseases 

are probably underestimated for the following reasons. Firstly, despite a good 

participation rate (84%), cases amongst non-participants could have been missed. The 

notes of all such patients were checked and in one patient the recorded clinical features 

were sufficient to make a diagnosis of possible MSA. Secondly, in some cases the 

correct diagnosis will only become evident at post-mortem, as demonstrated by the 

retrospective analysis of clinical features of patients with pathologically confirmed PSP 

and MSA (Hughes, 1992). Thirdly, I only ascertained cases who had been seen in 

primary care, so that early cases may have been missed. This is more likely to be a 

problem for PD, particularly in elderly patients, than for PSP or MSA, as these 

disorders progress more rapidly and are severely disabling. Finally, potential cases 

were seleced from patients with parkinsonism as most patients with PSP (Litvan,

1996a) and MSA (Wenning, 1994a) develop parkinsonian features during the course of 

the disease. However, patients with early PSP or MSA presenting only with falls, ataxia 

or orthostatic hypotension may not have been detected.

With the demographic increase in the elderly population, parkinsonian movement 

disorders will increase in relative importance. Whilst both PSP and MSA are much less 

frequent than PD, their prevalences have been under-estimated and patients in the 

general population are often undiagnosed. This has important implications for 

treatment, prognosis and providing community care, particularly since these diseases 

are more disabling than PD and respond much less well to antiparkinsonian 

medications. Until better diagnostic tests are available, clinical studies must use 

rigorous methods with patient follow-up to provide more realistic estimates of disease 

frequency.
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Chapter 5. The population prevalence of Parkinson’s disease and parkinsonism in 

London 

5.1. Background

Idiopathic Parkinson’s disease (PD) is one of the most frequent neurological disorders, 

particularly in the elderly. Estimates of its prevalence have however varied widely 

between studies and countries ranging from 10 (Nigeria) to 405 (Uruguay) affected 

patients per 100,000 people in the general population (Zhang, 1993). The interpretation 

of these differences is difficult as methodological (e.g. the use of different diagnostic 

criteria, varying methods of case ascertainment and different age-distributions) rather 

than true geographical differences account for at least part of them. The few previous 

studies on the prevalence of PD in the United Kingdom have yielded prevalence rates of 

108 to 164/10^ with little change over the last decades (Sutcliffe, 1995), and none of 

them have been conducted in the London area.

This study investigated the prevalence of PD and other parkinsonian syndromes in the 

London area using a population-based approach with special emphasis on distinguishing 

different parkinsonian syndromes.

5.2. Patients and methods

Patients whose onset of parkinsonian symptoms was within 6 months of at least 6 

months of treatment with dopamine receptor blocking drugs, and patients who had 

developed dementia before the onset of parkinsonism were not contacted, but their 

detailed medical records were extracted. The remaining patients were contacted through 

their general practitioners (in all but one practice) and invited to be seen at the NHNN, at 

their general practice, or at home.

5.2.1. Diagnostic criteria. Parkinsonism was diagnosed if bradykinesia and at least one 

other cardinal sign (resting tremor, rigidity or postural instability) were present. PD was 

diagnosed according to the UK Parkinson’s Disease Society Brain Bank criteria (Gibb, 

1989b) with the exception that an isolated positive Babinski sign, for instance in an 

elderly patient with otherwise typical PD was not considered to invalidate the diagnosis. 

In addition, patients with isolated classical resting tremor only were included as having 

‘possible Parkinson’s disease’. Multiple system atrophy (probable and possible) was
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diagnosed according to Quinn (Quinn, 1989), and progressive supranuclear palsy 

(probable and possible) according to criteria proposed by the National Institute of 

Neurological Disorders and Stroke (NINDS) and the Society for PSP, Inc. (SPSP;

Litvan, 1996a). Vascular parkinsonism was diagnosed when there was presence of at 

least two of the following: history of previous strokes, abrupt onset with stepwise 

progression, hypertension, a wide-based gait with small steps, cognitive decline, 

pseudobulbar or pyramidal signs. Drug-induced parkinsonism (DIP) was diagnosed if 

the onset of parkinsonian symptoms was within 6 months of at least 6 months treatment 

with dopamine receptor blocking drugs. Patients with DIP, and those with dementia 

before the onset of parkinsonian symptoms, were not seen, but their details were 

extracted from the records of the general practitioner. In patients with DIP, parkinsonism 

had to be well documented and still present on prevalence day. Patients in whom only 

tremor on treatment with a dopamine receptor blocking drug was noted were not 

included.

5.2.2. Data analysis. Prevalence day was July 1st, 1997. All patients seen who had died 

before prevalence day, or moved away from the study area were excluded. The numbers 

of patients registered with each general practice by sex and age were obtained from the 

practice or the responsible Health Authority. We calculated crude prevalence rates for 

this population, and age-adjusted rates by direct standardisation to the 1997 United 

Kingdom Population. In addition, the results were also adjusted to the European 

population, including all member states of the European Union at that time. The 95% 

confidence intervals (95% Cl) around age specific rates were calculated assuming the 

Poisson distribution (Gardner, 1992) whilst the method of Smith (Smith, 1987) was used 

for the 95% CIs around the directly standardised rates.

5.3. Results

235 patients fulfilled the criteria for parkinsonism, including DIP, vascular parkinsonism 

and parkinsonism in dementia, (148 patients of those who were, and 87 of those who 

were not seen). Probable PD was diagnosed in 152 patients, and possible PD in four. 

Three patients had developed parkinsonism following central (2 patients) or peripheral 

trauma (1 patient), and one following intoxication with carbon monoxide. However, in
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all 4 patients, the syndrome was slowly progressive, asymmetric, responsive to 

levodopa, and also otherwise characteristic for PD. We therefore considered these 

patients to have PD.

17 patients were diagnosed as having vascular parkinsonism and 43 had drug-induced 

parkinsonism. Five patients were classified as having parkinsonism with onset after the 

development of dementia, and 14 patients had atypical parkinsonism, including MSA, 

PSP and atypical not classifiable parkinsonism (only one of whom was not seen). No 

cases of postencephalitic parkinsonism or corticobasal degeneration were found. The 

clinical characteristics of the different groups are given in table 8.

5.3.1. Prevalence. The crude and age-adjusted prevalence figures for PD, if all probable 

and possible cases were included, were 128 (95% Cl 109 to 150) and 168 (95% Cl 142 

to 195) per 100,000, respectively. The crude and age-adjusted prevalence rates for 

primary parkinsonism, including atypical parkinsonism were 140 (95% Cl 120 to 162) 

and 184 (95% Cl 156 to 211) per 100,000, and that of all types of parkinsonism, 

including DIP, vascular parkinsonism and parkinsonism following dementia were 193 

(95% Cl 169 to 220) and 254 (95% Cl 222 to 287) per 100,000, respectively. Age- 

adjustment to the standard European population gave prevalence rates per 100,000, for 

PD of 121 (95% Cl 101 to 141), primary parkinsonism of 133 (95% Cl 112 to 154), and 

for all types of parkinsonism of 186 (95% Cl 161 to 211), respectively.

5.3.2. Age- and sex-specific rates. The prevalence of PD as well as of parkinsonism as a 

whole was similar in men and women, with a slightly higher prevalence in men in all 

ages (table 9). There were two patients with PD currently below the age of 40. The 

prevalence of PD increased with advancing age from an age-specific rate of 0.008% 

between age 30 and 40 to 1.3% in those above the age of 80 without a decline in the 

oldest patient group. This was also true for vascular parkinsonism and post-dementia 

parkinsonism (table 10). However, the prevalence of atypical parkinsonism showed an 

inverted U-shape pattern, with a fall in the higher age-group and the rates for DIP 

plateaued after 60 years of age. There were no patients with vascular parkinsonism or 

parkinsonism following dementia below the age of 60.

53



5.3.3. Relative frequency ofparkinsonian subtypes among patients with parkinsonism 

Among all patients with parkinsonism, the patients with probable and possible PD 

represented 66%, those with atypical parkinsonism 6%, those with vascular 

parkinsonism 7%, those with drug-induced parkinsonism 18%, and those with 

parkinsonism following dementia 2% (see table 11).

5.4. Discussion

5 . 4 . 1 . Comparison with findings from other UK studies

In this study, we found an age-adjusted prevalence rate of 168 per 100,000 for PD in the 

area of London. There was a slightly higher rate in men than in women, and the age- 

specific prevalence increased consistently with age, without decline in the highest age 

group. This pattern is consistent with door-to-door surveys, which have demonstrated 

that a decline in prevalence for the oldest age group is due to ascertainment bias. Our 

prevalence rate is similar to that of the previous UK studies, which yielded prevalence 

rates of 164 reported from Aberdeen in 1984, and 121 reported from Northamptonshire 

in 1992 (figure 1). Only 2 out of the 20 age-specific rates have 95% confidence intervals 

that do not overlap with the pooled age-specific rate. The survey by Brewis and 

colleagues found a relatively lower rate for patients aged over 79 years and Mutch and 

colleagues had a relatively higher rate than the other studies for this age group. All the 

studies have used fairly similar diagnostic criteria (bradykinesia plus one of the other 

classical features) and patients with DIP and vascular parkinsonism were excluded. The 

three most recent surveys have used more thorough methods of case ascertainment and 

confirmation of diagnosis with examination. It is likely that Brewis and colleagues relied 

predominantly on hospital-based cases although seeking cases in the community, and 

therefore underascertained elderly cases. The study by Mutch and colleagues actively 

searched for elderly subjects resident in nursing homes. This may explain their higher 

prevalence rate for the over eighties age group.

5.4.2. Comparison with findings from other studies world-wide

Prevalence rates between different studies show wide variations (Zhang, 1993), but 

interpreting these differences is difficult owing to variable methodology. Thus, the 

lowest prevalence rates were found in studies relying on death certificates (Ben-Shlomo,
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1993; Vanacore, 1992), and the highest in population-based studies, which report a 

frequency of PD between 3 and 4% in the population over 80 years (Bharucha, 1988; 

Morgante, 1992; de Rijk, 1997; de Rijk, 1995; Tison, 1994; Wang, 1996). Moreover, the 

use of different diagnostic criteria leads to markedly differing results between studies, as 

the difference between the prevalence rate of PD and of all parkinsonism in this study 

illustrates. Similarly, the crude prevalence rate in a door-to-door study in Sicily was 372 

for all kinds of parkinsonism and 257 for PD alone. Additionally, the diagnosis of PD 

and its differentiation from other subtypes of primary parkinsonism is conspicuously 

difficult, and the rate of misdiagnosis even at death has been as high as 24% in the 1980s 

in the UK, but is probably lower today, partly as a result of the publication of this study 

(Hughes, 1992). Furthermore, crude prevalence rates, even if they were created with 

identical methods, cannot be compared between populations of different population 

structures. Thus, the crude prevalence rates of 257 and 328 per 10  ̂found in the door-to- 

door studies in Sicily and Bombay, for instance, fall to 194 and 148 per 10̂  adjusted to 

the 1970 US population, respectively (Zhang, 1993). Likewise, studies only assessing 

elderly populations (Schoenberg 1985, Tison, 1994) yield considerably higher results 

than those including all ages. Therefore, comparisons can only be made either after 

adjustment to the same population, or the age-specific rates are compared directly for 

each age-group. We here present the prevalence rates age-adjusted to the UK and 

standard European populations, and the age-specific prevalence rates of this and other 

studies (figure 1 and 2).

Provided similar methodology was employed, many studies world-wide have arrived at 

comparable age-specific prevalence rates (figure 2). The age-specific prevalence rates of 

this study are among the highest, with the exception of the door-to-door studies. These 

are probably the most accurate of prevalence studies, and generally yielded higher 

results with a substantial proportion of newly diagnosed patients. However, the use of 

different diagnostic criteria hampers a comparison even between these studies. Only one 

door-to-door study has been conducted, to my knowledge, with neurological expert 

diagnosis at screening level owing to the immense costs of such a study (Wang, 1996).

5.4.3. Potential underascertainment
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Between 12% (de Rijk, 1995) and 78% (Wang, 1996) of patients are newly diagnosed in 

door-to-door studies, and are missed in studies relying on medical records. Although as 

complete case ascertainment as possible was attempted by including every patient, who 

had ever been suspected of a parkinsonian syndrome, had received antiparkinsonian 

drugs, or had been noticed to have a tremor (with onset after age 50), this study was not 

a door-to-door survey, and patients who have not come to medical attention would not 

have been included. In the EUROPARKINSON collaboration, the proportion of newly 

diagnosed community cases varied between 11% (France) and 13% (Holland up to 52% 

(Pamplona, Spain; de Rijk, 1997). We suspect that the UK health care system resembles 

the Dutch health care system in terms of quality and access and therefore the proportion 

of ‘missed’ cases would be around 10-20%.

5.4.4. Diagnostic accuracy

A certain degree of uncertainty remains in those who were not personally examined. 

Their notes were examined in detail, and the same criteria applied to these patients. 

However, as this documentary data was less complete and thorough than in the patients 

who were seen, it is possible that any patients with atypical parkinsonism may have been 

misclassified as PD.

5.4.5. Other causes o f a parkinsonian syndrome

Only 66 percent of all patients with parkinsonism suffered from PD. The other 34 

percent had secondary parkinsonism including 6 percent with other types of primary 

parkinsonism. This percentage is higher than generally assumed (Rajput, 1984; de Rijk, 

1997), but less than recent data from Rochester, Minnesota (Bower, 1999), where 41 

percent of incident cases of parkinsonism had a diagnosis other than PD, but 17% of 

cases were classified as parkinsonism unspecified. The figure in this study might also 

have been even higher if all patients with drug-induced parkinsonism or tremor were 

seen, as the most likely cause of tremor in patients taking dopamine receptor blocking 

agents is drug-induced parkinsonism. In addition, it is possible that not all patients with 

DIP, parkinsonism following dementia, or vascular parkinsonism were correctly coded 

by every general practitioner. For this reason, and as the main purpose of this study was 

to determine the prevalence of PD and atypical parkinsonism, these patients were not
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personally examined. However, it is likely that the rate of drug-induced parkinsonism 

and vascular parkinsonism is higher. Overall, the prevalence of atypical parkinsonism 

was approximately 10%, which has important implications for treatment trials, where 

these patients should be excluded due to the different response to medication and their 

different natural history with more rapid progression and worse prognosis.

5.5. Conclusion

We conclude that the prevalence of PD in the London area is similar to that reported 

from other parts of the UK. However, the total number of patients with parkinsonism, 

including atypical parkinsonism, DIP, vascular parkinsonism, and parkinsonism 

following dementia, is considerably higher. Prevalence rates increase with advancing 

age without a decline in the oldest age group, and there was a slightly higher prevalence 

in men. Assuming that 10-20% of patients had escaped medical attention, the prevalence 

of PD in London is estimated as approximately 200 per 100,000.
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Chapter 6. Accuracy of the clinical diagnosis of Parkinson’s disease in the 

community 

6.1. Background

Pathological examination of brains of patients with a clinical diagnosis of 

Parkinson's disease reveals a different diagnosis in up to 35% of cases (Rajput, 1991; 

Hughes, 1992; Ansorge, 1997; Litvan, 1998). Retrospective application of strict 

clinical criteria increases the likelihood of correct diagnosis (Hughes, 1992), 

although a proportion of patients who do not have PD still fulfil clinical criteria for 

PD in such a retrospective analysis. Conversely, patients with PD may be 

misdiagnosed as having other parkinsonian disorders (Litvan, 1998), or not be 

recognised to have parkinsonian features (Schoenberg, 1985). In the absence of a 

biological marker for PD, the only certain means of diagnosis at present is the 

finding of depletion of brain stem pigmented neurons with Lewy bodies at 

pathological examination. However, pathological examination is only possible in a 

minority of patients with parkinsonism, and pathological case series are prone to 

referral bias and probably overrepresent atypical cases (Maraganore, 1998).

In order to determine the accuracy of a diagnosis of PD in the general, unselected, 

population of patients with a parkinsonian syndrome, we applied the clinical ‘gold- 

standard’ of strict published criteria to all patients identified in this population-based 

study on the prevalence of PD.

6.2. Methods

The diagnosis of non-parkinsonian tremor included various types of tremor such as 

essential, dystonie and enhanced physiological tremor, as the distinction of these 

syndromes is still a matter of debate (Chouinard, 1997). Statistical analysis consisted 

mainly of calculating rates and proportions.

6.3. Results

134 patients (66% of 202 participants) had received a diagnosis of parkinsonism (131 

of PD, one of atypical parkinsonism and two of vascular parkinsonism). Ten 

additional patients (5%) had been prescribed antiparkinsonian drugs for parkinsonian 

symptoms without a fiirther specified diagnosis. 56 patients (28%) had been noted to 

have a tremor with onset after age 50 without having been suspected of having
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parkinsonism, and two patients (1%) were referred to Professor Quinn for diagnostic 

purposes without a previous diagnosis (table 12).

6.3.1. Patients with a previous diagnosis ofPD

The diagnosis of probable PD was confirmed in 109 patients with this diagnosis 

(83%), including three patients (2%) in whom atypical features were found, but were 

insufficient to discard the diagnosis of PD. Two additional patients (2%) were found 

to have possible PD. However, in 20 patients (15%) the diagnosis of PD was 

unequivocally rejected. The alternative diagnoses were non-parkinsonian tremor in 4 

patients (3%), vascular parkinsonism in 6 (5%), progressive supranuclear palsy 

(PSP) in 4 (3%; probable in 3 and possible in one), and of multiple system atrophy 

(MSA) in 3 patients (2%; probable in 2 and possible in one). Two patients received a 

diagnosis of idiopathic torsion dystonia, and one of dementia without parkinsonism 

(who was recorded as having PD and dementia not clearly starting before 

parkinsonism). When only those patients who had seen a consultant neurologist at 

some point in the past (72 patients, 55%) were considered, the diagnosis was 

changed from Parkinson’s disease to a different diagnosis in 8% (table 13).

6.3.2. Patients with a previous diagnosis other than Parkinson’s disease 

Among all patients seen, two were referred for diagnostic purposes without a 

previous diagnosis, and 69 patients (34%) had a previous diagnosis other than PD. 

Among these, 81% had been given a diagnosis of non-parkinsonian tremor, 3% of 

vascular parkinsonism, 1% of atypical parkinsonism, and 14% had been prescribed 

an antiparkinsonian drug for parkinsonian features without a specific diagnosis. 

Thirteen of the patients with different diagnoses (19%) and the two patients referred 

for diagnostic purposes fulfilled strict clinical criteria for PD. In two additional 

patients who had a previous diagnosis of non-parkinsonian tremor, a diagnosis of 

‘possible PD’ was made (3%; table 14). If only patients who had a some point in the 

past seen a consultant neurologist (39%) were considered, the diagnosis was changed 

to PD in 11% of them.

6.3.3. Sensitivity, specificity and predictive value o f a previous diagnosis ofPD  

The definitions of sensitivity, specificity, positive and negative predictive value are 

given in the appendix. Sensitivity and specificity are independent of the sample size.
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whereas predictive values change with the size of the study population. They are 

therefore prone to selection bias in clinic-based or pathological studies, but are also 

dependent of the size and type of the investigated study sample (e.g. all patients with 

tremor or all patients with parkinsonism). These parameters were calculated for the 

overall sample excluding the patients referred for diagnosis (both of whom had PD), 

as well as separately for the subgroups of patients identified in the screening phase as 

having tremor or as having parkinsonsism.

The sensitivity of a clinical diagnosis of probable PD in the overall sample 

(patients identified through an initial diagnosis of parkinsonism, of tremor with onset 

after age 50, or identified through previous prescription of antiparkinsonian drugs) 

was 89.3% and the specificity 71.8%. The positive and negative predictive values of 

a previous clinical diagnosis of PD were 83.2 and 81.2%. If the patients with possible 

PD were included in the group of patients with PD, the sensitivity was 88.1%, the 

specificity 73.0%, and the positive and negative predictive values were 84.7 and 

78.3%.

Among patients identified because of tremor starting after age 50, the 

sensitivity, specificity and positive and negative predictive values were 64.0, 97.9, 

94.1 and 83.9%. If patients with possible PD were included in the group of patients 

with PD these values were 60.7, 100, 100 and 80.4%.

Among patients identified through a previous diagnosis o f parkinsonism the 

sensitivity, specificity and positive and negative predictive values for a diagnosis of 

probable PD were 97.3, 31.3, 83.2 and 76.9%, and when patients with possible PD 

were included 97.4, 33.3, 84.7 and 76.9%.

6.3.4. Comparison ofpatients in whom a diagnosis o f PD was maintained or rejected

Patients in whom a diagnosis of PD was confirmed had more severe disease 

as measured by the Hoehn and Yahr stage (p<0.05), more often had a tremor at rest 

(p<0.01) or a classical pill-rolling tremor (p<0.01) and more frequently reported a 

good initial and sustained response to levodopa (both p<0.001) than those in whom it 

was rejected.

Patients in whom the diagnosis was changed to non-parkinsonian tremor had 

no other parkinsonian features like rigidity, bradykinesia, hypomimia or monotonous 

speech. They also reported falls significantly less frequently (p<0.01) and had higher 

minimental scores (p<0.05). Those in whom the diagnosis was changed to atypical
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parkinsonism (multiple system atrophy or progressive supranuclear palsy) had more 

severe akinesia (p<0.05), rigidity (p<0.01) and postural instability (p<0.05), reported 

less frequently an initially or currently good response to levodopa (both p<0.01), but 

more frequently incontinence (p<0.01), and had additional features incompatible 

with PD. Those in whom the diagnosis was changed to vascular parkinsonism were 

older than those in whom a diagnosis of PD was confirmed (p<0.05), had a higher 

number of smoking years (p<0.01), more frequently had gait difficulties as their first 

complaint (p<0.05) and had more severe postural instability (p<0.001) than those in 

whom PD was confirmed, and never had rest tremor.

6.3.5. Comparison ofPD patients in whom a diagnosis ofPD was or was not 

previously made

Patients in whom a diagnosis of PD was previously made had a longer disease 

duration (p<0.05), and higher disease severity (p<0.01) with more severe akinesia 

(p<0.01), postural instability and rigidity (both p<0.001) than those in whom the 

diagnosis was not made before. They were also more likely to be depressed (p<0.05), 

to have experienced dyskinesias (p<0.05), and to live alone or with their family than 

in a nursing home (p<0.05).

6.4. Discussion

The results of this study suggest that PD in the population is frequently 

confused with other disorders. The main areas of diagnostic difficulty concern 

distinction from other types of isolated, late onset tremor, vascular parkinsonism and 

atypical types of parkinsonism, which are often mistakenly diagnosed as PD. On the 

other hand, patients with PD are sometimes not recognised as having this disorder, 

particularly those with mild disease and a relatively isolated tremor. The rate of 

underdiagnosis is likely to be even higher as only patients who had already come to 

medical attention with tremor or parkinsonian features were included. Some patients 

not meeting the screening criteria, particularly elderly people with akinetic-rigid 

parkinsonism without tremor would have been missed in this study, if postural 

instability and other parkinsonian features were attributed to old age. In door-to-door 

studies on the prevalence of PD, the percentage of undiagnosed patients ranged from 

12 to 60% (Schoenberg, 1985; De Rijk, 1995). Wide screening criteria were 

employed in this study in order to detect as many patients with a parkinsonian
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syndrome as feasible. For this reason, and due to the comparatively easy access and 

high density of neurologists in the study area of London, the rate of underdiagnosis is 

likely to be relatively low and comparable to that of 12% found in a recent door-to- 

door study with similar study design in the Netherlands (De Rijk, 1995).

As may have been expected, PD was more often recognised in patients with 

greater disease severity, who had had the disease for longer and had already 

developed complications such as depression and dyskinesias, and were more likely to 

live in a nursing home than alone or with their family.

The accuracy of a diagnosis of PD has been conspicuously poor in the few 

studies assessing patients with this clinical diagnosis. When compared to 

pathological diagnosis, the rate of false positive diagnosis of PD was 24% in one 

study of 100 patients with a clinical diagnosis of PD (Hughes, 1992). This rate 

improved to 18% when strict clinical criteria were used retrospectively. In a second, 

later study the same group reported in abstract form that the rate of misdiagnosis in a 

series of 100 patients who had died with a diagnosis of PD had dropped to 16% 

(Ansorge, 1997). In another study of 43 patients with a clinical diagnosis of PD, the 

rate of correct diagnosis at the initial visit was only 65% compared to pathological 

diagnosis, but rose to 76% at the final visit (Rajput, 1991). A more recent study of 29 

patients with Lewy body disease (15 with PD and 14 with diffuse Lewy body 

disease) found that only 60% of patients at the first and 77% at the last visit in fact 

had Lewy body disease. For PD alone, the correct diagnosis of PD was made in 46% 

and 64% at the initial and final visit, respectively (Litvan, 1998). However, this high 

rate of misdiagnosis is probably overestimated as the total study sample of 100 

patients was highly unrepresentative of the overall population of patients with 

parkinsonism, and also included patients with PSP, MSA, corticobasal degeneration, 

postencephalitic parkinsonism, Pick’s disease, Alzheimer’s disease with 

exrapyramidal features, Creutzfeldt Jakob disease, vascular parkinsonism and 

Whipple’s disease. Samples from brain banks and specialist clinics are similarly 

likely to overrepresent atypical disorders due to the referral bias inherent in such 

samples (Maraganore, 1998). Nevertheless, prevalence studies of Parkinson's 

disease, which employed strict clinical diagnostic criteria also yielded rates of false 

positive diagnoses ranging from 14.5 to 44%, the commonest alternative diagnoses 

being essential tremor, vascular parkinsonism, dementia and drug-induced 

parkinsonism (Marttila, 1976; Sutcliffe, 1995; Mutch, 1986a). In a recent study
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assessing the accuracy of diagnosis in patients with presumed PD, using the same 

criteria for PD (Gibb, 1989b) as in this study, only 53% of 402 patients were 

clinically confirmed to have PD (Meara, 1999). Patients with drug-induced 

parkinsonism and dementia before the onset of parkinsonism, who were excluded in 

this study, constituted 12% and 4%, respectively, and patients who did not fulfil full 

criteria for probable PD, which would have been labelled ‘possible PD’ in this study, 

were included in the group of ‘unspecified parkinsonism’. Thus, if these cases are 

excluded, the rate of false positive diagnosis was similar in both studies. However, in 

the study cited (Meara, 1999), the diagnosis was more frequently changed to 

essential tremor (12%), which was the final diagnosis in only 3% of patients 

previously diagnosed as PD in this study. A possible explanation for this finding may 

be earlier referral to neurology clinics and earlier diagnosis in this study due to the 

high density and relatively easy access to neurology departments in London.

A false positive diagnosis of PD was made predominantly in patients with 

other neurodegenerative causes of parkinsonism, such as multiple system atrophy 

and progressive supranuclear palsy, and in patients with vascular parkinsonism. This 

is in agreement to what has been found in pathological studies, where approximately 

6% of incorrectly diagnosed patients had PSP, 5-9% had MSA and 3% had vascular 

parkinsonism (Rajput, 1991; Hughes, 1992). As patients with dementia who later on 

developed parkinsonism were excluded, the rate of false positive diagnosis of PD in 

patients with Alzheimer’s disease, which represented 2-6% in pathological studies, is 

likely to be smaller in this sample. Likewise, patients who had used neuroleptic drugs 

within 6 months of the onset of symptoms were excluded a priori, and the rate of 

misdiagnosis of drug-induced parkinsonism was therefore lower. The accuracy of 

diagnosis of PD in the general population in this study thus reflects the pattern of 

diagnostic difficulties in the clinico-pathological studies.

In order to improve the accuracy of diagnosis, this study was specifically 

designed to detect atypical features, which is not possible in a retrospective analysis 

of patients coming to postmortem examination, and included video-recording of the 

patients, and obtaining follow-up information over more than one year with review 

of all patients with uncertain diagnosis at the end of the study. The accuracy of 

clinical diagnosis in this study is therefore likely to be relatively high. However, 

some patients do not develop atypical features even until death and can therefore not 

be unequivocally diagnosed during life. When using the same diagnostic criteria that
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were applied in this study, Hughes et al still found a rate of misdiagnosis of PD in 

18% at post mortem examination (Hughes, 1992). Although in a later study by the 

same group the rate of misdiagnosis was lower (Ansorge, 1997), and despite the 

prospective approach of this study, at least another 10% of patients diagnosed with 

PD are likely to suffer from a different disorder.

Features helpful for the diagnosis of PD were the presence of a classical pill- 

rolling tremor, a good and sustained response to levodopa and advanced disease with 

postural instability. Features suggestive of a diagnosis of non-parkinsonian tremor 

were the lack of rigidity, bradykinesia, cognitive decline or falls, whereas patients 

with vascular parkinsonism were older, had a longer history of smoking, more 

frequent gait difficulties, less frequently tremor, and more severe postural instability. 

In addition, this diagnosis was based on the presence of a wide-based small-stepped 

gait, history of previous strokes, abrupt onset with stepwise progression, 

hypertension, cognitive decline, pseudobulbar or pyramidal signs. Suggestive of 

atypical parkinsonism, on the other hand, were a more severe parkinsonian 

syndrome, greater postural instability, a poor initial or current response to levodopa, 

incontinence, and additional features incompatible with PD. These features, if not 

aheady part of the diagnostic criteria, may further help making a diagnosis in a 

patients with possible parkinsonism.

Overall, at least 15% of patients with a diagnosis of PD in the population did 

not fulfil strict clinical criteria for PD, and approximately 20% of patients with PD 

who have already come to medical attention were not diagnosed as such. The 

application of strict clinical criteria helps to identify patients with idiopathic PD, PSP 

and MSA, and aids their differentiation from vascular parkinsonism, drug-induced 

parkinsonism and non-parkinsonian tremor.
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Chapter 7: The clinical features and natural history of parkinsonian disorders

Only the group of patients with Parkinson's disease was large enough to allow further 

analysis of clinical features. I will therefore discuss the clinical characteristics and 

subgroups of this group and only describe the clinical characteristics of the patients with 

atypical parkinsonian disorders.

