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Abstract 

Background: Idiopathic parkinsonism is a neurodegenerative syndrome of 
unknown cause and includes Parkinson’s disease (PD) and atypical parkinsonian 
disorders. The atypical parkinsonian disorders are: Multiple system atrophy 
(MSA), progressive supranuclear palsy (PSP) and corticobasal degeneration 
(CBD). The incidence rates of these diseases in Sweden are largely unknown. The 
diagnosis of each disease relies mainly on clinical examination although several 
imaging and laboratory parameters may show changes. A diagnosis based on 
clinical examination is especially difficult early in the course of each disease; 
diagnosis is easier later on when disease-charactersistic signs have evolved and 
become more prominent. However, even in later stages it is not uncommon that 
patients are misdiagnosed. PD can be divided into subgroups based on the main 
clinical symptoms, i. e. tremor dominant, postural instability and gait difficulty 
(PIGD), and indeterminate. The PIGD subtype has worse prognosis including 
higher risk of dementia. The aims were to study the incidence of idiopathic 
parkinsonism and the different specific parkinsonian disorders in the Umeå 
region and to investigate the patients early in the course of the disease with brain 
magnetic resonance tomography (MRI), external anal sphincter 
electromyography (EAS-EMG) and oculomotor examination. Can these methods 
improve the differential diagnostic work-up and/or differentiate between the 
subtypes of PD? Methods: We examined all patients in our catchment area 
(142,000 inhabitants) who were referred to us due to a suspected parkinsonian 
syndrome. Our clinic is the only clinic in the area receiving referrals regarding 
movement disorders. During the period (January 1, 2004 through April 30, 
2009) 190 patients fulfilled the inclusion criteria and were included in the study. 
Healthy volunteers served as controls. Results: Incidence: We found the 
highest incidences reported in the literature: PD (22.5/100,000/year), MSA 
(2.4/100,000/year), and PSP (1.2/100,000/year). No CBD patients were 
encountered. Brain MRI: Degenerative changes were common both in controls 
and PD. There were no differences between the PD subtypes. EAS-EMG: 
Pathological changes in EAS-EMG examination were common in PD, MSA and 
PSP. It was not possible to separate PD, MSA and PSP by the EAS-EMG 
examination. Oculomotor examination: Pathological results were common in all 
diagnosis groups compared to controls. It was not possible to separate PD, MSA 
and PSP or the PD subtypes with the help of oculomotor examination. 
Conclusions: The incidences of idiopathic parkinsonism, PD, MSA and PSP 
were higher than previously reported in the literature. It is not clear weather this 
is due to a true higher incidence in the Umeå region or a more effective case-
finding than in other studies. MRI, EAS-EMG and oculomotor examination 
could not contribute to the differential diagnostic work-up between PD, MSA and 
PSP nor differentiate between PD subtypes early in the course of the disease. 
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Introduction 

Parkinsonism 
Parkinsonism is a constellation of symptoms and signs. The definition used 
in this thesis is the United Kingdom Parkinson’s Disease Society Brain Bank 
(UK PDSBB) definition: Bradykinesia plus at least one of the following: 4-6 
Hz rest tremor, muscular rigidity or postural instability not caused by 
primary visual, vestibular, cerebellar or proprioceptive dysfunction.1 

Parkinsonism can be idiopathic or secondary. The idiopathic causes of 
parkinsonism are Parkinson’s disease (PD) and the atypical forms (also 
known as “Parkinson plus syndromes”): Multiple system atrophy (MSA), 
Progressive supranuclear palsy (PSP), and Corticobasal degeneration (CBD). 
Dementia with Lewy bodies (DLB), which also, in cases with parkinsonism, 
can be classified as an atypical idiopathic parkinsonian disorder, can be 
distinguished from PD mainly by the temporal profile of symptom onset, i.e. 
if dementia occurs before 12 months after onset of the motor symptoms, then 
the patient has DLB and not PD. There are several possible causes of 
secondary parkinsonism, e.g. drug side effects (often neuroleptics), brain 
tumor, adult hydrocephalus syndrome, vascular parkinsonism, encephalitis, 
and toxins. 

Overview of idiopathic parkinsonian disorders 
An unfortunate common feature of the idiopathic parkinsonian disorders is 
that there is no cure, and there are no disease-modifying treatments. The 
causes of the diseases are largely unknown. The importance of genetic 
factors for PD has been inceasingly recognized during the last decade. There 
are both autosomal dominant and autosomal recessive forms. Today 18 
genetic loci are known to be associated with PD, and in six of these the 
mutated gene has been identified. These mutations are responsible for 5-10% 
of PD in most parts of the world. The genetic forms of PD are usually of 
young-onset type. Guidelines for genetic diagnostic testing have been 
proposed.2 However, as recognized by the authors, the absence of disease-
modifying therapies and the variable penetrance of most known mutations 
limit the unsefulness of genetic diagnostic testing for PD in clinical practice. 

A common feature of the idiopathic parkinsonian disorders is the 
diminishing production of dopamine due to the degeneration of neurons in 
the substantia nigra. In the atypical parkinsonian disorders the degeneration 
is more widespread and also affects the post-synaptic neurons thus leading 
to less responsiveness to treatment with dopaminergic drugs. 

The atypical parkinsonian disorders severely reduce life expectancy while 
PD has a more limited influence. 
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Parkinson’s disease (PD) 
PD is a progressive neurodegenerative disease first described by dr James 
Parkinson in 1817.3 In the microscope, inclusion bodies (Lewy-bodies) can be 
seen in neurons, e.g. in the substantia nigra. According to Braak et al. the 
disease starts in the medulla oblongata (the dorsal motor nucleus of the 
glossopharyngeal and vagal nerves) and in the anterior olfactory nucleus.4 
Thereafter the pathology spreads in an ascending way, eventually engaging 
most of the brain areas.4 PD is a synucleinopathy; the Lewy bodies mainly 
consist of aggregates of α-synuclein. DLB is also a synucleinopathy. There is 
emerging evidence that misfolded α-synuclein can be transferred form cell to 
cell in a prion-like manner.5 Transplanted fetal mesencephalic nerve cells 
transplanted to patients with PD have been shown to contain α-synuclein at 
autopsy more than 10 years after the transplantation.5  

Common initial motor signs and symtoms of the disease are: decreased 
arm-swing when walking (unilateral), micrographia and other forms of 
reduced dexterity, difficulty to keep an upright position of the trunk, and 
resting tremor of a limb (unilateral). Before the onset of the classical motor 
parkinsonism there are often non-motor signs and symtoms, e.g. anosmia or 
hyposmia, constipation, depression, anxiety and rapid eye movement sleep 
behaviour disorder (RBD). The relation between these signs and symtoms, 
and the subsequent development of PD is most compelling for 
anosmia/hyposmia6 and RBD7. These very early signs and symptoms could 
be of value in the process of identifying patients with very early PD, which 
would be of utmost importance if and when a neuroprotective treatment 
becomes available. Onset of clinical symptoms occurs when mean putamen 
dopaminergic metabolism, as estimated by [18F]dopa PET, falls to 75% of 
normal8 and an early intervention with a neuroprotective drug could perhaps 
prevent this. 

The motor symptoms progress gradually and engage both left and right 
sides of the body, most often with a sustained asymmetry of the symptoms 
and signs. Also the non-motor symptoms progress and eventually become 
more disabling than the motor symptoms. Examples of non-motor 
symptoms are cognitive impairment and dementia, RBD, hallucinations, 
delusions, depression, dysphagia, and drooling. 

The prognosis of PD depends of the clinical subtype. The postural 
instability and gait difficulty (PIGD) subtype has a substantially increased 
risk of developing dementia than does the the tremor dominant (TD) 
subtype.9 

The development of symptomatic treatments with drugs and 
neurosurgical interventions are rapidly evolving. The cornerstone in the 
treatment is dopaminergic medication. Levodopa (L-DOPA) treatment made 
available in the late 1960s due to the work by Arvid Carlsson10,11, Oleh 
Hornykiewicz and Walther Birkmayer12,13, and George Cotzias14, is still the 
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most effective treatment. L-DOPA is a precursor that via decarboxylation in 
the brain neurons converts to dopamine. The post-synaptic receptors can 
also be stimulated with dopamine agonists. Other pharmacological agents 
used in the treatment of PD are: decarboxylase inibitors, monoamine oxidase 
(MAO) B inhibitors, catechol–O–methyl transferase (COMT) inhibitors and 
N-methyl-D-aspartate (NMDA) antagonists (glutamate receptor). In 
advanced stages, drug delivery with portable pumps is utilized 
(subcutaneous delivery of apomorphine or intestinal delivery of L-DOPA). 