7.1. Clinical characteristics of patients with progressive supranuclear palsy and 

multiple system atrophy

The clinical characteristics of the patients with PSP and MSA in this study are similar to 

reported case series. Disease duration of the probable and possible PSP patients ranged 

from 1 to 10 (mean 4.4) years, and of the MSA patients from 1 to 7 (mean 3.3) years. All 

patients with possible or probable PSP or MSA had parkinsonism and a poor response to 

levodopa. All patients with PSP had prominent postural instability and falls, as well as a 

vertical supranuclear gaze palsy. All patients with MSA had urinary symptoms, but none 

had cerebellar signs. Orthostatic faintness was experienced by all patients with probable 

or possible MSA, one of whom (with additional diabetes) had recurrent syncope. Two 

patients with PSP and one with MSA had pyramidal signs. Cognitive impairment, by 

history and as assessed by a mini mental test (cut-off score 24 out of 30; 27), was 

present in 3 of the 6 patients with PSP. Among the four patients with atypical features 

that did not suffice to exclude them from the group of patients with Parkinson's disease,

2 had a poor or declining response to levodopa, 2 had pyramidal signs, 2 early and 

prominent falls, and 3 urinary dysfunction (severe in one and mild in two). The 

characteristics and atypical features in these patients and of all patients with atypical 

parkinsonism are shown in table 6.
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7.2. The clinical features of Parkinson’s disease in a population-based sample

7.2.1. Background

The clinical features and natural history of PD have been well described in clinic-based 

samples (Hoehn, 1967; Poewe, 1998). However, clinic-based samples may not be 

representative of the overall population of patients with PD, as they may overestimate 

e.g. the proportion of younger or more severely affected patients, and thus under- or 

overestimate disability and disease burden in the general population. As a result of such 

a bias, the rate of clinical features and complications, and the factors determining 

disability may be different in clinic-based samples than in the community, and the rate 

of progression may be skewed towards more rapid disease. I therefore analysed the 

prevalence of clinical features and complications of PD, and their impact on disability in 

this unselected population of patients with PD, and analysed the rate of progression in 

these patients.

7.2.2. Patients and methods

All patients diagnosed with probable (n-124) or possible (n=4) idiopathic PD in this 

study were included. The tremor-dominant subtype of PD was defined as patients with a 

ratio of tremor to bradykinesia score (bradykinesia, rigidity and postural instability 

subscores from the UPDRS motor scale and history) >0.5, and the akinetic-rigid subtype 

as patients with a ratio of <0.5 (modified from Jankovic, 1990).

7.2.3. Statistical analysis

In addition to the above described methods of statistical analysis, the rate of progression 

was calculated by dividing Hoehn and Yahr stage at the time of the examination by the 

duration of symptoms in years. Subjective response to levodopa was divided in poor or 

none (<25%), moderate (26-50%), good (51-75%), and excellent (>75%). Statistical 

significance was accepted when p<0.05. Multiple regression analysis was performed to 

examine the factors influencing disability.

7.2.4. Results
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67 patients (52.3%) were male and 61 (47.7%) female. The average age was 72 

(SD 10.9) and average age at onset 66 (SD 14.3) years. Average disease duration was 

6.0 (SD 4.6) and average duration of treatment was 4.8 (SD 4.8) years. 19 (15%) 

patients were younger than 60 and 29 (23%) older than 70 years at the time of the 

investigation. 3% of patients had had disease onset before the age of 40, and 22 after the 

age of 70. Disease duration was shorter than 5 years in 49% and treatment duration was 

shorter than 5 years in 61%.

7.2.4.1. Primary symptom at onset, as reported by the patients, was tremor in 59% of 

patients, slowness in 22%, pain in 9%, handwriting disturbance in 5%, stiffness in 3%, 

dystonia in 1% and unsteadiness in 1%.

7.2.4.2. Current symptoms included stiffness in 59%, slowness in 82%, and tremor in 

94%. Changes in handwriting were reported in 79%, and with fine motor tasks in 73%. 

Pain was reported by 39% of patients. 68% of patients reported difficulties in getting up 

from a chair, 62% with turning in bed, 68% reported shuffling or freezing, and 64% had 

unsteadiness with falls. Speech problems were reported by 49%, and swallowing 

difficulties by 12%. Subjective memory impairment was present in 37% of patients,

37% of patients had felt depressed at the time of the visit and 25% reported insomnia. 

Loss of smell on direct questioning was reported by 32%, often many years before the 

onset of parkinsonian symptoms, and reduced facial expression had been noted by 39%. 

17% suffered from urinary incontinence, 27% had frequency, 21% urinary urgency, and 

4% retention, 52% reported constipation, and 6% reported dizziness on getting up.

7.2.4.3. Findings: Rigidity was present in 93% and bradykinesia in all but the four 

patients with possible PD. Tremor at rest was seen in 82%, tremor on posture in 64% 

and tremor on action in 29%. Tremor was bilateral in 48% of patients with tremor, and 

also affected the legs in 48%. 18% of patients with PD had dementia, as assessed by a 

minimental score of 24 or less, and 19.5% of those who returned the questionnaire had 

moderate to severe depression. 73% of patients had the akinetic-rigid subtype of PD, and 

27% tremor-dominant parkinsonism.

Increasing age was associated with greater postural instability (p<0.01) and 

higher prevalence of falls (p<0.05), as well as more frequent cognitive decline (p<0.05) 

and hallucinations (both p<0.05). Dementia was associated with age (p<0.01), more 

severe disease (p<0.01), and depression (p<0.05).
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7.2.4.4. Disease severity: 26% of patients had a Hoehn and Yahr score of 3 or more 

(figure 3), and 34% were dependent on others (Schwab and England score of 70 or less).

7.2.4.5. Treatment: 77% of patients had received antiparkinsonian treatment, and 70% 

were taking levodopa, but only 54% took an average dose of more than 300 mgs per 

day. Amantadine was taken by 3%, an anticholinergic by 12%, a dopamine agonist by 

11%, and selegiline by 25%. 79% had had an excellent or good initial response to 

medication, and 73% still responded with more than 50% improvent.

7.2.4.Ô. Side effects o f medication. In the overall sample including patients who had not 

received levodopa, 28% had developed fluctuations in response to medication (all of 

whom had received levodopa), 19% abnormal involuntary movements (all of whom had 

received levodopa), and 21% hallucinations (all of whom had received levodopa).

7.2.4.7. Family history and socio-economic background: A  family history of 

parkinsonism in a first or second degree relative was reported by 16%, whereby in 7% a 

parent was affected (both parents in one patient), in 3% a sibling, and in 7% a second 

degree relative. A family history of an isolated tremor was reported by 8% of patients. 

14% belonged to socio-economic group I, 21% to group 2, 53% to group3, 11% to group 

4 and 1% to group 5. 38% of patients lived alone, 55% with their families, 3% with a 

friend, and 25% in care. Only 2% of patients were non-caucasian (3 patients with asian 

background).

7.2.4.8. Potential risk factors: Only 10% of patients were current smokers, but 48% had 

smoked at some point in the past. On average, patients had smoked for 14 (SD 17) years 

with an average number of 20 (SD 39.5) cigarettes per day. 58% of patients drank 

alcohol with an average of 1.2 (SD 2.9) units per day. Exposure to chemicals in their life 

before the onset of parkinsonism was recalled by 12% of patients.

7.2.4.9. Socioeconomic consequence o f the disease: 16% of patients had had to retire 

early, but among those aged younger than 60 years, this percentage was 33%.

7.2.4.10. Factors determining disability. Schwab and England disability scores were best 

predicted by disease severity, as measured by Hoehn and Yahr scores (R^ change 0.65), 

depression scores (R  ̂change 0.08) and mini mental examination scores (R  ̂change 

0.03), together accounting for 75% of the variance (R  ̂0.76, adjusted R^ 0.75). However, 

Schwab and England scores not only correlated negatively with Hoehn and Yahr scores

68



(r=-0.73, p<0.0001) and depression scores (r=-0.51, p<0.0001), and positively with mini 

mental examination scores (r=0.26, p<0.05), but also correlated negatively with total 

UPDRS motor scores (r=-0.3, p<0.05), bradykinesia (r=-3.3, p<0.01) and rigidity 

sub scores (r=-2.2, p<0.05), but not with tremor sub scores or age. In addition, patients 

with the akinetic-rigid subtype of PD, falls, fluctuations, dyskinesias (all p<0.05) and 

speech impairment (p<0.01) had significantly worse Schwab and England scores than 

those with the tremor-dominant subtype or without these features.

7.2.4.11. Rate o f progression. The median disease duration since symptom onset for 

patients in each Hoehn and Yahr stage are given in table 15, separately for the overall 

sample and the subgroup of patients on levodopa. The rate of progression correlated 

positively with age at onset (r=0.43, p<0.0001) and age (r=0.25, p<0.01), and negatively 

with dose of levodopa (r=-0.31, p<0.001), and time from onset to initiation of levodopa 

treatment (r=-0.30, p<0.005). Patients with dementia (p<0.0001), and those not receiving 

levodopa (p<0.002) had faster progression rates than those without these characteristics, 

whereas sex, family history, symptom at onset, response to levodopa and the presence of 

depression did not. Using stepwise multiple regression analysis, a number of variables 

that could be derived from information at onset of parkinsonism were tested for their 

predictive value for the subsequent rate of progression. Among the factors known at 

onset, only older onset age was a useful clinical predictor of fast disease progression 

(adjusted R^=0.10). When factors later in the disease course were also considered, the 

progression rate was best predicted by the presence of dementia, and additionally by 

considering whether patients were treated with levodopa, as well as their age at onset. 

Together these variables correctly predicted 27% of the variance of progression (table 

16). No other variable contributed additionally to the prediction of rate of progression.

7.2.5. Discussion

7.2.5.1. Clinical features

The clinical features of the patients in this population of patients with PD in the area of 

London were similar to those found in the previous prevalence studies in the UK 

(Aberdeen (Mutch, 1986b) and Northamptonshire (Sutcliffe, 1985)), suggesting no 

differences between these populations which differed in time and location. However, the
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population reported from Aberdeen were overall older, had a longer disease duration, 

and greater disability. This difference is likely to be related to different ascertainment 

methods, as in this study not only all patients who had a diagnosis of PD were examined, 

but also those with an isolated tremor with onset after age 50, many of whom were 

found to have early PD (7% of all patients with PD). In addition, the population of 

London is relatively young, which is reflected in the younger age of this sample. This 

may additionally explain the greater disease severity in the Aberdeen study, as postural 

instability, which is an important features in the classification of the Hoehn and Yahr 

scale, increases significantly with increasing age in the general population (Waite,

1996).

7.2.5.2. Treatment

It is noteworthy that only 77% of patients had ever received antiparkinsonian treatment, 

and 46% received doses without significant benefit. This may reflect cautious 

prescription of antiparkinsonian drugs in the elderly, where it is more likely to induce 

cognitive disturbance and hallucinations, or conscious delay of 1-dopa therapy to avoid 

future complications. Another explanation is however, that some features of PD such as 

postural instability and slowness are accepted as symptoms of old age. Thus, if 

antiparkinsonian medication treatment had been given to more patients and in higher 

doses, a greater number of patients may have responded and their disability and quality 

of life improved, but they may also have experienced more adverse events, such as 

dyskinesias, fluctuations, hallucinations and orthostatic hypotension.

7.2.5.3. Complications o f disease and treatment

In comparison to clinic-based studies (Senard, 1997; Chrischilles, 1998), this study 

found a low rate of symptomatic orthostatic hypotension (6%). Complications of long­

term treatment with antiparkinsonian medication such as fluctuations in motor response 

and dyskinesias were also lower than reported in clinic-based studies (Chrischilles,

1998; Cedarbaum, 1991; Miyawaki, 1997) and present in less than a third of all patients. 

On the other hand, psychiatric side effects of medication, dementia and depression were 

each seen in approximately 20% of patients, which is similar to the rates reported in the 

literature, although comparisons are difficult to make due to varying methodology

70



(Brown and Marsden, 1984;Mayeux, 1988). Postural instability with falls, however, had 

clearly occurred in the great majority of patients (64%). The most likely explanation for 

the difference of the findings of this study with previously reported rates of 

complications of advanced disease and treatement is the high average age of this 

population (72 years). Dyskinesias and motor fluctuations occur less frequently in 

patients with older than those with young onset of PD (Diamond, 1989; Kostic, 1991), 

whereas postural instability with falls, dementia, and hallucinations are known to 

increase with increasing age in PD, and are rare in patients below the age of 60 (Waite, 

1996; Quinn, 1987). An additional explanation is the lower mean dose of levodopa in 

this sample than in clinic-based samples, which is likely to result in a higher disease 

severity but lower rate of treatment related complications.

7.2.5.4. Disability

More than 30% of patients reported being dependent on others at least to some degree. A 

substantial proportion of patients, particularly among those younger than 60 had had to 

retire early due to PD. The rates of early retirement are higher than reported by Mutch et 

al (Mutch, 1986b), but are once again likely to be due to the younger average age in this 

sample. Disability, as measured by the Schwab and England scale, was mainly related to 

disease severity, as might be expected, but also to the presence of depression and 

dementia, but not to tremor scores, or to fluctuations and dyskinesias, which did not 

further explain the variance of progression rates. The lack of impact of motor 

complications on disability in this sample may be a result of the low rate and mild 

severity of these complications due to low doses of levodopa, but may also be related to 

the relatively old mean age. It is thus likely to be different in patient samples with a 

younger population on high doses of treatment, many of whom warrant stereotactic 

surgery to alleviate the severe motor fluctuations and dyskinesias (Schrag, 1998).

7.2.5.5. Family history

A family history of parkinsonism was reported by 17% of patients with PD, which is 

similar to what has been reported in clinic-based and population-based samples of 

patients with PD (Payami, 1994; Sutcliffe, 1992) and higher than in control samples.
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(Payami, 1994), supporting the role of genetic factors in a proportion of patients with 

PD.

7.2.5.6. Rate o f progression

The rate of progression between patients can vary greatly (Poewe, 1998). In keeping 

with this this study found a wide range of disease durations in patients with similar 

Hoehn and Yahr stages. The median disease duration for each stage in this sample was 

similar to those reported hy Hoehn and Yahr (Hoehn and Yahr, 1967), and by Marttila 

and Rinne (Marttila, 1977; mean disease duration was reported). However, patients in 

Hoehn and Yahr stage V in this study had a shorter disease duration than those in stage 

IV, presumably due to the small number of patients and the high rate of dementia in this 

group. Patients receiving levodopa had longer disease durations at all Hoehn and Yahr 

stages (apart from stage V), indicating a similar rate of progression with and without 

levodopa, but a longer time patients spend in each stage, probably due to the 

symptomatic effect of levodopa.

7.2.5.7. Factors influencing disease progression

Among all variables known at onset, older age at onset was the best predictor of 

a relatively fast disease progression. Although only a small percentage of the variability 

of the rate of progression could be explained with this factor, this confirms findings by 

other authors who reported a better prognosis for younger patients (Goetz, 1988; Blin, 

1989; Diamond, 1989). Unlike other studies (Marttila, 1977; Roos, 1996; Zetusky,

1985), symptom at onset was not a useful clinical predictor of the rate of progression in 

this study. When factors later in the disease course were also considered, the presence of 

dementia predicted faster progression of motor symptoms best, as has been reported 

previously by Biggins et al (Biggins, 1992). Treatment with levodopa, on the other hand, 

resulted in an apparent slowing of progression,which was probably achieved through its 

symptomatic effect. However, levodopa was not withdrawn and the underlying severity 

of parkinsonism was therefore not assessed. Despite this confounding factor, patients 

who had received levodopa therapy later were also found to have a slower disease 

progression. This could be explained by a beneficial effect of delaying levodopa therapy
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on disease progression, but is more likely to be due to a slower disease progression in 

these patients, which necessitated initiation of levodopa later.

The results of this study on the factors influencing rate of progression should be 

interpreted cautiously as information on events before the study were collected 

retrospectively, mainly from the patients and carers. However, the features and 

complications of patients with PD in this community-based sample are likely to be 

representative of the overall population of patients with PD, and can provide the basis 

for provision of health care resources as well as an estimation of the rate of progression 

in an unselected sample of patients with PD.
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7.3. Dyskinesias and motor fluctuations in Parkinson’s disease

7.3.1. Background

The occurrence of dyskinesias and motor fluctuation on chronic levodopa treatment is a 

major problem in the long-term management of patients with PD. It has been estimated 

that after initiation of treatment with levodopa approximately 10% of patients per year 

develop motor fluctuations (Marsden, 1977), and in clinic-based studies about 50% 

suffer these complications after 5 years of treatment (Dupont, 1996; Sweet, 1975). 

However, considerable controversy exists on whether their occurrence is primarily 

related to the disease itself or to its treatment, and whether, as a consequence, treatment 

with levodopa should be delayed or kept at a low dose (Fahn, 1984; Markham, 1986; 

Melamed 1986; Poewe, 1986; Lees, 1981; Roos, 1990; Blin, 1988; Cedarbaum, 1991). 

In animal studies the occurrence of motor complications is related to the degree of loss 

of dopaminergic neurons in the substantia nigra (Boyce, 1990a; Schneider, 1989), and 

patients with MPTP-induced parkinsonism, who have severe depletion of nigral 

dopaminergic neurons (but are also young), develop motor complications rapidly and 

severely (Ballard, 1985). However, the rate of motor complications in MPTP-treated 

animals also depends on the duration and dose of treatment with levodopa (Boyce, 

1990b; Arai, 1996). In clinic-based samples of patients with PD, motor complications 

have been shown to occur more frequently and earlier in patients with younger onset 

(Kostic, 1991), and to increase with longer disease duration and greater disease severity 

(Lesser, 1979; Tanner, 1985a; Parkinson Study Group, 1996). It has also been claimed 

that dyskinesias occur more frequently in women if disease duration is longer than 5 

years (Lyons, 1998; Parkinson Study Group, 1996). On the other hand, higher doses of 

levodopa (Lees, 1981; Tanner, 1985a; Barbeau, 1980), and longer duration of treatment 

(Miyawaki, 1997) have been found to be associated with higher rates of these 

complications, and initiation of treatment with other antiparkinsonian drugs has 

resulted in lower rates of or delayed motor fluctuations and dyskinesias (Lees, 1981; 

Braiman, 1995; Rinne, 1987). However, many of these variables are related, such as 

age of onset, disease duration, duration of treatment, disease severity and dose of 

levodopa. It is therefore difficult to determine which of these factors are most important 

for the development of motor complications. In addition, clinic-based samples are
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probably not representative of the overall population of patients with PD. They may be 

biased towards more severely affected or younger patients, or those with a higher rate 

of complications. Patients seen in specialist neurological clinics are also more likely to 

be treated with high doses and more complex regimens of medication.

I therefore assessed the prevalence of motor fluctuations and dyskinesias in this 

unselected population-based sample of patients with PD, and investigated the influence 

of disease- and treatment-related variables on their occurrence.

7.3.2. Methods

All 124 patients with probable PD were included. Patients with atypical parkinsonism, 

vascular parkinsonism, drug-induced parkinsonism, and those with parkinsonism 

following dementia were excluded. During the diagnostic visit, patients were 

questioned about the presence of oscillations in motor response (predictable wearing- 

off, unpredictable on-off fluctuations and sudden off-periods, as defined in the Unified 

Parkinson’s Disease Rating Scale (UPDRS; Fahn, 1987) and involuntary movements 

(peak-dose, diphasic and off-period) related to treatment, and their time of first 

occurrence. Six patients in whom dyskinesias were present on examination, but not 

noticed by the patient or carer, were included in the group of patients with dyskinesias.

7.3.3. Statistical analysis.

The main analysis for this part of the study was performed on the subgroup of patients 

who had received levodopa, and consisted mainly of calculating rates and proportions. 

A statistical level of 5% was considered as significant in most analyses. However, in 

order to take into account multiple comparisons between patients with and without 

dyskinesias, a statistical threshold of p<0.005 was considered to be sufficiently 

conservative for this analysis. Differences with p<0.01 and p<0.05 were considered as 

marginally significant. In order to determine which factors contribute most to the 

prediction of the occurrence of motor fluctuations and dyskinesias, stepwise 

discriminant analysis was performed entering all variables that had differed between 

those with and those without complications at the 5% level (p<0.05).
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7.3.4. Results

7.3.4.1. Prevalence o f motor fluctuations and dyskinesias

The characteristics of all patients on levodopa are given in table 17. In the overall 

sample of patients with PD, 35 (28.7%) had experienced motor fluctuations and 24 

(19.4%) dyskinesias. Apart from one patient in whom levodopa had been discontinued 

due to psychiatric side effects, all of these patients were currently taking a levodopa 

preparation. Among the patients who had received levodopa (n=87, 70%), the rate of 

motor fluctuations was 41.2% and that of dyskinesias 27.9%. If only the patients who 

had an excellent or good response to levodopa (>50% improvement) were considered 

(n=38, 31%), the rates were 48.6% and 27.8%, respectively. Among patients receiving 

doses of more than 300 mgs levodopa per day (n=44, 36%; average dose 423.3, SD 

227.6), the rates were 61.4 and 40.0%, respectively.

7.3.4.2. Rate o f motor complications by disease duration, treatment duration and 

Hoehn and Yahr stage

The rates of occurrence of motor fluctuations and dyskinesias in levodopa-treated 

patients with a disease duration of less than 5 years were 10.5 and 5.0%, respectively. 

After a disease duration of 5-10 years they had occurred in 40 and 15%, respectively, 

and after more than 10 years of disease 66.7 and 58.3%. These rates were lower if the 

overall sample including patients not on levodopa was considered, and greater when 

only those who had a good or excellent response to levodopa, or those with levodopa 

doses of more than 300 mgs were considered (table 18).

After a treatment duration of less than 5 years, 27.3 and 18.2% of patients on levodopa 

had developed fluctuations and dyskinesias, respectively, after 5 to 10 years of 

treatment 53.8 and 29.6 %, and after more than 10 years all patients had developed 

dyskinesias and/or motor fluctuations.

Motor complications had not occurred in patients on levodopa with a Hoehn and Yahr 

stage of 1 or 1.5 (as assessed during the diagnostic visit), but 42% of those in stages 2 

or 2.5 had motor fluctuations and 28.9% had dyskinesias. In stage 3 patients, motor 

fluctuations were present in 50% and dyskinesias in 42.9%, and in patients in Hoehn 

and Yahr stages 4 or 5 they were present in 71.4 and 60%, respectively.
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7.3.43. Subtypes o f motor fluctuations and dyskinesias

Motor fluctuations were predominantly 'wearing off-fluctuations (n=30, 34% of 

patients on levodopa), but 9 (10%) patients had more severe on-off fluctuations, and 6 

patients (7%) experienced sudden off periods. Dyskinesias were predominantly peak 

dose (n=15, 17%), but 5 patients (6%) had diphasic dyskinesias and 9 (10%) off-period 

dystonia.

Wearing-off had developed in 20.5% of those treated for less than 5 years, 44.4% of 

those treated for 5 to 10 years, and 100% of those patients treated for more than 10 

years, whereas unpredictable on-off fluctuations had not developed in patients with a 

treatment duration of less than 5 years, and were present in 18.5% of those with a 

treatment duration of 5 to 10 years, and 50% of those with a treatment duration of more 

than 10 years. Sudden off periods had occurred in 2.3, 7.4 and 37.5% of patients after 

treatment durations of <5, 5 to 10, and more than 10 years, respectively. Peak-dose 

dyskinesias were present in 11.4% of patients with a treatment duration of less than 5 

years, 29.6% with a treatment duration of 5 to 10 years, and 87.5% of patients with a 

treatment duration of more than 10 years. Off-period dystonia was reported by 2.3, 14.8 

and 50%, respectively, and diphasic dyskinesias by no patients with a disease duration 

of less than 5 years, 3.7% of those with a disease duration of 5 to 10 years and 50% of 

those with a disease duration of more than 10 years, respectively. Patients with diphasic 

dyskinesias and off period dystonia as well as wearing-off fluctuations had a younger 

age at onset (all p<0.05).

7.3.4.4. Time to onset o f complications

The mean time from symptom onset to development of fluctuations, as reported by the 

patients, was 6.5 (SD 4.1) years, and to development of dyskinesias 6.7 (SD 3.1) years. 

The mean time from start of levodopa to the onset of fluctuations and dyskinesias was 

4.8 (SD 3.4) and 5.7 (SD 2.7) years, respectively.

The latency from onset of symptoms to development of fluctuations and dyskinesias 

correlated positively with the time elapsed between disease onset and initiation of 

treatment with levodopa (r=0.59, p<0.05 and r=0.54, p<0.05, respectively). This could 

be due to a faster development of motor complications after levodopa was given earlier, 

but also to more rapidly progressive disease warranting earlier introduction of levodopa
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in some patients. The patients with more rapidly progressive disease would then be 

expected to be more severely disabled after the same duration of disease. Thus, disease 

severity should be negatively correlated with time from onset to initiation of levodopa, 

when controlled for disease duration. However, there was no such correlation (r=0.15, 

ns), indicating that more rapidly progressive disease is not the explanation for the 

earlier development of motor complications in patients treated sooner with levodopa. 

Time from onset to development of complications was also positively associated with 

age (r=0.30, ns for fluctuations, and r=0.76, p<005 for dyskinesias), indicating that 

older patients develop motor complications later. However, they also received lower 

doses of levodopa (r=-0.30, p<0.005). Thus, when adjusted for dose of levodopa, age 

no longer correlated with time to onset of motor complications. Age at disease onset 

also correlated inversely with time to onset of fluctuations (r= -0.64, ns), and weakly 

inversely with time to onset of dyskinesias (r= -0.24, ns). Thus, patients with younger 

onset tended to have motor complications earlier than those with older onset.

7.3.4.5. Differences between patients with and without motor fluctuations and 

dyskinesias

Patients with motor fluctuations had significantly longer disease duration, treatment 

duration, higher doses of levodopa, and marginally longer time since diagnosis than 

those without. They also had greater disability, as measured by the Schwab and 

England scale, and marginally greater disease severity, as measured by the Hoehn and 

Yahr scale, more often had a good response to levodopa, and were receiving a levodopa 

dose higher than 300 mgs per day. They also tended more often to have a family 

history of parkinsonism in a first or second degree relative and the akinetic-rigid 

subtype of parkinsonism (table 19).

Patients with dyskinesias had a significantly longer treatment duration and were more 

severely disabled than those without. They tended to have longer disease duration, 

greater disease severity, and to have received a higher levodopa dose, and more often 

reported falls than those without dyskinesias (table 19). Men and women did not differ 

significantly with respect to the occurrence of motor fluctuations or dyskinesias, even 

when only those with a treatment duration of more than 5 years were considered. Age, 

symptom at onset, or time from onset to initiation of treatment, did not differ between
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the groups.

7.3.4.6. Discriminant analysis

In order to understand the influence of different variables on the occurrence of motor 

complications, two stepwise discriminant analyses were performed, separately for 

dyskinesias and motor fluctuations as the target variables.

Disease duration correctly predicted the occurrence of motor fluctuations in 72.0%.

The only variable that increased the prediction of occurrence of fluctuations further was 

dose of levodopa, which increased the percentage of correctly categorised cases to 

74.8% (sensitivity 57.6, specificity 86.0, positive predictive value 73.0%, negative 

predictive value 75.4%). No other disease- or treatment-related factor helped predict 

the occurrence of fluctuations significantly once disease duration and dose of levodopa 

were accounted for.

Dyskinesias were predicted by duration of treatment with levodopa alone in 69.1% 

(sensitivity 45, specificity 55, positive predictive value 66.7%, negative predictive 

value 83.6%), whereas disease duration, time since diagnosis, disease severity, or 

levodopa dose did not help further in predicting their occurrence.

7.3.4.7. Patients without motor complications after more than 10 years o f treatment 

with levodopa

A subgroup of 5 patients had not developed motor fluctuations even after a disease 

duration of 10 years, and 5 patients had not developed dyskinesias. Patients without 

fluctuations after more than 10 years disease duration had a shorter disease duration 

than those with fluctuations (p<0.05). Those without dyskinesias had a lower dose of 

levodopa (p<0.05). Age, age at onset, treatment duration, Hoehn and Yahr stage, 

Schwab and England score, and sex were not significantly different between these 

patients and those who had developed motor complications.

7.3.4.8. Quality o f life

Quality of life was not significantly different between patients with and without motor 

fluctuations and dyskinesias. However, when quality of life of patients was evaluated 

according to response to treatment (which was associated with higher doses of
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levodopa), it was significantly better in those with a good response to levodopa than in 

those with a moderate or poor response in those with a disease duration of less than 5 

or more than 10 years (both p<0.05).

7.3.5. Discussion

The rate of both fluctuations and dyskinesias increased with increasing disease and 

treatment duration as well as advancing disease severity. Thus, no patient in Hoehn and 

Yahr stage I or 1.5 had any motor complications, whereas more than 80% of those in 

stages 4 or 5 had motor fluctuations and more than 50% dyskinesias. Similarly, after a 

disease duration of more than 10 years, more than 60% had motor fluctuations, and 

more than 50% dyskinesias.

These rates of motor complications are lower than rates of response fluctuations and 

dyskinesias in patients after the same disease and treatment durations in large clinic- 

based, cross-sectional studies (Cedarbaum, 1991; Miyawaki, 1997; Fahn, 1992).

Patients in these studies, which may be biased towards younger subjects or those with 

more severe disease, also used higher mean doses of levodopa. To my knowledge, no 

comparable data are available on the rate of dyskinesias in an unselected population of 

patients with PD, and only one study has previously provided population-based data on 

the occurrence of motor fluctuations (Tandberg, 1995). In that study, which also 

included patients not receiving levodopa, the rate of motor fluctuations was 21%, and 

28% in those classified as 'definite PD', who were required to have a good response to 

levodopa. Although this rate is similar to the rate of 29% in the overall group of 

patients with PD in this study, it is considerably lower than the rate in the subgroup of 

patients receiving levodopa in this study, despite a higher mean dose of levodopa and 

longer mean disease and treatment duration in this study. Although there is no obvious 

explanation for this, it may be due to methodological differences in case ascertainment, 

diagnostic classification and a different definition of fluctuations, which was not 

specified further in the cited paper. In this study, great care was taken to include even 

patients who had noticed only mild wearing-off in the group with motor fluctuations.

It is generally believed that dyskinesias and motor fluctuations develop in about 50% of 

patients on treatment with levodopa after 5 years (Lang, 1998), whereas the 

relationship of the occurrence of dyskinesias to duration of levodopa treatment is less
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clear (Fahn, 1984). However, the rates of these complications on antiparkinsonian 

treatment reported in the literature vary greatly, ranging form 19 to 80% of patients 

experiencing fluctuations after 5 or 6 years of treatment with levodopa (Poewe, 1986; 

Brannan, 1995), and from 0 to 66% developing dyskinesias during the first year of 

treatment (Barbeau, 1980; Brannan, 1995). A prospective study comparing standard 

release and controlled release levodopa/carbidopa (Block, 1997) found fluctuations or 

dyskinesias in only 20% (patient-rated) or 16% (observer-rated) of patients after 5 

years in either treatment arm, whereas another study comparing standard and sustained 

release levodopa/benserazide (Dupont, 1996) found dyskinesias in approximately 40% 

and fluctuations in approximately 60% after 5 years of treatment. The differences 

between these studies suggest that certain variables can influence the occurrence of 

motor fluctuations and dyskinesias on levodopa treatment. They have partly been 

attributed to different dosages of levodopa and the initial lack of use of peripheral 

decarboxylase inhibitor (Poewe, 1986; Lees, 1981; Barbeau, 1980; Block, 1997), as 

well as the prior or concomitant use of other medication, such as dopamine agonists 

(Brannan, 1995; Rinne, 1987; Hely, 1994; Montastruc, 1994). Age at onset, age, sex, 

time from onset to initiation of levodopa and severity of disease may also influence the 

occurrence of dyskinesias (Blin, 1988; Kostic, 1991; Parkinson Study Group, 1996; 

Lyons, 1998; de Jong, 1987; Pederzoli, 1983). In the present study duration of disease 

and treatment as well as dose of levodopa were associated with a higher occurrence of 

motor complications, whereas age, sex, age or symptom at onset were not different 

between those with and those without fluctuations or dyskinesias. A positive family 

history of parkinsonism was also weakly associated with the occurrence of motor 

complications. Although no other features were different between those with and 

without a family history of parkinsonism, this may indicate that a subgroup of patients 

with genetically determined parkinsonism has a higher propensity to develop these 

complications.

When the interrelations of these disease- or treatment-related variables were accounted 

for by using stepwise discriminant analysis, and all variables that differed between 

patients with and without motor complications were entered, disease duration was the 

best predictor for the occurrence of motor fluctuations, although dose of levodopa 

helped predict a further 2% of cases. Dyskinesias, on the other hand, were best
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predicted by treatment duration alone. Age or symptom at onset, current age, sex or 

family history did not contribute further to the prediction of motor fluctuations or 

dyskinesias. However, the sensitivity of the prediction of dyskinesias was less than 

50%, indicating that other variables, not identified in this study, have additional 

influence of the occurrence of dyskinesias. The importance of treatment-related factors 

for the development of motor complications is supported by a number of further 

findings: 1. A shorter time from onset to treatment with levodopa was associated with 

earlier motor complications, which could not be adequately explained by more rapid 

disease progression. 2. The rate of motor fluctuations and dyskinesias was lower than 

that reported in clinic-based samples that employed higher doses of levodopa after a 

similar disease duration (Dupont, 1996; Miyawaki, 1997). 3. The rate of motor 

complications was higher in the subgroup of patients on levodopa than in the overall 

sample of patients with PD with the same disease duration (since no patient who had 

not received levodopa experienced these complications), and even greater in those 

patients who a good response to levodopa or received more than 300 mgs levodopa per 

day despite similar disease severity. 4. The difference in treatment duration between 

patients with and without dyskinesias was greater than the difference in disease 

duration. 5. Patients who had not developed dyskinesias after more than 10 years 

differed from those who had only in receiving lower doses of levodopa. All these 

findings indicate that, although disease duration is an important factor in the 

development of motor complications, earlier and longer treatment with, as well as 

higher doses of, levodopa are associated with a higher risk of their occurrence. The 

results of this study are also similar to those in a recent, clinic-based study of patients 

with PD, in which longer treatment duration and shorter latency to initiation of 

levodopa treatment were identified as the main risk factors for motor fluctuations and 

dyskinesias (Denny, 1999).

However, it should also be noted that a large percentage (42 and 33%) of patients on 

levodopa without dyskinesias and fluctuations were not receiving doses sufficient to 

provide satisfactory benefit, and those with unsatisfactory response to medication in the 

initial years of disease as well as in later stages after more than 10 years of disease 

duration had significantly worse quality of life than those with a good response to 

medication. Thus, although not experiencing motor complications, which were mild in
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the great majority of patients, these patients were failing to derive adequate benefit 

from medication, which resulted in poorer quality of life.

I believe that these results can be generalized to the overall population of patients with 

PD, as an unselected sample was evaluated, and as high diagnostic accuracy was the 

primary aim of the study. However, as this was a cross-sectional assessment rather than 

a longitudinal follow-up study, there are two main limitations to this study: Firstly, the 

drug treatment of patients was not adjusted in a uniform way, as they were under the 

care of many different clinicians, and, secondly, most of the retrospective information 

was reported by the patients themselves or derived from the records of their general 

practitioners. In particular, patients were not examined before the start of treatment, 

and the time of onset of complications was reported by the patients themselves and 

their carers. However, the patients’ own report of onset of symptoms is likely to be 

more accurate than the date of diagnosis or the first recording of motor complications, 

and the results were unchanged, but less significant, when date of diagnosis was used 

instead of duration of disease.

In summary, response fluctuations and dyskinesias had developed in approximately 40 

and 30% of patients with PD, respectively. These rates increased with disease duration 

and severity, but they were more strongly related to treatment-related factors, such as 

duration and dose of levodopa. Earlier treatment with levodopa was associated with 

earlier development of motor complications. However, less effective treatment and 

poorer quality of life associated with inadequate dosage of levodopa may be the price 

to pay for a low rate of motor complications in patients with PD.
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7.4. Depression in Parkinsons's disease

7.4.1. Background

Depression occurs more frequently in patients with PD than in the age-matched 

population (Warburton, 1967; Robins, 1976; Cantello, 1986; Ehmann, 1990; Gotham,

1986). It is presumed that in many eases it is related to the neurochemical changes in 

PD (Charlton, 1997; Mayeux, 1984; Mayeux 1986; Ring 1994), but its mechanism is 

poorly understood and it is unclear why some patients develop depression and others 

do not. There is no clear relation to severity or duration of disease or to the occurrence 

of specific parkinsonian symptoms (Brown, 1995). In addition, depression does not 

improve consistently with medical or surgical antiparkinsonian treatment, except for 

depression as an o ff  period symptom (Lieberman, 1998; Quinn, 1998; Fetoni, 1999). It 

has been suggested that other personal and social factors (MacCarthy, 1989), and 

reaction to the disease and its consequences play a role. However, disability and 

personal and social factors still only account for less than 50% of the variance of 

depression (MacCarthy, 1989).

The World Health Organisation (WHO, 1980) has suggested a useful model to assess 

the impact of chronic disease on patients' lives: The objective impairment caused by the 

disease, such as presence and severity of symptoms, may lead to disability, the 

functional deficit resulting from impairment. Impairment and disability can both result 

in handicap, which depends on the patient’s social and personal circumstances and 

his/her social roles and physical and emotional make-up (WHO, 1980). Although 

handicap usually results from the disability associated with impairment, it can result 

directly from impairment even without any accompanying disability (e.g. symptoms 

causing social embarrassment). Furthermore, patients with the same objective 

impairment (symptom severity) may experience very different degrees of disability and 

handicap. Mediating factors like personality traits or social circumstances can prevent 

or increase handicap in patients with the same level of disability or impairment.

In order to improve our understanding of the mechanisms of depression in PD, some of 

the factors that may contribute to depression in this population-based sample of patients 

with PD were investigated. Taking the WHO model into account the relation of 

depression to various motor and non-motor symptoms of PD, and to the resulting
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disability and self-reported handicap as indexed by quality of life (QoL) measures was 

evaluated.

7.4.2. Methods

All 124 patients diagnosed with probable PD were included in this part of the 

study. On the BDI, higher scores (range 0-63) indicate more severe depression, and the 

cut-off score for moderate to severe depression used was 17 (18 or more indicates 

moderate to severe depression; Beck, 1961).

7.4.3. Statistical analysis

Clinical and historical information on features and complications of PD were analysed 

with regard to their influence on depression scores. In addition, the association between 

depression scores and the results of the QoL questionnaire was investigated. Akinesia 

scores were calculated as the sum of items 19 and 23 to 26 of the UPDRS for both 

sides, and the tremor score from items 20 and 21 for both sides. The tremor-dominant 

subtype of PD was defined as patients with a ratio of tremor to bradykinesia score 

(rigidity and postural instability sub scores from the UPDRS motor scale and history) 

>0.5, and the akinetic-rigid subtype as patients with a ratio of <0.5. The subdimensions 

and summary scores of the QoL instrument were calculated according to the respective 

scoring algorithms. Mean values were compared by the Mann-Whitney test, and 

Spearman rank correlations were calculated for examining associations of variables. 

Categorical data were analysed using the Chi-square and Fisher’s excact tests, where 

appropriate. Significance was accepted at the 1% level (p<0.01). Stepwise multiple 

regression analysis was used to determine the factors contributing independently to 

depression scores at a significance level of p<0.05.

7.4.4. Results

The response rate was 78%.

7A .4.1. Extent o f depression

The mean BDI score in this sample was 12 (SD 10.5; ranging from 0 to 54). 35 (36.1%) 

of the responders had mild depression (BDI score 9-16), 10 (10.3%) moderate (BDI
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score 17-23), and 9 (9.3%) severe depression (BDI score >24). Thus, moderate to 

severe depression was reported by 19.6% of the sample.

7.4.4.2. Relation o f devression to patient- and disease characteristics 

There was a moderate, but significant correlation of increasing depression scores with 

higher disease severity as measured by the Hoehn and Yahr scale (r=0.36, p<0.001) 

and higher akinesia scores (r=0.37, r<0.01), and a trend for a correlation with higher 

tremor scores (r=0.25, p<0.05), but not with age, age at onset or disease duration, even 

after controlling for disease severity. As shown in table 20, depression scores were 

significantly higher for patients who reported recent deterioration of their health 

(p<0.001) and those with falls (p<0.01) than for those without these features. There 

was also a trend for patients with the akinetic-rigid subtype of PD (p<0.05), with 

postural instability (p<0.05), a mini mental score of less than 25 (p<0.05), self-reported 

hallucinations (p<0.05), stiffness (p<0.05) and impairment of dexterity (p<0.05) or 

speech (p<0.05), to have higher depression scores. Gender, onset before or after age 55, 

current age above or below 60, or the presence or absence of tremor or rigidity, and 

self-report of dyskinesias, on-off fluctuations or of response to levodopa did not have a 

significant effect on depression scores.

A proportion of patients with moderate to severe depression were in the early stages of 

illness. However, overall, more than 90% of patients with depression scores of 18 or 

more had Hoehn and Yahr stages of 3, 4 or 5 (see figure 4). However, patients with 

BDI scores of 18 or more had significantly greater postural instability, as measured on 

the UPDRS motor scale (p<0.001), more frequently reported recent deterioration of 

their health (p<0.005), and tended to have lower MMSE scores (p<0.01; table 21). No 

significant difference was seen between depressed and non-depressed patients with 

regard to age, sex or age at onset, tremor, rigidity and akinesia scores, presence/absence 

of fluctuations, dyskinesias or hallucinations, socioeconomic status or living 

conditions.
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7.4.4.3. Relation o f depression to disability

Depression scores increased with decreasing Schwab and England scores, indicating 

greater depression with increased disability, whether assessed by the examiner (r=- 

0.57, p<0.0001), or by the patient (r=-0.60, p<0.0001). There was a strong correlation 

between the observer's and the patient's rating of disability on the Schwab and England 

scale (r=0.89, p<0.0001). Patients with BDI scores of 18 or more had significantly 

greater disability scores as rated by the examiner (p=0.002) or the patient (p=0.0001; 

table 21).

7.4.4.4. Relation o f depression to self-rated health status

Depression scores were most closely related to subjectively perceived impairment of 

cognition, as measured on the PDQ-39, (r=0.67, p<0.0001). They were also 

significantly correlated with impairment of all other aspects of QoL, although less 

strongly with impairment of social support, as measured on the PDQ-39 (r=0.32, 

p<0.01). The patients with a BDI score of 18 or more had significantly worse scores on 

all areas of QoL (see table 21).

7.4.4.5 Multiple resression analysis

In order to determine the factors that contributed most to depression, a stepwise 

multiple regression analysis entering all factors that had shown correlation with 

depression scores or resulted in significantly different depression scores was 

performed. First, parameters measuring impairment (Hoehn and Yahr stage, akinesia 

score, postural instability, MMSE score and recent deterioration) were entered. Second, 

disability as measured by the Schwab and England scale, by the assessor and by the 

patient, were entered in a separate analysis. Third, a stepwise multiple regression was 

performed with QoL scores as the independent variables to determine which specific 

aspects of handicap most closely related to depression. Finally, an overall analysis was 

carried out, using measures of impairment, disability and handicap in a single 

regression analysis, to determine the best overall predictors of depression (see table 

22).
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7.4.4.5.1. Disease-characteristics - Degree o f impairment

Disease severity, as measured on the Hoehn and Yahr scale, accounted for 19% of 

variance in BDI scores, and the self-report of recent deterioration for an additional 

11%. Together they explained 28% of the variance of depression scores. No other 

disease-related factor or patient characteristic additionally contributed to the prediction 

of depression scores (table 22).

7.4.4.5.2. Disability

Disability, as measured by the observer-rated Schwab and England scores, was the 

strongest objective predictor of depression and explained 34% of the variance. Patient­

rated Schwab and England scores alone explained 51% of the variance (table 22). 

7.4.4.53. Quality o f life

Stepwise multiple regression with QoL sub scores revealed that, from the patient's 

perspective, impairment in the areas of cognition, emotional well-being, stigma and 

activities of daily living (as measured on the PDQ-39) predicted depression scores in 

66% of patients (not shown). When the domain that measures depression (emotional 

well-being) was excluded from the analysis (as it measures the same content as the 

BDI), subjective impairment of cognition and the feeling of stigmatisation still 

predicted 53% of the variance of depression scores (see table 22).

7.4.4.5.4. Overall: impairment, disability and QoL

When observer- or patient-rated disability, as measured by the Schwab and England 

scale, and measures of impairment were added to the model, only observer-rated 

disability and the report of recent deterioration contributed additionally to the 

prediction of depression scores. Overall, 65%, or, if the domain of emotional 

functioning is excluded, 60% of the variance of depression scores could be explained 

taking these variables into account.

7.4.5. Discussion

7.4.5.1. Prevalence o f depression in PD

Moderate to severe depression with BDI scores of more than 17 was seen in 19.5% of 

patients with PD. Studies in clinic-based samples or using different instruments have 

reported a wide range of depression rates (Celesia, 1972; Cummings, 1992; Mayeux, 

1981), but in the only comparable, population-based study in Sweden a similar rate of



24% was found when using the same instrument and cut-off score, although the authors 

diagnosed major depression in only 7.7% of patients in that sample (Tandberg, 1996). 

The BDI was considered a suitable instrument to measure the severity of depression in 

patients with PD in this study and to examine the influence of determining factors, as a) 

it is widely used and has been repeatedly shown to be valid in patients with PD, b) it 

enables quantitative assessment of the severity of depression and c) its validity and 

internal consistency have been shown to be comparable in patients with PD and 

controls (Levin, 1988).

7.4.5.2. Factors contributing to depression

Greater disease severity was overall associated with higher depression scores, but the 

prevalence of depression had a bimodal distribution with a percentage of patients being 

depressed at initial stages of the disease (Hoehn and Yahr stage 1.5), and a larger 

percent at later stages (4 and 5). This finding has also been previously reported 

(Celesia, 1972; Starkstein, 1990), and may indicate reactive depression soon after 

diagnosis, improvement of depression in the process of adaptation to a slowly 

advancing disease and improvement in parkinsonian features after initial treatment, and 

subsequent recurrence of depression as the disease and its response to medication 

deteriorates.

In accordance with a previous report by Starkstein et al (Starkstein, 1998), subgroups 

of patients with the akinetic-rigid subtype of parkinsonism and those with cognitive 

impairment (Starkstein, 1990) were more likely to be depressed than those without 

these characteristics. In addition, postural instability and recent deterioration were also 

found to be associated with higher depression scores, whereas age and type of onset, 

sex, age and the presence of fluctuations or dyskinesias did not influence patients' 

overall mood.

However, measures of impairment could predict depression in only a minority of 

patients. Objective disease severity alone predicted depression scores in less than 20%, 

which is similar to the findings of previous studies (Brown, 1995). The consistent 

finding that only a small proportion of depression scores can be predicted by disease 

severity suggest that a separate mechanism underlies the development of mood disorder 

than that of motor dysfunction in patients with PD.
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Although no other disease-related factors contributed to prediction of depression 

scores, the patients’ own report of a recent deterioration further increased the prediction 

of depression scores. Disease progression was not assessed objectively in this cross- 

sectional study, and a subjective report of deterioration may be influenced by the 

depressed patient’s own pessimistic view of his condition. However, this finding is in 

agreement with previous studies which found that deterioration is an important factor in 

developing depression in PD (Starkstein, 1998; Brown RG, 1989), and studies in other 

chronic diseases, where a progressive course is associated with higher depression 

scores (Starkstein, 1992; Mclvor, 1984; Mindham, 1981; Moos, 1964).

Disability, on the other hand, correlated strongly with depression and was the strongest 

objective predictor of depression in PD in this study. It explained 34% of the variance 

of the depression scores, which is more than twice that found in previous studies 

(Ehmann, 1990; Gotham, 1986; MacCarthy, 1989). As may be expected, the patients' 

own rating of disability correlated more strongly with their depression scores. On the 

other hand, objective measures of impairment, such as severity of motor symptoms or 

disease severity, did not contribute further to depression scores.

Although disability in this study was the single most influential predictor of depression, 

the degree of depression was best predicted by considering the patients' own judgement 

of their handicap, which explained more than 50% of the variation. It may be argued 

that self-report of poor QoL in depressed patients may reflect their pessimistic outlook 

on the future, and thus depression conversely influence self-rated QoL scores.

However, the uneven distribution of correlations, with subjective impairment of 

mobility and physical functioning least impaired, suggests that this is not the full 

explanation. Among subjectively evaluated areas of health, impairment of mobility, as 

measured by the domains of mobility and activities of daily living scores on the PDQ 

39, were least related to depression. More influential were the patients' impression of 

cognitive impairment and of stigmatisation. Even if a depressed patient views his 

quality of life worse than a non-depressed patient, the greater impairment of subjective 

cognitive and social functioning emphasizes the importance of these factors for the 

patients’ well-being beyond the degree of physical impairment.
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Overall, in this study depression in PD was found to be the result of a multifactorial 

process, with objective impairment explaining only a comparatively small percentage 

of depression scores. Disability accounted for a greater proportion of the variability of 

depression scores, but the best predictor of depression was the patients’ handicap in 

multiple areas, as measured by a health-related QoL instrument. Handicap alone 

predicted more than 50% of the variance of depression scores (see figure 5). A strong 

correlation of depression with subjectively evaluated handicap in the absence of 

correlation with measures of disease severity supports the notion that depression is at 

least partly a reaction to the impact of the disease on the individual's QoL. In contrast, 

Tandberg et al (Tandberg, 1997) concluded from their population-based study of 

depression in patients with PD that depression is a primary consequence of brain 

dysfunction. However, in their study, the only parameter assessing environmental 

factors was nursing home placement, and the patients’ perceptions were not considered. 

I therefore propose that without disputing the known biochemical changes that may 

contribute, the patients’ own personal circumstances and perception also greatly 

influence the occurence of depression in PD. The clinical differences between 

depressed and non-depressed patients (table 20) emphasise the complexity of this 

model, and suggest that subgroups of patients such as those with postural instability 

and cognitive decline may be more predisposed to developing depression.

In conclusion, patients with cognitive impairment or postural instability, and those with 

recent deterioration, were more likely to be depressed than those without these disease 

factors. However, depression in patients with PD appears to be multifactorial, and 

strongly influenced by the individual patient's perception, rather than being an 

independent result of the disease process itself or a pure reflection of the patient's 

impairment. In practical terms, this underlines the importance of addressing the social 

and personal circumstances and the expectations and perceptions of a patient with PD 

who is depressed, and of treating his or her depression independently rather than 

restricting treatment to objective improvement of motor symptoms of PD.
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7.5. The clinical subtypes of Parkinson’s disease

7.5.1. Background

For many years PD was considered a homogeneous disease characterized by 

levodopa responsive parkinsonism in the absence of additional neurological 

abnormalities and the finding of Lewy bodies at post mortem examination (Duvoisin,

1989). Its varying clinical expression has however recently led to the concept of 

subtypes of this disorder with the possibility of different pathogenic mechanisms 

(Jankovic, 1990; Duvoisin, 1989; Caine, 1989). In clinic-based samples of patients with 

PD differences have been found for instance between those with predominantly 

akinetic-rigid and tremor-dominant PD (Jankovic, 1990; Zetusky, 1985), patients with 

younger and older onset of disease (Kostic, 1991), those with tremor or bradykinesia at 

onset (Huber, 1988), between genders (Lyons, 1998), and those with and without 

distinct clinical features (Starkstein, 1989; Mayeux, 1992; Goetz, 1988). However, 

many of these variables may be related to each other, such as age at onset and age at 

examination, occurrence of depression and dementia, tremor at onset and tremor- 

dominant disease, or dementia and older age. In addition, patients assessed in these 

studies were derived from specialist clinics, or clinical trial populations (Jankovic,

1990), which may not be representative of the overall population of patients with PD.

In order to overcome these limitations this population-based sample of patients with PD 

was analyzed according to the proposed clinical subtypes, and a subsequent cluster 

analysis with these variables performed to assess the existence of different subtypes in 

the overall population of patients with PD.

7.5.2. Methods

All patients diagnosed with possible or probable PD were included (n=128). 

Depression was assessed with the Beck Depression Inventory (BDI; Beck, 1961) using 

a cut-off of 17 (18 or more indicating depression), and dementia with the mini mental 

state examination using a cut-off score of 24 (Folstein, 1975). The tremor-dominant 

subtype of PD was defined as patients with a ratio of tremor to bradykinesia score 

(rigidity and postural instability subscores from the UPDRS motor scale and history) 

>0.5, and the akinetic-rigid subtype as patients with a ratio of <0.5 (modified from
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Jankovic, 1990). In addition, those with age at onset before and after the mean age of 

onset (66 years), and those with current age younger or older than the mean current age 

(72 years) were compared. Rate of progression was calculated as disease severity 

divided by disease duration in years, and is henceforth referred to as rate of 

progression. Fast rate of progression was defined as a higher than the mean progression 

rate, and slow rate of progression as one lower than mean. Subjective response to 

levodopa was divided in poor or none (<25%), moderate (26-50%), good (51-75%), 

and excellent (>75%). Axial scores were derived from UPDRS items 27 to 30, tremor 

scores from items 21 to 22, and akinesia scores from item 19 and 23 to 26.

The overall group of patients was divided according to the subtypes previously 

suggested, i.e. akinetic-rigid vs tremor-dominant PD, slow vs fast progressors, 

according to symptom at onset, onset age, current age, those with and without 

dementia, depression, hallucinations or a family history of PD and between genders.

7.5.3. Statistical analysis

Due to the multitude of comparisons in this analysis only differences with 

p<0.005 were accepted as statistically significant, but differences with p<0.05 are given 

as marginally significant.In order to identify homogenous clusters in the overall sample 

of patients, an agglomerative hierarchical cluster analysis with squared euclidean 

distances using Ward's minimum variance was performed. The number of appropriate 

homogenous clusters was determined by the largest step in the squared Euclidean 

distance as a stopping rule. Non-hierarchical k-means cluster analysis was then 

performed to group patients according to their characteristics. Post hoc comparisons of 

patients in the identified clusters were performed with the same statistical tests used for 

comparison of the proposed subtypes. All analyses were performed on SPSS software.

7.5.4. Results

Among the 128 patients 52.3% were male. The average age was 72 (SD 10.9), 

age of onset 66 (SD 14.3), and disease duration 6 (SD 4.6) years.
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7.5.4.1. Young (<66years) old age at onset (>66years)

Patients with onset of symptoms before age 66 were still significantly younger 

than those with onset after age 66, and but also had had symptoms for a longer time 

(table 23). Since disease severity was similar between the groups, rate of progression 

was marginally slower in patient with younger onset. Patients with younger onset also 

had marginally significantly higher rates of fluctuations and dyskinesias, lower rates of 

postural instability, and received higher doses of levodopa.

7.5.4.2. Symptom at onset

Onset with slowness or rigidity, as reported by the patients, was marginally 

significantly associated with a more frequent family history of parkinsonism, earlier 

onset of dyskinesias after symptom onset, higher disease severity with greater 

disability, more frequent difficulties with speech, freezing and falls (all p<0.05), but 

similar disease duration and age compared to onset with tremor. Dyskinesias, 

fluctuations and cognitive scores did not differ between the groups.

7.5.4.3. Akinetic-rigid V5 tremor-dominant PD

Patients with the akinetic-rigid subtype of PD (73%) had significantly greater 

disease severity and disability, as measured by the Hoehn and Yahr and the Schwab 

and England scale, than patients with tremor-dominant parkinsonism. However, they 

also had a slightly longer disease duration, indicating that patients with initially tremor- 

dominant PD later on developed more severe bradykinesia and axial features. Thus, the 

rate of progression in the overall sample was only marginally faster than in patients 

with akinetic-rigid subtype (table 24). As might be expected, tremor was the first 

symptom at onset in a slightly higher proportion of patients with tremor-dominant PD. 

Patients with the akinetic-rigid subtype also had marginally worse depression scores 

and quality of life scores, and higher rates of fluctuations, freezing and postural 

instability than those with tremor-dominant PD.

7.5.4.4. Slow vs fast progression

Patients with fast disease progression had greater disability and a marginally 

higher disease severity than those with slow progression despite a significantly shorter
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disease duration (table 25). They also had a significantly older age at onset, longer 

time from onset to initiation of levodopa treatment, used higher doses of levodopa, and 

tended to be older, to be demented and to have higher axial scores.

7.5.4.5. Young (<72years) V5 older age (>72years)

Patients with older current age also had older age at onset (p<0.0001), and had 

lower cognitive scores (p<0.0001). Older patients had a slightly shorter disease 

duration (p<0.01) but also marginally higher disease severity (p<0.05) and disability 

(p<0.01). Thus, the rate of progression was marginally faster in older patients than in 

younger patients (p<0.05). On the other hand, time from symptom onset to first onset 

of dyskinesias was marginally longer in patients with older age (p<0.05). Older patients 

also tended to have higher axial scores (p<0.01), reported falls marginally more often 

(p<0.05), received marginally lower doses of levodopa (p<0.05), and tended to be 

female (p<0.05).

7.5.4.6. Gender differences

Women were significantly older (p<0.0001), tended to received lower doses of 

levodopa (p<0.05) and tended to have worse quality of life (p<0.05) than men. There 

were no other differences between the genders with regard to disease severity, 

disability, cognitive impairment or the occurrence of fluctuations or dyskinesias.

7.5.4.7. Family history o f parkinsonism

Patients who had a first or second degree relative with parkinsonism (17%) had 

significantly worse Hoehn and Yahr scores (p<0.005) than those without a family 

history of parkinsonism. However, as disease duration was also slightly longer in 

patients with a family history, a difference in disease progression failed to reach 

statistical significance. Patients with a family history of parkinsonism tended to have 

fluctuations and dyskinesias more often (both p<0.05). Age at onset was not different 

between those with and without a family history of parkinsonism.

7.5.4.8. Patient with and without dementia
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Patients with a mini mental score of 24 or less (18%) had more severe disease 

and disability, had worse axial scores and poorer quality of life (all p<0.0001). As 

disease duration did not differ significantly between demented and not demented 

patients, rate of progression was faster in patients with dementia (p<0.0001). Patients 

with dementia also tended to be older, to have depression, postural instability, urinary 

incontinence or urgency more often than those without dementia, and to have lower 

tremor scores (all p<0.05).

7.5.4.9. Patients with and without depression

Patients with BDI depression scores of more than 17 had more severe Schwab 

and England disability scores and worse quality of life scores (both p<0.0001) than 

patients without depression. Depressed patients also more often tended to have falls 

(p<0.01), greater postural instability, the akinetic-rigid subtype of PD, hallucinations 

and dementia, and take higher doses of levodopa (all p<0.05) than not depressed 

patients. They did not differ with respect to age, age at onset or rate of progression.

7.5.4.10. Patients with and without a history o f hallucinations

There were no significant differences between patients with (19.5%) and without 

hallucinations. However, patients with hallucinations tended to have more severe 

disease, to have longer disease duration, be depressed and have worse quality of life 

than those without hallucinations (all p<0.05).

7.5.4.11. Cluster analysis

In order to identify subgroups of patients with PD who share similar 

characteristics within the overall sample, a cluster analysis entering all variables that 

had been shown to be significantly different between groups was performed. 

Hierarchical cluster analysis indicated that a 3-cluster solution provided the most 

appropriate grouping of patients. After 3 iterations non-hierarchical k-means cluster 

analysis arrived at 3 clusters whose characteristics are shown in table 26. 75 patients 

(58.6%) formed cluster one, 37 patients (28.9%) belonged to cluster 2 and 16 patients 

(12.5%) to cluster 3. The clusters differed significantly in all variables except axial 

scores and time from onset to initiation of treatment with levodopa.
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Mean disease and treatment duration was significantly longer in group 3 than in 

group 2 (both p<0.001), and marginally longer than in group 1 (both p<0.05). Patients 

in group 3 also had more severe disability compared to group 1 (p<0.001) and group 2 

(p<0.01), and took higher doses of levodopa than those in the other groups (both 

p<0.0001). However, disease severity was only marginally greater than in group 1 

(p<0.05) and similar to group 2. Thus, rate of progression was significantly slower than 

in group 2, and tended to be slower than in group 1 (p<0.005 and p<0.05, respectively). 