Neurosurgical interventions for the treatment of PD were developed 
during the mid 20th century. These treatments were based on ablations of 
different targets in the brain. The development of surgical treatments came 
to a standstill when the effective treatment with L-DOPA was introduced. 
However, the L-DOPA treatment was not without problems and side effects, 
e.g. development of dyskinesias after a few years of treatment. Therefore, the 
surgical treatments experienced a renaissance. The Laitinen paper from 
199215 made a great impact, and the pallidotomy was reintroduced 
worldwide. The next milestone in the neurosurgical treatment was the report 
from Benabid’s group in Grenoble, France, on the use of implantable brain 
electrodes in the treatment of Parkinson’s disese.16 Since then, deep brain 
stimulation (DBS) has become a standard treatment in advanced PD where 
standard peroral treatment cannot give adequate symptom relief. The most 
common target in DBS treatment for PD is the subthalamic nucleus. 

There are no direct comparative data available regarding the treatment 
options of PD in advanced stages (intestinal L-DOPA infusion, subcutaneous 
infusion of apomorpine and DBS). Therefore, the choise of treatment will be 
determined by clinical judgement and patient preference.17 

Multiple system atrophy (MSA)  
MSA is a disease with prominent dysautonomia in the symptom profile. The 
term MSA was introduced by Graham and Oppenheimer in 1969.18 There are 
three sub-groups: MSA with predominant parkinsonism (MSA-P), MSA with 
predominant cerebellar ataxia (MSA-C) and pure autonomic failure (PAF). 
MSA is a synucleinopathy. 

Orthostatic hypotension and urinary incontinence are common symptoms 
in MSA. In later stages dysarthria and dysphagia usually severely affect the 
quality of life. 

The treatment is mainly symptomatic, e.g. against orthostatic hypotension 
since the response to dopaminergic treatment is usually limited. 

Progressive supranuclear palsy (PSP) 
PSP was first described by Richardson, Steele and Olszewski in 1963.19 The 
hallmark of the disease is the supranuclear disturbance of the eye 
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movements, initially a slowing of saccades followed by complete paralysis. 
PSP is a tauopathy. 

During the course of the disease the balance gets worse, dysphagia and 
also frontal lobe dementia develop.  

There are clinical variants of PSP. The classic PSP picture, as presented by 
Richardson, Steele and Olszewski, is refrerred to as Richardson’s syndrome 
(RS).20 PSP-parkinsonism (PSP-P) is a variant dominated by parkinsonian 
features, and it has less severe tau pathology than RS.20 In patients who 
present with early gait disturbance, micrographia, and hypophonia with 
eventual gait freezing, the condition is denominated as PSP-pure akinesia 
with gait freezing (PSP-PAGF).21 The patients with PAGF only have atrophy 
and neuronal loss in the globus pallidus, substantia nigra, and the 
subthalamic nucleus.20 

The treatment is mainly symptomatic, e.g. against drooling of saliva since 
the response to dopaminergic treatment is usually limited. 

 

Corticobasal degeneration (CBD) 
The first patients with CBD were reported in 1967.22 CBD is a 
neurodegenerative disease with a very asymmetrical symptom profile. CBD 
is a tauopathy. There are also other tauopathies besides PSP and CBD, e.g. 
Alzheimer’s disease and frontotemporal dementia. 

Typical for the disease is development of an alien limb phenomenon, i.e. 
the patient does not recognize his/her own upper limb. The limb moves and  
complex movements occur without the patient’s voluntary control. Speech 
dysfunction, cortical sensory loss and dystonia are also parts of the 
syndrome. 

The treatment is mainly symptomatic since the response to dopaminergic 
treatment is usually limited. 

Differential diagnosis 
PD is the most common cause of idiopathic parkinsonism, but the 
differential diagnostic work-up can be difficult, especially early in the course 
of the disease.  

The established clinical diagnostic criteria for PD and the atypical forms 
rely mainly on the patient history and clinical examination. The criteria are 
not designed for use in the differential diagnostic process early in the course 
of the disease. Instead, they are to be used as a means to select patients with 
an unequivocal diagnosis for entrance into various studies on the diseases. 
The UK PDSBB diagnostic criteria for definite PD include prospective 
criteria which require an observation period, e.g. for evaluation of response 
to dopaminergic treatment.1 Two of the criteria require an observation 
period of five to ten years, thus not useful in the early stage of the disease. 
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The Gelb diagnostic criteria also utilize criteria that require a long 
observation period.23 

To date the following auxiliary tests are not implemented in the diagnostic 
criteria: structural brain magnetic resonance imaging (MRI), diffusion 
weighted imaging (DWI), positron emission tomography (PET), pre- and 
post-synaptic single photon emission computed tomography (SPECT), 
analyses of biomarkers in blood and cerebrospinal fluid (CSF), external anal 
sphincter electromyography (EAS-EMG), test of olfactory function, and 
transcranial Doppler (TCD) ultrasonography. However, there is one 
exception. In the revised MSA criteria by Gilman et al. from 200824, 
structural brain MRI and brain presynaptic radioligand examinations with 
SPECT and PET are utilized. The above mentioned, and other, methods have 
been extensively studied in PD and the atypical forms of parkinsonism, and 
specific findings have been described. However, with few exceptions, these 
studies were performed late in the course of the diseases (when all 
established specific diagnostic criteria for the respective diseases can be 
applied). 

Pathologically verified reports of errors in the clinical diagnosis of PD in 
the magnitude of 10 to 25% in a highly specialized movement disorders 
center have been published.25,26 These studies showed a high proportion of 
erroneous diagnosis of PD, and it is to be noticed that the patients had 
attended this specialized clinic for several years. Thus, the incorrect 
diagnoses were not de novo cases where the diagnosis is even more difficult 
to establish. In a report from a Canadian movement disorder clinic the initial 
clinical diagnosis of PD was wrong in 35% of the cases.27 The clinical 
diagnosis after a mean of 12 years of clinical observation was wrong in 24%.27 

It is noteworthy that, in the studies from Hughes et al. 25,26, the diagnosis 
of the individual patients was not based on a strict use of sets of criteria. In 
the study from 2001 it was shown that the accuracy of the diagnoses did not 
improve when retrospectively applying the United Kingdom Parkinson’s 
Disease Society Brain Bank (UK PDSBB) criteria for PD.26 

The same group from the UK came to the conclusion that neurologists 
with particular expertise in movement disorders probably use a pattern 
recognition approach in the diagnostic process which results in a higher 
proportion of correct, pathologically confirmed, diagnoses than can be 
achieved using the formal set of diagnostic criteria.28 In their series of 143 
patients with parkinsonism, 122 were correctly diagnosed. For PD the 
accuracy was remarkably high, of 73 patients clinically diagnosed with PD, 
72 had a pathologically confirmed diagnosis of PD. 

Katzenschlager et al. reported that four to five per cent of patients referred 
to two tertiary movement disorder centers could not be diagnosed with a 
specific diagnosis.29   
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There is a need for improvement of the clinical diagnostic criteria for PD 
and the atypical parkinsonian disorders. A correct diagnosis at an early stage 
is necessary for a correct prognosis, which is important for both patients and 
caregivers. It is a big difference to get a diagnosis of PD, which only 
marginally reduces the expected remaining life time, at least for those who 
do not develop dementia30, and MSA, where the median survival time is 8.6 
years for men and 7.3 years for women31.  For PSP the median survival is 
eight years.32 Early and correct diagnosis will also be a prerequisite if and 
when neuroprotective or disease-modifying treatments become available for 
parkinsonian disorders.33 Most likely an improvement of the diagnostic 
procedure will require use of several or a combination of auxiliary tests 
(biomarkers).34 

How to evaluate the usefulness of auxiliary tests in early stages of 
the disease when the clinical diagnosis is most uncertain 
An inherent problem when trying to evaluate the value of auxiliary tests early 
in the course of the diseases is that the diagnosis is most uncertain during 
that phase. The only way to get around this problem is a prospective 
approach of data collection, i.e. to test patients with parkinsonism at the 
earliest possible stage, and then do several years follow-ups to be able to 
make a reasonably accurate clinical diagnosis. (Ideally, diagnosis should be 
pathologically confirmed.) The obvious drawback of this approach is that a 
study will take several years to yield valid results. 

Incidence 
The literature on annual incidence rates of idiopathic parkinsonism reveals a 
broad variety of annual incidence rates (Appendix 1a35). From the Nordic 
countries the following age-adjusted annual incidence rates for PD are 
reported: Sweden 7.936, Finland 15.737 and 14.938, Denmark (crude 
incidences) 8.739 and 21.1 (Faroe Islands)40, Iceland (crude incidence) 1641 
and Norway 12.642. 