The patients in group 3 also were significantly younger at onset (both p<0.0001), and 

were still younger than those in the other groups (both p<0.0001). Despite the longer 

disease duration, they did not differ from the other groups with respect to mean 

depression or quality of life, and had better cognitive scores (p<0.001). On the other 

hand, they had fluctuations more often than patients in group 2 (p<0.001) and they 

tended to have more fluctuations than those in group 1.

Patients in group 2 had the oldest age at onset (p<0.005 and p<0.0001 compared 

to group 1 and 3, respectively) and were still older than those in both other groups 

(p<0.005 and 0.0001). Although mean disease and treatment duration was shorter (both 

p<0.005 compared to group 1 and p<0.001 compared to group 3), mean disease 

severity was more severe than in group 1 (p<0.01), and similar to group 3. Thus, rate of 

progression was faster than in both other groups (both p<0.005). Patients in group 2 

were taking lower doses of levodopa (both p<0.0001), had worse cognitive scores than 

those in both other groups (p<0.001), worse quality of life than those in group 1 

(p<0.01), and tended to have worse disability than in group 1 (p<0.05), but had 

fluctuations less frequently than those in both other groups (both p<0.001).

Patients in group 1 were in between groups 2 and 3 with respect to most 

variables. Compared to those in group 3, patients in group 1 had older age at onset and 

age (both p<0.0001). They had slightly shorter disease duration (p<0.05), took lower 

doses of levodopa (p<0.0001), had less disability (p<0.001), and tended to have less 

severe disease (p<0.05). They had, however, slightly faster disease progression 

(p<0.05). Compared to group 2, they were younger and had younger age at onset (both 

p<0.005), took higher doses of levodopa (p<0.0001), had better mini mental scores 

(p<0.001) and had slower disease progression (p<0.005). The groups did not differ with
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respect to percentage of the akinetic-rigid or tremor-dominant subtype, depression 

scores, to symptom at onset, hallucinations, family history of parkinsonism or gender.

7.5.5. Discussion

The results of this analysis of a population-based sample of patients with PD 

support the hypothesis of different subtypes of PD. In the overall sample three 

subgroups of patients were identified: 1) Patients with a young onset age in whom 

disease progression was slower than in the other groups, and who were also younger at 

the time of examination. Due to longer disease duration they were more severely 

disabled than older patients, used high doses of levodopa and had more frequently 

fluctuations. However they also had better cognitive scores than older patients, and rate 

of progression was slower. 2) Patients with an older age at onset in whom disease 

progression to more advanced stages was fast and who had low cognitive scores, but 

who had developed motor fluctuations more rarely than the younger patients. 3) An 

intermediate group with age at onset, current age, levodopa dose, and rate of disease 

progression in between group 1 and 2. Thus the main factor discriminating between 

patients with different characteristics was age at onset.

This differentiation predominantly by age at onset was supported by the 

separate comparison of patients with younger vs older age at onset, which showed 

significant differences in disease progression. Patients with a young onset age also 

tended to develop motor complications more frequently than those with older onset 

age, whereas those with older age at onset tended to have developed postural instability 

more frequently. Patients with older current age (which correlated with age at onset) 

were additionally more likely to have dementia, tended to have falls, and progress more 

rapidly, but had developed motor fluctuations later. These peculiarities of PD in older 

patients may be explained by additional brain damage in older patients, which renders 

them more prone to falls, cognitive impairment and faster progression, but also 

prevents dyskinesias and fluctuations. The faster progression may in addition also be 

partly due to the scaling of the Hoehn and Yahr scale, in which postural instability, a 

common finding in elderly people (Waite, 1996), is an important factor. Most other 

studies similarly found clinical differences between patients with young vs old onset 

(Kostic, 1991; Zetusky, 1985), whereas pathological studies did not find a correlate
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explaining these differences, apart from greater extent of depletion of dopaminergic 

neurons (by 24%) but no differences in the basic Lewy body pathology in patients older 

age, but longer disease duration (Gibb, 1989b).

Demented patients not only had a faster rate of progression, but also tended to 

have depression, postural instability, urinary incontinence and to have lower tremor 

scores than those without dementia. Their disability was greater as well their quality of 

life poorer compared to those without dementia. This confirms results from other 

studies that found that dementia in PD is associated with increasing disease severity, 

age and depression (Mayeux, 1981; Ebmeier, 1991; Huber, 1988; Zetusky, 1985). 

Jankovic et al (Jankovic, 1990) have suggested that the tendency of demented patients 

to have greater postural instability and lower tremor scores may be explained by a 

relatively greater degree of cholinergic deficit causing dementia in PD as well as 

postural instability, thus balancing out the cholinergic preponderance typically 

expressed as parkinsonian tremor.

The identified subgroups were however not distinguished by symptom at onset, 

gender, history of hallucinations, family history of parkinsonism, depression and 

predominance type. Nevertheless, those with the akinetic-rigid subtype were more 

severely diseased, with more severe features of advanced disease, although this may in 

part have been a reflection of the increasing akinesia and axial involvement in 

advancing disease. However, they tended to have progressed more rapidly than those 

with tremor-dominant PD, confirming previous reports (Jankovic, 1990; Zetusky,

1985). The results of some (Hershey, 1991), but not other studies suggested that tremor 

at onset is a prognostically positive factor (Huber, 1988; Rohl, 1994). In this study, 

patients with bradykinesia or rigidity at onset tended to be more severely diseased after 

a similar disease duration, but this difference in rate of progression did not reach 

statistical significance. Patients with a family history of parkinsonism tended to have 

motor complications more often than those without, and a difference towards faster 

disease progression just failed to reach significance. Although these findings hint at a 

genetically determined different type of parkinsonism, these differences were not 

significant. Hallucinations were not associated with a specific subtype of PD, but 

tended to occur in advanced disease and were associated with depression and poorer 

quality of life. Depression, on the other hand, was not strongly associated with disease
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severity, but depressed patients were more disabled and had worse quality of life than 

those without depression. They also tended to have postural instability and falls, 

dementia and hallucinations more often than those without depression. This is in 

accordance with previous studies that have suggested that depression is not directly 

related to increasing motor disability (Starkstein, 1989; Santamaria, 1986). Unlike in 

other studies (Santamaria, 1986), however, there was no evidence to suggest a separate 

subtype of patients with depression and PD within the overall group of patient with PD.

The existence of different subtypes of PD has previously been examined by 

comparison of different groups of patients (Huber, 1988; Hershey, 1991; Zetusky,

1985; Ko Stic, 1991; Mayeux, 1981). However, only few studies evaluated the existence 

of different subtypes by comparing patients with or without a variety of different 

distinctive characteristic in the same group of patients. Jankovic et al (Jankovic, 1990) 

used the opportunity of a very large database of patients with PD in the DAT ATOP 

study to explore the possibility of different subgroups in this population. They found 

evidence that patients with young onset functioned cognitively better than those with 

older onset and had slower disease progression, that patients with rapid progression not 

only were older at onset, but more often had bradykinesia, postural instability and gait 

difficulties at onset than those with slow progression, and that patients with akinetic- 

rigid PD had greater subjective intellectual, motor and occupational impairment than 

those in the tremor-dominant subtype after a similar disease duration. These findings 

are similar to those in this study, despite the fact that the patients were selected from 

clinic-based samples for eligibility in a treatment trial and had similar disease severity 

at inclusion in the study. Fast progression in that study, however, was not related to 

cognitive decline, indicating that motor and cognitive decline are not necessarily 

associated with each other. However, as the authors point out, DAT ATOP excluded 

patients with actual cognitive impairment, and these results may thus not be 

generalisable to the overall population of patients with PD, including those with actual 

dementia. In this study, demented patients had progressed more rapidly than not 

demented patients, although there was only a marginally significant difference between 

the proportion of demented patients between fast and slow progressors. This finding 

indicates that development of dementia is an important factor for faster motor 

progression of disease, confirming results by Mayeux (1981), Huber (1988), and
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Ebmeier (1991). The relation of several variables in that and this study suggests that 

several clusters of patients exist within the overall population, which could be 

confirmed using cluster analysis. A similar approach to classify patients within the 

overall group of patient with PD has been used by Graham et al (Graham, 1999). Using 

non-hierarchical cluster analysis with an arbitrarily chosen number of 5 clusters, these 

authors found that a clinic-based sample of patients with PD fell into 3 groups with 

short and 2 with long disease duration, which differed in motor and cognitive scores. 

One group with short disease duration also had older age at onset and more severe 

impairment of motor and cognitive scores. The authors concluded that there are three 

subtypes of PD, predominantly determined by cognitive impairment: Those with mean 

motor impairment only, those with motor and cognitive impairment, and those with an 

older age at onset and rapid progression of motor and cognitive performance. In 

agreement with this patients in the cluster with the oldest age at onset had the most 

rapid disease progression and tended to have worse cognitive scores. However, in this 

study cognitive state was not the determining variable differentiating the subgroups. 

The most likely explanation for this difference is that in this study only a screening tool 

for dementia (the mini mental state examination) was used to diagnose clinically 

significant dementia, whereas the previous study performed cluster analysis 

predominantly based on a variety of cognitive scores. It was thus weighted towards 

cognitive scores, whereas in this study clinically significant cognitive decline was only 

one of a variety of demographic and clinical variables. In addition, only variables that 

had been shown to differ between postulated subgroups of PD were entered in the 

cluster analysis to minimize chance findings. Furthermore, prior to k-mean cluster 

analysis hierarchical cluster analysis was performed to determine the number of 

naturally occurring subgroups within the sample and avoid the necessity of arbitrarily 

choosing the number of clusters.

Due to the inherent limitations of a cross-sectional population-based sample, 

this study has some limitations. Clinical diagnosis was not confirmed with postmortem 

examination and, thus, the inclusion of patients with atypical forms of parkinsonism 

cannot be excluded with certainty. However, the main emphasis of the overall study 

was the differentiation of different types of parkinsonism, and I therefore believe that
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the rate of diagnostic accuracy was comparatively high. In future studies an important 

aspect would be to correlate pathological differences with the clinical subtypes in order 

to explain the differences found between the subtypes. Patients with mild disease, who 

have not yet come to medical attention, may also have been underascertained, and 

patients with dementia, on the other hand, may have been more likely to have declined 

participation, and were excluded if dementia was present before onset of parkinsonism. 

However, I endeavoured to obtain as complete patient ascertainment as possible, and 

the participation rate in this study was high (84%). Therefore, it is likely that the 

patients in this sample are more representative of the overall population of patients with 

PD than previous studies undertaken in selected, clinic-based samples.

I conclude that different subtypes of PD exist. The most important factor for 

subclassification of patients with PD is age at onset, but other influential factors 

differentiating patients within this population were presence of dementia, akinetic-rigid 

or tremor predominance, current age and rate of progression, which were often 

associated with age at onset. Symptom at onset, and occurrence of hallucinations, 

gender, family history or presence of depression, on the other hand, appear to be 

relatively independent factors, which are not associated with a specific subtype of 

disease.
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7.6. Young Onset Parkinson’s Disease - Clinical features, natural history and 
mortality 

7.6.1. Background
PD starting before the age of 40 years is rare. However, if the disease starts 

at an early age, as discussed above, it not only has a longer duration, but also 
appears to have a number of characteristics which differentiate it from the overall 
sample of patients with PD. In order to study the clinical characteristics and 
prognosis of PD starting at a young age, a large group of patients with such early 
onset of PD was therefore investigated in a separate group from the population 
based sample of patients with PD.

Patients who develop parkinsonian symptoms or signs between 21 and 40 
years have arbitrarily been called 'young onset Parkinson's disease' (YOPD), and 
those in whom they start before age 21 'juvenile parkinsonism' (JP; Quinn, 1987). 
Juvenile parkinsonism probably represents a mixture of different pathologies 
(Horowitz, 1975; Horowitz, 1917; Van Bogaert, 1930; Davison, 1947; Yokochi, 
1993; Gibb, 1988; Mizutima, 1991; Takahashi, 1994; Yoshimura, 1988). In 
contrast, YOPD is thought to usually represent the lower end of the age spectrum of 
Lewy body PD since most pathological studies have revealed typical Lewy body 
pathology (Quinn, 1987; Gibb, 1988; Yokochi, 1993; Mizutima, 1991). However, a 
number of studies have reported differences between YOPD and older onset PD in 
terms of clinical features, progression of disease, latency to time of first appearance 
of levodopa-related motor complications, and prognosis (Giovannini, 1991; Gibb, 
1988; Kostic, 1991), giving rise to the assumption that there may be two different 
subtypes of PD, one a predominant motor disorder with an earlier age of onset, and 
one with greater mental deterioration and a later age of onset (Lieberman, 1979). 
Due to the rarity of the disorder, most studies have reported only small numbers of 
patients with YOPD from whom it is difficult to draw firm conclusions. 
Additionally, no prospective studies have been performed to assess the prognosis of 
early onset PD.

The clinical data and mortality of a large group of patients with apparent 
idiopathic PD starting before the age of 40, and of a subgroup of 60 prospectively 
studied patients who were reported 10 years ago (Quinn, 1987) are reported here. 
Due to the rarity of this subgroup, this group was investigated independent of the 
population-based sample of patients with PD.

7.6.2. Patients and methods
All patients who developed apparent idiopathic parkinsonism before age 40 were 
identified among all patients with parkinsonism seen by Professor Niall Quinn
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(NQ) and the late Professor David Marsden (CDM) during the last 17 years. For 
inclusion in the study at least two of three cardinal features of parkinsonism 
(tremor, rigidity and bradykinesia) had to be present. Patients were excluded if they 
had a history of encephalitis, repeated head trauma or treatment with neuroleptics, 
or presented additional neurological features incompatible with idiopathic PD such 
as pyramidal signs, supranuclear gaze palsy or cerebellar ataxia. One patient who 
was demented at presentation was excluded. Wilson's disease was excluded in all 
cases. A subgroup of 60 patients, first reported 10 years ago (Quinn, 1987), were 
analysed separately. These patients had either died or had been seen during the 
previous 5 years. For the separate prospective analysis of this subgroup, the above 
inclusion and exclusion criteria were met at the time of the first report, but 
subsequently two of these patients had their diagnosis revised and were excluded 
from the overall analysis.

Approval for the study was obtained from the Joint Medical Ethics 
Committee of the National Hospital for Neurology and Neurosurgery and the 
Institute of Neurology. The case notes of all patients were examined and 
information on symptoms, signs and age at onset of parkinsonism, a history of 
family members with parkinsonism, time that 1-dopa was started and response to 
treatment, occurrence of, and latency to, motor complications of treatment, and 
features of disease progression were recorded. Most patients continued to be 
followed by NQ or CDM at the National Hospital for Neurology and Neurosurgery. 
All living patients were contacted and asked about parkinsonism in first or second 
degree family members, current symptoms, history of psychiatric side effects of 
medication, falls, degree of disability, first occurrence of dyskinesias and motor 
fluctuations, and asked to self-report the Schwab and England disability scale which 
was read to them. Their spouses acted as additional informants. If they agreed to 
participate, a cognitive test validated for telephone administration (Brandt, 1988) 
was administered by telephone. This cognitive status questionnaire has a maximum 
score of 41, and a cut-off score for clinically significant cognitive impairment 
(henceforth considered as dementia) of 30 or less. Vital status of those who could 
not be contacted was ascertained from the National Health Service (NHS) Central 
Register, which keeps records of all individuals in the UK registered with a health 
authority. Cause of death was ascertained from death certificates and classified 
according to the World Health Organisation (WHO) rules, and care was taken to 
follow rule 3. For example, if bronchopneumonia was given as the sole cause of 
death in part I and PD was mentioned in part II, PD was coded as cause of death. 
Statistical analysis of categorical data was performed using Chi-Square and Fisher's 
exact test. T-test for independent samples was used for comparison of interval data 
between groups. Correlation of interval data was performed with Pearson
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correlation, and discriminant analysis was used for classification of dementia. The 
relative mortality experience of this cohort was compared to that from the general 
population. This was done by using indirect standardisation to calculate an expected 
number of deaths. In this way it was possible to calculate a standardised mortality 
ratio (SMR) comparing observed to expected deaths (Clayton, 1993). Because there 
have been marked secular changes in mortality, it was essential that standardisation 
used the appropriate age, sex, and cohort specific mortality rates. Therefore, the 
person-years of follow-up for each observation were partitioned into 10-year age 
bands and 5-year time periods from 1941 to 1996. In this way, the routine mortality 
data could be used to calculate rates for the same groups for all of England and 
Wales. 95% confidence intervals (CIs) were calculated using the Poisson 
distribution. Significance testing for the clinical sub-groups was carried out using 
the maximum likelihood estimate of the rate ratio. All these survival analyses were 
carried out using ST AT A software (Clayton, 1993).

7.6.3. Results
Ten patients developed their first symptoms of parkinsonism before the age of 21 
(JP) and 139 between the age of 21 and 39 (YOPD, figure 6). In the subgroup of 60 
patients who were reported previously 4 patients had JP and 56 YOPD. The 
characteristics of all patients are shown in table 27. The JP patients will be 
described case by case, while those with YOPD will be considered as a group.

7.6.3.1. JP group:
Recent follow-up status was obtained in all patients. Three patients had died and 7 
patients were still alive. Current age or age at death in this group ranged from 10 to 
62 years. There was a male predominance of 4:1. Early development and birth 
history was normal in all patients. First symptoms appeared at the age of 5 to 19 
years with dystonia in 6 (60%), tremor in 5 (50%), and an akinetic-rigid syndrome 
in 2 (20%) patients. 50% of patients had at least one first degree relative with 
parkinsonism, in all of whom the disease had started before the age of 40. All but 
one patient who received 1-dopa had an excellent initial motor response, but this 
rapidly declined in one of them. Dyskinesias and motor fluctuations developed in 
all patients who received 1-dopa, after a median of 6 months treatment.
Case 1 (sporadic) was a 28 year old patient who had presented with dystonia at the 
age of 7 years and had initially been diagnosed as dopa-responsive dystonia. 
However, after one year of 1-dopa treatment he developed wearing-off and mild

dyskinesias and his ^^F-Dopa PET scan revealed severely reduced uptake in 
caudate and putamen bilaterally. He nevertheless continues to be dramatically 
improved by 1-dopa and leads an active life. Case 2 (sporadic), who had first
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developed a tremor at the age of 13, also had a peripheral and autonomic 
neuropathy. Chronic treatment with 1-dopa was not tolerated because of postural 
hypotension and painful dystonie spasms. A PET scan revealed markedly decreased

striatal ^^F-Dopa uptake. Genetic testing was positive for a mutation in the Parkin 
gene. Case 3 (sporadic) suffered from severe concomitant depression, and case 4 
developed dementia at age 33. His father had died at the age of 48 after nine years 
of parkinsonism. Genetic testing for the Parkin gene was negative. Case 5 was a 32 
year old Madeiran patient with parkinsonism since the age of 17. He has a sister 
who also has juvenile parkinsonism. They were the product of a consanguineous 
marriage, and their father was also said to have a tremor. Motor fluctuations and 
involuntary movements developed early and were later severe enough to warrant 
pallidotomy. There was no dementia, but he suffered psychotic side effects with 
dopaminergic medication. Among other investigations, genetic analysis for the 
SCA 3 mutation was negative, but he tested positive for the Parkin gene. Case 6 
(sporadic) was a 42 year old patient, who had had parkinsonism since the age of 18. 
Her response to 1-dopa was excellent, but she developed severe motor fluctuations 
and dyskinesias within the first two years. She had no cognitive decline, had never 
experienced confusion or hallucinations and had only mild impairment of balance. 
Case 7, who reported a paternal uncle suffering from parkinsonism, and several of 
his siblings to have parkinsonism or a tremor, had predominantly dystonie peak- 
dose dyskinesias. He was in the low normal range of intelligence (verbal and 
performance IQ 81), but there was no cognitive decline. However, he has 
experienced two episodes of manic psychosis on dopaminergic medication. Genetic 
testing for the Parkin gene was positive. Case 8 (sporadic), the youngest patient in 
this series, had developed gait problems at the age of 5. L-dopa improved his 
akinetic-rigid syndrome dramatically but he experienced wearing off fluctuations 
immediately and dyskinesias within nine months. He also suffered painful dystonie 
spasms lasting up to 5 hours. All investigations, including copper studies, a CT 
scan, bone marrow, liver and rectal biopsies, and plasma and urinary amino acids 
were negative except for bilateral non-specific slow wave activity in his EEG with 
multifocal spike-wave activity. He died at the age of 10 years. Case 9 noted the first 
symptoms of parkinsonism at the age of 17. He had two sisters and one brother who 
had also developed parkinsonism in their twenties or earlier. He died of a bronchial 
carcinoma at the age of 62 years after 45 years of disease. Case 10 was a patient 
who had an akinetic-rigid syndrome when he was first seen at age 35 and had first 
developed 'vibrations' at the age of 17 years. Five out of 8 of his siblings, including 
one sister, were similarly affected by history. He responded dramatically to 1-dopa 
but developed marked choreiform involuntary movements in response to treatment. 
He continued to work as a lecturer until the age of 61 and died at age 72. Post­
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mortem examination of the brain was not performed in any of these three patients 
who had died. The standardised mortality ratio (SMR) in this group was 3.1 (95% 
CIs 0.64-9.1) compared to the normal population.

1.63.2. YOPD group:
109 patients were still alive, 23 had died and 7 patients were lost to follow-up. I 
was able to contact and administer the short cognitive test to 98 patients (90% of 
those alive). The remaining 11 living patients did not reply or declined to 
participate.
7.6.3.2.1. Onset: Age and clinical features at onset are given in table 27. 16% of 
patients had at least one first (12 patients, 8%) or second (10 patients, 7%) degree 
relative with parkinsonism. Two patients had two affected first or second degree 
relatives with parkinsonism.
7.6.3.2.2. Complications o f l-dopa treatment. Over 25% of patients developed 
complications within one week of commencing treatment and over 40% within 6 
months. After 5 years of treatment with 1-dopa 91% of 99 patients had developed 
dyskinesias and 92% motor fluctuations, and after 10 and 12 years, respectively, all 
patients were suffering these side effects (figure 7). A large number of patients who 
could be contacted (36 out of 102, 35%) had undergone stereotactic surgery for 
relief of these complications (4 fetal transplantations, 3 pallidal stimulations, 23 
pallidotomies, 5 thalamotomies, and one patient who had undergone thalamotomy 
and pallidotomy). However, many of these patients came under our care specifically 
because they had been referred for these procedures. Psychiatric side effects 
(psychosis, confusion or hallucinations) had occurred in 49% of patients at some 
point in their disease. These patients were significantly older at time of contact 
(median age 53 vs 47 years, p<0.001) and had a longer disease duration (20 vs 14 
years, p<0.001). They also had a significantly lower telephone mini mental score 
(median 31, SD 6.0) compared to the remainder (median 35, SD 3.9, p<0.001). 
There was no significant difference in history of psychiatric side effects between 
patients below and above the age of 60 across the sample as a whole (50% and 
68%, respectively). However, only 10% of those who had had the disease for less 
than 10 years had experienced psychotic side effects.
7.6.3.2.3. Current state: Median age at the time of investigation or age at death was 
51 (33 - 78) years and median disease duration was 18(2-  43) years. All patients 
had akinesia and rigidity, 68 (78%) tremor and 60 (67%) dystonia (usually 
treatment-related). Hoehn & Yahr stage was 4 or 5 in 57% of patients in the off 
state, but in only 4% of patients in the on state. Similarly, the Schwab and England 
score was 50% or lower in 13% of patients in the off state, but in only 5% of 
patients in the on state. Falls had occurred in 50% of patients, but in only 5% of
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patients with a disease duration of less than 10 years. Fallers were significantly 
older (median age 54 vs 47 years, p<0.001) and had had PD for longer (median 21 
vs 11 years, p<0.001). As far as it was possible to ascertain, in 81% falls were 
related to impairment of balance, in 75% to freezing episodes, and in 29% to 
dyskinesias. Many patients experienced falls related to two or more of these 
features.
7.6.3.2.4. Dementia: Cognitive functions, as assessed by the brief telephone 
cognitive test (with a maximum score of 41), was determined in 98 patients (90% of 
those alive). 19 patients (19%) were below the cut-off score for dementia of 31/41. 
Characteristics of patients with and without dementia are shown in tables 28 and 
29. Demented patients were significantly older at the time of assessment with a 
longer disease duration. Dementia was uncommon in patients below age 60 (13%), 
but was found in 43% of those aged over 60. Likewise, dementia was rare in 
patients who had PD for less than 10 years, but more frequent in those with a longer 
disease duration.

In an attempt to understand the relationship between dementia, current age 
and disease duration a series of partial correlations were calculated. When adjusted 
for current age using Pearson's partial correlation, disease duration no longer 
correlated with the mental status score (r=0.46, p=0.27). However, when the 
opposite correlation was carried out, age still significantly correlated with the 
mental status score (r=0.24, p<0.05). Of those with PD for 20 to 43 years, 66% (25 
patients) had no evidence of cognitive decline. While the strongest correlation was 
between current age and cognitive status, demented patients were also significantly 
more likely to be female (p<0.01), to have experienced psychiatric side effects 
during the course of treatment (p<0.001) or falls (p<0.05) and to have lower 'on' 
(p<0.01) and 'off (p<0.01) Schwab and England scores. They also tended more 
often to have a positive family history of parkinsonism, although this effect was not 
significant. Men and women did not differ in age, disease duration, onset age, and 
all other investigated parameters, but psychiatric side effects of medication, falls, 
and disability scores all correlated with age and disease duration.

Using discriminant analysis, a number of variables that could be derived 
from information at onset of parkinsonism were tested for their predictive value for 
the subsequent development of dementia. Among the factors known at onset, 
female sex and positive family history of parkinsonism were useful clinical 
predictors of dementia (correct classification in 72%, sensitivity 67%, specificity 
73%, positive predictive value 36%, negative predictive value 90%). Patients with 
a relatively older age at onset within the YOPD group were also more likely to 
develop dementia but the difference was small (36 vs. 33 years) and not clinically 
useful. Initial response to 1-dopa and symptom at onset were not useful predictors.
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The accuracy of prediction of dementia was further increased by considering the 
occurrence of psychiatric side effects on 1-dopa during the disease course. Together 
these variables correctly classified 82% of patients as demented or non-demented 
(sensitivity 71%, specificity 84%, positive predictive value 50%, negative 
predictive value 93%, tables 30a, 30b, 31).
7.6.3.2.5. Mortality: Vital status was known in 132 YOPD patients (95%). 23 
patients had died (median age at death 57.7 years and disease duration 22.5 years) 
and 109 patients were alive (median age 50.1 years, disease duration 16.9 years). 
The SMR was 2.1 (95% CIs 1.4-3.2) compared to the normal population. An 
increased risk of death was found in four patients with a poor initial response to 1- 
dopa (p<0.001). There was also a tendency for patients with tremor at disease onset 
to die earlier (p=0.11). The factors sex and family history of parkinsonism were not 
predictive of mortality.
Median survival was 27 years for patients with disease onset of 36 to 39 years and 
35 years for patients with disease onset from 22 to 35 years.
Cause o f death: Death was considered directly related to parkinsonism in 15 
patients (65%). One patient with a disease duration of 15 years died after an episode 
of severe diphasic dyskinesias at the age of 51. Two patients (9%) died of 
neoplasms, four of ischaemic heart disease (17%), one of gastric ulceration (4%), 
and one of bronchopneumonia (4%). A post-mortem examination of the brain had 
been performed in five patients and revealed brain stem Lewy body disease in all of 
them. In the father of one further patient who also had YOPD, Lewy body PD was 
also confirmed pathologically.

7.6.3.3. Prospective subgroup of 60 patients
7.6.3.3.1. Juvenile parkinsonism. In the four patients with JP, current age or age at 
death was 43.5 (35-62) years and disease duration 25.5 (16-45) years. All patients 
had at least one first degree relative with parkinsonism. No alternative diagnosis 
had been made in any of these patients, although one of them later developed 
dementia at the age of 33. Only one patient had died, at the age of 62. The SMR 
was 3.2 (95% CIs 0.08-18).
7.6.3.3.2. Young Onset Parkinson's disease. In the YOPD group, 30 patients were 
still alive, 22 had died, and 4 patients were lost to follow-up. Current age or age at 
death in this group was 57 (35-78) years and median disease duration 21.5 (5-41) 
years. The diagnosis was changed in two YOPD patients. One patient, despite an 
excellent initial response and good (>50% improvement) persisting response to 
levodopa therapy, had developed early postural instability with falls, postural 
hypotension, respiratory stridor and urinary retention and incontinence with a 
highly abnormal sphincter EMG and died 5 years after onset of symptoms at the age
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of 39. A clinical diagnosis of MSA was made in life and confirmed pathologically 
after death (Wenning, 1994). Another patient who had had a partially 1-dopa 
responsive parkinsonism-dystonia syndrome since the age of 36 subsequently 
developed insulin-dependent diabetes, a peripheral neuropathy, and abnormal eye 
movements. Genetic analysis revealed that he had Machado-Joseph disease. The 
family history was initially thought to be negative, but it became eventually known 
that one sister had developed an ataxic syndrome with muscular atrophy, 
ophthalmoplegia and areflexia without parkinsonism from the age of 49, and one 
brother and the father were also said to be affected. Of the remaining 54 YOPD 
patients, 21 had died after a median disease duration of 25 (11-38) years at an 
average age of 60 (48-71) years, whereas those still alive had had parkinsonism for 
22 (14-41) years at a median age of 57 (41-78) years. The mortality ratio of the 
YOPD group was 2.9 (95% CIs 1.78-4.40) compared to the normal population.

7.6.4. Discussion
Most patients (73%) in this study developed parkinsonian features between the age 
of 30 and 40 years, whereas JP was very rare (7% of the whole group). This 
distribution is similar to that in other studies in Western populations but differs 
from the pattern in Japan where onset before the age of 21 is much more common 
(Yokochi, 1984). In Japanese studies familial parkinsonism was also reported to be 
present in a high percentage (up to 42.5%) of patients. This may be partly related to 
the high levels of parental consanguinity in these series, since recessive early 
(usually juvenile) onset parkinsonism is particularly common in the Japanese 
families (Mizutima, 1991; Ishikawa, 1996). Studies in Western populations have 
reported familial occurrence of young onset parkinsonism in a rather lower 
percentage of 9.5 to 37.5% (Quinn, 1987; Ludin, 1989; Barbeau, 1982). The 
familial occurrence of PD in the YOPD group in this report (16%) did not exceed 
that reported in the general PD population (Payami, 1994; Bonifati, 1995), 
indicating no greater genetic component in YOPD than in older onset PD (OOPD). 
However, the recent finding of a higher concordance of PD in monozygotic than in 
dizygotic twins in patients with young onset, which was not found in patients with 
older onset, suggests a greater genetic determination in YOPD (Tanner, 1997). 
Fourteen percent of YOPD patients had focal dystonia at onset of symptoms, a 
higher percentage than reported in OOPD patients, an observation which had 
previously been made in YOPD (Quinn, 1987; Gibb, 1988; Gershanik, 1986). There 
was a male predominance of 1.7:1 in the YOPD group, and of 4:1 in the JP group. 
Other groups have reported similar findings (Zetusky, 1985; Friedman, 1994; 
Pantelatos, 1993). In this young patient group this is unlikely to reflect referral 
patterns or access to health care facilities, and may therefore be a true finding.
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When patients are diagnosed with PD at a relatively young age the question 
of prognosis in terms of progression of motor symptoms, disability, preservation of 
mental function, and mortality is of particular interest.

Few studies have investigated mortality in YOPD. In a retrospective study 
of pathologically proven cases of 12 patients with YOPD (onset <40 years) and 22 
cases with OOPD (onset >70 years) Gibb and Lees (Gibb, 1988) found that, 
although mean disease duration to death was 12 years longer in the YOPD group 
than in the OOPD group, difference in mean age at death was 30 years in favour of 
OOPD cases. Therefore, patients who develop PD at a young age will live in 
absolute terms for a longer period of time than older cases. However their life 
expectancy is reduced to a greater degree than older cases. Diamond et al.
(Diamond, 1989) compared mortality in young and old onset PD patients to 
mortality in the general population and found that patients with onset before the age 
of 50 had a lower obser\^ed to expected mortality ratio than those who had 
developed the disease above the age of 59, supporting the notion that early onset 
carries a more benign prognosis. However, this difference was not significant. In 
contrast, mortality in YOPD was increased twofold compared to the normal 
population, which is similar to the expected to observed mortality ratio in the 
general PD population (Martilla, 1976; Bennett, 1996; Ben-Shlomo, 1995; 
Ransmayer, 1986). However, the number of patients who were referred specifically 
for consideration of stereotactic surgery, together with the possibility that other 
patients with a worse prognosis might have died before coming to our attention, 
might introduce a bias to this sample. This potential bias is avoided in the analysis 
of the smaller prospective subgroup of 54 YOPD patients, in whom mortality was 
threefold compared to the normal population. However, because of the wide 
confidence intervals, this result is still consistent with the mortality risk found in the 
general PD population. Four patients with a poor initial response to 1-dopa had a 
higher risk of early death, possibly suggesting a more aggressive, and perhaps 
different, disease in these patients. However, this number is too small to draw any 
useful conclusions. Patients with tremor at onset did not have a better prognosis 
than those with akinetic-rigid onset, which is in contrast to the finding of others 
(Hoehn and Yahr, 1967; Bennett, 1996; Ransmayer, 1986) who found a lower 
mortality in PD patients with tremor onset compared to those with akinetic onset.

Postural reflexes were preserved in almost all of the patients in this study for 
the first 10 years and even in the majority of patients who had had PD for 20 years. 
Similarly, disability as assessed by Schwab and England and Hoehn and Yahr 
scores was relatively low in both 'on' and 'off states after a disease duration of 10 
years, supporting the notion of slow disease progression in YOPD. Diamond et al 
(Diamond, 1989) similarly found that after 4 years of disease patients in the
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youngest of their three groups (age of onset less than 50 years) had significantly 
lower disability scores than in the oldest group (age of onset more than 59 years). 
This was mainly due to a difference in axial symptoms such as posture, gait, and 
postural reflexes. Using a different approach, Goetz et al (Goetz, 1988) found that 
the best factor to distinguish rapid from slow progressors was older age at onset.
The studies by Ludin et al (Ludin, 1989) and Jankovic et al (Jankovic, 1990) both 
found that disease duration was longer in patients with earlier age of onset than in 
patients with late age of onset at the same level of disability, suggesting that disease 
progression was slower in earlier onset PD. Only a minority of studies have found a 
more rapid progression in early onset patients than in old onset patients 
(Giovannini, 1991; Caraceni, 1985).

In contrast, motor fluctuations of response to 1-dopa and dyskinesias have 
consistently been found to occur more commonly, earlier, and to a more severe 
degree, in patients with a relatively young age at onset (Giovannini, 1991; Quinn, 
1987; Gibb, 1988; Yoshimura, 1988; Gershanik, 1986; Friedman, 1994; Pantelatos,
1993). These earlier findings were confirmed in this study. After 10 years of disease 
duration almost all patients were experiencing motor fluctuations and dyskinesias, 
necessitating stereotactic surgery in many. More patients might have had 
stereotactic surgery had they lived to the renaissance of pallidotomy for treatment 
of 1-dopa induced dyskinesias.

A relatively high number of patients had experienced psychiatric side effects 
of treatment, even among those below the age of 60 years (50%). Other authors 
(Giovannini, 1991; Friedman, 1994) found a much lower occurrence (5%) of this 
complication of therapy, significantly less frequently than in their older onset 
groups (15% and 43%). The difference between those findings and those of this 
study may partly be due to the fact that the history of these side effects was 
recorded after a much longer duration of disease (18 vs. 10.4 and 12.7 years). Thus, 
after a disease duration of up to 10 years only 10% of the patients in this study had 
experienced these side effects.

It has been reported that dementia occurs later in the course of disease and 
more rarely in younger patients (Giovannini, 1991; Quinn, 1987; Gibb, 1988; 
Lieberman, 1979; Ludin, 1989; Tanner, 1985a; Hietanen, 1988). In a population- 
based cross-sectional investigation of PD in New York (Mayeux, 1992), dementia 
was not found in any patient with PD below the age of 50 years, but in 24% in the 
60-69 year group, in 30% in the 70-79 year group, and in 69% of those older than 
80 years. Disease duration between demented and non-demented patients was not 
different, suggesting that it is primarily age that influences the prevalence of 
dementia in PD.
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In this study, despite a median disease duration of 18 years, documented 
cognitive impairment had occurred in only 19% of patients. It occurred in only one 
patient (5%) with a disease duration of less than 10 years, and in only 13% of 
patients below the age of 60, whereas it was much more common above the age of 
60 (43%). It may be argued that any patient who might have demented would also 
be more likely to have died (Roos, 1996; Van Dijk, 1991), and hence the percentage 
of dementia in the deceased patients may have been higher. However, only two of 
the 12 patients who had been under our care until death had demented. Current age 
was the single most important predictive factor for dementia. At disease onset, 
female sex and a positive family history of parkinsonism were useful predictive 
factors for subsequent dementia and allowed prediction of dementia status in 67% 
of patients. However, the positive predictive value of these features was only 
around 30%. This indicates that these features are relatively weak predictors in 
individual cases, and should be used with considerable caution. The reason for this 
increased risk of female patients to develop dementia is unclear as for once 
differential longevity is allowed for, there is no known increase of risk in women 
for dementia in general, or for Alzheimer's disease which may be an additional 
incidental pathology in many patients. The likelihood of developing dementia later 
on was further increased by a history of psychiatric side effects which may often 
indicate subclinical dementia (Kalra, 1996; Crystal, 1990). Although subtle changes 
on specific neuropsychological subtests may be more frequent in YOPD than in 
controls (Wermuth, 1996; Tsai, 1994), a low rate of dementia in YOPD was also 
found by other authors (Quinn, 1987; Tanner, 1985a; Mayeux, 1992) and contrasts 
with a cumulative incidence of up to 41% in the general PD population, which 
clearly exceeds the rate of dementia in an age-matched control population 
(Lieberman, 1979), despite a much longer disease duration in the patients in this 
series. A possible explanation for this dissociation between early occurrence of 
motor complications of therapy on the one hand, and late development of disabling 
dementia and axial symptoms on the other, may be a more restricted nigrostriatal 
dopaminergic deficit in YOPD. In contrast, in OOPD degeneration of other 
dopaminergic and other transmitter systems may be superimposed on age-related 
changes, including the presence of Alzheimer-type pathology (neurofibrillary 
tangles and senile plaques; Quinn, 1986; Hakim, 1979; Caspar, 1984; Boiler, 1980) 
and cerebrovascular disease, a combination of which may account for dementia and 
axial symptoms.

In 2 of the 56 patients (4%) reported 10 years ago, the diagnosis was 
subsequently changed despite fulfilling the inclusion criteria at study entry. In the 
remaining 96%, however, no new features indicating a disease other than Lewy 
body PD (LBPD) had evolved over a median disease duration of 23 (11-41) years.
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In two of these patients, and in five in the whole group who came to autopsy, LBPD 
was confirmed pathologically. The great majority of YOPD patients is therefore 
likely to suffer from LBPD. This view is supported by the few pathological reports 
in YOPD (Gibb, 1988; Yokochi, 1993). Gibb and Lees found no substantial 
difference in the pathology of patients with YOPD and OOPD but a greater nigral 
cell loss (24%) in the YOPD group after a disease duration of 15 years compared to 
3 years in the OOPD group.

JP is generally thought to be different from YOPD because of a higher 
occurrence of familial parkinsonism, a more common first presentation with 
dystonia, and varying pathology in the few autopsy reports (Van Bogaert, 1930; 
Davison, 1947; Yokochi, 1993) although this view has been questioned (Muthane,
1994). The small group of JP patients in this series comprised 10 subjects with 
differing clinical presentations. Dystonia was a presenting symptom in 50% of 
patients, which is significantly higher than in the YOPD group (p<0.05). Those five 
patients (50%) all appeared to have a genetically determined disorder (2 probably 
autosomal dominant, 3 probably autosomal recessive), in one of whom this was 
combined with young-onset dementia. Genetic testing for abnormalities in the 
recently found Parkin gene interestingly revealed an abnormality in two of the 
familial and one of the seemingly sporadic cases. Clinically, the ten JP patients 
were also heterogeneous. This confirms previous reports of a high occurrence rate 
of familial parkinsonism and of disease heterogeneity in this group (Quinn, 1987; 
Yokochi, 1993; Muthane, 1994), only a minority of whom may have LBPD.

In conclusion, JP is a rare disorder probably representing several different 
diseases, whereas YOPD usually represents the lower end of the age spectrum of 
LBPD. The relative mortality is similar in YOPD and OOPD but life expectancy is 
reduced relative to an age-matched control population. Dyskinesias and motor 
fluctuations occur early and frequently, whereas cognitive function, postural 
reflexes and independence are preserved for many years provided the patients are 
still biologically and chronologically young.
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Chapter 8. Quality of life in Parkinson’s disease

Parkinson’s disease is a chronic progressive disorder for which there is no cure. 

It affects many aspects of patients’ lives, only some of which can be appreciated by the 

available clinical rating scales. For instance, social embarrassment caused by a mild 

tremor is not appreciated by any of the clinical rating scales, and the isolation that can 

be the consequence of increasing disability is not reflected in these scales. In recent 

years patient evaluation has therefore shifted increasingly from traditional outcome 

measures, which focus only on the physician's perspective, to methods that incorporate 

the patients' perspective, which is the essence of health related quality of life measures. 

Subjective evaluation of quality of life (QoL) and health status is thus increasingly 

recognised to be important in the assessment and treatment of PD patients. Evidence- 

based evaluation of QoL has been made possible by the development of valid, reliable 

and sensitive instruments. Disease-specific instruments are valuable in assessing 

disease-specific problems and measuring success of treatment in altering QoL over 

time. Generic, i.e. non-specific, QoL measures, on the other hand, are designed to 

complement disease-specific QoL measures, and allow comparisons with other patient 

groups and the general population.

8.1. Comparison of the EQ-5D, the SF 36, two generic quality of life measures, and 

the PDQ 39, a disease-specific instrument, to measure quality of life in patients 

with Parkinson’s disease

8.1.1. Background

Two instruments to measure quality of life in Parkinson's disease are now available. 

These disease-specific instruments are the PDQ-39, a disease-specific, well-validated, 

reliable and sensitive 39-item questionnaire on QoL in Parkinson's disease (Peto,

1995), and the PDQL, a validated, reliable and sensitive measure with 37 items (de 

Boer, 1996), which was developed recently and was not available at the beginning of 

this study. However, with these instruments, a comparison with the general population 

and other patient groups is not possible due to the disease-specificity of their questions 

('Due to having Parkinson’s disease,... have you...?'). Generic instruments, which are
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not disease-specific, can therefore be valuable to supplement disease-specific QoL 

instruments to enable comparisons with other patient groups and to assess the impact of 

the disease on QoL in comparison to the general population. One such generic 

instrument, the widely used Medical Outcomes Study Short Form (SF 36) has been 

used in PD and been shown to have acceptable validity in this patient group 

(Rubenstein, 1998; Jenkinson, 1995). However, it is relatively long and has lower 

feasibility in an elderly patient group with a greater number of missing data (Brazier,

1996). The EQ-5D (EuroQoL Group, 1990; Brooks, 1996) is another generic QoL 

instrument, which has been extensively validated and been shown to be sensitive, 

internally consistent and reliable in the general population and other patient groups 

(Dorman, 1997; Hurst, 1994). Its usefulness in PD patients has not been examined. It is 

brief, comprising five questions and a visual analogue scale, which makes it easy to 

complete and attractive for use in an elderly population. In order to compare QoL in 

patients with PD with the general population and other patient groups, I examined the 

feasibility and validity of the EQ-5D instrument for assessing QoL in PD in 

comparison to the disease-specific PDQ-39 and the generic SF 36 in a population-based 

sample of patients with PD.

8.1.2. Patients and methods

All 124 patients with a diagnosis of probable PD in this population-based study 

on the prevalence of parkinsonism were included. All patients were asked to complete 

the disease-specific PDQ-39 (Peto, 1995), and the generic EQ-5D (EuroQoL Group,

1990) and SF-36 (Brazier, 1992), and to return them in a stamped, addressed envelope.

8.1.2.1. Qol instruments: The EQ-5D (EuroQoL Group, 1990) is a short questionnaire 

with 5 questions on mobility, self-care, pain, social activities and psychological status 

and 3 response options (l=no problem, 2=moderate and 3=extreme problem). A 

summary index with a maximum score of one can be derived from these 5 dimensions 

(maximum score 1.0 indicating best possible health state). In addition, there is a visual 

analogue scale to indicate general health status (100 indicating best health status). The 

Medical Outcome Study Short Form (SF-36; Brazier, 1992) comprises 36 questions 

with 2 to 5 response possibilities. Eight different subdimensions and a physical and 

mental summary score can be derived from these (maximum score 100 indicating best
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possible health state). Both have been shown to be valid, reliable and sensitive in the 

general population and in a variety of disorders (Jenkinson, 1993; Hurst, 1994). They 

were also found to be valid and feasible in this population-based sample of PD (table 

32). The PDQ-39 is a disease-specific instrument, which has been shown to be feasible, 

reliable, valid and responsive to change in patients with PD (Peto, 1995). It comprises 

39 questions with 5 different response options, from which 8 subdimension scores and 

one summary index can be calculated (maximum score 100 indicating worst level of 

problem).

Feasibility was determined by the number of missing responses in each instrument. The 

validity of an instrument is the extent to which it measures what it claims to measure. 

Different types of validity can be assessed. The concurrent validity of the EQ-5D was 

evaluated by studying the relationship between the scores on this scale and other 

generic and disease-specific measures of QoL as well as parameters reflecting disease 

severity. Convergent validity was determined by correlating with other QoL 

instruments, and discriminant validity by comparing groups of patients with and 

without particular clinical features (Anastasi, 1976).

8.1.2.2. Statistical analysis: The subdimensions and summary scores were calculated 

according to the respective scoring algorithms. Nonparametric tests for comparisons 

were selected for the analysis of QoL scores because of the ordinal nature of the scales. 

Group differences were analysed by the Mann-Whitney test and associations between 

scales with Spearman rank correlations. In order to take into account the multiple 

number of comparisons performed, a statistical threshold of p<0.005 was considered to 

be sufficiently conservative. Differences with p<0.01 and p<0.05 were considered as 

marginally significant.

8.1.3. Results

Five questionnaires were returned with incomplete data (less than 50% of the QoL 

instrument), and were not used for further analysis. There was no statistical difference 

between responders and non-responders with respect to age, disease duration, sex, 

Hoehn and Yahr stage and Schwab and England score. The characteristics of the 

responders are given in table 32.

8.1.3.1. Feasibility
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97 of the 124 patients returned the questionnaires, which constitutes a response rate of 

78%. Their mean age was 73 (SD 11.3, ranging from 36 to 94) years with a mean 

disease duration of 5.8 (SD 4.9, ranging from 0.2 to 25) years, and a mean onset age of 

67.6 (SD 12.5, ranging from 23.7 to 93.5) years. There were 50 men and 47 women 

who responded, and mean Hoehn and Yahr stage was 2.4 (SD 0.9, ranging from 1 to 5). 

There were 20 (4.1%) missing responses on the EQ-5D and 6 (6.2%) patients had not 

completed the VAS. On the PDQ-39, 180 answers were missing (4.8%), and on the SF- 

36 286 answers (8.2%) were not completed.

8.1.3.2. Validity

The validity of the EQ-5D was examined in several ways. First, by measuring the 

association between the EQ-5D summary index, the subscores, and the visual analogue 

score with the clinical ratings of disease severity in PD (table 33). Second, by 

examining its correlation with the generic (SF 36) and the disease-specific (PDQ 39) 

measures of QoL (table 34). Third, by determining whether the EQ-5D successfully 

differentiated between patients with and without features of advanced disease, such as 

those with or without falls or dementia (table 35).

8.1.3.2.1. Correlation with ratings of disease severitv (table 33)

8.1.3.2.1.1.EO-5D summary index

As expected, lower EQ-5D summary index scores correlated significantly with greater 

disease severity as measured by Hoehn and Yahr stages (r=-0.68, p<0.001) and with 

lower independence scores, as measured with the Schwab and England disability scale 

(r=0.66, p<0.001; table 33). Specific dimensions of QoL, as measured in the subscores, 

also correlated significantly with both disease scales but, as expected, in the opposite 

direction. Higher scores on the motor section of the UPDRS correlated significantly 

with lower EQ-5D summary scores (r=-0.40, p<0.001) and with a higher degree of 

impairment in the subscores of mobility and pain (r=0.40, p<0.001, and r=0.31, 

p<0.001). Low MMSE scores showed the highest significant correlations with greater 

degree of impairment on the mobility and usual activities subscores (both r=-0.37, 

p<0.001). Disease duration correlated most with a greater degree of impairment on the 

mobility sub score of the EQ-5D (r=0.35, p<0.001).

8.1.3.2.1.2. Visual analogue scale
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The correlation of the VAS with measures of disease severity were in the same 

direction but less strong than those obtained for the EQ-5D summary index. The VAS 

correlated significantly with the degree of independence quantified with the Schwab 

and England scale (r=0.42, p<0.001) and negatively with the depression score as 

measured by the BDI (r=-0.63, p<0.001), but not with the motor section of the UPDRS, 

and only marginally significantly and negatively with the Hoehn and Yahr scale (r=- 

0.32, p<0.01).

8.1.3.2.2. Correlation with other QoL scales (table 34)

The EQ-5D summary index correlated strongly and negatively with the PDQ-39 

summary index (r=-0.75, p<0.001) and most PDQ-39 subscores, and positively with the 

SF 36 scores except for the ‘Emotional Role’ sub score (see table 34). As expected, the 

strongest associations were between the EQ-5D and PDQ-39 or SF 36 sub scores of 

both instruments that measure similar aspects of QoL, indicating good convergent 

validity. The strongest, negative, correlation was found between the EQ-5D and the 

PDQ-39 summary indices (r=-0.75, p<0.001). The VAS of the EQ-5D correlated 

significantly with all the SF 36 (positively) and PDQ-39 scores (negatively) with 

correlations ranging from 0.40 to 0.62, except the ‘Social Functioning’ subscore of the 

PDQ-39, and the ‘Emotional Role’ subscore of the SF 36, which were less strongly and 

only marginally significantly correlated with the VAS (r=-0.30, p<0.01, and r=0.25, 

p<0.05, respectively).

8.1.3.2.3. Sensitivity to clinical features of Parkinson’s disease

8.1.3.2.3.1. EQ-5D summary index and Visual analogue scale

Using a cut-off score of 14 to define presence or absence of moderate or severe self- 

reported depression as measured on the BDI, the EQ-5D summary index was 

signficantly different for patients with and without depression as measured on the BDI 

(p<0.0001; Beck, 1961). Patients with cognitive deficits as indicated a by a MMSE less 

than 25 had significantly lower EQ-5D scores than the group without cognitive deficits 

(p<0.0001). The features of the illness which had a significant impact on EQ-5D scores 

were presence/absence of falls (p<0.0001), postural instability (p<0.0001), on-off 

fluctuations experience of hallucinations (the latter two only marginally significant, 

p=0.046 and p=0.007, respectively). In contrast, age (being older or younger than 70 

years) had no significant impact on EQ-5D scores. In addition, patients who felt that
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their general health had deteriorated over the past year had significantly worse EQ-5D 

scores than those whose health had subjectively improved or remained much the same 

(p<0.0001). There was no significant difference in EQ-5D scores between those 

patients who felt improved compared to one year before and those who had 

deteriorated, but this may have been due to the small number of patients (n=6) who had 

noticed an improvement.

The visual analogue scale was less sensitive to these disease-related features and only 

significantly differentiated groups with or without depression (p<0.0001), postural 

instability (p<0.0001), deterioration of general health over the past year (p<0.0001), 

falls (p<0.001) and cognitive deficits as well as older patients (both only marginally 

significant 0<0.007 and p<0.013; see table 35).

8.1.3.2.3.2. Comparisons with other QoL measures

The correlation of the EQ-5D summary index and its subscores with the clinical scales 

was very similar to that of the PDQ-39 and the SF 36 summary scores (table 33). The 

correlation of the VAS with these scales, on the other hand, was weaker than that of the 

PDQ-39 summary index and SF 36 physical summary, except its correlation with the 

BDI. However, the association of the VAS of the EQ-5D with the clinical measures 

was better than the correlation of the mental summary of the SF 36 with these scales. 

Furthermore, the EQ-5D significantly differentiated between patients with and without 

particular clinical features such as falls, postural instability, worsening of health over 

the past year, on-off fluctuations, hallucinations, cognitive deficits or depression as 

well as the PDQ-39 and better than the SF-36 physical score (see table 35).

8.1.4. Discussion

The EQ-5D summary index had good feasibility and validity in this population-based 

sample of patients with PD. It correlated moderately with the measures of disease 

severity and disability as well as with depression and cognitive impairment, reflecting 

its sensitivity to disease severity, depression and cognitive deficit coupled with 

sufficient distinctiveness. It also correlated strongly with the disease-specific PDQ-39 

summary index and its sub scores and, to a lesser degree, with the physical score of the 

generic health-status instrument SF-36. Its sensitivity to the clinical features of

120



Parkinson’s disease was similar to that of the disease-specific instrument, whereas the 

SF-36 was less sensitive.

These results are similar to those reported for the disease specific QoL instrument, the 

PDQ-39 (Peto, 1995). The validity of the EQ-5D summary index in this sample of 

patients with PD was high and better than reported for other disorders such as epilepsy 

(Selai, 1998) or lower limb ischemia (Chetter, 1997) and comparable to that of the 

disease-specific PDQ-39. A possible explanation for this finding could be that the 

correlation of the PDQ-39 with clinical scales was poorer than in previous studies, 

which were either clinic-based or used a selected sample (members of the PD society; 

Peto, 1995). However, the correlation of the PDQ-39 and the SF 36 with the Hoehn and 

Yahr and other clinical scales found in this study was very similar to previously 

reported results (Fitzpatrick, 1997; Rubenstein, 1998) confirming their validity in an 

unselected sample of patients with PD. Therefore, at first sight it may appear surprising 

that a non-specific generic measure which only comprises five questions with three 

levels of response option correlated well with the clinical scales. However, it should be 

noted that these five questions cover five core areas which are particularly important in 

PD: mobility, self-care, usual activities, pain, and anxiety/depression. They represent 

the aspects of life most affected by PD and its typical features. Other features like 

stigma, social support, communication and cognition are not covered, but the areas 

most relevant for QoL in PD, as found by Fitzpatrick et al (Fitzpatrick, 1997), are also 

those covered in the EQ-5D: difficulty with leisure activities, difficulty looking after 

the home, problems writing clearly (covered in ‘usual activities’), difficulties getting 

around in public places, problem walking half a mile, difficulty carrying shopping bags 

(covered in ‘mobility’), problems in doing up buttons or shoelaces (covered in ‘self- 

care’), worrying about the future (covered in anxiety/depression) and bodily aches and 

pains (covered in ‘pain’). The EQ-5D may be a particularly suitable generic instrument 

for patients with PD as it is a very mobility-based questionnaire. It may also be more 

valid in this patient group than for example in patients with epilepsy or headache as 

there are no disease-free intervals which could distort the true extent of the problem 

when asked for the ‘health state today’. It may also be more suitable for patients with 

PD than for patients with congenital or early onset disorders as PD usually starts late in 

life so that patients can easily compare their current to their previous health state. The
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VAS part of the EQ-5D, although easy to complete, was not as strongly correlated with 

clinical measures or sensitive to the presence or absence of clinical features. On the 

other hand, it correlated highly with depression.

The SF-36 was a generally less sensitive measure (lower correlation with clinical 

scales, and poorer differentiation between patients with and without features of 

advanced disease) than the EQ-5D summary index and the PDQ-39, and additionally 

had a higher percentage of missing answers. Moreover, patients frequently added 

comments to its questions as they did not feel these were appropriately reflecting their 

problems, such as T have arthritis and can therefore not walk long distances’, or T am 

widowed’ on the question on a decrease of libido.

A shortcoming of this study is that the EQ-5D’s sensitivity to change 

was not formally assessed, which is important if a QoL instrument is to be used in 

clinical trials to test effectiveness of treatment. This was a cross-sectional study with 

only one evaluation of QoL. However, patients who reported deterioration of their 

general health over the past year had significantly worse QoL scores than those whose 

health had not deteriorated or improved, indicating the instrument’s ability to reflect 

change in disease severity.

The EQ-5D appears to be feasible and valid in a population-based sample of patients 

with PD, and comparable to disease specific instruments. Its sensitivity to change needs 

to be assessed in further studies.

122



8.2. The impact of Parkinson’s disease on quality of life

8.2.1. Background

Most previous studies of QoL in PD have assessed selected samples of patients 

derived from specialist clinics (Fitzpatrick, 1997; Rubenstein, 1998) or members of the 

PD society (Fitzpatrick, 1997). To date, only one study in Norway bas assessed QoL in 

a population-based sample of patients with PD using the generic Nottingham Health 

Profile (NHP; Karlsen, 1999). However, no comparisons with the general population 

were made and, to my knowledge, normative data for the NHP from the Swedish 

general population are not available.

In order to determine the impact of Parkinson's disease on QoL, I assessed QoL, 

as measured by the disease-specific and the two generic instruments, in this population- 

based sample of patients with PD in London, and compared it to the published results 

in the general UK population.

8.2.2. Patients and methods

All 97 patients with PD who bad returned the questionnaires were included.

Statistical analysis. Mean values were compared by Mann-Whitney and Kruskal-Wallis 

tests, and Spearman rank correlations. Categorical data were analysed using the Chi- 

square test. Statistical significance was accepted at the p<0.005 level.

Published normative values of the SF 36 and the EQ-5D in the UK population, which 

were taken from studies providing normative values in the relevant age groups 

(Brazier, 1992; Kind, 1998), were used as comparative data. Data from another large 

survey providing population norms for the SF 36 separately for men and women could 

not be used due to small numbers in the respective age-groups for men and women in 

this study.

8.2.3. Results

8.2.3.1. The EQ-5D instrument

A moderate or severe problem in at least one dimension was reported by 79 (81.4%) 

patients (moderate in 77%, and severe in 27%; not mutually exclusive; figure 8). The 

most frequently reported problems were in the domain of mobility followed by social
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functioning and pain. Compared to the general population, PD patients reported 

problems more frequently in all dimensions at all ages, apart from the age group of 40- 

49, as only one patient with PD was in this young age group. Compared to norms 

available from the general population (Kind, 1998) the most striking differences were 

seen in the domains of self-care, social functioning, mobility, and anxiety/depression, 

with 2 to 10 times more patients reporting problems than the general population. In 

contrast, pain and discomfort occurred also in a substantial proportion of the general 

population. The differences were generally most marked in the younger age groups 

(excluding age group 30-39 and 40-49 as they only comprised 3 patients), and 

diminished with increasing age. Only anxiety/depression had a markedly higher 

prevalence in the oldest age group of PD patients compared to the general population 

(table 36).

The mean state of health recorded by PD patients on the visual analogue scale was 64.0 

(SD 22.6). The mean score differed from that of the general population for all age 

groups (figure 9).

There were no significant differences in the percentage of patients indicating a problem 

between men and women with PD, in different age groups or social classes, even if 

controlled for Hoehn and Yahr stage. There was however a trend for female patients, 

patients over 70 years old and patients in lower social classes to have a worse 

perception of their general health as measured by the VAS (p<0.05 for all three 

comparisons). The EQ-5D summary index was significantly different for different 

stage of illness as measured by the Hoehn and Yahr scale (p<0.001; table 37). This 

effect of stage of illness was seen in all EQ-5D subdimensions, but there was a ceiling 

effect for the mobility and usual activity subscores, as problems in these areas were 

already reported by all patients at stage III (figure 10). The EQ-5D summary score 

correlated positively with disease duration (r=0.35, p=0.001).