The results of the different studies are difficult to compare due to the use 
of different diagnostic criteria, different levels of expertise to confirm the 
diagnosis, use of follow-up examination, different case-finding strategies 
(e.g. prospective or retrospective approach, use of multiple sources, and the 
possible use of population screening). In a review from 2003, Twelves et al. 
noted that only few good quality studies exist, and they gave an annual 
incidence rate of approximately 17/100,000/year.43 In the same review a list 
of minimal scientific criteria was suggested.43 In summary, the following 
provisional minimal set of criteria were suggested for future incidence 
studies: 1) The base population should ideally not be too small (too few 
cases) and not too big (difficult to achieve adequate detection). A population 
between 250,000 and 500,000 was suggested as suitable. 2) The studies 
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should be prospective to maximize case ascertainment and data accuracy. 3) 
Multiple sources should be used to identify possible cases. Contact should be 
established with local residential or nursing homes to minimize the number 
of very elderly who might be missed otherwise. 4) As many as possible of the 
possible cases should be seen by an expert in movement disorders to confirm 
the diagnosis. 5) Ideally, an incident case should be defined by specific 
symptom onset rather than date of diagnosis, but in most prospective studies 
the date of diagnosis may be the most practical definition. 6) Clear and 
consistent inclusion and exclusion criteria should be applied. 7) Ideally, 
studies should have some follow-up to give information on response to 
dopaminergic therapy, disease progression, and development of other 
features suggestive of a parkinsonian plus syndrome. 8) Incidence rates 
should be reported by standard age strata to enable comparisons between 
studies. A confidence interval should be given.43 

The age-specific annual incidence rates of parkinsonian diseases increase 
with age, at least up to approximately 80 years of age. Most studies report a 
decline in age-specific incidence rates among the oldest (>80 years of age), 
but one study from Italy44 reported a more than two-fold increase in the age 
group 80 to 84 years compared to the age group 75 to 79 years. The fact that 
most studies report a peak age-specific annual incidence rate between 70 
and 79 years can have two explanations. 1) Difficulty to identify and diagnose 
(due to, e.g. incapacitating comorbidities) in the very-old persons45 leading 
to a false low incidence rate. 2) There is a true decline in incidence among 
the >80 year-olds. This could indicate that there exists a “window of 
vulnerability” for PD.46 

Incidence of PD in Sweden 
The only previous study on the incidence on PD in Sweden, the study by Fall 
et al. from 1996, reported a crude annual incidence rate of 11.0 per 100,000 
(age-adjusted annual incidence rate was 7.9).36 The study was rather small 
with 49 new cases in three years and was not optimally designed for 
incidence rate calculation. The incidence rate was calculated from a 
prevalence cohort retrospectively analyzed for time of symptom onset. 

Magnetic resonance tomography (MRI) 
The role of brain MRI in the differential diagnostic work-up in parkinsonism 
has mainly been to rule out secondary causes, e.g. hydrocephalus. However, 
recent development of advanced MRI techniques, e.g. diffusion weighted 
imaging (DWI), has shown that it is possible to distinguish characteristic 
pathological findings that could separate PD, MSA and PSP from each 
other.47 It is also possible to visualize the degeneration of substantia nigra 
with segmented inversion recovery ratio imaging (SIRRIM).48 The advanced 
MRI techniques are not readily available in most hospitals, and therefore 
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studies using conventional MRI techniques could yield results possible to 
implement in a clinical routine setting. Yekhlef et al. showed that it was 
possible to discriminate between PD and atypical parkinsonism (MSA, PSP 
and CBD), with a positive predictive value (PPV) of 90%, using a routine 
MRI protocol.49 The patients had disease duration of 2.7 to 6.0 years. 

External anal sphincter electromyography (EAS-EMG) 
Degeneration of Onuf’s nucleus in the sacral spinal cord occurs as part of the 
widespread CNS degeneration seen in parkinsonism, mainly MSA. This 
affects the functional integrity of the external anal sphincter, and the pattern 
of degeneration/regeneration can be detected via EMG examination where 
the motor unit potentials (MUPs) become polyphasic and show prolonged 
duration.  

In the literature, it is suggested that degeneration of Onuf’s nucleus is 
typical for MSA and does not occur in PD.50 However, the possible 
occurrence of Onuf’s nucleus pathology in PD has not been systematically 
studied. There is one case-report from the UK PDSBB group that presented a 
patient presenting with dysautonomia and poor response to dopaminergic 
medication.51 The patient was clinically diagnosed with MSA, but the autopsy 
showed that the patient had PD and had degeneration of Onuf’s nucleus with 
the presence of Lewy-bodies and Lewy neurites in the sacral spinal cord. The 
patient had not been examined with EAS-EMG. 

Yamamoto et al. reported that the prevalence of neurogenic changes in the 
EAS does not seem to be high during the first years of MSA (57% of patient 
after two years). Thus a negative EAS-EMG result cannot exclude the 
diagnosis of MSA.52 

EAS-EMG has been reported to be able to separate PD from MSA, 
especially during the first five years of the diseases53,54. Negative results have 
also been published where it was not possible to distinguish between MSA 
and PD with the help of EAS-EMG.55 We are not aware of any population-
based EAS-EMG studies in parkinsonian patients. On the contrary, the 
reported patients were highly selected. 

In summary, the overall current opinion seems to be that EAS-EMG 
findings of signs of denervation/reinnervation, in patients with idiopathic 
parkinsonism, support a diagnosis of MSA (and also to some extent PSP), 
but is not compatible with a clinical diagnosis of PD. 

Oculomotor examination  
The degenerative processes of the different idiopathic parkinsonian 
syndromes affect the oculomotor system in different ways. The most well 
known example is PSP, where a vertical supranuclear oculomotor paralysis 
or a slowing of saccades, mostly affecting the vertical saccades, is required 
for a clinical diagnosis. Vertical supranuclear palsy is rarely present at 
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symptom onset; it usually takes three to four years for it to develop.56 The 
cause of the slowing of saccades in PSP is not entirely clear. It has been 
suggested to be secondary to dysfunction in the rostral interstitial nucleus of 
the medial longitudinal fasciculus (riMLF).57  

In PD, precision is affected (hypometria). Due to impaired inhibition, PD 
patients have prolonged latency when testing of anti-saccades. The impaired 
inhibition also affects (lowers) the smooth pursuit gain via saccadic 
intrusions (anticipatory saccades).57 Treatment with dopaminergic drugs 
(apomorphine58 and levodopa59) has been shown to improve smooth pursuit 
gain in PD. 

In MSA there is a predominance of a cerebellar type of oculomotor 
dysfunction due to olivo-ponto-cerebellar degeneration. This results in 
lowering of smooth pursuit gain (with catch-up saccades), positioning down-
beat nystagmus, and impaired vestibulo-ocular reflex suppression.57  

In CBD the most typical finding is a prolonged latency but with preserved 
velocity of the saccades. 

Although the severe oculomotor affection (slow saccades/supranuclear 
palsy) in full-blown PSP is readily detectable at bedside examination, the 
more subtle changes in oculomotor function in the early stages, and in other 
parkinsonian disorders (e.g. PD, MSA and CBD) are not always so easily 
detected. An examination in a specialized laboratory yields detailed 
information of functional integrity of the oculomotor system.  

Variables commonly studied are: 1) saccades: latency, velocity, amplitude 
(precision), 2) anti-saccades (look away from target): latency, velocity, 
amplitude (precision), 3) square wave jerks (SWJs), and 4) smooth pursuit 
gain (eye velocity/target velocity). 
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Aims of the study 

The overall aims of this thesis were: to investigate the incidence of idiopathic 
parkinsonism in the Umeå area, to investigate if specific findings in MRI, 
external anal sphincter EMG and oculomotor tests could be detected already 
in connection with the first visit after referral, and to determine if these 
changes could contribute to the differential diagnostic process. An additional 
aim was to make the findings applicable to other populations by making 
every effort to ensure that our study population was unselected and truly 
population-based.  

Investigation area 
The southeast part of Västerbotten’s County in Sweden (Umeå, Nordmaling, 
Bjurholm, Vännäs, Vindeln, Robertsfors and Umeå) (fig.1). 

Figure 1. Map of the investigation area. 

 
 

 
 
 
 

 
 
Map printed with permission from Pantzare Information AB, Luleå, Sweden. 
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Specific aims: 

Paper I 

To investigate the annual incidence rate of idiopathic parkinsonism in 
Umeå and surrounding municipalities (Nordmaling, Vännäs, Bjurholm, 
Vindeln, Robertsfors). 
To study changes in the clinical diagnosis between the baseline visit and 
the 12-month follow-up visit. 
To investigate the proportion of clinical subtypes of PD. 
To investigate demographic and clinical differences between men and 
women. 

Paper II 

To investigate the type and severity of structural changes in brain MRI in 
newly diagnosed PD patients. 
To relate the findings to clinical subtypes, clinical manifestations and 
demographic data. 
To compare the results between patients with definite PD and probable 
PD. 

Paper III 

To compare the results of EAS-EMG examination between patients with 
PD, MSA and PSP. 

 

Paper IV 

To compare the results of oculomotor examination between patients with 
PD, MSA and PSP.  

To compare the results of oculomotor examination between the PIGD and 
TD subtypes of PD.  
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Materials and methods  

The common base for the papers in this dissertation was an unselected 
community-based population of patients with idiopathic parkinsonism. The 
incidence cohort was investigated for subclassification of different forms of 
parkinsonism.  

The catchment area was the local catchment area of Umeå University 
hospital. We chose this area rather than the whole county of Västerbotten in 
order to achieve as complete identification of cases as possible. Patients were 
included during 5.25 years (January 1, 2004 --- April 30, 2009). The patients 
will be followed for at least five years yielding a total data collection period of 
at least 10.25 years. In this thesis different parts of this cohort were used. 

 In the catchment area there is only one neurological department and this 
department employs all neurologists in the study area. The local tradition is 
to refer all patients with suspected parkinsonism to the Department of 
Neurology in Umeå.  

We wrote a letter twice a year to all general practitioners, geriatricians, 
private practitioners, internists, psychiatrists, neurosurgeons, and company 
health services in the area to inform them and to remind them of our 
incidence project and to ask for referrals. Institutions, e.g. homes for the 
elderly, were screened by visits or by interview. 

All patients were, after referral, examined by a neurologist specialized in 
movement disorders. A video-tape of the UPDRS-III examination was 
evaluated by another neurologist specialized in movement disorders. In that 
way the presence of parkinsonism was ascertained with the exception of 
rigidity which can not be judged by video evaluation. 

Inclusion criteria 
Presence of parkinsonism according to UK PDSBB, i.e. bradykinesia in 
combination with at least one of the following: 4-6 Hz rest tremor, muscular 
rigidity or postural instability not caused by primary visual, vestibular, 
cerebellar or proprioceptive dysfunction.1 

Exclusion criteria 
Mini mental state examination (MMSE) score <24. Patients with secondary 
parkinsonism, e.g. history of current use of neuroleptics or other drugs with 
extrapyramidal side effects and vascular parkinsonism.  

Clinical diagnostic criteria 
In this thesis the following clinical diagnostic criteria are used: 1) PD – the 
UK PDSBB criteria for definitive PD.1 For probable PD the same criteria were 
used but only one or two supportive criteria were needed (for definite PD 



 

14 

three or more supportive criteria are needed). 2) MSA – the Gilman criteria 
from 1999.60 3) PSP – the Litvan criteria from 1996.61 4) CBD – the Litvan 
criteria from 2003.62 5) DLB – the McKeith criteria from 1996.63  

The clinical diagnostic criteria are not mutually exclusive, and it is thus 
possible to fulfill clinical diagnostic criteria for, e.g. both definite PD and 
probable MSA-P. In such cases where a patient fulfilled criteria for both PD 
and MSA or PSP we labeled the patient with the atypical diagnosis. 

UK PDSBB clinical diagnostic criteria for PD1 

Step 1. Diagnosis of parkinsonian syndrome 
Bradykinesia (slowness of initiation of voluntary movements with 

progressive reduction of speed and amplitude of repetitive actions. 
And at least one of the following: 
a. Muscular rigidity 
b. 4-6 Hz rest tremor 
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 crises 
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** 
Early severe dementia with disturbances of memory, language and praxis 
Babinski sign 
Presence of a cerebral tumor or communicating hydrocephalus on CT scan 
Negative response to large doses of levodopa (if malabsorption is 
excluded) 
MPTP exposure 

 
*We disregarded the exclusion criterion “more than one affected relative” 

since it is now known that PD can have a substantial genetic background. 
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**We operationally defined “early severe autonomic involvement” as 
symptomatic orthostatic blood pressure fall (> 30 mm systolic or >15 mm 
diastolic) or presence of urinary incontinence within 12 months from the 
baseline visit. 

Step 3. Supportive prospective positive criteria for Parkinson’s disease. 
Three or 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 
 
 

Overall research plan 
The overall research plan was to prospectively identify, and then to follow an 
unselected incidence cohort with idiopathic parkinsonism, to repeatedly 
perform auxiliary tests, and to repeatedly apply the established clinical 
criteria for the different parkinsonian diagnoses. Autopsy-proven diagnosis 
would be obtained whenever possible. This approach made it possible to 
analyze the possible associations between the auxiliary tests and the clinical 
diagnoses. A condensed summary of the overall research plan is presented in 
Table 1. 
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Table 1. Condensed overview of the five-year data collection period. 
 

 Baseline 
visit 

0.5 
year 

1 
year  

2 
years 

3 
years 

4 
years 

5 
years 

Application of clinical diagnostic 
criteria. 

x x x x x x x 

UPDRS x x x x x x x 
Hoehn & Yahr x x x x x x x 
Orthostatic BP x x x x x x x 
MMSE x x x x x x x 
Neuropsychological test x  x  x  x 
Structural and functional brain 
MRI 

x  x  x  x 

FP-CIT-SPECT x  x  x  x 
IBZM-SPECT x  x  x  x 
Oculomotor examination x  x  x  x 
EAS-EMG x    x   
Facial reflexes x  x  x  x 
CSF x  x  x  x 
Blood x x x x x x x 
Smell identification test (UPSIT) x  x x x x x 

 
 
UPDRS Unified Parkinson’s disease rating scale 
UPSIT  University of Pennsylvania Smell Identification Test (12 tests) 
BP  Blood pressure 
CSF  Cerebrospinal fluid 
MRI  Magnetic Resonance Tomography 
FP-CIT  123I-N-(omega)-fluoropropyl-2-ß-carbomethoxy-3-ß-(4-

iodophenyl)nortropane 
IBZM  123I -iodobenzamide  
SPECT  Single Photon Emission Computed Tomography  
MMSE Mini Mental State Examination 
EAS-EMG External Anal Sphincter Electromyography 
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FP-CIT SPECT 
FP-CIT SPECT was evaluated in a clinical routine setting, with visual 
grading, and classified as normal, borderline or pathological. Visual grading 
of FP-CIT-SPECT has been shown to be able to separate parkinsonism (PD, 
PSP and MSA) from essential tremor and healthy controls.64 The 
examination was, with few exceptions, done before start of dopaminergic 
treatment. 
 

Statistics 
The incidence rates were adjusted to the mean Swedish population for the 
study period by the direct method. Student’s t-test and Mann-Whitney U-
test were used for comparisons of normal and non-normal distributed data, 
respectively. Chi-Square test was used for test of proportions. Two-tailed 
tests were performed. Linear regression was used for testing of influence of 
age on tested variables. The Bonferroni correction was applied when 
appropriate. For calculation of the 95% confidence intervals the Poisson 
distribution was used for n<100 and the z distribution för n>100. For 
correlations the Spearman coefficients were calculated. We considered 
p<0.05 as significant. Kappa values were calculated for intrarater and 
interrater reliability. The data were analyzed with a PC-based statistical 
package SPSS for PC, versions 15 to 18 (SPSS Inc., Chicago, Iliinois, USA). 

Ethics 
The ethical committee of Umeå University approved of the studies in this 
thesis. All patients received oral and written information according to the 
Helsinki declaration and gave their written consent.  
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Paper I 

Incidence 
For the incidence calculation, patients were included and investigated from 
January 1, 2004 to December 31, 2007. The incidence date was set to the 
date of the baseline visit. The clinical diagnosis used was the diagnosis set at 
the 12-month follow-up visit.  

The study population 
The study population is shown in Table 2. 

 
Table 2.  
The mean population for the years 2004, 2005, 2006 and 2007 in the 
catchment area (Umeå, Nordmaling, Vindeln, Vännäs, Bjurholm and 
Robertsfors). 

 
 

Age Men Women Total 

0-29 år 29,568 28,394 57,962 

30-39 år 9,971 9,195 19,166 

40-49 år 8,996 8,683 17,679 

50-59 år 8,952 8,889 17,841 

60-69 år 6,905 7,038 13,943 

70-79 år 4,157 5,051 9,208 

80-89 år 2,011 3,275 5,286 

90+ 235 632 867 

Total 70,794 71,156 141,950 
 
 
All patients with suspected parkinsonism were examined by a neurologist 

specialized in movement disorders and a video film of the patient being 
examined according to UPDRS-III protocol65 was examined by another 
movement disorder specialist. If the patient had parkinsonism according to 
the UK PDSBB criteria1 the patient was included in the study. Excluded 
were: patients without parkinsonism, patients with early cognitive decline 
(MMSE <24), patients with essential tremor, patients with secondary 
parkinsonism, e.g. extrapyramidal side effects of neuroleptics and post-
stroke parkinsonism. The rational for excluding those with early cognitive 
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decline was: 1) Avoidance of including patients with DLB, and 2) The 
patients must be able to participate in the extensive test procedures. 