8.23.2. The Medical Outcome Study Short Form (SF 36) instrument 

Lower scores on the SF 36 reflect poorer health status. A comparison of SF 36 scores 

with the general UK population (Brazier, 1992) showed that PD patients had poorer SF 

36 scores than the general population in the same age group (table 38). The greatest 

differences from the general population norms were seen in the domains of physical
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and social functioning, physical role limitations and general health perceptions, 

particularly in the younger age groups. In contrast, pain, emotional role limitations, 

vitality and mental health were only slightly worse for the PD patients than in the age- 

matched UK sample.

The physical subscore correlated with age (r=0.33, p=0.001), and there was a trend for 

patients in lower socioeconomic groups to have worse subscores of mental health and 

vitality (both p<0.05), but otherwise there was no significant difference between SF 36 

scores in men and women with PD, or between age groups or social classes. The 

physical functioning and social functioning subscores of the SF 36 showed a significant 

effect of Hoehn and Yahr stage of illness (p<0.001 for both sub scores) and there was a 

trend for worse sub scores of physical role limitation, general health perceptions, 

vitality, mental health and pain in higher disease stages (p<0.01; figure 11). There was 

no correlation between any of the SF 36 subscores and disease duration.

8.23.3. The PDQ-39 instrument.

The maximum score of this disease-specific instrument is 100, which indicates the 

poorest possible health status. The scores obtained in this population-based sample of 

patients with PD was similar to those reported in a clinic-based sample of patients with 

PD (Fitzpatrick, 1997), but better than those reported in a population-based sample of 

members of the PD society (Fitzpatrick, 1997; table 39). All subscores apart from 

social support and stigma reflected significant effects of disease stage (p<0.001; figure 

12). There was no difference in PDQ-39 scores between men and women. The only 

sub score that correlated significantly with age was mobility (r=0.33, p=0.002). Only 

the activities of daily living subscore correlated marginally significantly with disease 

duration (r=0.31, p=0.007).

8.2.4. Discussion

In this representative cross-sectional study of patients with PD, QoL and subjectively 

evaluated health status were impaired at all ages and in both sexes. QoL, as measured 

by all three instruments, deteriorated significantly with increasing stages of illness. The 

mean index score of the EQ-5D in patients with the worst disease severity (Hoehn and
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Yahr stage V) even reached a negative value, which is considered lower than the worst 

possible health state in a subjective health state evaluation (table 37). The spheres of 

daily life which significantly deteriorated with advancing disease were predominantly 

those associated with mobility, self-care, activities of daily living, physical and social 

functioning, but also cognition, communication, bodily discomfort and (on the disease- 

specific instrument only) emotional well-being. Stigma and social support did not 

deteriorate significantly with advancing disease. The social support dimension of the 

PDQ 39 measures predominantly close ties and family support rather than distant 

relationships. Fitzpatrick et al also found that social support as measured by the PDQ 

39 is not greatly influenced by disease severity in patients with PD, and other diseases 

(Fitzpatrick, 1997; Fitzpatrick, 1988). This suggests that close relationships are less 

jeopardised by chronic disease than distant relationships. Age correlated with the 

mobility sub score of the PDQ-39, but otherwise neither age nor gender had a 

significant impact on QoL in PD despite the fact that being older, being female, and 

belonging to lower socioeconomic groups are associated with poorer QoL in the 

general population (Jenkinson, 1993).

Compared to the UK general population, this group of PD patients had worse QoL 

scores in all areas, apart from pain, which has been reported to have a high prevalence 

in the general population (Kind, 1998), and was only slightly more common in PD 

patients. The greatest difference between the general population and the PD sample 

was seen in the area of self-care, where PD patients reported problems up to 10 times 

more frequently. Other areas related to physical function were also significantly 

impaired in PD. The difference in the percentage of patients reporting problems 

appeared greatest in the younger age groups, particularly in the subdimensions of the 

EQ-5D instrument, although no conclusions can be drawn from those below 50 due to 

small numbers. Younger people generally lead more active lives than older people do, 

with higher expectations and responsibilities. Therefore, the interference of the 

symptoms of PD with their everyday life is likely to be greater than in older people. 

Only in the domain of anxiety/depression was there a difference between PD patients 

and the general population in the oldest age group, which may relate to increasing 

loneliness and isolation. However, the larger difference of QoL between the general 

population and PD patients in younger age groups was not seen in the visual analogue
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scale of the EQ-5D, which measures the patients’ overall assessment of their general 

health status.

It was not possible to directly compare the results in the PD group with those in the 

general population statistically as there was no general population-based control group 

in this study. However, the studies providing norms for comparable age groups of the 

UK population were considered representative of the UK population (Kind, 1998; 

Brazier, 1992), and this sample was based on a population-based prevalence study. The 

samples within the respective age groups are therefore likely to be comparable.

To my knowledge, this is the first study providing comprehensive QoL and subjective 

health state evaluations in patients with PD in comparison to the general population in 

the UK. However, health-related QoL as measured by the Nottingham Health Profile 

(NHP) was reported recently in a sample of patients with PD participating in a 

prevalence study in Norway (Karlsen, 1999). The results are broadly similar to the 

findings in this study. Patients with PD had worse QoL scores in all dimensions than 

the general population, and there was no difference between men and women. The 

worst scores were found in the area of physical mobility, but sleep and energy also 

revealed high rates of impairment. Fitzpatrick et al (1997) used the disease-specific 

PDQ-39 and the SF 36 in a clinic-based sample of patients with PD and reported scores 

in the same range as in this study. However, the results from a population-based sample 

(members of the PD society) reported by the same group were consistently worse. This 

may be explained by truly poorer QoL in a population-based sample of patients with 

PD, who may have generally less access to specialist treatment, as the authors 

suggested. However, the patients were not examined prior to inclusion in the study, but 

were recruited on the basis of their membership in the PD society. It is therefore 

difficult to establish what disease stage these patients were or how accurate the 

diagnosis was. Therefore, patients with other disorders like multiple system atrophy, 

progressive supranuclear palsy as well as those with vascular parkinsonism may have 

been inadvertently included in their population-based sample. Furthermore, population- 

based samples of active members of the PD society are not necessarily representative 

of the general population, but are a selection of patients who actively seek support 

because of their disease. In contrast, in one study in Northern America (Rubenstein, 

1998), which used the SF 36 in a clinic-based sample of patients diagnosed with PD,
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the QoL scores were slightly better across all ages in all dimensions relative to this 

study (table 39). In that study fewer patients had advanced disease, which is likely to 

explain this difference. An important advantage of the present study is that it was not 

based on a selected sample of patients (clinic-based or members of the PD society) but 

on a population-based prevalence study with high participation rate (84%). In addition, 

the diagnosis is likely to be more accurate as each patient was examined and strict 

clinical diagnostic criteria applied, since the primary purpose was the differentiation of 

different parkinsonian syndromes.

In summary, the main impairment of QoL in PD lies in the areas related to mobility and 

physical functioning, and increases with increasing disease severity. Younger patients 

appeared to have worse QoL compared to the age-matched population, but there was no 

difference in QoL scores between men and women. Efforts to improve health care for 

patients with PD should be designed to consider these aspects of QoL in patients with 

PD.
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8.3. Factors that contribute to quality of life in patients with Parkinson’s

disease

8.3.1. Background

Treatment of PD is primarily aimed at improving motor function. However, 

especially in advanced stages, PD is often complicated by additional problems such 

as treatment-related complications, falls, depression, and dementia (Lang, 1998), 

which may have much greater impact on the patients’ quality of life (QoL) than the 

cardinal features of PD. A disease-specific QoL instrument for use with patients 

with PD, the PDQ-39, has been shown to have good reliability, validity, 

responsiveness and reproducibility (Peto, 1998, Fitzpatrick, 1997a, Peto, 1995), and 

is now used in many treatment trials in PD to assess effectiveness of treatment 

(Fitzpatrick, 1997b). Its disease specificity and the single summary index offer the 

opportunity to assess the overall impact of illness, and it is easy to interpret 

(Jenkinson, 1997). In this study the PDQ 39 was used to determine which disease- 

related factors, such as degree of impairment, presence of specific symptoms, 

disability, depression and cognitive impairment, are the most relevant for quality of 

life in this population-based sample of patients with PD.

8.3.2. Patients and methods

All 124 patients with probable PD were included. Patients with atypical 

parkinsonian disorders, drug-induced parkinsonism, vascular pseudoparkinsonism 

and those with parkinsonism following dementia were excluded.

Statistical analysis. Stepwise multiple regression analysis was used to determine the 

factors that best accounted for variance in QoL scores. Due to the number of 

different comparisons, statistical significance was only accepted at p<0.005. 

Differences with p<0.05 were considered as marginally significant.

8.3.3. Results

8.3.3.1. Impact o f clinical features on PDQ-39 scores

Patients with high levels of depression (with BDI scores of 18 or more), a mini­

mental state score of 24 or less (out of 30), postural instability on examination (as 

described in the UPDRS), a history of falls or of gait difficulties had significantly 

worse PDQ-39 summary index scores than patients without these features. QoL
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scores of patients with the akinetic-rigid subtype of PD were also worse than of 

those with tremor-dominant PD. This difference could not be explained by older 

age or longer disease duration, as age was similar between those with tremor- 

dominant and those with akinetic-rigid Parkinson's disease, and the difference in 

disease duration just failed to reach statistical significance. The difference of QoL 

scores between those with and those without a history of hallucinations was 

marginally significant (table 35). No difference in PDQ-39 scores were found 

between males and females and between patients with or without a poor 

(subjectively<50%) initial or current response to treatment with antiparkinsonian 

medication. A history of dyskinesias or fluctuations, incontinence, orthostatic 

symptoms, insomnia, pain, speech or swallowing impairment, a family history of 

PD, and symptom at onset had no significant impact on QoL scores. There was also 

no difference between those who were unemployed or had retired early due to the 

disease and those who were not, those with disease onset before or after age 50, and 

those with current age above or below 60 or 70.

83.3.2. Correlations o f clinical scores with PDQ-39

The PDQ-39 summary index correlated significantly and strongly (r=0.68, p<0.001) 

with depression as measured by the BDI score and negatively with disability as 

measured by the Schwab and England scale (r=-0.66, p<0.001). Significant 

correlations were also obtained with disease severity as measured by the Hoehn and 

Yahr scale (r=0.6, p<0.001), the UPDRS motor subscore of axial features (r=0.57, 

p<0.001), the total UPDRS motor score (r=0.41, p<0.001) and the MMS (r=-0.32, 

p<0.001). Akinesia score (r=0.3, p=0.028) and socioeconomic groups (r=0.25, 

p=0.023) were marginally significantly correlated to QoL, whereas correlations 

with disease duration and age were not significant (r=0.18 and r=0.14, respectively).

8.3.3.2. Regression analysis o f PDQ 39 scores

In order to determine which factors contributed most to QoL scores, a stepwise 

linear regression was performed, entering age, disease duration and all factors that 

were shown to have an impact on QoL scores into the regression in a stepwise 

fashion (table 40). The most important predictive factor was the BDI depression 

score, followed by disability as measured by the Schwab and England score, which 

together accounted for 64% of the variance of QoL scores (table 40). Additional
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contributing factors were postural instability and cognitive score, which accounted 

for a further 8% on the variance of QoL scores. In order to account for some of the 

overlap of contents in quality of life and disability measures, as well as the co­

linearity of Schwab and England scores with Hoehn and Yahr scores (r=-0.74, 

p<0.0001), a separate analysis excluding Schwab and England scores from the 

analysis was performed. Depression scores, Hoehn and Yahr scores and cognitive 

score together still accounted for 59% of the variance of quality of life scores.

8.2.4. Discussion

In this study, the strongest predictor of QoL in PD was the presence of depression, 

as measured by the Beck Depression Inventory score. This correlation of QoL with 

depression has also been found in other studies on QoL in PD (Martinez-Martin), 

but also in other chronic diseases where depression has been found to have a major 

influence on QoL scores (King). It could be argued that the PDQ 39 and the BDI 

measure the same content and hence have a strong correlation. However, the PDQ 

39 comprises 8 different dimensions of which depression is a feature in only one. In 

addition, the results were similar when two other, generic, QoL instruments were 

used. The association of PD with depression is well known, but treatment of 

depression, in PD as well as the general population, is frequently insufficient 

(Livingstone). The results of this study highlight the need to diagnose and address 

this feature in PD more effectively in order to improve the patients’ QoL.

As may be expected, QoL was also strongly related to Schwab and England 

disability scores. However, there is some overlap in the content of QoL and 

disability scales, and, additionally, disability scores also strongly correlated with 

disease severity, as measured by the Hoehn and Yahr scale (r=-0.74, p<0.0001). In 

order to reduce these problems of overlap of disability scores with QoL on the one 

hand, and collinearity with disease severity on the other hand, a separate regression 

analysis was performed excluding disability as a variable. In this analysis, the 

results were similar, but, as might be expected, disease severity replaced disability. 

In addition, postural instability, which is one of the key criteria for staging in the 

Hoehn and Yahr scale and was therefore associated with higher Hoehn and Yahr 

scores (p<0.005), no longer additionally contributed to predicting QoL scores. 

Cognitive scores, on the other hand, continued to contribute further to the prediction 

of QoL scores, as they were not strongly associated with depression (r=-0.15, ns) or
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Hoehn and Yahr scores (r=-0.27, p<0.05). As cognitive impairment does not 

respond to, and can be aggravated by, medication that improves mobility, it presents 

a major problem in the management of PD, and has been shown to be the primary 

reason for nursing home placement (Goetz, 1993).

The correlation of QoL scores with disease severity and disability, which 

has been shown previously (Pet, 1995; Peto, 1998; Karlsen, 1999), is not surprising. 

However, the motor part of the UPDRS, which is the primary outcome measure for 

most treatment trials in PD, correlated less strongly with QoL scores. This scale, in 

contrast to the Hoehn and Yahr scale, is a detailed assessment of parkinsonian 

features, comprising items of speech, hypomimia, tremor and rigidity in addition to 

bradykinesia and axial features such as postural instability and gait. However, these 

subscores did not have a significant influence on QoL scores. As a consequence, the 

Hoehn and Yahr scale, which reflects predominantly axial features, correlated more 

strongly with QoL scores than the motor part of the UPDRS.

Tremor and rigidity scores did not correlate with QoL scores. Gait problems 

and limb akinesia, on the other hand, were associated with worse QoL although not 

contributing further to its prediction once disease severity was accounted for. 

Similarly, Peto et al (Peto, 1995) found that self-reported slowness was significantly 

related to 7 out of the 8 subdimensions of the PDQ-39, whereas self-reported tremor 

and rigidity were much less markedly correlated with the PDQ-39 subdimensions.

Patients with the akinetic-rigid subtype of PD (which incorporates 

impairment of axial features) had worse QoL scores than those with the tremor- 

dominant subtype of PD. In studies assessing sub-types of parkinsonism, tremor- 

dominant PD has usually been found to have a better prognosis than the akinetic- 

rigid subtype of PD, with a slower rate of progression of motor symptoms (Zetusky, 

1985; Jankovic, 1990). The findings of a better QoL in tremor-dominant PD in this 

study further support this differentiation. Symptoms at onset, on the other hand, did 

not significantly affect QoL scores. However, information on type of symptom at 

onset was collected by patient report, which has a low reliability (Richards, 1994).

A history of hallucinations on antiparkinsonian treatment was also 

marginally significantly associated with worse QoL scores, although, in contrast to 

previous reports (Sanchez-Ramos, 1996), it was not significantly associated with 

worse cognitive scores. This finding illustrates the importance of striking a balance 

between benefits and side effects of medication in the treatment of PD, and is in
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agreement with reports that the presence of hallucinations predicts nursing home 

placement (Goetz, 1995).

Surprisingly, a history of fluctuations of motor response to medication or 

presence of dyskinesias was not associated with poor QoL. This may be due to the 

relatively small number of patients in this population-based sample with these 

complications, which, if present, were usually not severe.

In accordance with the findings in this study, Karlsen et al (Karlsen, 1999) 

also found that depression and disability are important predictors of QoL in PD. 

However, in contrast to this study, postural instability did not correlate as strongly 

with QoL, whereas insomnia, which did not predict QoL in this study, was an 

important influential factor in that study. This difference is likely to arise from their 

use of the Nottingham Health Profile (NHP), which is a generic instrument to 

measure health status. It is not a disease-specific instrument, and does not therefore 

address specific problems that arise in PD. It has been used to assess QoL in 

patients with PD in a large study of Sinemet CR (Block, 1997), but its validity in 

patients with PD has not been formally tested. In addition, it is highly skewed at the 

severe end of ill health, and will not detect subtle impairments. On the other hand, 

the section on sleep is larger in the NHP than in the disease specific PDQ-39, and 

insomnia is therefore more likely to correlate with NHP scores.

QoL is a complex concept to which many factors other than health 

contribute. This complexity of the concept of QoL is also the main limitation of this 

study, as many parameters that potentially contribute to QoL, such as social support 

and individual coping strategies, were not directly measured. Also, I have no 

information on variables such as the cultural context of the patients’ lives or 

availability of health care resources, which may have great potential for modifying 

the impact of the disease on the QoL in PD.

On the positive side, the results of this study are likely to be generalisable to 

a wider population of patients with PD, as the patients were seen in a population- 

based epidemiological study with a high response rate (84%), and that the results 

are clinically relevant in this patient group due the disease-specificity of the 

instrument used.

In conclusion, QoL in IPD was primarily determined by depression, 

disability, disease severity (particularly related to axial features), and cognitive 

impairment. Patients with the akinetic-rigid subtype of PD had worse QoL scores
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than those with tremor-dominant PD. The motor part of the UPDRS, although the 

primary outcome measure for clinical trials with antiparkinsonian medication, was 

not the determining measure for QoL in Parkinson’s disease, and additional 

emphasis on other features should therefore gain greater importance in the treatment 

ofPD.
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Chapter 9. Summary, conclusions, and implications

In this thesis I investigated the prevalence and incidence of different typical and 

atypical parkinsonian syndromes and their subtypes in the general population. In 

addition, this representative sample of patients with PD served to determine the 

existence of different subtypes within this heterogeneous disease. I also endeavoured to 

analyse the rate of motor complications and depression in the patients with PD, and to 

determine the factors that predict the occurrence of these complications. Finally, 

subjectively evaluated quality of life in this population-based sample of patients with 

PD was assessed and compared with that in the general population, the factors that 

contribute to it most were determined, and the validity of different instruments to 

measure QoL in these patients were examined.

The findings of the studies were discussed in detail at the end of each Chapter. The 

purpose of this final section is to briefly summarise the findings of the studies, in order 

to draw conclusions, and give directions for future research and management of 

patients with parkinsonian disorders.

9.1. The population prevalence and incidence of atypical parkinsonian disorders 

The prevalence of PSP and MSA in the general population was previously unknown. 

Clinico-pathological studies of patients diagnosed as having PD suggested that both 

disorders are frequently underdiagnosed, but these series were likely to be biased 

towards an over-representation of such cases. In this population-based study with a 

participation rate of 84%, the age-adjusted prevalence rate for PSP was determined as 

6.4 per 100,000, based on 5 probable and 1 possible cases, with 95% confidence 

intervals of 2.3-10.6 per 100,000. The age-adjusted prevalence rate for MSA was 4.4 

per 100,000, based on 2 probable and 2 possible cases, with 95% confidence interval 

1.2-7.6 per 100,000. An additional 4 atypical patients were ascertained but did not fulfil 

published criteria for PSP or MSA. These prevalence rates were lower when only 

patients who fulfilled the clinical criteria for probable MSA or PSP are included, but 

higher if the patients with atypical features, who did not fulfil the criteria for possible 

MSA or PSP, are included.
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Interpretation and implications: These results suggest that prevalence studies of PSP 

and MSA, which do not examine all cases of parkinsonism regardless of diagnosis, will 

underestimate the true prevalence rate as many patients in the community remain 

misdiagnosed.

9.2. The population prevalence and incidence of Parkinson's disease 

The prevalence rates for IPD and parkinsonism, adjusted to the English population, 

were 168 (95% confidence interval 142 to 195) and 254 (95% confidence interval 222 

to 287) per 100,000, respectively. Taking into account an estimated 10-20% of patients 

not having come to medical attention, the prevalence of IPD in London is estimated as 

approximately 200 per 100,000. In both sexes the rate of IPD and parkinsonism 

increased with age and peaked at 1.3% and 1.8%, respectively, in the oldest age group 

(>80 years). IPD accounted for 66% of all parkinsonian syndromes, atypical primary 

parkinsonism for 6%, drug-induced parkinsonism for 18%, parkinsonism following 

dementia for 2% and vascular pseudoparkinsonism for 7%.

Interpretation and implications: The prevalence of PD in London is similar to that in 

other parts of the United Kingdom, and comparable to that in most other parts of the 

world. Assuming that 10-20% of patients had escaped medical attention, the prevalence 

of PD in London is estimated as approximately 200 per 100,000. Prevalence rates 

increase with advancing age without a decline in the oldest age group, indicating that a 

previously found decline of prevalence in the oldest age group was likely to be due to 

underascertainment. However, the total number of patients with parkinsonism, 

including atypical parkinsonism, DIP, vascular parkinsonism, and parkinsonism 

following dementia, is considerably higher. Due to the differences in aetiology, 

prognosis, treatment and needs of patients, these disorders should be differentiated 

from patients with PD in future clinical and epidemiological studies and calculations 

for the provision of health care resources in the population.

9.3. Accuracv of the clinical diagnosis in Parkinson's disease in the communitv 

As shown in pathological studies, many patients diagnosed with PD in fact have a 

different disorder, and, conversely, not all patients with PD in the population may be
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recognised to have it. This study assessed the accuracy of a clinical diagnosis of PD 

according to strict published criteria in the general population. A diagnosis of probable 

PD was confirmed in 83% of patients with this diagnosis, including three patients (2%) 

in whom atypical features were found, but were not sufficient to discard the diagnosis 

of PD. Two additional patients (2%) were found to have possible PD. However, in 15% 

of patients the diagnosis of PD was unequivocally rejected. Conversely, 15 patients 

(19%) who had previously not been diagnosed as PD, were found to have this disorder. 

Conclusions and implications: If strict clinical criteria are used, at least 15% of patients 

with a diagnosis of PD in the population suffer from a different disorder, and 

approximately 20% of patients with PD who have already come to medical attention 

have not been diagnosed as such. The main differential diagnoses are non-parkinsonian 

tremor, vascular parkinsonism, and atypical parkinsonian disorders. These diagnostic 

problems should be considered when results of different prevalence studies of IPD are 

compared.

9.4. The clinical features and natural historv of parkinsonian disorders 

Sufficient data for analysis of clinical features and treatment complications, degree of 

disability and rate of progression, and existence of subtypes were available only in the 

group of patients with PD. In this population, falls with postural instability was among 

the most common complications of advancing disease (64%). Motor complications of 

treatment, on the other hand, only occurred in less than 30%. The features that 

contributed most to disability were disease severity, depression and dementia, whereas 

motor fluctuations and dyskinesias had less impact on disability in the overall sample. 

The rate of progression was best predicted by age at onset and development of 

dementia, but levodopa appeared to provide slowing of symptom progression. 

Conclusion and implications: The most disabling problems in the population of patients 

with PD in the community are disease severity, depression and dementia, whereas 

motor complications have less impact on the majority of patients. Unfavourable 

prognostic factors are older age at onset and development of dementia. These factors 

should be taken into account for the provision of health care resources, and in treatment 

plans for patients with PD.
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9.5. Dyskinesias and motor fluctuations in patients with Parkinson's disease 

Fluctuations in motor response and dyskinesias constitute a major problem in long-term 

treatment of PD. This study investigated the rate of motor fluctuations and dyskinesias, 

and factors determining their occurrence in the population of patients with PD. Among 

levodopa-treated patients 28% suffered from treatment induced dyskinesias and 41% 

from response fluctuations. The occurrence of these complications increased with 

duration of disease and treatment, and with severity of disease. Patients with a shorter 

time from symptom onset to initiation of levodopa had developed dyskinesias and 

response fluctuations earlier. The overall rate of motor fluctuations was best predicted 

by disease duration and dose of levodopa, whereas dyskinesias could be best predicted 

by duration of treatment. In this population-based sample, age, sex, onset age and 

symptom at onset were not significant factors in the development of motor fluctuations 

or dyskinesias. Although a satisfactory response to medication was associated with 

higher rates of motor complications, poor or moderate response was associated with 

lower quality of life in patients with a disease duration of less than 5 or more than 10 

years.

Conclusion and implications: The rate of motor complications in PD increases with 

disease duration and severity. Motor fluctuations are more strongly related to disease 

duration and dose of levodopa, and dyskinesias more to duration of levodopa treatment. 

However, poorer quality of life associated with inadequate dosage of levodopa may be 

the price to pay for a low rate of motor complications in patients with PD.

9.6. Depression in PD

Depression is a common problem in patients with PD. However, previous studies have 

disagreed not only on the cause for, but also on the rate of depression in this 

population. I therefore analysed the rate of depression in this population-based sample 

of patients with PD and investigated the factors that contribute to depression in them. 

Moderate to severe depression (BDI>17) was reported by 19.5% of patients. Increased 

depression scores were associated with advancing disease severity (p<0.001), recent 

deterioration as reported by the patient (p<0.001), higher akinesia scores (p<0.005), a 

mini mental score of less than 25 (p<0.01), and occurrence of falls (p<0.01). Objective 

disability as measured by the Schwab and England scale accounted for 34% of the
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variance of depression scores. In contrast, subjective impairment of cognitive function 

and the feeling of stigmatisation accounted for more than 50% of the variance of 

depression scores.

Conclusion and implications: Depression in patients with PD is associated with 

advancing disease severity, recent disease deterioration and occurrence of falls. 

However, it is strongly influenced by the patients' own perceptions of their handicap 

rather the result of objective impairment. The treatment of depression should therefore 

be addressed independently of treatment of motor symptoms of the disease, and 

consider the patients' own perception of their disease.

9.7. Subtvnes of PD

PD has been suggested to be a heterogeneous disorder rather than a single disease. This 

study assessed the existence of subtypes in the studied population. The clinical features 

of patients with previously proposed clinical subtypes of PD were compared, and a 

cluster analysis performed entering all variables that had differed between these groups. 

Age at onset, predominance type, current age, presence of dementia and rate of 

progression differentiated patients within this sample of patients with PD, whereas 

gender, symptom at onset, family history, occurrence of depression or hallucinations 

were not useful discriminators. Cluster analysis revealed 3 subgroups of patients: 1) 

Patients with young mean onset and current age, who were more disabled after a longer 

disease duration than patients in the other groups, but had a slower rate of progression 

and better cognitive scores. 2) Patients with older age at onset and current age, who had 

a faster rate of progression, and were more often demented, but developed motor 

fluctuations less frequently. 3) An intermediate group with age at onset, current age, 

rate of progression, levodopa dose, disease progression and dementia in between the 

other two groups.

Conclusions and implications: This study found evidence for the existence of different 

subtypes of PD in the unselected population of patients with PD. Older age at onset and 

current age and occurrence of dementia were associated with a faster rate of 

progression but a lower rate of motor fluctuations, whereas presence of depression, 

symptoms at onset, gender or family history were not discriminating factors between 

subgroups.
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9.8. Young Onset Parkinson's Disease - Clinical features, natural historv and mortality 

In a separate sample the clinical features, natural history and mortality of patients with 

PD starting before age 40 (YOPD) were analysed, including a subgroup of 60 

prospectively studied patients. In the group of patients with juvenile parkinsonism 

(onset before age 21), 50% had a positive family history of parkinsonism in a first 

degree relative and clinical presentation was heterogeneous. Mortality risk was 

threefold compared to the normal population (standardised mortality ratio (SMR) 3.1, 

95% CIs 0.64-9.1). In the YOPD group (onset between age 21 and 39), mortality was 

twofold compared to the normal population (SMR 2.1 with 95% CIs 1.4-3.2), and 

threefold in the prospectively studied subgroup (SMR 2.9 with 95% CIs 1.78-4.40). 

Poor initial response to 1-dopa was a risk factor for early death (p<0.001). After a 

median disease duration of 18 years, clinically significant cognitive impairment had 

occurred in only 19% of YOPD patients. It had developed in only 13% of those still 

below the age of 60 years, but in 43% of patients above that age. Age was the most 

important factor for development of dementia, but, among the factors at onset of 

parkinsonism, female sex and positive family history of parkinsonism also had, more 

modest, predictive value. After a disease duration of 10 years or less only 5% of 

patients were experiencing falls and 30% freezing, but all patients had developed 

levodopa related motor complications and dyskinesias.

Conclusion and implications: The mortality in parkinsonism starting before the age of 

40 is increased in comparison to the normal population and similar to the general PD 

population. Intellectual function and postural reflexes are usually well preserved for 

many years despite a long history of parkinsonism and the early and frequent 

occurrence of treatment complications, provided the patients are still biologically and 

chronologically young.

9.9. Oualitv of life in Parkinson's disease

9.9.1. Comparison of different quality of life measures in patients with Parkinson’s 

disease
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This study tested the feasibility and validity of the EQ-5D to assess QoL in this 

population-based sample of patients with PD. The response rate was 78% and the 

completion rate of the EQ-5D among responders was 96%. The EQ-5D summary index 

correlated strongly with the PDQ-39 (r=-0.75, p<0.001) as well as the physical score of 

the SF 36 (r=0.61, p<0.001). There was a significant correlation of the EQ-5D 

summary index with disease severity, as measured by Hoehn and Yahr stage of illness, 

the Schwab and England disability scale, the motor section of the UPDRS and the 

depression score. The EQ-5D summary index was also able to distinguish between 

patients with and without depression, falls, postural instability, cognitive impairment 

hallucinations, and those with deterioration of health over the previous year.

Conclusion and implications: The EQ-5D is a feasible and valid instrument to measure 

QoL in PD and reflects severity and complications of disease.