The patients were subclassified regarding different idiopathic 
parkinsonian disorders using established clinical diagnostic criteria: PD1, 
MSA60, PSP61, and CBD62. For probable PD the same criteria as for definite 
PD were used, but only one or two supportive criteria were needed 

Since the clinical diagnoses of PD, MSA, PSP and CBD are not mutually 
exclusive, a patient can fulfil the diagnostic criteria for more than one 
disease. In this study the patient was labelled with the diagnosis of atypical 
parkinsonism (MSA, PSP or CBD) if he/she fulfilled the diagnostic criteria 
for one of these diseases and also fulfilled the criteria for PD. 

Paper II 

Baseline MRI 
Patients were included during the period January 1, 2004 to January 17, 
2007. The clinical diagnosis used was the diagnosis obtained at the 12-
month follow-up visit. We only included patients with PD (definite or 
probable). 

The MRI examination 
The patients and controls were examined with a 1.5 Tesla Philips Intera ACS.  

MRI parameters evaluated:  
1) Degeneration of Putamen 
2) Volume of Putamen 
3) Hypointense signal in Putamen 
4) Hyperintense signal in Putamen 
5) Lateral putaminal slitlike hyperintensities 
6) Transaxial midbrain atrophy (Mickey Mouse Sign) 
7) Cranial midbrain profile (Hummingbird sign) 
8) Maximal midbrain antero-posterior diameter 
9) Midsagittal midbrain area 
10) Maximal pontine antero-posterior diameter 
11) Midsagittal pontine area 
12) Midsagittal midbrain/pons area ratio 
13) Dilatation of 3rd ventricle 
14) “Hot cross bun” in pons 
15) Vermian atrophy 
16) Cortical cerebellar atrophy 
17) Dilatation of 4th ventricle 
18) Antero-posterior distance dorsal pons – fastigum of 4th ventricle 
19) Anteroposterior diameter medulla oblongata 
20) Frontal atrophy 
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21) Parietal atrophy 
22) Dilatation of lateral ventricles 
23) Hyperintense signal in middle cerebellar peduncles 
24) Atrophy of superior cerebellar peduncles 
25) Atrophy of caudate nucleus 
 
This protocol was based on findings reported in the literature and mainly 

based on the study published by Yekhlef et al. 2003.49 To maximize the 
possible usefulness of the findings we chose variables that were easy to 
implement in a routine MRI clinical setting. 

One neuroradiologist did all evaluations, and he was blinded to the 
clinical diagnosis of the patients. The same radiologist blindly re-evaluated a 
subset of the examinations (n=20) to evaluate intra-observer agreement. 
Another neuroradiologist, also blinded, evaluated 20 randomly selected MRI 
examinations to evaluate the inter-rater reliability. 

Functional MRI (fMRI) was also a part of the MRI protocol, but this is not 
a part of this dissertation and is thus not further discussed. 

Paper III 

Baseline EAS-EMG examination 
Patients were included during the period January 1, 2004 to April 30 2009. 
Only patients with abnormal ligand uptake on FP-CIT SPECT were included. 
The EAS-EMG examination was done before the start of treatment with 
dopaminergic medication in 91% of the patients. 

Forty controls were examined (the same 23 as in a previous study from 
our laboratory66 and an additional 17 persons – all with non-specific anal, 
bowel or bladder symptoms and without neurological abnormalities). 

The EAS-EMG examination 
The EAS-EMG examinations were performed using the same methodology as 
in a previous study from our laboratory.66 The patients were examined in a 
lateral position with knees and hips flexed. Ten motor unit potentials 
(MUPs) were collected with a bipolar needle electrode positioned in ten 
different needle positions in the external anal sphincter muscle. The start 
and end points of each average potential were manually adjusted. Late 
components of the potentials were included. Great care was also taken to 
avoid sampling bias. We selected the first ten potentials successfully isolated 
from the background activity, irrespective of the individual motor units’ 
amplitudes, durations or firing rates. Only two examiners performed the 
examinations, both specialists in clinical neurophysiology. They were 
blinded to the clinical diagnosis of the patients. 
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The following MUP parameters were recorded: 1) mean amplitude (µV), 2) 
mean duration (ms), 3) maximum duration (ms), 4) proportion of MUPs >10 
ms duration, 5) proportion of polyphasic MUPs (>5 phases), and, 6) mean 
number of phases. 

 

Paper IV 

Baseline and 12-month oculomotor examination 
Patients were included during the period January 1, 2004 to April 30 

2009. Only patients with abnormal ligand uptake on FP-CIT SPECT were 
included. Patients who had started treatment with dopaminergic drugs at the 
time of the baseline examination were not included. Before the 12-month 
oculomotor examination the dopaminergic medication was stopped six 
elimination half lives before examination. 

The oculomotor examination  
Computerized videonystagmography recording equipment was used. A laser 
dot was projected on a screen and the movements of the eyes were recorded 
via an infrared pupil tracker. The following parameters were recorded: 1) the 
number of SWJs during 10 seconds when the instruction was to fixate the 
laser dot on the center of the screen, 2) saccades, ten repeats (vertical [20º 
up and down] and horizontal [40º bilaterally]; (latency [ms], velocity [º/s] 
and precision [100*(saccade amplitude/target amplitude)]), and 3) smooth 
pursuit gain (eye velocity/target velocity) at 20 and 30º/s (constant vertical 
speed, pendular, five pursuits at each direction and velocity). Anti-saccades 
were not possible to test. The examiner was blinded to the clinical diagnosis 
of the patients. 
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Overview of the initially included patients (n=190)  

 
Table 3. The 190 initially included patients. 
 

Patient 

code  

Paper 

I 

Paper 

II 

Paper 

III 

 

Paper 

IV 

Base-

line 

Paper  

IV  

One year 

follow-up 

FP-CIT-

SPECT 

   

4 Y     Not done    

5 Y     Pathol    

8 Y Y  Y Y Pathol    

9 Y Y Y Y Y Pathol    

10 Y Y  Y Y Pathol    

18 Y Y  Y Y Pathol    

19 Y Y Y Y  Pathol    

20 Y Y Y Y Y Pathol    

21 Y  Y Y Y Pathol    

22      Normal    

23 Y Y Y Y  Pathol    

24 Y  Y   Pathol    

33 Y Y Y Y Y Pathol    

34 Y Y Y Y Y Pathol    

35 Y  Y Y Y Pathol    

36 Y     Not done    

37 Y Y Y   Pathol    

39 Y Y Y Y Y Pathol    

42 Y Y Y Y Y Pathol    

43 Y Y    Pathol    

46 Y  Y Y Y Pathol    

53   Y Y Y Pathol    

57 Y  Y Y Y Pathol    

58 Y  Y Y Y Pathol    

59 Y Y Y Y Y Pathol    

60 Y Y Y   Pathol    

61 Y  Y Y Y Pathol    

62 Y Y Y Y Y Pathol    

63 Y     Not done    

64 Y Y Y   Pathol    

65 Y Y Y   Pathol    

66 Y  Y Y  Pathol    

67 Y Y Y Y Y Pathol    
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68 Y Y Y Y  Pathol    

72 Y Y Y Y  Pathol    

73 Y Y Y Y  Pathol    

74 Y Y Y Y Y Borderline    

75 Y  Y Y  Pathol    

76 Y Y    Normal    

78 Y Y Y Y Y Pathol    

79 Y  Y   Pathol    

81 Y Y Y Y Y Pathol    

82 Y Y Y Y Y Pathol    

86 Y Y Y Y Y Pathol    

87 Y Y Y   Pathol    

88 Y  Y Y Y Pathol    

89 Y  Y Y Y Pathol    

96 Y Y Y Y Y Pathol    

97 Y Y Y Y Y Pathol    

100 Y     Pathol    

101 Y Y Y Y Y Pathol    

105 Y Y    Normal    

106 Y Y Y Y Y Pathol    

114 Y Y Y Y  Pathol    

118 Y Y Y Y  Pathol    

119 Y     Pathol    

120 Y     Not done    

121 Y     Not done    

133 Y Y Y Y  Pathol    

141 Y Y Y Y Y Pathol    

146 Y Y Y Y Y Pathol    

150 Y Y Y Y Y Pathol    

151 Y Y Y Y Y Pathol    

154 Y  Y Y Y Pathol    

157 Y Y Y Y Y Pathol    

160 Y Y    Normal    

168 Y Y  Y  Pathol    

171 Y  Y Y  Borderline    

173 Y Y Y Y Y Pathol    

174 Y  Y   Pathol     

175 Y  Y Y Y Pathol    

177 Y Y Y Y Y Pathol    

180 Y Y Y Y Y Pathol    

187 Y Y Y Y Y Pathol    

188 Y Y Y Y Y Pathol    
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193 Y  Y Y  Pathol    

195 Y Y Y   Pathol    

196 Y Y Y Y Y Pathol    

197 Y     Not done    

198 Y Y Y Y Y Pathol    

199 Y Y Y Y Y Pathol    

201 Y  Y Y Y Pathol    

206 Y  Y Y  Pathol     

208 Y Y Y   Pathol    

211 Y Y  Y Y Pathol    

212 Y   Y  Pathol    

213 Y Y    Not done    

216 Y Y Y   Pathol    

218 Y  Y   Pathol    

219 Y     Pathol    

233 Y Y Y Y  Pathol    

239 Y Y Y Y  Pathol    

240 Y  Y Y Y Pathol     

243 Y     Pathol    

245 Y Y Y   Pathol    

257 Y  Y Y Y Pathol    

261 Y Y Y   Pathol    

264 Y     Pathol    

265 Y Y Y Y  Pathol    

269 Y     Pathol    

274 Y Y Y Y  Pathol    

276 Y     Not done    

278 Y Y Y Y Y Pathol    

282 Y  Y Y  Pathol     

284 Y Y Y Y Y Pathol    

287 Y     Not done    

288 Y Y    Pathol    

290 Y     Pathol    

291   Y Y Y Pathol    

294 Y  Y Y Y Pathol     

295 Y  Y   Pathol     

298 Y  Y Y Y Pathol     

300 Y  Y Y Y Pathol     

301 Y  Y   Pathol     

302 Y  Y Y Y Pathol     

309 Y  Y Y Y Pathol     

310 Y     Normal    
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311 Y  Y Y Y Pathol     

312 Y     Pathol     

315 Y  Y Y Y Pathol     

316 Y  Y Y Y Borderline    

320 Y  Y Y Y Pathol     

321 Y     Pathol     

323 Y  Y   Pathol     

324 Y  Y   Pathol     

325 Y  Y   Pathol     

328 Y  Y Y Y Pathol     

332 Y  Y Y  Pathol     

335 Y  Y Y  Pathol     

336 Y  Y Y  Pathol     

337 Y  Y Y  Pathol     

338 Y  Y Y Y Pathol     

340   Y   Pathol    

343 Y  Y Y  Pathol     

344 Y  Y Y Y Pathol     

355 Y  Y Y  Pathol     

356 Y  Y Y Y Pathol     

358 Y     Normal    

363 Y   Y  Pathol     

367 Y  Y Y Y Pathol     

369 Y     Not done    

371 Y  Y Y  Pathol     

375   Y Y Y Pathol    

380   Y Y  Pathol    

383   Y Y  Pathol    

384   Y Y  Pathol    

388   Y Y  Pathol    

389   Y Y Y Pathol    

393   Y Y  Pathol    

402   Y Y Y Pathol    

403    Y  Pathol    

404      Pathol    

405   Y Y Y Pathol    

406   Y Y Y Pathol    

408   Y Y  Pathol    

410   Y Y  Pathol    

412   Y Y Y Pathol    

413   Y Y Y Pathol    

414   Y Y Y Pathol    
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415      Pathol    

416   Y Y Y Pathol    

419   Y Y  Pathol    

421   Y Y  Pathol    

422   Y Y  Pathol    

426   Y Y Y Pathol    

431   Y Y Y Pathol    

432   Y Y Y Pathol    

436   Y Y Y Pathol    

441   Y Y Y Pathol    

443    Y  Pathol    

445   Y   Pathol    

446   Y Y Y Pathol    

453   Y Y Y Pathol    

454    Y Y Pathol    

455   Y   Borderline    

458   Y Y Y Pathol    

460   Y Y Y Pathol    

463      Not done    

464   Y Y Y Pathol    

465      Not done    

467   Y Y Y Pathol    

473   Y Y Y Pathol    

479   Y Y  Pathol    

480   Y Y Y Pathol    

481   Y Y Y Pathol    

488   Y Y  Pathol    

489   Y Y Y Pathol    

490   Y Y Y Pathol    

492   Y Y Y Pathol    

493   Y   Pathol    

 
 
Y=included in analysis 
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Results 

During the inclusion period we received 493 referrals for suspected 
idiopathic parkinsonism. One hundred and ninety patients were initially 
included in the overall research project. Most of them completed all 
scheduled examinations.  

 

Paper I 
During the inclusion period 139 patients were initially included. 
At the 12-month follow-up visit the clinical diagnoses were: 112 PD (87 
definite PD, 25 probable PD), 12 MSA-P (11 probable MSA-P and 1 possible 
MSA-P), 6 PSP (2 probable PSP and 4 possible PSP), 8 Unclassifiable and 
one patient with essential tremor (excluded).  

PD 
The mean age at diagnosis (base-line visit) was 70.8 years. The male/female 
ratio was 1.2. Fifty-five percent were of the PIGD subtype. Median UPDRS 
score was 34 and median UPDRS-III score was 25. The age-adjusted annual 
incidence rate was 22.5 / 100,000. The age-specific incidence rates are 
shown in fig. 2 (PD) and fig. 3 (parkinsonism). 

 
Figure 2. The age-specific incidence rates for PD. 

 

Reprinted from paper I with permission from John Wiley and Sons. 
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Figure 3. The age-specific incidence rates for parkinsonism. 

 
 

 
 

Reprinted from paper I with permission from John Wiley and Sons. 
 

Atypical parkinsonism 
The mean age at diagnosis (base-line visit) was 73.6 years. There were more 
frequent postural instability and less frequent tremor as compared to PD. 
The age-adjusted annual incidence rate for MSA was 2.4/100,000 and for 
PSP it was 1.1/100,000. 

Paper II 
Seventy-seven PD patients were included during the inclusion period. 

Thirty age- and sex-matched (based on the 50 first included patients) 
controls, in good general health and with no signs of ataxia or other 
neurological abnormality, were recruited via advertisements in the local 
newspaper. 

Sixty-six patients with PD (Definite PD/probable PD = 53/13, PIGD/TD = 
35/23) were examined with MRI. The reasons for not being investigated 
were, e.g. claustrophobia, low back pain, presence of magnetic devices and 
patient refusal. 
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All but one patient were examined with FP-CIT SPECT and decreased 
uptake was found in 61/65 patients. All healthy controls were examined with 
FP-CIT SPECT, and they all had normal ligand uptake. 

Brain MRI abnormalities were common, both in PD patients and controls, 
there was only one completely normal examination (one of the PD patients).  

Atrophy of the left superior cerebellar peduncle (SCP) and atrophy of the 
cerebellar cortex were more common in the probable PD group than in the 
controls. One example of bilateral atrophy of SCP is shown i fig. 4. 

 
Figure 4. A) Bilateral atrophy of the superior cerebellar peduncles (SCPs). 
B) Normal SCPs 

 
 A B 

 

 
 
 

Reprinted from paper II with permission from Springer-Verlag GmbH. 

 
 
There were no relations between MRI findings and: lateralized vs. 

bilateral symptoms, PIGD vs. TD, presence or non-presence of tremor, or 
high vs. low UPDRS-III score. Neither disease duration nor gender 
influenced the MRI results.  

Paper III 
One hundred ninety patients were included. One hundred forty-eight 
patients were retained for further analysis of baseline EAS-EMG 
examination. Excluded were: unclassifiable parkinsonism (n=6), technical 
problems (n=1), outlier EAS-EMG results (n=1), normal FP-CIT SPECT 
(n=5) and not examined (n=29) (some patients were excluded due to 
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multiple reasons) (Table 4). The median clinical follow-up time was three 
years. 

Table 4. Reasons for exclusion of 42 patients.  
 

 
Code FP-CIT 

SPECT 
Not examined 
= n.e. 
Normal = N 

Unclassifiable 
diagnosis or other 
diagnosis. 
Unclassifiable = U 

EAS-EMG 
Not examined 
= n.e. 

4 n.e.  n.e. 

5    n.e. 

8    n.e. 

10    n.e. 

18    n.e. 

22 N Essential tremor n.e. 

36 n.e.  n.e. 

43    n.e. 

63 n.e.  n.e. 

76 N  n.e. 

100   U  

105 N   

119   n.e. 

120 n.e.  n.e. 

121 n.e.  n.e. 

160 N Essential tremor  

168    n.e. 

197 n.e.  n.e. 

211    
Incomplete 
examination 

212    
Outlier EAS-
EMG result 

213 n.e.  n.e. 

219    n.e. 

243   U n.e. 

264   U  

269   U  

276 n.e. U n.e. 

287 n.e.  n.e. 
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288    n.e. 

290    n.e. 

310 N U  

312    n.e. 

321    n.e. 

358 N   

363    n.e. 

369 n.e.  n.e. 

403    n.e. 

404    n.e. 

415    n.e. 

443    n.e. 

454    n.e. 

463 n.e.  n.e. 

465 n.e.  n.e. 

 
 
The patients were older than the controls. Therefore, the analyses have 

been adjusted for age.  
EAS-EMG results showed no differences between the patient groups, but 

all patient groups (except PSP) showed more pathological results than the 
controls. No patient with MSA had MUP polyphasia <30% (fig. 5). 
 