9.9.2. The impact of Parkinson’s disease on quality of life

QoL in this population-based sample of patients with PD in different disease stages was 

assessed and compared to that reported in the general population. QoL as measured by 

the PDQ-39, the EQ-5D and the physical summary of the SF 36 deteriorated 

significantly with increasing disease severity. The greatest impairment was seen in the 

areas related to physical and social functioning, whereas reports of pain and poor 

emotional adjustment had similar prevalence in PD patients and the general population. 

The impairment of QoL life was seen in all age groups and was similar for men and for 

women, but the differences between PD patients and the general population were most 

marked in the younger patient groups.

Conclusions and implications: PD interferes with various aspects of QoL, particularly 

those related to physical and social functioning. This information should be taken into 

account in the clinical management and planning and allocation of health care 

resources to this population.

9.9.3. Factors that contribute to quality of life in patients with Parkinson’s disease 

Quality of life is increasingly recognised as a critical measure in health care which 

incorporates patients’ own perspective of their health. This study identified the factors 

that determine quality of life in patients with idiopathic PD. The factor most closely

141



associated with QoL was the presence of depression, but disability, as measured by the 

Schwab and England scale, postural instability, and cognitive impairment additionally 

contributed to poor QoL. Although the UPDRS part III correlated significantly with 

QoL scores, it did not contribute substantially to predicting their variance once 

depression, disability, and postural instability had been taken into account. In addition, 

patients with akinetic-rigid PD had worse QoL scores than those with tremor-dominant 

PD, mainly due to impairment of axial features.

Conclusion and implications: Depression, disability, postural instability and cognitive 

impairment have the greatest influence on QoL in PD. The improvement of these 

features should therefore become a greater target in the treatment of PD.
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Table 1. Study population by age groups and sex

Age (yrs) Men Women Total
0-29 22829 25438 48267
30-39 13214 12909 26123
40-49 8815 7774 16589
50-59 6186 5737 11923
60-69 4291 4191 8482
70-79 2810 3540 6350
>80 1266 2608 3874
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Table 2. UK Parkinson’s Disease Society Brain Bank clinical diagnostic criteria for Parkinson's disease (Gibb, 1988) 

Step 1. Diagnosis of parkinsonian syndrome

Bradykinesia (slowness of initiation of voluntary movement with progressive reduction in speed and amplitude of repetitive 

actions).

And at least one of the following:

a. muscular rigidity

b. 4-6 Hz rest tremor

r* c. postural instability not caused by primary visual, vestibular, cerebellar or proprioceptive dysfunction.

Step 2. Exclusion criteria for Parkinson’s disease.

History of repeated strokes with stepwise progression of parkinsonian features 

History of repeated head injury 

History of definite encephalitis 

Oculogyric crisis

Neuroleptic treatment at onset of symptoms 

More than one affected relative 

Sustained remission

Strictly unilateral features after three years 

Supranuclear gaze palsy 

Cerebellar signs

Early severe autonomic involvement



e
IP

Early severe dementia with disturbance of memory, language and praxis 

Babinski sign

Presence of a cerebral tumour or communicating hydrocephalus on CT scan 

Negative response to large doses of levodopa (if malabsorption excluded)

MPT? exposure

Step 3. Supportive prospective positive criteria for Parkinson's disease. Three of more required for diagnosis of definite 

Parkinson's disease.

Unilateral onset 

Rest tremor present 

Progressive disorder

Persistent asymmetry affecting the side of onset most 

Excellent response (70-100%) to levodopa 

Severe levodopa-induced chorea 

Levodopa response for 5 years or more 

Clinical course of 10 years or more



Table 3. NINDS-SPSP clinical criteria for the diagnosis of progressive supranuclear palsy (Litvan, 1996)

Mandatorv inclusion criteria Mandatory exclusion criteria Supportive criteria

Possible Gradually progressive disorder 

Onset at age 40 or later

Either vertical (upward or downward 

gaze) supranuclear palsy* or both 

slowing of vertical saccades and 

prominent postural instability with 

falls in the first year of disease onset

No evidence of other diseases that could 

explain the foregoing features, as 

indicated by mandatory exclusion 

criteria

Recent history of encephalitis 

Alien limb syndrome, cortical 

Sensory deficits, focal frontal or 

temporoparietal atrophy

Hallucinations or delusions unrelated to 

dopaminergic therapy 

Cortical dementia of Alzheimer's type 

(severe amnesia and aphasia or 

agnosia, according to NTNCDS-ADRA 

criteria)

Prominent early cerebellar symptoms or 

prominent, early unexplained 

dysautonomia (marked hypotension 

and urinary disturbances)

Severe asymmetric parkinsonian signs 

(i.e. bradykinesia)

Neuroradiologic evidence of relevant

Symmetric akinesia or 

rigidity, proximal more 

than distal; abnormal 

neck posture, especially 

retrocollis

Poor or absent response 

of parkinsonism to 

levodopa therapy 

Early dysphagia and 

dysarthria;

Early onset of cognitive 

impairment including 

at least two of the 

following: apathy, 

impairment in abstract 

thought, decreased verbal 

fluency, utilization or 

imitation behavior, or 

frontal release signs



Probable Gradually progressive disorder

Onset at age 40 or later 

Vertical (upward or downward gaze) 

supranuclear palsy* and prominent 

postural instability with falls in the 

first year of disease onset 

No evidence of other diseases that could 

explain the foregoing features, as 

indicated by mandatory exclusion criteria 

Definite Clinically probable or possible and

histopathologic evidence of typical PSP^

structural abnormality (i.e. basal ganglia 

or brainstem infarcts, lobar atrophy) 

Whipple’s disease, confirmed by 

polymerase chain reaction, if indicated

^Upward gaze is considered abnormal when pursuit or voluntary gaze or both, have a restriction of at least 50% of the normal

range; Definite PSP is a clinicopathologic diagnosis



Table 4. Multiple system atrophy: diagnostic criteria (Quinn, 1989)

SND-type

(predominantly parkinsonism)

Sporadic adult-onset possible

nonVpoorly levodopa

responsive parkinsonism

Above, 1 plus severe probable

symptomatic autonomic

failure^ or cerebellar signs 

or pyramidal signs or

pathological sphincter EMG 

Post-mortem confirmed__________ definite

OPCA-type

(predominantly cerebellar)

Sporadic adult-onset cerebellar 

syndrome with parkinsonism

Sporadic adult-onset cerebellar

syndrome* (with or without

parkinsonism or pyramidal signs), 

plus severe symptomatic autonomic

failure^ or pathological sphincter EMG 

Post-mortem confirmed ___

^without DSM III-R dementia, generalized tendon areflexia, prominent supranuclear palsy for downgaze or other identifiable 

cause;  ̂moderate or good, but often waning, response to levodopa may occur, in which case multiple atypical features need to be 

present; ^postural syncope and/or marked urinary incontinence or retention not due to other causes. Sporadic; no other case of 

MSA among first or second degree relatives. Adult onset: onset age 30 years or above.



Table 5. Diagnostic criteria for corticobasal degeneration (Litvan, 1997a)

Inclusion criteria Exclusion criteria

1. Chronic progressive course

2. Asymmetric at onset (includes speech, dyspraxia, dysphasia)

3. Presence of higher cortical dysfunction, including either

a) ideomotor apraxia

b) cortical sensory loss or

c) alien limb syndrome

4. Presence of movement disorder including rigid/akinetic 

syndrome resistant to levodopa and either

apraxias a) dystonie limb posturing or 

b) spontaneous and reflex focal myoclonus

1. Presence of levodopa responsivity (other than mild 

worsening on withdrawal)

2. Presence of typical parkinsonian resting tremor

3. Presence of severe autonomic disturbances including 

symptomatic postural hypotension, urinary or bowel 

incontinence, and constipation to the point of repeated 

impaction

4. Presentation with cognitive disturbances other than 

or speech and language disorders

5. Presence of DSM-IV acceptable dementia while the 

patient remains ambulatory



Table 6. Clinical features of patients with probable or possible multiple system atrophy and progressive supranuclear palsy, and of patients with atypical parkinsonism

Patient Age Age of onset Sex dd Symptom Pre-study Response Additional

____________(yrs) (yrs)_________ (yrs)_____ at onset______diagnosis to l-dopa features___________________________ ______________________________________

Probable PSP

1 57 53 m 4 fatigue and 
unsteadiness

PD poor early frequent falls and hypophonia, SNGP, cognitive impairment, axial>distal akinesia

2 71 70 f 1 fails - poor initial falls, symmetric, early dysphagia, mild cognitive impairment, frontalis overactivity, SNGP

3 79 69 f 10 falls vascular p. poor axial»distal bradykinesia, frontalis overactivity, SNGP, visual impairment, staring face, 
cognitive impairment

4 67 66 f 1 slowness PD none incontinence, cognitive impairment, SNGP, axial>distal bradykinesia, initial falls, frontalis 
overactivity, rapid progression, symmetric

5 76 

Possible PSP

69 m 7.5 falls PD poor frequent falls, urinary incontinence, visual disturbance, SNGP, severe side effects of medication, 
extensor plantar

1 87 

Probable MSA

84 m 3 slowness PD declining SNGP but no falls, symmetric, mild cognitive impairment, frontalis overactivity, axial>distal bradykinesia, 
change of personality, urinary incontinence, emotional lability, staring face, extensor plantar

1 76 71 f 5 unsteadiness PD none wheelchair bound, orthostatic hypotension, urinary retention and incontinence, stridor, sighing, snoring, 
pseudobulbar affect, pyramidal signs, high quivering voice

2 72 

Possible MSA

71 f 1 slowness PD poor early dysphagia, urinary retention and urge incontinence, postural hypotension, unsteadiness, 
high-pitched voice

1 67 85 f 2 tremor PD insufficient dose urinary retention, falls, high-pitched voice

2^ 68 

Atypical parkinsonism

63 m 5 tremor ?MSA poor severe antecollis, peripheral neuropathy, urinary incontinence and retention, 
postural hypotension (but also diabetes mellitus)

1 62 55 f 7 tremor PD good frequent falls (10 per day), extensor plantar, non-specific visual disturbance, predominantly axial features

2 69 65 f 4.5 slowness one arm PD insufficient dose early falls, urinary incontinence and retention, en-bloc sitting down

3 62 58 m 4 tremor PD good early dysphagia, urinary urgency and frequency, hyperreflexia

4 75 73 f 2 one fall and PD poor double micturition
slowness

dd=disease duration, ®=not personally examined, SNGP=vertical supranuclear gaze palsy, PD=Parkinson's disease, p.=parkinsonism
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Table 7: Prevalence rates per 100,000 for progressive supranuclear palsy and multiple system atrophy 

Progressive supranuclear palsy

Probable and possible cases Only probable cases Probable, possible, and atypical^'^ cases

Men Women Total Men Women Total Men Women Total
Age group n rate n rate n rate n rate n rate n rate n rate n rate n rate
0-49 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
50-59 1 16.2 0 0.0 1 8.4 1 16.2 0 0.0 1 8.4 1 16.2 0 0.0 1 8.4
60-69 0 0.0 1 23.9 1 11.8 0 0.0 1 47.7 1 11.8 1 23.3 3 71.6 4 47.2
70-79 1 35.6 2 56.5 3 47.2 1 35.6 2 28.2 3 47.2 1 35.6 3 84.8 4 63.0
>80 1 79.0 0 0.0 1 25.8 0 0.0 0 0.0 0 0.0 1 79.0 0 0.0 1 25.8
Total* 3 5.9 3 7.1 6 6.4 2 4.0 3 7.3 5 5.5 4 8.1 6 14.3 10 11.1

Multiple system atrophy

Probable and possible cases Only probable cases Probable, possible, and atypical^'*’ cases

Men Women Total Men Women Total Men Women Total
Age group n rate n rate n rate n rate n rate n rate n rate n rate n rate
0-49 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.00
50-59 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.00
60-69 1 23.3 0 0.0 1 11.8 0 0.0 0 0.0 0 0.0 2 46.6 2 47.7 4 47.20
70-79 0 0.0 2 56.5 2 31.5 0 0.0 2 56.5 2 31.5 0 0.0 3 84.7 3 47.24
>80 0 0.0 1 38.3 1 25.8 0 0.0 0 0.0 0 0.0 0 0.0 1 38.3 1 25.81
Total* 1 2.3 3 6.6 4 4.4 0 0.0 2 4.6 2 2.2 2 4.5 6 13.8 8 9.03

* Total rates have been age-adjusted to the European population; 1 patients with atypical parkinsonism not fulfilling criteria for progressive 
supranuclear palsy or multiple system atrophy, ®if all atypical cases have PSP, ‘’if all atypical cases have MSA; n = number of cases



Table 8. Patient characteristics of all patients with parkinsonism

Probable and Atypical Drug-induced Parkinsonism Vascular
possible IPD parkinsonism parkinsonism following dementia pseudoparkinsonism

n 156 14 43 5 17
M:F 82:74 5:9 24:19 4:1 11:6
Median age (yrs) 75 71.5 67 77 78
Age range (yrs) 34-94 57-87 42-97 60-88 63-97



Table 9. Age and sex specific prevalence rates of Parkinson's disease and parkinsonism

Parkinson's disease^ All types of parkinsonism

Age
Men

n prevalence
Women

n prevalence
Total

n prevalence
Men

n prevalence
Women

n prevalence
Total

n prevalence
0-29 0 0 0 0 0 0 0 0 0 0 0 0
30-39 2 15 0 0 2 8 15 15 0 0 2 8
40-49 2 23 0 0 2 12 45 45 0 0 4 24
50-59 9 145 4 70 13 109 162 162 7 122 17 143
60-69 19 443 10 239 29 342 746 746 21 501 53 625
70-79 29 1032 32 904 61 976 1708 1708 43 1215 91 1433
>80 21 1659 28 1074 49 1265 5093 2370 38 1457 68 1755

Crude rate 82 138 74 119 156 128 126 212 109 175 235 193
Age-adjusted 171 164 168 265 241 154
rate

prevalence=prevalence per 100,000, =including probable and possible Parkinson's disease 

^=adjusted to the 1997 UK population



M

Table 10. Age-specific prevalence rates for atypical, drug-induced and post dementia 
parkinsonism

Atypical^ Vascular Drug-induced Post-dementia
Age n prevalence n prevalence n prevalence n prevalence
0-29 0 0 0 0 0 0 0 0
30-39 0 0 0 0 0 0 0 0
40-49 0 0 0 0 2 12 0 0
50-59 1 8 0 0 3 25 0 0
60-69 5 59 1 12 17 200 1 12
70-79 6 94 9 142 13 205 2 31
>80 2 52 7 181 8 207 2 52

Crude rate 14 12 17 14 43 35 5 4
Age-adjusted 15 19 46 6
rate"

prevalence=prevalence per 100,000; ® including MSA, PSP and atypical parkinsonism 
^=adjusted to the 1997 UK population



Table 11. Breakdown of parkinsonism in different subtypes

Total
n %

Men
n %

Women
n %

Primary degenerative parkinsonism 170 72.3 87 69.0 83 76.1
Parkinson's disease 156 66.4 82 65.1 74 67.9

probable 152 64.7 79 62.7 73 67.0
possible 4 1.7 3 2.4 1 0.9

Atypical parkinsonism 14 6.0 5 4.0 9 8.3
MSA 4 1.7 1 0.8 3 2.8

probable 2 0.9 0 0.0 2 1.8
possible 2 0.9 1 0.8 1 0.9

PSP 6 2.6 3 2.4 3 2.8
probable 5 2.1 2 1.6 3 2.8
possible 1 0.4 1 0.8 0 0.0

Atypical, not classifiable 4 1.7 1 0.8 3 2.8
Parkinsonism due to other causes 65 27.7 39 31.0 26 23.9

Drug-induced 43 18.3 24 19.0 19 17.4
Vascular 17 7.2 11 8.7 6 5.5
Dementia 5 2.1 4 3.2 1 0.9



Table 12. Initial and final diagnoses of patients seen in this population-based study (n=202)

Initial diagnosis n Percentage Final diagnosis n Percentage

Parkinson's disease 131 64.9 Probable Parkinson's disease 124 61.4
Atypical parkinsonism 1 0.5 Possible Parkinson's disease 4 2.0
Vascular parkinsonism 2 1.0 Multiple system atrophy 3 1.5
Non-parkinsonian tremor 56 27.7 Progressive supranuclear palsy 6 3.0
Other patients on antiparkinsonian medication 10 5.0 Non-parkinsonian tremor 46 22.8
Diagnostic referral 2 1.0 Vascular parkinsonism 11 5.4

Other 8 4.0



Table 13. Patients with an initial diagnosis of Parkinson's disease (n=131)

Final diagnosis n % M:F Age Seen by neuro
Probable Parkinson's disease 109 83 59:51 71.6 78
Possible Parkinson's disease 2 1.5 1:1 81.5 100
Multiple system atrophy 3 2.3 0:3 78.3 0
Progressive supranuclear palsy 4 3.1 3:1 71.8 50
Non-parkinsonian tremor 4 3.1 3:1 65.5 67
Vascular parkinsonism 6 4.6 4:2 82.5 50
Other 3 2.3 1:2 84.7 0



Table 14. Patients with an final diagnosis of Parkinson's disease (n=124, incl. patients with atypical parkinsonism not

Initial diagnosis n % M:F Mean Age 
(yrs)

Seen by neurologist 
(%)

Parkinson's disease 109 85.2 56:53 72 74
Atypical parkinsonism 1 0.8 1:0 55 100
Vascular parkinsonism 1 0.8 0:1 69 0
Non-parkinsonian tremor 9 7.0 5:4 74 0
Patients on antiparkinsonian medication 2 1.6 0:2 84.5 0
Referred for diagnosis 2 1.6 2:0 82.5 0



Table 15. Median disease duration (SD) by Hoehn and Yahr stage

HY stage I HY stage II HY stage III HY stage IV HY stage V 
Hoehn and Yahr^’  ̂ 3.0 (7.1) 6.0 (6.9) 7.0 (6.3) 9.0 (7.2) 14.0(3.4)
Marttila and Rinne^’  ̂ not available 2.9 (0.2) 5.5 (0.3) 7.5 (0.6) 9.7 (1.0)
All patients in this study 3.0 (2.1 ) 5.2 (4.2) 5.8 (5.2) 6.7 (3.5) 5.7 (4.6)
Patients on levodopa in this study 4.0 (2.1) 6.0 (4.7) 7.0 (4.6) 7.4 (2.9) 5.7 (4.6)

^Derived from Poewe and Wenning (Poewe) ^Before treatment with levodopa was available (Hoehn), ^patients on levodopa (Martilla), mean values (SD)



Table 16. Prediction of rate of progression^

R2 R2 change Adjusted R2 F-change 
Dementia^ 0.17 9
Treatment with levodopa 0.08 4.62
Onset age 0.32 0.07 0.27 4.62

^Calculated from Hoehn and Yahr stage divided by disease duration in years; ^Mini mental state score 24 out of 30 or less



Table 17. Characteristics of patients on levodopa (n=87)

Mean SD
Age (yrs) 71.3 11.6
Disease duration (yrs) 6.8 4.3
Age at onset (yrs) 64.5 7.3
Duration of treatment with levodopa (yrs) 5.2 4.4
Dose of levodopa (mgs/day) 423.3 227.6
Hoehn and Yahr stage 2.4 0.8
Schwab and England score 81.3 15.1
PDQ 39 28.8 18.3
Percent of patients who are

Male 47.1
On amantadine 5

On selegiline 32.5
On an anticholinergic 12.5

On a dopamine agonist 13.8



Table 18. Percent of patients with motor fluctuations and dyskinesias by disease duration

Disease duration
<5 years 5-10 years >10 years

o

Motor fluctuations Overall sample 8.8 34.8 61.5
Patients on levodopa 10.5 40 66.7

Patients with a good^ response to levodopa 22.2 50 72.7
Dyskinesias Overall sample 2.9 13 46.3

Patients on levodopa 5 15 58.3
Patients with a good^ response to levodopa 5.4 15 63.8

^response subjectively>50%



Table 19. Differences between patients with and without motor fluctuations and dyskinesias (mean/SD)

Motor fluctuations Dyskinesias
With Without p-value< With Without p-value-

Age, yrs 68.8/10.2 73.3/12.2 ns 70.0/11.3 71.8711.7 ns
Disease duration, yrs 9.0/5.2 5.272.6 0.0001 8.875.8 5.973.5 0.01^
Time since diagnosis, yrs 7.2/4.7 4.3/4.1 0.05^ 7.473.8 5.074.8 ns
Treatment with levodopa, yrs 7.475.4 3.572.6 0.0001 7.576.0 4.273.4 0.005
Time from onset to initiation of levodopa 0.5/0.8 1.571.5 ns 0.573.8 1.772.3 ns
Levodopa dose, mgs/day 542.3/224.1 340.4/191.8 0.0001 515.87221.2 393.97228.9 0.05^
Hoehn and Yahr stage 2.6/0.7 2.270.7 0.01^ 2.770.7 2.370.7 0.05^
Schwab and England score 
Percent of patients with

73.8/18.3 86.2/10.1 0.005 72.6717.6 84.7712.9 0.001

Levodopa dose >300 mgs/day 79.4 20.6 0.0001 73.7 45.9 0.01^
Good response to levodopa 100 56.3 0.001 100 65 0.05^

Family history of parkinsonism 39.3 11.1 0.05^ 43 20.2 ns
Akinetic-rigid subtype 94.7 53.5 0.05^ 90 71.2 ns

Falls 78.9 58.3 ns 100 56.8 0.01^

^marginally significant



Table 20. Factors associated with significantly increased depression scores

Beck Depression inventory 

___________________________________________________  Mean score (SD) p-value<

Change in health compared to previous year^ Worsening 18.6(12.7) 0.001

Improvement or no change 9.7 (8.3)

Falls' Present 14.5(11.9) 0.01

Absent 8.4 (6.5)

Postural instability Present 13.5(11.9) 0.05^

Absent 7.9 (5.4)

Akinetic-rigid subtype Present 14.0 (12.3) 0.05^

Absent 8.0 (6.0)

Impaired dexterity' Present 13.5(10.3) 0.05^

Absent 9.6(10.7)

Stiffness' Present 14.4 (11.8) 0.05^

Absent 9.9 (8.3)

Minimental score<25 Present 16.5(12.2) 0.05^

Absent 9.2 (6.4)

Hallucinations' Present 15.1 (8.6) 0.05^

Absent 9.0 (6.6)

Speech impairment' Present 13.9(10.6) 0.05^

Absent 10.6 (10.8)

^self-reported, ^marginally significant



Table 21. Comparison of the depressed (BDI>17) and non-depressed patients on measures of 
impairment, disability and handicap (Standard deviations are given in parentheses)

Level Variable Depressed Non-depressed p-value<

Impairment Postural instability'^ (mean; SD) 1.9 1.1 0.001

MMSE (mean; SD) 25.7 27.9 0.01

Self-reported recent deterioration (%) 20 61.5 0.005

Disability Schwab and England score (observer-rated) 71.4 (22.4) 83.6 (14.0) 0.002

Schwab and England score (patient-rated) 48 (29.0) 79(16.4) 0.0001

Handicap PDQ-39 Cognition 52.9 (23.5) 25.3(18.3) 0.00001

Bodily pain 50.1 (26.9) 32.6(19.0) 0.0005

Communication 35.4 (28.0) 15.3(17.1) 0.0001

Emotional well-being 46.0 (25.8) 23.2(16.6) 0.0005

Social support 29.4 (26.1) 10.2(16.3) 0.001

Activities of daily living 51.1 (29.4) 33.1 (26.6) 0.003

Stigma 32.3 (29.7) 19.0 (25.4) 0.004

Mobility 63.5(31.1) 45.5 (32.0) 0.004

^measured on the Unified Parkinson's Disease Rating Scale



Table 22. Results of stepwise multiple regression analysis of BDI scores

Independent variable Standardized Regression 

Coefficient

R square R square 

change

Adjusted 

R square

t value Significar

(P<)

Analysis 1 Impairment Hoehn and Yahr Stage 0.35 0.19 3.48 0.001

Recent deterioration 0.34 0.3 0.11 0.28 3.39 0.001

Analysis 2a Disability Observer-rated disability (SE) -0.58 0.34 0.33 0.34 6.1 0.0001

Analysis 2b Patient-rated disability (SE) -0.72 0.52 0.52 0.51 8.35 0.0001

Analysis 3 Handicap Cognition (PDQ-39) 0.54 0.47 6.47 0.0001

Stigma (PDQ-39) 0.31 0.54 0.08 0.53 3.39 0.0001

Analysis 4 Overall Cognition (PDQ-39) 0.36 0.47 3.75 0.0001

Stigma (PDQ-39) 0.26 0.08 3.03 0.003

Observer-rated disability (SE) -0.25 0.05 2.82 0.006

Recent deterioration 0.2 0.62 0.04 0.6 2.53 0.014

S=Schwab and England scale

Multiple R=0.79, R2=0.62, adjusted R2=0.6



Table 23. Comparison of early vs late onset PD

Variable

Early onset 

(<67 years) 

Mean SD

Late onset 

(>67 years) 

Mean SD p-value<

Age (yrs) 50.1 11.1 81.4 7.1 0.0001

Age at onset (yrs) 41.1 9.7 79 9.7 0.0001

Duration since symptom onset (yrs) 9 4.5 2.4 1.9 0.005

Progression rate^ 0.31 0.14 1.09 1.51 o .o f

Fluctuations (%) 46.2 16.7 0.05^

 ̂Hoehn and Yahr stage divided by disease duration in years, ^marginally significant



Table 24. Comparison of akinetic-rigid vs tremor-dominant type

Variable Akinetic-rigid type Tremor-dominant type

Mean SD Mean SD p-value*

Duration since symptom onset (yrs) 6.4 4.1 4.3 2.3 0.05^

Hoehn andYahr stage 2.5 0.9 1.9 0.6 0.005

Schwab and England score 79.6 15.5 89.3 11 0.0001

Depression score 13.7 12.6 7.2 5.5 o.oV

Quality of life 33.5 20.8 21.5 14.9 0.05^

Progression rate 0.74 1.22 0.63 0.65 0.05^

Onset with tremor (%) 20 51 0.05^

Fluctuations (%) 8.3 48.6 0.05^

Postural instability (%) 79.5 50 0.05^

Freezing (%) 41.2 77.6 0.01^

^marginally significant



(A

Table 25. Comparison of patients with slow vs those with fast progression

Variable Slow progression Fast progression

Mean SD Mean SD p-value*

Age (yrs) 70.5 11.6 78.6 9.8 0.05''

Age at onset (yrs) 62.7 13.7 76.7 6.7 0.0001

Duration since symptom onset (yrs) 7.8 4.7 1.9 0.9 0.0001

Treatment duration (yrs) 5.8 5 1.1 0.8 0.0001

Time from onset to treatment (yrs) 2 0.8 2.6 0.7 0.001

Hoehn and Yahr stage 2.3 0.7 2.7 0.8 0.05"

Schwab and England score 83.5 14.4 77.2 16.4 0.05"

Axial score^ 5 3.2 7.1 4 0.05"

Progression rate^ 0.38 0.17 1.88 1.5 0.0001

Dementia^ (%) 10.4 38.5 0.05"

Vrom UPDRS items 27-30, ^Hoehn and Yahr stage divided by disease duration in years, ^mini mental score 24 out of 30 or less, ^marginally significant



Table 26. Results of Cluster analysis to define subtypes of Parkinson's disease

&

Variable Group 1 Group 2 Group 3 F-vaiue

Age at onset (yrs) 71.7 77.4 61.3 16.3

Duration since symptom onset (yrs) 6.5 4 8.1 5.1

Age (yrs) 78.2 81.4 69.4 15.0

Progression rate^ 0.57 1.19 0.36 5.9

Hoehn and Yahr stage 2.2 2.7 2.7 4.8

Schwab and England score 86.1 79.3 71 7.4

Duration of treatment with levodopa (yrs) 5.1 2.9 6.9 3.4

Latency form onset to initiation of levodopa 1.9 1.3 1.8 .6̂

Axial score^ 5.1 6.5 6.2 1.5^

Quality of life^ 24.5 39.8 34.5 4.5

Mini mental score‘s 27.6 23.4 27.7 7.8

Dose of levodopa (mg) 428.6 134.8 870 150.5

^Hoehn and Yahr stage divided by disease duration in years; ^derived from UPRDS items 27 to 30; ^PDQL (Peto); all p<0.01 except ^ns



Table 27. Characteristics of patients with Young Onset Parkinson's disease (YOPD)

JP
(n=10)

YOPD
(n=139)

toV)

M:F 8:2 88:51
Age in yrs^ (range) 41 (10-62) 51 (33-78)
Disease duration in yrs^ (range) 24 (5-45) 18 (2-43)
Onset age^ in yrs (range) 17(5-19) 34 (22-39)
FH (%) 5 (50%) 22(16%)
Onset symptom dystonia 60% 14%

tremor 50% 52%
akinetic-rigid 20% 69%

Initial response to levodopa excellent 78% 81%
good 11% 15%
poor or none 11% 4%

JP=juvenile parkinsonism; YOPD=young onset Parkinson's disease; FH=family history 
(at least one first- or second degree relative affected); ^median



Table 28. Clinical differences at disease onset between YOPD patients who later became demented and those who had not
become demented

Demented
(n=19)

Not demented 
(n=79)

Statistical
significance

CÊo

Median cognitive score (range) 24.4 (15-30) 35.1 (31-41) p<O.OOV
Sex (M:F) 7:12 58:21 p<O.Of
Median age at onset (range) in years 35.6 (28-39) 33 (22-39) p<0.05^
Positive family history for parkinsonism^ 4 (22.2%) 10 (13.0%) nŝ
Symptom present at onset dystonia 12% 13% nŝ

tremor 56% 47%
akinetic-rigid 78% 65%

Initial response to levodopa excellent 80% 82% nŝ
good 20% 16%
none or poor 0% 2%

YOPD=young onset Parkinson's disease; \-test for independent samples; ^useful prospective predictive variables at disease onset 
in ttie discriminant analysis; ^two-tailed Chi-square/Fisher's exact test



Table 29. Clinical differences at latest assessment between demented and nondemented YOPD-patients

Demented Not demented
Statistical

significance
Mean age in years (range)
Mean disease duration in years (range)
No of patients with psychiatric side effects {%f 
Patients with falls (%)
Patients with freezing (%)
S&E score in On (range)
S&E in Off (range)

YOPD=young onset Parkinson's disease; S&E Schwab and England rating scale; ^t-test for independent samples; 
^useful prospective variables during the disease course in the discriminant analysis; 3Chi-square/Fisher's exact test

57.8 (41-78) 48.8 (33-68) p<0.001^
22.3 (8-41) 15.8 (2-43) p<0.01^
15(83.3) 29 (38.2) p<0.00 f
12 (70.6) 27 (37.0) p<0.05^
15 (88.2) 49 (68.1) ns

65.7 (40-90) 81.2 (10-100) p<0.01^
39.1 (10-80) 61.1 (20-100) p<0.0V



CP

Table 30a. Classification of demented patients by female sex and positive family history of parkinsonism

Actual cognitive status 
demented non-demented

Predicted cognitive status demented 12 (67%) (a) 21 (27.3%) (b)
non-demented 6 (33%) (c) 56 (73%) (d)

Overall prediction: 72%

Table 30b. Classification of demented patients by female sex, positive family history of parkinsonism, and 
psychiatric side effects of treatment

Actual cognitive status 
demented non-demented

Predicted cognitive status demented 12 (71%) (a) 12 (16%) (b)
non-demented 5 (29%) (c) 63 (84%) (d)

Overall prediction: 82%



Table 31. Correct classification of dementia in YOPD

Definition
Classification by female Classification by female
sex and family history sex, family history and psychiatric side effects

Sensitivity = (a/a+c) The proportion of demented patients that 
were correctly predicted to be demented

66.7% 70.6%

Specificity = (d/b+d) The proportion of nondemented patients that 
were correctly predicted to be nondemented

72.7% 84.0%

Positive predictive value = (a/a+b) The proportion of those predicted 
to be demented that are demented

36.4% 50.0%

Negative predictive value = (d/c+d) The proportion of those predicted not 
to be demented that are nondemented

90.3% 92.6%

YOPD=young onset Parkinson's disease



Table 32. Patient characteristics. Standard deviations are given in parentheses.