Figure 5. Proportion of polyphasic motor unit potentials (MUPs) and mean 
MUP duration for definite Parkinson’s disease (PD) and multiple system 
atrophy with predominant parkinsonism (MSA-P). 

Reprinted from paper III with permission from John Wiley and Sons Ltd.  
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There were no differences in the presence of additional clinical factors, 

which could possible influence the result of EAS-EMG examination, e.g. 
parity, gynecological or prostate surgery/irradiation between patients with 
normal vs. pathological results of EAS-EMG examination. Patients with MSA 
had a higher frequency of prostate surgery/irradiation compared to other 
patient groups. 

Paper IV 
One-hundred ninety patients were included. One hundred thirty-five 
patients were examined at baseline (105 PD [84 definite and 21 probable 
PD], 11 PSP and 19 MSA). Thus, 55 patients were not examined (28 due to 
anatomical factors, impaired vision and patient refusal, five had 
unclassifiable parkinsonism, 16 had started treatment with dopaminergic 
drugs, and six had normal FP-CIT SPECT) (Table 5). The median clinical 
follow-up time was three years. Thirty-eight controls were examined 
(baseline only). Ninety-three patients were re-examined at the 12-month 
follow-up. 

 

Table 5.  Reasons for exclusion of 55 patients. 
 
 

Code FP-CIT SPECT 
Not examined 
= n.e. 
Normal = N 

Unclassifiable 
diagnosis or other 
diagnosis. 
Unclassifiable = U 

Oculomotor 
examination  
Not examined = 
n.e. 

Dopaminergic 
medication 
On medi-
cation = M 

4   n.e.  

5   n.e.  

22 N Essential tremor   

24    M 

36 n.e.  n.e.  

37    M 

43   n.e.  

60   n.e.  

63 n.e.  n.e.  

64    M 
65    M 
76 N  n.e.  

79    M 

87   x (incomplete)  

100  U   
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105 N    

119   n.e.  

120 n.e.  n.e.  

121 n.e.  n.e.  

160 N Essential tremor   

174    M 
195    M 
197 n.e.  n.e.  

208   n.e.  

213 n.e.  n.e.  

216    M 
218    M 
219   n.e.  

243  U n.e.  

245   n.e.  

261   n.e.  

264  U   

269  U   

276 n.e. U n.e.  

287 n.e.  n.e.  

288   n.e.  

290   n.e.  

295   n.e.  

301    M 

310 N U   

312   n.e.  

321   n.e.  

323   n.e.  

324    M 

325   n.e.  

340    M 

358 N    

369 n.e.  n.e.  

404   n.e.  

415    M 
445    M 
455    M 
463 n.e.  n.e.  

465 n.e.  n.e.  

493    M 
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Baseline results 
SWJs and horizontal saccade velocities showed no differences between the 
groups. The velocity of vertical saccades was slower in MSA than controls 
and slower in PSP than in PD or controls. Vertical precision was lower in all 
of the patient groups than in controls. Horizontal saccade latencies were 
longer both for PD and PSP than in controls. Horizontal saccade precision 
was lower in MSA than PD and lower in all patient groups than in controls. 
Smooth pursuit 20˚/s gain and smooth pursuit 30˚/s gain were both lower 
in PSP and MSA compared to PD. Smooth pursuit 30˚/s gain was lower in 
PSP than in MSA. Compared to controls, smooth pursuit 20˚/s gain and 
smooth pursuit 30˚/s gain were lower in PSP and smooth pursuit 30˚/s gain 
was lower in MSA. 

Vertical saccade velocity >204˚/s or smooth pursuit gain 30˚/s >0.40 was 
not seen in PSP (fig. 6a and 6b). 

 
 
 
 

 
 
 
Figure 6a. Vertical saccade velocity at baseline. 
 

 
 

 
Reprinted from paper IV with permission from Springer-Verlag GmbH.  
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Figure 6b. Smooth pursuit gain 30°/s at baseline. 
 

 
 

Reprinted from paper IV with permission from Springer-Verlag GmbH.  
 
 
 
12-month examination results 

SWJs were more frequent in PSP and MSA than in the PD group. The 
velocity of vertical saccades was lower in PSP than in PD. The precision of 
vertical saccades was lower in PSP than in PD and MSA. The smooth pursuit 
gain (both 20˚/s and 30˚/s) was lower in PSP and MSA than in PD. 
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Discussion 

Incidence, case-finding and data collection 
The annual incidence rates reported in this thesis of idiopathic 
parkinsonism, PD, MSA and PSP were among the highest reported in the 
literature. It is not clear whether this reflects a true higher incidence in our 
region as compared to most other regions or if it reflects a more efficient 
case-finding strategy. Incidence studies are important for, e.g. allocating 
resources for the care of patients. In Sweden, according to our figures, there 
will be approximally 2,100 new patients with PD each year. This figure will 
increase over the years to come due to demographic changes with an 
increasing ratio of elderly people. 

A matter of discussion in studies on incidence is always how to find out 
the incidence date for each patient. We chose to set the incidence date as the 
date of the baseline visit because we judged it to be the best way to obtain 
standardized data. Theoretically, the disease onset would be the optimal 
incidence date, but an inherent problem with idiopathic parkinsonism is the 
insidious onset of the symptoms making it very difficult to pinpoint the 
starting date of the disease. This was described already by James Parkinson 
in 1817 “So slight and nearly imperceptible are the first inroads of this 
malady, and so extremely slow its progress, that it rarely happens, that the 
patient can form any recollection of the precise period of its 
commencement.” 3  

The unselected community-based incidence cohort made it possible to 
characterize, in great detail, both demographic and laboratory data in the 
very early stage of the disease, and the clinical follow-up protocol made the 
clinical diagnosis as correct as possible (without pathological confirmation). 
Of course, longer follow-up and pathology-confirmed diagnoses are 
warranted, and data are still being collected with that in mind for future 
analyses.  

The mean age at diagnosis for PD was 70.8 years, which is higher than in 
most other studies. For that there is no obvious explanation. However, one 
reason could be the meticulous case-finding strategy used, which included 
contacting/visting all homes for the elderly.  

We used FP-CIT SPECT examination to confirm presynaptic 
dopaminergic deficiency and thus supported the clinical diagnosis of 
idiopathic parkinsonism.  

The use of presynaptic ligands (with PET or SPECT) in that context is not 
without problems. It has been shown that a substantial number (4 – 15%) of 
patients who have, on clinical grounds, been diagnosed with PD in clinical 
trials, have negative presynaptic scans – SWEDDs.67-69 SWEDDs have been 
studied prospectively, and their signs of parkinsonism did not progress over 
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a period of two years, and repeated scans remained negative in nearly all 
cases.70 The SWEDDs have often been treated with dopaminergic 
medication, but it has been shown that the medication can be withdrawn 
without deterioration of symptoms.71 The true nature of the SWEDDs 
remains unclear, but it is not likely that they have a progressive neuro-
degenerative disease. 

It is to be remembered that the FP-CIT SPECT examination results were 
not used as an inclusion criterion in Paper 1; there the clinical diagnosis 
relied only on the established clinical diagnostic criteria. However, we 
presented the incidence figures also with the FP-CIT SPECT-negative 
patients excluded. 

For the sake of obtaining as clean data as possible we chose to exclude the 
SWEDDs in Paper III and IV. In paper II the SWEDDs were retained in the 
study since the exclusion of them did not change the results.  

 

MRI 
It had, of course, been of great interest also to include patients with atypical 
parkinsonism, but only five patients with atypical parkinsonism were 
examined with MRI. Thus, any meaningful analysis could not be done. 

The lack of relations between the severity of the degenerative MRI 
findings with, e.g. disease duration, disease severity and PD subtype, could 
be due to the fact that the examinations were made at an early stage in the 
the disease.   

An important finding was that findings usually associated with atypical 
parkinsonism, e.g. midbrain atrophy (hummingbird sign and Mickey Mouse 
sign) and cerebellar atrophy, could be seen in both patients with PD and in 
healthy controls. Thus, it is recommended to be cautious if/when using these 
MRI signs in the differential diagnostic procedure. 

EAS-EMG 
Patients with MSA had, as expected, more pathological results of EAS-EMG 
examination than the controls. What was not as expected was that also the 
PD patients had similar results on the EAS-EMG examination.  

Thus, it was not possible to separate MSA from PD in the early stage of the 
diseases with EAS-EMG examination, not because of lack of pathological 
findings in the MSA group, but due to the equally severe pathology in the PD 
group. 

Our results are in contrast to Tison et al54 who reported that EAS-EMG 
examination had good enough sensitivity and specificity to separate MSA 
from PD. Those patients had mean symptom duration of approximately 5 
years. 
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Our results argue against the earlier reports of absence of marked EAS-
EMG pathology in early stages of PD.53,66 The reason why our results differ 
could perhaps be that our patients are unselected thus yielding unbiased 
results. 