%

cr-W\

Hoehn and Yahr stage 1 11 11.3

1.5 9 9.3

II 22 22.7

11.5 29 29.9

III 19 19.6

IV 3 3.1

V 4 4.1

Mean age (yrs) 73.0(11.3)

Mean disease duration (yrs) 5.8 (4.9)

Sex (M;F) 50:47

Mean age of onset (yrs) 67.6(12.5)

Mean UPDRS score 22.7(11.3)

Mean BDI score 11.5 (10.6)

Mean mini mental score 27.5 (3.6)

SD=Standard deviation



Table 33. Spearman correlations coefficients of different quality of life measures with clinical scales and disease duration

Hoehn and Schwab and England UPDRS Disease Beck Depression Minimental

EuroQuol
Yahr Stage disability score motor score Duration Inventory score

Mobility 0.70*** -0.65*** 0.40*** 0.35*** 0.45*** -0.37***
Self-care 0.51*** -0.50*** 0.36** 0.25* 0.54*** -0.17
Ususal activities 0.65*** -0.65*** 0.40** 0.29** 0.59*** -0.37***
Pain 0.49*** -0.47*** 0.31*** 0.12 0.45*** -0.24*
Psychological functioning 0.41*** -0.37*** 0.26* 0.04 0.55*** -0.26*
Summary index -0.68*** 0.66*** -0.40*** -0.21* -0.63*** 0.35**
Visual analogue scale -0.32** 0.42*** -0.20 -0.03 -0.63*** 0.23*

PDQ-39
Activities of daily living 0.63*** -0.55*** 0.52*** 0.30** 0.53*** -0.23*
Bodily discomfort 0.36*** -0.49*** 0.28* 0.16 0.53*** -0.31**
Cognitions 0.43*** -0.44*** 0.26* 0.15 0.67*** -0.15
Communication 0.49*** -0.50*** 0.31** 0.19 0.47*** -0.23*
Emotional well-being 0.40*** -0.51*** 0.20 0.04 0.57*** -0.36**
Mobility 0.69*** -0.68*** 0.45*** 0.18 0.54*** -0.39***
Social support 0.22* -0.36** 0.10 -0.01 0.32** -0.09
Stigma 0.26* -0.36** 0.39*** 0.10 0.44*** -0.10
Summary Index 0.60*** -0.65*** 0.41*** 0.18 0.68*** -0.32**

SF-36
Physical summary score -0.50*** 0.49*** -0.41*** -0.21 -0.42*** 0.08
Mental summary score -0.25* 0.27* -0.16 0.06 -0.49*** 0.35**

UPDRS=Unified Parkinson's Disease Rating Scale; *p<0.05, **p<0.01, ***p<0.001



Table 34. Spearman correlation coefficients of the EQ-5D summary score, sub-scores and visual 
analogue scale with the generic (SF 36) and the disease specific (PDQ 39) quality of life measures

EQ-5D
Mobility Selfcare Usual activities Pain Anxiety Summary index Visual analogue score

PDQ 39 SI
Mobility 0.73*** 0.59*** 0.67*** 0.54*** 0.47*** -0.74*** -0.56***
ADL 0.65*** 0.72*** 0.65*** 0.37*** 0.38*** -0.63*** -0.41***
Emotional 0.54*** 0.42*** 0.46*** 0.37*** 0.50*** -0.54*** -0.43***
Stigma 0.34*** 0.30** 0.33** 0.35*** 0.48*** -0.41*** -0.47***
Social Functioning 0.26* 0.28** 0.28** 0.31** 0.26* -0.35*** -0.30**
Cognitions 0.49*** 0.51*** 0.58*** 0.35*** 0.45*** -0.55*** -0.47***
Communication 0.53*** 0.58*** 0.57*** 0.34** 0.28** -0.56*** -0.42***
Bodily 0.40*** 0.35*** 0.45*** 0.47*** 0.40*** -0.55*** -0.51***
Summary score 0.69*** 0.63*** 0.677*** 0.54*** 0.55*** -0.75*** -0.60***

SF-36
Physcial functioning -0.58*** -0.44*** -0.52*** -0.42*** -0.36*** 0.57*** 0.47***
Physical role -0.42*** -0.18 -0.40*** -0.40 -0.27* 0.43*** 0.43***
Bodily pain -0.35*** -0.33*** -0.36*** -0.59*** -0.32** 0.56*** 0.54***
General health -0.37*** -0.40*** -0.48*** -0.36*** -0.35*** 0.47*** 0.62***
Vitality -0.39*** -0.46*** -0.48*** -0.34** -0.46*** 0.52*** 0.49***
Social Functioning -0.56*** -0.52*** -0.52*** -0.46*** -0.46*** 0.59*** 0.53***
Emotional role -0.19 -0.13 -0.19 -0.11 -0.21 0.20 0.25*
Mental health -0.32*** -0.43*** -0.45*** -0.36*** -0.53*** 0.50*** 0.49***
Physical score -0.52*** -0.41*** -0.51*** -0.53*** -0.31** 0.61*** 0.55***
Mental score -0.25* -0.33*** -0.34*** -0.20 -0.41*** 0.35*** 0.40***

'p<0.05, **p<0.01, ***p<0.001



Table 35. Clinical features associated with significantly impaired QoL scores

EQ-5D SI EQ-5D VAS PD39 SI
p-value p-value p-value

SF36 Physical summary SF36 Mental summary 
p-value p-value

V

Depression (BDI =or>14) 
Present 
Absent 

Minlmenta! score<25
Present
Absent

Falls^
Present
Absent

Postural instability
Present
Absent

Fluctuations^

Hallucinations^

Age >70

Present
Absent

Present
Absent

0.4
0.7

0.2
0.7

0.4
0.8

0.4
0.8

0.4
0.6

0.3
0.6

<0.0001

<0.0001

<0.0001

<0.0001

0.046"

0.007"

54.9 
76.7

51.1
69.0

58.6
71.7

57.2 
77.6

64.1
66.2

57.2
67.9

< 0.0001

0.007"

< 0 .0 0 T

<0.0001

ns

ns

39.0
16.7

49.4
24.4

36.2
21.4

33.7
18.7

33.7
28.4

39.0
27.2

< 0.0001

<0.0001

< 0.0001

< 0.001

ns

0.014"

31.3
40.3

29.7
37.2

31.4
39.8

32.2
42.3

33.9
35.3

31.6
35.9

0.0001

0.03T

0.004"

0.001

ns

ns

43.6
52.0

40.9
49.5

46.2
48.5

47.8
46.3

44.4
48.7

45.9
48.1

<0.0001

0.004"

ns

ns

ns

ns

Present 0.5 ns 60.4 0.013" 33.0 ns 33.5 ns 46.6 ns

Absent 0.7 72.1 25.2 37.6 48.8
lalth over the previous year^
Improvement 0.6 ns^ 70.5 ns® 16.8 ns® 36.2 ns® 53.4 ns®

No change 0.6 <0.0001^^ 70.9 < o.ooof 25.1 o .o o o f 37.0 0.003'' 48.0 ns'*
Worsening 0.3 0.0002® 49.1 0.0001® 43.4 0.0002® 30.0 O.Ol"’® 43.3 ns®

VAS=visual analogue scale; Sl-summary index, s.=summary score; ^self-reported, "marginally significant, ^improvement compared to no 
change, '̂ no change compared to worsening, ^Kruskall Wallis test for all three levels



Table 36. The percentage of respondents reporting problems on the various dimensions of 
the EQ-5D by age group

Age group (years)

General UK population n= 
PD patients n=

30-39
683

2

40-49
543

1

50-59
461

6

60-69
475
23

70-79
406
37

>80
140
28

EuroQol dimension 
Mobility
General UK population 7.8 10.3 21.9 29.3 39.8 56.7
PD patients 
Self-care

50 100 66.7 63.6 63.9 100

General UK population 1.6 4.2 5.2 5.7 7.4 16.3
PD patients 
Social functioning

50 0 50 45.5 47.2 42.3

General UK population 8.6 10.8 21.9 24.7 26.3 44
PD patients 
Pain

50 0 100 54.5 61.1 84.6

General UK population 19.3 25.9 43.7 46.2 56 60.3
PD patients 
Anxiety/depression

50 0 83.3 54.5 63.9 69.2

General UK population 17.4 18.7 27.2 28 25.3 24.8
PD patients

PD=Parkinson's disease

50 100 33.3 40.9 47.2 73.1



Table 37. Mean scores and standard deviations (in parentheses) of the three quality of life measures 
as a function of Hoehn and Yahr stage of illness

Hoehn and Yahr stage Kruskal-Wallis Test
1 1.5 II 11.5 III IV V All stages p-value

PDQ-39
Summary Index 10.5 (10.1) 22.8 (17) 23.9 (16.4) 32.5(16.3) 40.8 (15.3) 41.6 (2) 66.7 (12.6) 30.0 (19.3) <0.001

EQ-5D
Summary index 0.96 (0.13) 0.77 (0.20) 0.65 (0.34) 0.56 (0.29) 0.26 (0.32) 0.19 (0.62) -0.21 (0.17) 0.54 (0.4) <0.001

Visual analogue scale 81.1 (15.6) 68.4 (17.9) 68.3 (22.4) 64.2 (21.6) 53.8 (22.2) 80.0 (28.3) 31.7 (23.6) 64.8 (22.8) 0.016
SF-36

Physical summary score 48.6(16.2) 39.6 (11.5) 36.9 (11.1) 32.9(10.2) 28.2 (6.7) 22.0 (1.7) 20.8 (8.6) 34.7 (12.3) 0.001
Mental summary score 48.0(10.6) 50.4 (11.9) 49.3 (8.7) 47.3 (10.9) 43.9 (9.7) 35.3 (17.0) 37.3 (10.0) 46.9 (10.5) 0.120

CP
C£>



Table 38. Mean (SD) SF 36 scores, by age in comparison to the general UK population"

Age group (years)
35-44 45-54 55-64 65-74

UK population PD patients UK population PD patients UK population PD patients UK population PD patients
Physical functioning 89 62.5 (53.0) 84 68.7 (10.3) 74 62.9 (24.0) 60 50.8 (32.3)
Social functioning 
Role limitations:

87 75.0 (35.4) 87 87.5(17.7) 84 65.0 (25.6) 80 59.9 (27.4)

physical 81 50.0 (70.7) 83 62.5 (32.3) 72 62.9 (24.0) 59 35.3 (54.7)
emotional 81 50.0 (70.7) 82 83.3 (19.2) 80 79.0 (52.5) 73 63.5 (52.8)

Mental health 70 70.0 (31.1) 72 81.0(17.1) 74 62.0 (23.1) 73 62.6 (20.4)
Vitality 58 50.0 (35.4) 59 55.0 (26.8) 59 50.0(18.7) 57 41.3 (22.1)
Pain 87 55.0 (63.6) 77 81 (21.9) 73 61.4 (32.8) 67 62.2 (28.7)
General health perceptions 

*from Brazier et al (Brazier)

72 43.5 (33.2) 70 49.0 (24.0) 65 48.5(19.5) 58 45.8 (19.9)

§



Table 39. Mean (SD) quality of life scores in patients with Parkinson's disease in this study and previous studies

This study Fitzpatrick et al (1) 
Clinic attenders Nonclinic

Rubenstein et al (2)

SF-36
Physical functioning 46.9 (31.8) 49.3 (30.8) 29.0 (27.6) 55.4 (2.1)

Physical role limitations 38.1 (53.1) 32.4 (39.9) 17.9 (31.0) 49.7 (3.1)
Pain 61.3 (28.2) 63.1 (29.4) 54.0 (28.5) 64.6 (2.0)

eneral health perceptions 45.2 (20.3) 51.9 (21.9) 42.5(21.3) 52.9(1.5)
Vitality 43.6 (21.3) 43.0 (22.5) 35.1 (20.4) 48.2 (1.6)

Social functioning 60.0 (28.7) 63.1 (31.0) 48.3 (32.2) 73.0(1.9)
Emotional role limitations 69.7 (53.9) 52.8 (44.6) 37.1 (44.6) 70.6 (3.0)

Mental health 65.4(19.8) 65.3 (20.9) 60.6 (20.4) 73.1 (1.2)

PDQ-39
Mobility 47.0 (33.4) 41.7 (31.6) 64.2 (30.3)

Activities of daily living 36.5 (29.7) 40.4 (28.0) 56.3 (28.0)
Emotional well-being 29.0 (22.5) 32.2 (22.3) 40.4 (23.2)

Stigma 23.6 (27.7) 30.8 (26.2) 35.1 (28.5)
Social support 14.8 (20.7) 13.8 (20.0) 20.9 (22.3)

Cognitions 31.1 (22.0) 33.7 (23.1) 48.0 (23.3)
Communication 20.3 (22.6) 25.9 (23.0) 36.1 (26.3)

Bodily discomfort 37.4 (22.7) 41.0 (28.1) 52.7 (25.7)

EuroQuol
Mobility 1.8 (0.6)

Self-care 1.5 (0.6)
Pain 1.8 (0.7)

Social Functioning 1.9 (0.7)
Anxiety/depression 1.6 (0.6)

Summary index 0.5 (0.4)
Visual analogue scale 64.0 (22.8)



Table 40. Results of stepwise multiple regression analysis of PDQ 39 scores

Predictors Standardized Regression R square R square
Coefficient change

t value Significance
(P<)

Beck Depression Inventory score 0.47 0.54 5.45 0.0001

Schwab and England disability score -0.31 0.64 0.1 3.41 0.001

Postural instability 0.24 0.69 0.05 3.34 0.001

Minimental state examination score -0.17 0.72 0.02 2.14 0.037

Multiple R=0.85 
R2=0.72 

Adjusted R^=0.70



Fig. 1 Age-specific prevalence rates o f Parkinson’s disease per 100,000 (95%

confidence intervals) for all United Kingdom studies o f  Parkinson's disease
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Fig. 2. A ge-specific prevalence rates o f  Parkinson’s disease in this study and previous studies
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Fig. 3. Percent of patients in each Hoehn and Yahr stage
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Fig. 5. Rate o f  prediction  o f  depression scores by param eters o f  im pairm ent, disability  and handicap
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Fig. 6. Number o f patients with onset o f Parkinson’s disease before age 40, by age at onset
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Fig. 7. Cumulative percentage of patients with onset of Parkinson’s disease before age 40 and dyskinesias and motor 

fluctuations, by treatment duration
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Fig. 8. Percent of patients indicating a problem on the EQ-5D
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Fig. 9. Mean VAS scores of patients with PD compared to norms from the general 
population
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Fig. 10. Percent o f  patients indicating a problem on the EQ-5D by Hoehn and Yahr stage
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Fig. 11. Mean SF 36 scores, by disease severity
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Fig. 12. Mean PDQ 39, by disease severity
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Appendix 1. Definition o f terms used in the analysis o f accuracy o f diagnosis

Final diagnosis

_________________________Parkinson’s disease Not Parkinson’s disease_____

Previous diagnosis

Parkinson’s disease A B

Not Parkinson’s disease_____C_________________ D_______________________

Sensitivity: Proportion of patients with a final diagnosis of Parkinson’s disease (PD) 

who were previously diagnosed of PD (A/A+C).

Specificity: Proportion of patients without a final diagnosis of PD who were previously 

diagnosed of not having PD (D/D+B).

Positive predictive value: Proportion of patients with a previous diagnosis of PD who 

received a final diagnosis of PD (A/A+B).

Negative predictive value: Proportion of patients with a previous diagnosis of not 

having PD who received a final diagnosis of not having PD (D/D+C).
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Appendix 2. Quality o f  life instruments

2.1. EQ-5D instrument

EQ-5D
Health Questionnaire

(English version)
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By placing a tick in one box in each group below, please indicate which 
statements best describe your own health state today.

Mobility
I have no problems in walking about 
I have some problems in walking about 
I am confined to bed

□
□
□

Self-Care
I have no problems with self-care 
I have some problems washing or dressing myself 
I am unable to wash or dress myself

□
□
□

Usual Activities (e.g. work, study, housework, family or 
leisure activities)
I have no problems with performing my usual activities 
I have some problems with performing my usual activities 
I am unable to perform my usual activities

□
□
□

Pain/Discomfort
I have no pain or discomfort 
I have moderate pain or discomfort 
I have extreme pain or discomfort

□
□
□

Anxiety/Depression
I am not anxious or depressed 
I am moderately anxious or depressed 
I am extremely anxious or depressed

□
□
□

Compared with my general
level o f health over the past 12 months,
my health state today is;

Better
TICK

Much the same 
Worse

□  PLEASE

□
□

ONE

BOX
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To help people say how good or bad a health 
state is, we have drawn a scale (rather like a 
thermometer) on which the best state you 
can imagine is marked 100 and the worst 
state you can imagine is marked 0.

We would like you to indicate on this scale 
how good or bad your own health is today, 
in your opinion. Please do this by drawing a 
line from the box below to whichever point 
on the scale indicates how good or bad your 
health state is today.

Your own 
health state 

today

Best 
imaginable 
health state

100

0

Worst 
imaginable 
health state
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2.2. Medical Outcomes Study Short Form (SF 36)

Short Form Health Survey (SF-36)

This survey asks for your views about your health and your ability to perform 

your usual activities. Please tick the box next to the answer which best 

describes your views about your health.

1) In general, you would say your health is:

1 Excellent

2 Very good

3 Good

4 Fair

5 Poor

2) Compared to one year ago, how would you rate your health in general 

now?

1 Much better now than one year ago

2 Somewhat better than one year ago

3 About the same as one year ago

4 Somewhat worse than one year ago

5 Much worse now than one year ago

3) During the past 4 weeks, to what extent has your physical health or 

emotional problems interfered with your normal social activities with family, 

friends, neighbours, or groups?

1 Not at all

2 Slightly

3 Moderately

4 Quite a bit

5 Extremely
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4) During the past 4 weeks, how much bodily pain have you had?

1 None

2 Very mild

3 Mild

4 Moderate

5 Severe

6 Very severe

5) During the past 4 weeks, how much did pain interfere with your normal 

work (outside the home and housework)?

1 Not at all

2 A little bit

3 Moderately

4 Quite a bit

5 Extremely

6) During the past 4 weeks, how much of the time has your physical health or 

emotional problems interfered with you social activities?

1 All the time

2 Most of the time

3 Some of the time

4 A little of the time

5 None of the time

7) During the past 4 weeks, have you had any of the following problems with 

your work or other regular daily activities as a result of you physical health? 

(Tick the box or boxes which apply to you)

Cut down on the amount of time you spent on work or other activities

Accomplished less than you would like

Were limited in the kind of work or other activities

Had difficulty performing the work or other activities (i.e. it took extra effort)
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8) During the past 4 weeks, have you had any of the following problems with 

your work or other regular daily activities as a result of any emotional 

problems (such as feeling depressed or anxious)? (Tick the box or boxes 

which apply to you)

Cut down on the amount of time you spent on work or other activities

Accomplished less than you would like

Did not do work or other activities as carefully as usual

9) The following questions are about activities you might do during a typical 

day. Does your present health limit you in these activities? Please indicate 

how much by circling the appropriate number.

ACTIVITIES

Yes, 

Limited 

A lot

Yes, 

Limited A little

No, Not 

Limited At all

a. Vigorous activities, such 
as running, lifting heavy 
objects, or strenuous sports

1 2 3

b. Moderate activities, such as 
moving a table, pushing a 
vacuum cleaner, bowling, or 
playing golf

1 2 3

c. Lifting or carrying groceries 1 2 3

d. Climbing several flights of 
stairs 1 2 3

e. Climbing one flight of stairs 1 2 3

f. Bending, kneeling, or 
stooping 1 2 3

g. Walking more than a mile 1 2 3

h. Walking half a mile 1 2 3

i. Walking one hundred yards 1 2 3

j. Bathing or dressing yourself 1 2 3

221



10) These questions are about how you feel and how things have been with you during 
the past 4 weeks. For each question, please give the one answer that comes closest to the 
way you have been feeling. How much of the time during the past 4 weeks.. .(circle one 
number for each question)

All the
time

Most
of the 
time

A Good 
Bit of

the time

Some
of the 
time

A little
of the 
time

None
of the 
time

Did you feel full of life? 1 2 3 4 5 6

Have you been a very nervous 
person? 1 2 3 4 5 6

Have you felt so down in the 
dumps that nothing could cheer 
you up?

1 2 3 4 5 6

Have you felt calm and peaceful? 1 2 3 4 5 6

Did you have a lot of energy? 1 2 3 4 5 6

Have you felt downhearted and 
low? 1 2 3 4 5 6

Did you feel worn out? 1 2 3 4 5 6

Have you been a happy person? 1 2 3 4 5 6

Did you feel tired? 1 2 3 4 5 6

11) How true or false is each of the following statements for you? (Please circle one 
number for each line)

Definitely
True

Mostly
true

Don't
know

Mostly
false

Definitely
false

1 seem to get ill a little 
easier than other people 1 2 3 4 5

1 am as healthy as 
anybody 1 know 1 2 3 4 5

1 expect my health to get 
worse over time 1 2 3 4 5

My health is excellent 1 2 3 4 5
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2.3. The PDQ 39 instrument

The Parkinson s disease questionnaire-PD039

Due to having illness, how often have you experienced the following, during the last month? 
Please tick one box for each question

Never Occasionally Sometimes Often
Always or 
cannot do 

at all
1. Had difficulty doing the leisure activities you 
would like to do?

2. Had difficulty looking after your home, e.g. 
DIY, housework, cooking?

3. Had difficulty carrying bags of shopping?

4. Had problem walking half a mile?

5. Had problems walking 100 yards?

6. Had problem getting around the house as 
easily as you would like?

7. Had difficulty getting around in public?

8. Needed someone else to accompany you 
when you went out?
9. Felt frightened or worried about falling over 
in public?
10. Have been confined to the house more than 
you would like?

11. Had difficulty washing yourself?

12. Had difficulty dressing yourself?

13. Had problems doing up buttons and 
shoelaces?

14. Had problems writing clearly?

15. Had difficulty cutting up your food?

16. Had difficulty holding a drink without 
spilling it?

Continued on next page.
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Never Occasionally Sometimes Often
Always or 
cannot do 

at all

1 7. Felt depressed?

18. Felt isolated and lonely?

19. Felt weepy and tearful?

20. Felt angry or bitter?

21. Felt anxious?

22. Felt worried about your future?

23. Felt you have to conceal your Parkinson's 
from people?
24. Avoided situations which involved eating 
or drinking in public?
25. Felt embarrassed in public due to having 
Parkinson's disease?
26. Felt worried by other people's reaction to
you?
27. Had problems with your close personal 
relationships?
28. Lacked support in the ways you need 
from your spouse or partner?
If you don't have a spouse or partner tick 
here.
29. Lacked support in the ways you need 
from your family or close friends?
30. Unexpectedly fallen asleep during the
day?
31. Had problems with your concentration, 
e.g. when reading or watching TV?

32. Felt your memory was bad?

33. Had distressing dreams or hallucinations?

34. Had difficulty with your speech?

35. Felt unable to communicate with people 
properly?

36. Felt ignored by people?

37. Had painful muscle cramps or spasms?

38. Had aches and pains in your joints or 
body?

39. Felt unpleasantly hot or cold?
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Appendix 3. The Beck Depression Inventory

Beck Depression Inventory

On this questionnaire are groups of statements. Please read each group of statements 
carefully. Then pick out the one statement in each group, which best describes the way you have 
been feeling during the past week, including today. Circle the number next to the statement you 
have chosen. If several statements in the group seem to apply equally well, then circle each 
number which applies to you.

Be sure to read all the statements in each group before making your choice.

1) 0 I do not feel sad.
1 I feel sad.
2 I am sad all the time and I can't snap out of it.
3 I am so sad or unhappy that I can't stand it.

2) 0 I am not particularly discouraged about the future.
1 I feel discouraged about the future.
2 I feel I have nothing to look forward to.
3 I feel that the future is hopeless and that things cannot improve.

3) 0 I do not feel like a failure.
1 I feel I have failed more than the average person.
2 As I look back on my life, all I can see is a lot of failures.
3 I feel I am a complete failure as a person.

4) 0 I get as much satisfaction out of things as I used to.
1 I don't enjoy things the way I used to.
2 I don't get satisfaction out of anything anymore.
3 I am dissatisfied or bored with everything.

5) 0 I don't feel particularly guilty.
1 I feel guilty a good part of the time.
2 I feel quite guilty most of the time.
3 I feel guilty all of the time.

6) 0 I don't feel I am being punished.
1 I feel I may be punished.
2 I expect to be punished.
3 I feel I am being punished.

7) 0 I don't feel disappointed in myself.
1 I am disappointed in myself.
2 I am disgusted with myself.
3 I hate myself.
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8) 0 I don't feel I am any worse than anybody else.
1 I am critical of myself for my weaknesses or mistakes.
2 I blame myself all the time for my faults.
3 I blame myself for everything bad that happens.

9) 0 I don't have any thoughts of killing myself.
1 I have thoughts of killing myself, but I would not carry them out.
2 I would like to kill myself.
3 I would kill myself if I had the chance.

10) 0 I don't cry any more than usual.
1 I cry more now than I used to.
2 I cry all the time now.
3 I used to be able to cry, but now I can't cry even though I want to.

11) 0 I am no more irritated now than I ever am.
1 I get annoyed or irritated more easily than I used to.
2 I feel irritated all the time now.
3 I don't get irritated at all by things that used to irritated me.

12) 0 1 have lost not interest in other people.
1 I am less interested in other people than I used to be.
2 I have lost most of my interest in other people.
3 I have lost all of my interest in other people.

13) 0 1 make decisions about as well as I ever could.
1 I put off making decisions more than I used to.
2 I have greater difficulty in making decisions than before.
3 I can't make any decisions at all any more.

14) 0 1 don't feel I look worse than I used to.
1 I am worried that I am looking old and unattractive.
2 I feel that there are permanent changes in my appearance and they make me look 
unattractive.
3 I believe that I look ugly.

15) 0 1 can work about as well as before.
1 It takes extra effort to get started at doing something.
2 I have to push myself very hard to do anything.
3 I can't do any work at all.

16) 0 1 can sleep as well as usual.
1 I don't sleep as well as I used to.
2 I wake up 1-2 hours earlier than usual and find it hard to get back to sleep.
3 I wake up several hours earlier than I used to and cannot get back to sleep.
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17) 0 I don't get any more tired than usual.
1 I get tired more easily than I used to.
2 I get tired from doing almost anything.
3 I am too tired to do anything.

18) 0 My appetite is no worse than usual.
1 My appetite is not as good as it used to be.
2 My appetite is much worse now.
3 I have no appetite at all any more.

19) 0 1 haven't lost much weight, if any lately. I am purposely trying to lose
1 I have lost more than 5 pounds. weight eating less: (Circle)
2 I have lost more than 10 pounds. Yes No
3 I have lost more than 15 pounds.

20) 0 I am no more worried about my health than usual.
1 I am worried about my physical problems such as aches and pains, upset stomach or 
constipation.
2 I am very worried about physical problems and it's hard to think about much else.
3 I am so worried about my physical problems that I cannot think about anything else

21) 0 1 have not noticed any recent change in my interest in sex.
1 I am less interested in sex than I used to be.
2 I am much less interested in sex now.
3 I have lost interest in sex completely.
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Appendix 4. Numbers of patients screened and examined in the overall study

Overall Examined Not examined 
n n n

Screened positive 679
Excluded after review of records 438
Eligible 241 202 39
Declined 33
Died 6
Seen 202
Participation rate (%) 83.82
All patients with parkinsonism 235 148 87
Primary parkinsonism 170 137 33

Probable PD 152 120 32
Possible PD 4 4 0

PD overall 156 124 32
Atypical parkinsonism 14 13 1

MSA 4 3 1
PSP 6 6 0

Atypical parkinsonism not otherwise specified 4 4 0
Secondary parkinsonism 65 11 54

Drug-induced parkinsonism 43 0 43
Parkinsonism following dementia 5 0 5

Vascular parkinonism 17 11 6
Patients without parkinsonism 54
Non-parkinsonian tremor 46
Other 8