The median age at baseline visit for MSA-P patients was 75 years, a figure 
that is high compared to the literature. According to Geser and Wenning the 
median age at onset is 53 years.72 In the NNIPPS treatment study73 the age at 
onset was 57 to 58 years, and in the EMSA-SG report74, it was 54 to 60 years. 
There are different possible explanations for the differences between our 
study and the earlier literature: 1) Since the inclusion criteria in our study 
required parkinsonism we could have missed some MSA patients presenting 
with mainly cerebellar or autonomic dysfunction. In the majority of MSA 
patients (87%)74, however, parkinsonism was observed, making this 
explanation less likely. 2) Our population-based study revealed data more 
close to the “true” age at onset, which was 73 years in our study, since the 
median symptom duration before the baseline visit was two years. No 
reliable population-based incidence study on MSA exists. The Schrag study 
from 199975 was designed as a cross-sectional study with calculation of 
incidence with the help of survival data. All the same, the study was 
population-based, and the age at onset for the two patients with probable 
MSA was 71 years, and for the two patients with possible MSA 63 and 85 
years; thus data congruent with our data. An incidence study from USA 
reported a median age of 66 years at disease onset.76 Therefore, population-
based studies find age at onset in MSA at considerably higher ages than do 
other studies based on selected cases.  

It was noted that no patient with MSA had MUP polyphasia <30%, thus 
values below 30% speak against a diagnosis of MSA. 

Oculomotor examination 
Vertical saccade velocity was, as expected, slower in PSP than in PD and 
controls. Somewhat surprising, no differences in saccade velocities could be 
detected between MSA and PSP, and MSA had slower vertical saccades than 
controls. This is in contrast with previous reports where slowing of saccade 
velocities speaks against a diagnosis of MSA.77 It raises the question of how 
correct is the clinical diagnosis of MSA, strictly using the Gilman 1999 
criteria with a median observation time of three years. Again, pathological-
proven diagnosis would have been of great value. 

The findings of low gain of smooth pursuit in MSA and PSP were, on the 
other hand, well in line with previous reports.77,78 

Of value in the clinical diagnostic work-up, could be that, for PSP, vertical 
saccade velocity >204˚/s or smooth pursuit gain 30˚/s >0.40 was not seen. 
Values above these would thus speak against a diagnosis of PSP. 
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Limitations 
There are, of course, limitations in this thesis. The lack of histopathological 
confirmed diagnosis is an obvious limitation. Another limitation is that 
parkinsonism was required to be included in the study. Some patients in the 
early stages of MSA and PSP may have no signs or only very subtle signs of 
parkinsonism and thus were not referred for possible inclusion in our 
project. 

Strengths 
We used a well-working case-finding strategy resulting in a representative, 
unselected, population-based incidence cohort making it possible to 
generalize the findings.  

We tried to achieve as correct a clinical diagnosis as possible by: 1) All 
patients were examined by a neurologist with expertise in movement 
disorders. 2) The presence of parkinsonism was confirmed by another 
movement disorder expert. 3) The strict use of established clinical diagnostic 
criteria. 4) The clinical follow-up protocol with re-evaluation of the clinical 
diagnosis, and 5) The presence of presynaptic dopaminergic deficiency was 
assessed with FP-CIT SPECT. 

Future 
Our prospectively collected data will give us the possibility to study the 
symptom development in this population-based cohort and to relate 
laboratory findings to the clinical and pathological proven diagnosis. It 
would, e.g. be interesting to evaluate the MRI findings in the patients who 
had unclassifiable parkinsonism at baseline. A recent study found a cut-off 
value in an MRI index that could, with an accuracy of 92.9%, predict the 
patients who would develop a clinical diagnosis of PSP from those who did 
not develop PSP during the follow-up period (mean 28.4 months).79 It would 
also be interesting to use metabolomics to analyze plasma and CSF. 
Metabolomic analyses in plasma have been shown to completely separate PD 
from controls.80 
 
We also have access to blood samples from some of our patients taken 
several years before the onset of the parkinsonian disorder, which opens up 
the possibility to search for very early markers for the different parkinsonian 
disorders. The blood samples were collected as part of a health project in the 
county of Västerbotten where all citizens were invited to a health check-up at 
the time of their 40th, 50th, and 60th birthdays. 
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Main conclusions 
 
The annual incidence rates of idiopathic parkinsonism, PD, MSA and PSP 
were among the highest reported in the literature. It is not clear if this 
reflects a true higher incidence of these diseases in the Umeå region or if it 
reflects our meticulous case-finding strategy. 

The PIGD subtype of PD is the most common subtype in newly diagnosed 
patients. 

The median age at diagnosis (baseline visit) was 70.8 years for PD, which is 
higher than previously reported. 

The male to female ratio in PD was 1.2, which is lower than previously 
reported in most studies. 

Few differences could be observed between the male and female phenotype. 

Degenerative changes in brain MRI were common in patients with newly 
diagnosed PD. Also findings commonly assigned to MSA and PSP could be 
seen in PD, e.g. cerebellar cortical atrophy and midbrain atrophy (“Mickey 
mouse sign” and “Humming-bird sign”). 

 
Severe pathological findings were detected in the EAS-EMG examination in 
patients with newly diagnosed PD, MSA and PSP. Due to the novel finding of 
severe pathological EAS-EMG results in PD, it was not possible to separate 
PD from atypical parkinsonism (MSA and PSP). It was also not possible to 
separate MSA form PSP. However, MUP polyphasia <30% was not seen in 
MSA and thus speaks against a diagnosis of MSA. 

 
Oculomotor examination revealed pathological results for PD, MSA and PSP. 
Although the pathological changes overall were more severe in MSA and 
PSP, the oculomotor examination results could not separate them from PD 
or from each other in the early stage of disease. However, vertical saccade 
velocity >204˚/s or smooth pursuit gain (30˚/s) >0.40, were not seen in PSP 
and thus speak against a diagnosis of PSP. The total axial score of the 
UPDRS-III correlated with several of the oculomotor variables. 
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Appendix 1a) Table 1. 
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Appendix 1b) Figure 1. 
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Appendix 1c) Figure 2. 
 
 

A=Parkinson’s disease 

B=Parkinsonism
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Appendix 2a) Figure 1a. 

 
 

 
 
 
 
 
 
 
 

Figure 1a. Oculomotor examination results at baseline in patients with Parkinson’s disease (PD) (n=105), Progressive supranuclear !
palsy (PSP) (n=11), Multiple system atrophy (MSA) (n=19) and controls (n=38). !

Box = 50% of cases (25th to 75th percentiles, line in box = median value,  whiskers = 1.5 times the height of the box or minimum/maximum values, circles = outliers, stars = extreme outliers !
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Appendix 2b) Figure 1b. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

Figure 1b. Oculomotor examination results at 12-month follow-up examination in patients with Parkinson’s disease (PD) (n=77), 
Progressive supranuclear palsy (PSP) (n=5) and  Multiple system atrophy (MSA) (n=12).!

Box = 50% of cases (25th to 75th percentiles, line in box = median value,  whiskers = 1.5 times the height of the box or minimum/maximum values, circles = outliers, stars = extreme outliers !

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!"#!!!!!!!!!!!!!!!!!!!!!"$"!!!!!!!!!!!!!!!!!!%$&!!!!!!!!!!!!!!!!!!!

'((!

)((!

*((!

+((!

,-
./
01
2!3
10
01
4-

3!
'(

5!6
17
-8

09
!:;

3<
!

'((!

(!

*((!

=((!

>
?.
@?
87
12
!3
10
01
4-

3!
*(

5!6
17
-8

09
!:;

3<
!

(!

A(!

+!

A+!

'(!

$B
C1
.-
!D
1E
-!
F-
.G
3!
H!
A(

3!
:8
<!

AI'+!

AI((!

(IJ+!

(I+(!

(I'+!

$;
??

7K
!L
C.
3C
M7!
'(

5H
3!
:N
1M
8<
!

'((!

(!

*((!

=((!

O((!

>
?.
@?
87
12
!3
10
01
4-

3!
*(

5!,
-2
?0
M79

!:5
H3
<!

(!

A((!

'((!

)((!

*((!

+((!

,-
./
01
2!3
10
01
4-

3!
'(

5!,
-2
?0
M79

!:5
H3
<!

(!

'(!

=(!

*(!

O(!

A((!

A'(!

A*(!

,-
./
01
2!3
10
01
4-

3!
'(

5!"
.-
0M
3M
?8

!:P
<!

(!

+(!

A((!

A+(!

'((!

>
?.
@?
87
12
!3
10
01
4-

3!
*(

5!"
.-
0M
3M
?8

!:P
<!

(I*(!

(!

(I=(!

(IO(!

AI((!

$;
??

7K
!L
C.
3C
M7!
)(

5H
3!
:N
1M
8<
!


